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Abstract. The present study aimed to explore the role 
and underlying molecular mechanism of microRNA-663b 
(miR-663b) in the tumorigenesis of bladder cancer. The 
miR-663b expression in human bladder cancer tissues and cell 
lines was measured determined reverse transcription-quantita-
tive polymerase chain reaction. TargetScan was used to predict 
the potential targets of miR-663b, and a dual-luciferase reporter 
assay was performed to validate tumor suppressor candidate 2 
(TUSC2) as a target of miR-663b. Cell Counting Kit-8 was 
used for cell viability analysis, and cell apoptosis was evalu-
ated by flow cytometry. In addition, western blot analysis was 
performed to detect protein expression in current study. The 
findings suggested that miR‑663b was upregulated in bladder 
cancer tissues and cell lines compared with normal tissue and 
cells. TUSC2 was validated as a direct target of miR-663b and 
was negatively regulated by miR-663b. miR-663b inhibition 
significantly reduced the viability of T24 cells, and T24 cell 
apoptosis was markedly induced. In addition, miR-663b inhi-
bition enhanced the expression levels of p53 and p21 in T24 
cells. Furthermore, the changes caused by miR-663b inhibitor 
in T24 cells were eliminated by TUSC2 gene silencing. In 
conclusion, inhibition of miR-663b reduced viability and 
induced apoptosis in bladder cancer cells by targeting TUSC2. 
These findings provide a promising novel therapeutic target 
for bladder cancer treatment.

Introduction

Bladder cancer is one of the most common urological tumors. 
The incidence of bladder cancer ranks as the ninth most 
common malignant tumor worldwide, and a large number of 

new cases re diagnosed every year (1,2). In China, bladder 
cancer is the most common malignant tumor of the urinary 
system, and >90% bladder cancer is transitional cell carcinoma 
with a high recurrence rate and invasive ability (3). In recent 
years, the incidence of bladder cancer in some cities in China 
has had a steady upward trend. At present, the predominant 
treatment methods for bladder cancer are surgical resection, 
radiotherapy and chemotherapy. The higher recurrence rate 
and tumor progression rate still greatly impact the prog-
nosis of patients with bladder cancer. Radical cystectomy 
can effectively reduce the recurrence rate of patients with 
bladder cancer, improve their long-term survival rate and is 
the standard treatment method for invasive bladder cancer (4). 
However, surgical treatment can seriously affect the quality 
of life of patients (5,6). Therefore, it is necessary to provide a 
quality transitional care service (7) to ensure the smooth tran-
sition of patients with bladder cancer from hospital to home, 
and to improve the lack of professional guidance available for 
home rehabilitation, to meet the needs of patients and improve 
the quality of life and prognosis of the patients. Currently, the 
transitional care service of China is still in its infancy, a lack 
of continuity and coordination of nursing activities for patients 
with bladder cancer. Therefore, the search for novel and effec-
tive strategies for the treatment of bladder cancer is urgent and 
is of major clinical significance.

MicroRNAs (miRNAs), a family of small non-coding 
single-stranded RNAs (20-22 nucleotides in length), have a 
critical role in post-transcriptionally regulating gene expres-
sion by binding to the 3' untranslated region (3'UTR) of target 
genes (8-10). Studies demonstrated that abnormal miRNA 
expression is associated with the occurrence of numerous 
types of tumor, including bladder cancer (11-13). miRNAs 
can act as oncogenes or tumor suppressors, and the altering 
abnormal expression of an miRNA can inhibit tumorigenesis 
and progression (14). With the status and role of miRNA in 
tumor research attracting increasing attention, research on 
miRNA and bladder cancer has also developed and deepened.

A previous study reported that miRNA-663b (miR-663b) 
was highly expressed in the plasma of patients with bladder 
cancer, and may be a promising novel circulating biomarker 
for the clinical detection of bladder cancer (15). However, the 
expression of miR-663b in the tumor tissues of bladder cancer 
patients and its specific role remain unclear.

