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Abstract. Bladder cancer is the second most common urolog-
ical malignancy in the US and is the most frequently diagnosed 
urological malignancy in China. An increasing amount 
of evidence indicates that microRNAs perform extremely 
important functions in many biological processes related to 
the formation and progression of cancers, including bladder 
cancer. Previous studies have reported that microRNA‑379-5p 
(miR-379-5p) is involved in tumour initiation and development 
in human cancers. However, the expression pattern, biological 
functions and the underlying mechanisms of miR-379-5p in 
bladder cancer remain unknown. The present study demon-
strated that the expression levels of miR‑379-5p in bladder 
cancer tissues and cell lines were lower than the levels in 
adjacent normal tissues and the human bladder epithelial 
immortalized SV-HUC-1 cell line. Restoration of the expres-
sion of miR-379-5p inhibited bladder cancer cell proliferation, 
migration and invasion. Mouse double minute 2 (MDM2) was 
identified as a direct target gene of miR-379-5p. Furthermore, 
similar to miR-379-5p overexpression in bladder cancer 
cells, inhibition of MDM2 exerted tumor-suppressive effects. 
Rescue experiments showed that upregulation of MDM2 
reversed the inhibitory effects of miR-379-5p on bladder 
cancer cell proliferation, migration and invasion. MDM2 was 

highly expressed and inversely correlated with miR-379-5p 
expression in bladder cancer tissues. These findings suggest 
that the miR-379-5p/MDM2 pathway plays an important role 
in bladder cancer and could serve as a potential candidate for 
bladder cancer therapeutics.

Introduction

Bladder cancer is the second most common urological malig-
nancy in the US and is by far the most frequently diagnosed 
urological malignancy in China. Epidemiological data provided 
by the International Agency for Research on Cancer (IARC) in 
2012 reported 55,486 cases and 26,820 deaths of bladder cancer 
in China (1). A total of 740,000 new cases and 16,000 deaths 
caused by bladder cancer were recorded in 2015 in the US (2). 
Genetic polymorphisms, chromosomal anomalies and genetic 
and epigenetic alterations are responsible for the formation and 
progression of tumors in bladder cancer (3). The most common 
type of bladder cancer is urothelial transitional cell carcinoma, 
which accounts for 92-99% of the total cases diagnosed in 
North America, Europe and Australia, 70-80% in Southeast 
Asia and less than 50% in different parts of Africa (4). The 
main therapeutic method for bladder cancer without metastasis 
is surgery followed by postoperative intravesical instilla-
tion (5). Despite the significant advances in surgical techniques 
and adjuvant chemotherapy, bladder cancer remains a highly 
prevalent and lethal malignancy (6). Therefore, new sensi-
tive and reliable biomarkers and new therapeutic targets and 
approaches must be established to treat bladder cancer.

MicroRNAs (miRNAs) are a large group of single-strand, 
endogenous, non-coding, short RNAs containing 22 nucleo-
tides (7). miRNAs make up a novel class of post-transcriptional 
gene regulators through interaction with partially complemen-
tary target sites at the 3' untranslated regions (3' UTRs) of their 
target genes either by inducing their degradation or impairing 
their translation (8,9). More than 1,000 miRNAs have been 
identified in the human genome (http://www.mirbase.org/), and 
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these miRNAs can regulate ~60% of all human genes (10,11). 
miRNAs play a crucial role in cell proliferation, cycle, 
apoptosis, angiogenesis, tumor progression, metastasis and 
many other physiological and pathologic processes (12,13). A 
number of studies have reported that abnormally expressed 
miRNAs are involved in the initiation and progression of 
several human diseases, such as atherosclerosis, diabetes, 
migraine and cancer (14-16). Recently, miRNAs have been 
identified as tumour suppressors or oncogenes in tumor onset 
and development (17). Therefore, miRNAs can be utilized to 
treat malignant conditions.

miR-379-5p has been studied in several types of human 
cancer  (18-20), but information concerning miR-379-5p in 
bladder cancer is unavailable. In the present study, the expres-
sion of miR-379-5p in bladder cancer tissues and cell lines was 
evaluated. The effects of miR-379-5p transfection on bladder 
cancer cells were also evaluated in  vitro to elucidate the 
functions and mechanisms of miR-379-5p in bladder cancer 
initiation and progression. The results of the present study may 
contribute towards identifying a novel therapeutic target for 
the treatment of bladder cancer.