Numerous previous studies demonstrated that tumor 
suppressor 2, mitochondrial calcium regulator (TUSC2) is 

MicroRNA‑663b downregulation inhibits proliferation and 
induces apoptosis in bladder cancer cells by targeting TUSC2

JIANYING CHEN*,  BO SONG*  and  GUANGQI KONG

Urology Department, Beijing Luhe Hospital, Capital Medical University, Beijing 101149, P.R. China

Received May 23, 2018;  Accepted January 25, 2019

DOI:  10.3892/mmr.2019.10023

Correspondence to: Dr Guangqi Kong, Urology Department, 
Beijing Luhe Hospital, Capital Medical University, 82 Xinhua South 
Road, Tongzhou, Beijing 101149, P.R. China
E-mail: konggq11@163.com

*Contributed equally

Key words: bladder cancer, microRNA-663b, tumor suppressor 
candidate 2, proliferation, apoptosis



CHEN et al:  SIGNIFICANT ROLE OF miR-663b IN BLADDER CANCER 3897

a tumor suppressor gene (16,17). TUSC2 was identified to 
induce G1 phase cell cycle arrest and apoptosis (18), to regu-
late calcium signaling (19) and tyrosine kinase activity (20), 
and to affect gene expression (21). TUSC2 is associated with 
various signaling pathways, including the p53 pathway (22). 
However, to the best of the authors' knowledge, the association 
between miR-663b and TUSC2 in bladder cancer cells has not 
been previously investigated.

Therefore, the aim of the current study was to investigate 
the expression and specific role of miR‑663b in bladder cancer, 
and further to explore the associated mechanisms. The find-
ings may help to provide novel and effective targets, and an 
additional theoretical basis for the treatment of bladder cancer.

Materials and methods

Clinical samples. A total of 25 paired bladder cancer tissues 
and the adjacent normal tissues were obtained from 25 patients 
with bladder cancer (18 male, 7 female; age range, 27-61 years 
old) at the Beijing Luhe Hospital (Beijing, China) between 
May 2015 and May 2017. Informed consent was obtained 
from every patient, and the study was approved by The Ethics 
Committee of Beijing Luhe Hospital.

Cell culture and cell transfection. Bladder cancer cell lines 
T24, 5637, J82, UMUC3, and a normal uroepithelium cell 
line (SV-HUC-1) were obtained from the Shanghai Institute 
of Cell Biology, Chinese Academy of Sciences (Shanghai, 
China). The cell lines were cultured in Dulbecco's Modified 
Eagle's Medium (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplement with 10% fetal bovine 
serum (Sigma-Aldrich; Merck KGaA, USA) and 1% strepto-
mycin‑penicillin mix solution, and incubated at 37˚C with 5% 
CO2.

T24 cells were seeded in 6‑well plates at a density of 
1x106 cells/well and cultured at 37˚C for 24 h. T24 cells were 
transfected with 100 nM miR‑663b inhibitor (cat. no. CIH0743; 
Guangzhou Weijia Technology Co., Ltd., Guangzhou, 
China), 100 nM negative control (NC; cat. no. CS8005; 
Biomics Biotechnologies Co., Ltd., Nantong, China), 10 µM 
control-small interfering RNA (siRNA; cat. no. sc-36869; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA), 10 µM 
TUSC2-siRNA (cat. no. sc-77910; Santa Cruz Biotechnology, 
Inc.), or miR‑663b inhibitor + TUSC2‑siRNA at 37˚C for 48 h 
by using Lipofectamine® 2000 (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's instruction. The working 
concentration was determined following a dose-response 
analysis (data not shown). Cells without any treatment were 
used as the control. Subsequent analyses were performed at 
48 h after cell transfection.

Dual luciferase reporter assay. A bioinformatics software 
(TargetScan; version 7.2; http://www.targetscan.org/vert_72/) 
was used to predict the potential targets of miR-663b, and 
an miR‑663b target site was identified in the TUSC2 3'UTR. 
To confirm this prediction, a dual luciferase reporter assay 
was performed. Wild‑type (WT; 5'‑AGG AGC CCA GGC 
UGG GGC CAC A-3') and mutant (MUT; 5'-AGG AGC CCA 
GGC UGA UAU AGA A-3') TUSC2 3'UTRs were synthesized 
using the PrimeScript reverse transcription (RT) reagent kit 

(Takara Bio, Inc., Otsu, Japan) according to the manufacturer's 
protocol, using RNA extracted from T24 cells. The reverse 
transcription was performed by incubating the reaction at 
50˚C for 15 min and at 85˚C for 2 min. The cDNA obtained 
was subsequently used as template to clone the 3'UTRs into 
the psiCHECK-2 reporter. Point mutations in the binding site 
for miR-663b in the 3'UTR of TUSC2 were generated using 
the QuikChange Site-Directed Mutagenesis kit (Stratagene; 
Agilent Technologies, Inc., Santa Clara, CA, USA) according 
to the manufacturer's protocol. miR-663b mimic (cat. 
no. HmiR-SN0775-SN; GeneCopoeia, Inc., Rockville, MD, 
USA) at a concentration of 50 nM or mimic control (cat. 
no. CmiR-SN0001-SN; GeneCopoeia, Inc.) at a concentration 
at 50 nM and 10 µl miR‑663b‑TUSC2‑WT 3'UTR or 10 µl 
miR-663b-TUSC2-MUT 3'UTR vector were co-transfected 
into T24 cells (5x104 cells/well) using Lipofectamine® 2000 
(Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. At 48 h after the transfection, the luciferase activity 
was analyzed by performing the dual-luciferase reporter assay 
system (Promega Corporation, Madison, WI, USA) according 
to the manufacturer's instruction, and normalized to Renilla 
luciferase activity.

Cell viability assay. At 48 h following transfection, a Cell 
Counting Kit-8 (CCK-8) (cat. no. C0038; Beyotime Institute 
of Biotechnology, Haimen, China) assay was performed to 
detect cell viability ability. In brief, T24 cells were collected, 
re-suspended and then re-plated into 96-well culture plates 
(5x103 cells/well) (Corning Incorporated, Corning, NY, USA). 
The cells were incubated for 24 h at 37˚C with 5% CO2. 
Subsequently, CCK-8 solution (10 µg/ml) was added to each 
well, and then incubated at 37˚C for 2 h. Finally, the optical 
density value at 450 nm was determined using a microplate 
reader (Thermo Fisher Scientific, Inc.). Each experiment was 
repeated at least three times.

Apoptosis analysis assay. At 48 h after cell transfection, 
cell apoptosis analysis was performed. The transfected T24 
cells were washed with PBS, labeled with 5 µl Annexin 
V‑fluorescein isothiocyanate and 5 µl propidium iodide with 
the Annexin V-FITC Apoptosis Detection kit (cat. no. C1062; 
Beyotime Institute of Biotechnology), and then incubated at 
room temperature for 30 min in dark. A flow cytometer (BD 
Biosciences, Franklin Lakes, NJ, USA) was used to analyze 
cell apoptosis, and the proportion of apoptotic cells was calcu-
lated. Experiments were repeated at least three times.

Western blot analysis. At 48 h after cell transfection, 
western blotting was used to detect protein expression. 
Radioimmunoprecipitation assay buffer (Auragene Bioscience, 
Changsha, China) was used to extract the total cellular proteins. 
A bicinchoninic acid protein quantitative kit (Thermo Fisher 
Scientific, Inc.) was performed to detect protein concentration 
following the manufacturer's instructions. Protein samples 
(25 µg/lane) were separated by using SDS-PAGE on 11% gels 
and then transferred onto polyvinylidene fluoride membranes. 
Following blocking with 5% skim milk at room temperature 
for 1 h, the membranes were then incubated with a primary 
antibody: Anti-TUSC2 (cat. no. sc-517369; 1:1,000; Santa 
Cruz Biotechnology, Inc.), anti-p53 (cat. no. 2527; 1:1,000; 
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Cell Signaling Technology, Inc., Danvers, MA, USA), anti-p21 
(cat. no. 2947; 1:1,000; Cell Signaling Technology, Inc.), 
anti-β‑actin(cat. no. 4970; 1:2,000; Cell Signaling Technology, 
Inc.) at 4˚C overnight. Subsequently, the membranes were 
washed with TBS-Tween solution three times, then the 
membranes were incubated with an anti-rabbit immuno-
globulin G horseradish peroxidase-conjugated secondary 
antibody (1:5,000; cat no. 7074; Cell Signaling Technology, 
Inc.) at room temperature for 4 h. Finally, the protein bands 
were visualized using an enhanced chemiluminescence kit 
(Applygen Technologies, Inc., Beijing, China) according to the 
manufacturer's protocol.