Materials and methods

Clinical specimens. The present study was approved by the 
Ethics Committee of The First Affiliated Hospital of Nanjing 
Medical University and performed in accordance with the 
ethical standards of the Declaration of Helsinki. Informed 
consent was obtained from all patients prior to the collec-
tion of specimens. Twenty-seven paired bladder cancer and 
adjacent normal tissues were collected from patients who had 
undergone radical cystectomy at The First Affiliated Hospital 
of Nanjing Medical University (Nanjing, China) between 
January 2011 and August 2014. None of the patients were 
treated with chemotherapy or radiotherapy prior to surgery. 
Fresh tissues were immediately snap-frozen in liquid nitrogen 
and stored at -80̊C.

Cell lines and culture conditions. Human bladder cancer 
cell lines (T24, EJ and TCCSUP) and the human bladder 
epithelial immortalized SV-HUC-1 cell line were purchased 
from Shanghai Institute of Biochemistry and Cell Biology 
(Shanghai, China). All cells were cultured in Dulbecco's 
modified Eagle's medium (DMEM) or F12 medium with 10% 
fetal bovine serum (FBS), 100 U/ml penicillin and 100 mg/ml 
streptomycin (all from Gibco, Grand Island, NY, USA) in a 
humidified incubator at 37̊C with 5% CO2.

Quantitative reverse-transcription polymerase chain reaction 
(RT-qPCR). Total RNA was harvested from tissues and cells 
with TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer's instructions. Reverse tran-
scription was conducted with the PrimeScript RT reagent kit 
(Takara, Dalian, China) following the manufacturer's protocol. 
miR-379-5p expression was quantified with the TaqMan 
miRNA assay kit (Applied Biosystems, Foster City, CA, USA) 
with U6 as an internal control. SYBR Premix Ex Taq™ kits 
(Takara, Tokyo, Japan) were used to detect MDM2 mRNA 
expression with β-action as an internal control. RT-qPCR was 
performed with the Applied Biosystems® 7900HT Real‑Time 

PCR system (Thermo Fisher Scientific, Waltham, MA, USA). 
The relative expression was analyzed by the 2-ΔΔCt method (21). 
The primers used in the present study were as follows: 
miR‑379-5p, 5'-GCGCTGGTAGACTATGGAA-3' and 
5'-GTGCAGGGTCCGAGGT-3'; U6, 5'-CTCGCTTCGG 
CAGCACATATACT-3' and 5'-ACGCTTCACGAATTTGC 
GTGTC-3'; MDM2, 5'-CAGGCAAATGTGCAATACCAA-3' 
and 5'-GGTTACAGCACCATCAGTAGGTACAG-3'; 
β-action, 5'-GGAGAATGGCCCAGTCCTC-3' and 5'-GGGC 
ACGAAGGCTCATCAT-3'.

Transfection. miR-379-5p mimics and miRNA negative 
control (miR-NC) were obtained from GenePharma Co., 
Ltd., (Shanghai, China). Small interfering RNA (siRNA) for 
mouse double minute 2 (MDM2) (si-MDM2), negative control 
siRNA (si-NC), pcDNA3.1-MDM2 and pcDNA3.1 were 
synthesized by RiboBio (Guangzhou, China). For transfection, 
cells were seeded in each well of a 6-well plate at a density 
of 60% confluence and transfected with miR-379-5p mimics 
(50 pmol/ml), miR-NC (50 pmol/ml), si-MDM2 (50 pmol/ml), 
si-NC (50 pmol/ml), pcDNA3.1-MDM2 (2 µg) or pcDNA3.1 
(2 µg) using Lipofectamine 2000 (Invitrogen, Grand Island, 
NY, USA) following the manufacturer's protocol. After trans-
fection at 48 h, transfection efficiency was determined through 
RT-qPCR.

Cell Counting Kit-8 (CCK-8) assay. Transfected cells were 
collected, suspended and re-seeded at 3,000/well on 96-well 
plates. The cells were then incubated at 37̊C in a humidified 
incubator with 5% CO2. Cell proliferation was evaluated 1, 
2, 3 and 4 days after seeding by the CCK-8 assay (Dojindo, 
Kumamoto, Japan). Briefly, 10 µl of CCK-8 solution was added 
to each well. After 2 h of incubation at 37̊C, an ELISA reader 
(Bio‑Rad, Richmond, CA, USA) was used to measure optical 
density (OD) at the wavelength of 450 nm. Each experiment 
was performed in triplicate.