RT‑quantitative polymerase chain reaction (qPCR). Total 
RNA from tissues and cells was extracted by using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) following 
the manufacturer's instructions. Absorbance 260/280 ratio 
was calculated to assess the integrity and quality of the 
RNA. U6 (for miRNA) and GAPDH (for mRNA) were used 
as the internal controls. Total RNA was reverse transcribed 
into cDNA using the TaqMan microRNA RT kit (Thermo 
Fisher Scientific, Inc.) according to the manufacturer's 
instructions. mRNA was reverse transcribed into cDNAs 
using the PrimeScript RT reagent kit (Takara Bio, Inc.) 
according to the manufacturer's protocol. The reverse tran-
scription was performed by incubating the reaction at 50˚C 
for 15 min and at 85˚C for 2 min. RT‑qPCR was performed 
using SYBR Premix Ex Taq (Takara Bio, Inc.) according to 
the manufacturer's instructions. The thermocycling condi-
tions were as follows: Initial denaturation at 95˚C for 5 min, 
followed by 40 cycles of denaturation at 95˚C for 15 sec 
and annealing/elongation at 60˚C for 30 sec. The primer 
sequences used for PCR were as follows: GAPDH, forward 
5'CTT TGG TAT CGT GGA AGG ACT C3', reverse 5'GTA GAG 
GCA GGG ATG ATG TTC T3'; U6, forward 5'GCT TCG GCA 
GCA CAT ATA CTA AAA T3', reverse 5'CGC TTC ACG AAT 
TTG CGT GTC AT3'; TUSC2, forward 5'GGA GAC AAT CGT 
CAC CAA GAA C3', reverse 5'TCA CAC CTC ATA GAG GAT 
CAC AG3'; p53, forward 5'CTG CCC TCA ACA AGA TGT 
TTT G3', reverse 5'CTA TCT GAG CAG CGC TCA TGG3'; p21, 
forward 5'ATG AAA TTC ACC CCC TTT CC3', reverse 5'CCC 
TAG GCT GTG CTC ACT TC3'; miR-663b, forward 5'CAT 
AAT AAA TAG GCG GGG CG3', reverse 5'CAG AGC AG GG 
TCC GAG GTA3'. The relative gene expression was deter-
mined using the 2-ΔΔCq method (23).

Statistical analysis. SPSS 16.0 statistical software (SPSS, Inc., 
Chicago, IL, USA) was used for statistical analyses. Data are 
presented as the mean ± standard deviation. Student's t-test 
or one-way analysis of variance followed by Tukey's test was 
performed to compare differences between groups. P<0.05 
was considered to indicate a statistically significant difference.

Results

miR‑663b is upregulated in bladder cancer. RT-qPCR was 
performed to detect the level of miR-663b in bladder cancer 
tissues and cell lines (T24, 5637, J82, UMUC3) and the normal 
bladder cell line (SV-HUC-1). Compared with adjacent normal 
tissues, the level of miR-663b was significantly increased 

in bladder cancer tissues (Fig. 1A). Additionally, bladder 
cancer cell lines (T24, 5637, J82, UMUC3) exhibited higher 
expression of miR-663b than the normal bladder cell line 
(SV‑HUC‑1). miR‑663b was highest in T24 cells (Fig. 1B). 
The data indicated that miR-663b was upregulated in bladder 
cancer. T24 cells were used for subsequent analysis.

TUSC2 is a target of miR‑663b. To study the precise role 
of miR-663b in bladder cancer, bioinformatics software 
(TargetScan) we used to predict the potential targets of 
miR-663b, and TUSC2 was revealed to have an miR-663b 
binding site in the 3'UTR (Fig. 2A). The luciferase reporter 
gene assay confirmed that miR‑663b binds the TUSC2 3'UTR 
to reduce TUSC2 expression (Fig. 2B).

Furthermore, the level of TUSC2 was detected in 
bladder cancer cell line T24 and the normal bladder cell line 
SV‑HUC‑1, and the findings suggested TUSC2 was signifi-
cantly down‑regulated in T24 cells at the protein and mRNA 
level compared with the SV-HUC-1 cells (Fig. 3A and B). 
To analyze the role of miR‑663b, T24 cells were transfected 
with miR-663b inhibitor, a negative control, control-siRNA, 
TUSC2-siRNA, or miR-663b inhibitor + TUSC2-siRNA 
for 48 h. The transfection efficiency of miR‑663b inhibitor 
was evaluated using RT-qPCR, and the results indicated 
that miR‑663b inhibitor significantly decreased the level of 
miR‑663b in T24 cells (Fig. 3C). TUSC2‑siRNA significantly 
reduced the mRNA and protein level of TUSC2 in T24 cells 
(Fig. 3D and E). miR-663b inhibitor markedly enhanced the 
expression level of TUSC2, and this increase was eliminated 
by TUSC2-siRNA (Fig. 3F and G).

miR‑663b inhibitor reduced T24 cell viability. A CCK-8 assay 
was used to evaluate the effect of miR‑663b on T24 cell prolif-
eration. miR‑663b inhibitor significantly reduced T24 cell 
viability, which was eliminated by TUSC2‑siRNA (Fig. 4).