Cell migration and invasion assays. Cell migration and inva-
sion assays were performed in Transwell chambers with an 
8-µm pore polycarbonate membrane (BD Biosciences, Franklin 
Lakes, NJ, USA). For the cell migration assay, transfected 
cells were collected 48 h post-transfection and suspended 
in an FBS-free culture medium. A total of 5x104 cells were 
seeded into the upper chambers, whereas the lower chambers 
were filled with 500 µl of DMEM containing 20% FBS. Cells 
were incubated at 37̊C in a humidified incubator with 5% 
CO2 for 48 h. The cells that did not migrate through the pores 
in the membranes were scraped and washed away. The cells 
that migrated were fixed with 100% methanol, stained with 
0.5% crystal violet, washed with phosphate-buffered saline 
and dried in air. The cells were counted with an inverted 
microscope (magnification of x200; Olympus, Tokyo, Japan). 
Cell invasion assays were performed in a similar manner, but 
the cells were allowed to migrate through Transwell chambers 
coated with Matrigel (BD Biosciences, San Jose, CA, USA).

Bioinformatic analysis and luciferase reporter assay. 
TargetScan Human  7.0 (http://www.targetscan.org/) and 
miRanda (http://www. microrna.org/microrna/) were 
employed to identify the potential target genes of miR-379-5p.
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For the luciferase reporter assay, the reporter plasmids 
were synthesized and purified with GenePharma. The 3' UTR 
sequence of MDM2, which was predicted to interact with 
miR‑379-5p or a mutated sequence within the predicted 
target sites, was produced and inserted into the pmirGLO 
vector. Twenty-four hours before transfection, the cells were 
seeded on a 24-well plate at a density of 30-40% confluence. 
Lipofectamine 2000 was used to co-transfect the cells with 
pmirGLO-MDM2-3' UTR Wt or pmirGLO-MDM2-3' UTR 
Mut and miR-379-5p mimics or miR-NC. Forty-eight hours 
after transfection, the cells were harvested for reporter assay. 
Luciferase activities were detected through dual-luciferase 
reporter assays (Promega, Manheim, Germany) according to 
the manufacturer's instructions. Firefly luciferase activities 
were normalized to Renilla luciferase activities.

Western blotting. Total protein was isolated from tissues 
and cells with a radioimmunoprecipitation assay lysis buffer 
[150 mM of NaCl, 1% NP-40, 0.5% deoxycholate and 1% 
sodium dodecyl sulphate (SDS)] containing protease and 
phosphatase inhibitors (Thermo Fisher Scientific, Franklin 
Lakes, MA, USA). A bicinchoninic acid assay kit (Beyotime 
Institute of Biotechnology, Haimen, China) was used to deter-
mine the concentration of total protein. Equal amounts of 
proteins were separated through 10% SDS-polyacrylamide gel 
(SDS-PAGE) electrophoresis and then transferred to polyvi-
nylidine flouride membranes (Millipore, Billerica, MA, USA). 
Subsequently, the membranes were blocked in Tris-buffered 
saline with 0.1% Tween-20 (TBST) containing 5% skimmed 
milk and incubated with primary antibodies, namely, mouse 
anti-human MDM2 antibody (1:1,000 dilution; sc-965) and 
mouse anti-human monoclonal GADPH antibody (1:1,000 
dilution; sc-365062) (both from Santa Cruz Biotechnology, 
Santa Cruz, CA, USA), at 4̊C overnight. After being washed 
in TBST, the membranes were incubated with goat anti-mouse 
(HRP)‑conjugated secondary antibody (1:5,000 dilution, 
sc-2005; Santa Cruz Biotechnology) at room temperature for 
1 h. The protein bands were visualized with ECL substrates 
(Millipore). Glyceraldehyde 3-phosphate dehydrogenase was 
used as a loading control.

Statistical analysis. Data are presented as means  ±  stan-
dard deviation and were compared with the Student's t-test 
or ANOVA using SPSS version 13.0 software (SPSS, Inc., 

Chicago, IL, USA). A P-value of <0.05 was considered statisti-
cally significant.