miR‑663b inhibitor induced T24 cell apoptosis. The effect 
of miR‑663b on T24 cell apoptosis was analyzed by using 
flow cytometry. The findings suggested that compared 
with the control group, miR-663b inhibition significantly 
induced T24 cell apoptosis, and this increase was reversed by 
TUSC2-siRNA (Fig. 5A and B).

miR‑663b down‑regulation enhanced the expression of 
p53 and p21. A previous study suggested that miR-663b 
down-regulation promoted p53 and p21 expression in osteosar-
coma cells (24). Additionally, TUSC2 has been revealed to be 
associated with the p53 pathway (22). Therefore, to explore the 
underlying molecular mechanism of the role of miR-663b in 
T24 cells, expression of p53 and p21 was detected by western 
blot analysis and RT-qPCR. Compared with the control group, 
the protein expression levels of p53 and p21 were notably 
enhanced by miR-663b inhibitor, and these effects were 
eliminated by TUSC2-siRNA (Fig. 6A). The same trend was 
detected by RT-qPCR (Fig. 6B and C).

Discussion

Bladder cancer is one of the most common malignant tumors 
in humans, with a complex pathogenesis involving numerous 
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genes, aberrant protein functions and changes in multiple 
signaling pathways. Currently, the molecular genetics of 
the development and progression of bladder cancer remain 
unclear. In recent years, the pathological relevance and 
importance of miRNAs in bladder cancer have attracted 
increasing attention. In the present study, the expression, 
biological function and molecular mechanisms of miR-663b 
and its target gene in the pathogenesis of bladder cancer were 
investigated.

miR-663b inhibition reduced bladder cancer cell viability 
and induced cell apoptosis. miR-663b was demonstrated to 
directly target TUSC2 and negatively regulated TUSC2 expres-
sion. miR-663b inhibition indirectly promoted the expression 
of p53 and p21, which may contribute to the prevention of 
T24 cell proliferation and the induction of T24 cell apoptosis. 
miR-663b in bladder cancer tissues and cell lines, compared 

with normal tissue and a normal bladder cell line, respectively. 
T24 cells had the highest miR‑663b level of the cell lines. 
Therefore, in the current study, T24 cells were used for the 
investigation of bladder cancer in vitro. A novel functional 
link between miR-663b and TUSC2 in the tumorigenesis of 
bladder cancer was also revealed. miR‑663b inhibitor signifi-
cantly reduced cell viability and increased apoptosis of T24 
cells in vitro. miR‑663b inhibition significantly enhanced the 
expression levels of p53 and p21. Furthermore, the effects 
of miR‑663b inhibitor in T24 cells were eliminated by 
TUSC2-siRNA. These results indicated that miR-663b acts 
as an oncogene in the development of bladder cancer, and 
miR-663b inhibitor had anti-tumor activity; thus, miR-663b 
may be as a promising therapeutic target for bladder cancer 
treatment.

Various studies suggested that miRNAs have critical roles 
in the diagnosis, therapy and prognosis of a variety of cancers 
and can be involved in tumorigenesis, tumor growth and tumor 
metastasis (25,26). Therefore, miRNAs may be promising 
treatment targets for cancer. Increasing evidence has indicated 
that numerous miRNAs are involved in bladder cancer cell 
proliferation, migration and invasion (27-31). High expression 
of miR-663b has been reported in the plasma of patients with 
bladder cancer (15); however, to the best of our knowledge, 
the expression of miR‑663b in bladder tumors and its specific 
role remain unclear. He findings of the current demonstrated 
that miR-663b was significantly upregulated in bladder 
cancer tissues and cell lines compared with adjacent tissues 
and normal bladder cells, and miR-663b inhibitor markedly 
repressed the viability of T24 cells and induced apoptosis.

TUSC2 is a recognized tumor suppressor gene (16,17). A 
variety of allele losses and genetic alterations are observed 
in various cancers, including breast cancer, lung cancer and 
others (17,32,33). Studies have reported that TUSC2 can 
induce G1 phase cell cycle arrest and apoptosis (18), regulate 
calcium signaling (19) and tyrosine kinase activity (20), and 
affect gene expression (21). TUSC2 is associated with several 
pathways, including the p53 pathway (22). However, to the 

Figure 1. miR-663b is up-regulated in bladder cancer. Reverse transcription-quantitative polymerase chain reaction was used to determine miR-663b expres-
sion. (A) Relative miR-663b expression in BC tissues. (B) Relative miR-663b expression in bladder cancer cell lines. SV-HUC-1, the normal bladder cell 
line; T24, 5637, J82, UMUC3, human bladder cancer cell lines. *P<0.05, **P<0.01 vs. control or SV-HUC-1. Experiments were repeated three times. miR, 
microRNA; BC, bladder cancer tissues; Control, adjacent normal tissues.

Figure 2. TUSC2 is a direct target of miR-663b. (A) Interaction between 
miR-663b and 3'UTR of TUSC2 was predicted TargetScan. (B) Luciferase 
activity of a reporter containing wild-type TUSC2 3'UTR or a mutant TUSC2 
3'UTR. **P<0.01 vs. control. Experiments were repeated three times. TUSC2, 
tumor suppressor candidate 2; UTR, untranslated region; miR, microRNA; 
miR‑C, mimic control; WT, wild‑type; MUT, mutant.
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best of our knowledge, no interaction between miR-663b 
and TUSC2 in bladder cancer cells has been reported previ-
ously. In the present study, TUSC2 was identified as a direct 
target of miR-663b, and it was demonstrated that miR-663b 
affects bladder cancer cell viability and apoptosis by directly 
targeting TUSC2. Additionally, as TUSC2 is associated with 
p53 pathway (22), and it was speculated as to whether the effect 
of miR-663b on bladder cancer cells was associated with p53 
pathway, thus p53 and p21 expression was analyzed in the 
current study. The results indicated that miR-663b inhibition 
increased the expression of p53 and p21 in bladder cancer cells.

In summary, the current study demonstrated that miR-663b 
was upregulated in bladder cancer tissues and cell lines, and 
inhibition of miR-663b reduced the viability of bladder cancer 
cells, induced cell apoptosis and enhanced the expression of 
p53 pathway proteins by directly targeting TUSC2. Therefore, 
miR-663b may serve as a promising therapeutic target for the 
treatment of bladder cancer. However, this is a preliminary 
study of the role of miR-663b in bladder cancer, and further 
research is required in order to make the role of miR-663b in 

Figure 3. Effect of miR-663b inhibitor and TUSC2 siRNA on expression of TUSC2. Reverse transcription-quantitative polymerase chain reaction was used to 
determine the miR-663b and TUSC2 mRNA expression, and western blotting was used for protein level detection. (A) Protein level of TUSC2 in SV-HUC-1 
and T24 cells. (B) mRNA level of TUSC2 in SV‑HUC‑1 and T24 cells. (C) Relative miR‑663b expression in T24 cells transfected with miR‑663b inhibitor 
and TUSC2 siRNA. (D) mRNA and (E) protein level of TUSC2 in T24 cells transfected with TUSC2 siRNA. (F) mRNA and (G) protein level of TUSC2 in 
T24 cells transfected with miR‑663b inhibitor and TUSC2 siRNA. All data are presented as the mean ± standard deviation of three independent experiments. 
**P<0.01 vs. control; ##P<0.01 vs. inhibitor. TUSC2, tumor suppressor candidate 2; miR, microRNA; Con, control group, no treatment; NC, negative control 
inhibitor; siRNA, TUSC2-small interfering RNA.

Figure 4. miR‑663b inhibition reduces the proliferation of T24 cells. Effect 
of miR-663b inhibitor and TUSC2-siRNA on cell proliferation was analyzed 
using Cell Counting Kit‑8 assay in T24 cells. All data are presented as 
the mean ± standard deviation of three independent experiments. **P<0.01 
vs. control; #P<0.01 vs. inhibitor. miR, microRNA; TUSC2, tumor suppressor 
candidate 2; Con, control group, no treatment; NC, negative control inhibitor; 
siRNA, TUSC2-small interfering RNA.
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bladder cancer more convincing. For instance, the association 
of miR-663b expression with the clinical characteristics and 
prognosis of patients with bladder cancer required evalua-
tion. Additionally, whether miR-663b has a similar effect on 
bladder cancer in vivo requires further investigation. Only one 
bladder cancer line was used in the present study, the effect 
of miR-663b needs to be established in more bladder cancer 
cell lines. Furthermore, the effects of TUSC2 and miR-663b 
overexpression in bladder cancer were not determined. 

Furthermore, the in vitro analysis of bladder cancer is consid-
erably different from the bladder cancer in patients, thus 
further in vivo experiments and clinical studies are required 
to validate the role of miR-663b in bladder cancer. In-depth 
research on these issues will be performed in the future.
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