Results

miR-379-5p expression is downregulated in bladder cancer 
tissues and cell lines. To determine whether miR-379-5p 
contributes to the progression of bladder cancer, we determined 
the miR-379-5p expression in bladder cancer and adjacent 
normal tissues by RT-qPCR. As shown in Fig. 1A, miR‑379-5p 
in bladder cancer tissues was underexpressed compared with 
that in adjacent normal tissues (P<0.05). Subsequently, the 
expression levels of miR-379-5p in 3 bladder cancer cell lines 
and human bladder epithelial immortalized SV-HUC-1 cell 
line were determined. The results showed that miR-379-5p 
in bladder cancer cell lines was underexpressed compared 
with that in the SV-HUC-1 cell line (Fig. 1B; P<0.05). These 
results suggest that miR-379-5p is frequently downregulated 
in bladder cancer and may play important roles in the progres-
sion of bladder cancer.

miR-379-5p suppresses bladder cancer cell prolifera-
tion, migration and invasion. To determine the function of 
miR‑379-5p in bladder cancer, miR-379-5p mimics were 
introduced into T24 and EJ cells to increase the expression 
level of miR-379-5p. Transfection efficiency was evaluated 
through RT-qPCR 48 h post-transfection. As shown in Fig. 2A, 
miR‑379-5p expression was markedly increased in the T24 
and EJ cells transfected with the miR-379-5p mimics (P<0.05). 
CCK-8 assay was then performed to evaluate the effect of 
miR-379-5p on cell proliferation in bladder cancer. The results 
showed that the upregulation of miR-379-5p inhibited T24 
and EJ cell proliferation (Fig. 2B; P<0.05). Cell migration 
and invasion assays were performed to further investigate the 
function of miR-379-5p in the regulation of cell migration and 
invasion of bladder cancer cells. As shown in Fig. 2C, ectopic 
expression of miR-379-5p led to a significant decrease in the 
migration and invasion capacities of the T24 and EJ cells 
(P<0.05). These results suggest that miR-379-5p plays a tumor-
suppressive role in bladder cancer growth and metastasis.

MDM2 is a direct target of miR-379-5p in bladder cancer. 
miRNAs mainly function by negatively regulating their target 
genes; therefore, we investigated the direct target of miR‑379-5p. 

Figure 1. miR-379-5p expression in bladder cancer tissues and cell lines. (A) miR-379-5p was downregulated in bladder cancer tissues. (B) miR-379-5p was 
underexpressed in bladder cancer cell lines compared with that in the human bladder epithelial immortalized SV-HUC-1 cell line; *P<0.05 compared with the 
control.
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Bioinformatic algorithms (TargetScan and miRanda) were 
used to predict the potential targets of miR‑379-5p. As shown 
in Fig. 3A, the 3' UTR of MDM2 contains a target sequence for 
miR-379-5p. To confirm whether MDM2 is a direct target of 
miR-379-5p, luciferase reporter assay was conducted on T24 
and EJ cells. Luciferase activities were evidently decreased 
in the T24 and EJ cells co-transfected with the miR-379-5p 
mimics and pmirGLO-MDM2-3' UTR Wt (Fig. 3B; P<0.05). 
However, the luciferase activities of pmirGLO-MDM2-3' UTR 
Mut were unaffected.

To further confirm this hypothesis, RT-qPCR and western 
blotting were employed to evaluate the regulatory effects of 

miR-379-5p on endogenous MDM2 expression in the T24 
and EJ cells. As shown in Fig. 3C and D, MDM2 mRNA and 
protein expression were significantly reduced in the T24 and 
EJ cells transfected with miR-379-5p mimics compared with 
cells transfected with miR-NC (both P<0.05). Collectively, 
these findings suggest that miR-379-5p negatively regulates 
MDM2 expression by directly binding to the 3' UTR of its 
mRNA in bladder cancer.

Inhibition of MDM2 exerts similar effects as miR-379-5p over-
expression in bladder cancer. To determine the involvement of 
MDM2 in bladder cancer, the biological role of MDM2 in cell 
proliferation, migration and invasion were examined. As shown 
in Fig. 4A, MDM2 protein was underexpressed in the T24 and 
EJ cells after transfection with si-MDM2 (P<0.05). CCK-8 
assay and cell migration and invasion assays showed that inhi-
bition of MDM2 expression suppressed the growth (Fig. 4B; 
P<0.05) and metastasis  (Fig.  4C; P<0.05) of T24 and EJ 
cells. These results suggest that MDM2 knockdown exerts a 
suppressive effect similar to miR-379-5p overexpression in 
bladder cancer and further confirm that MDM2 is a functional 
target of miR-379-5p.

Figure 3. miR-379-5p directly targets MDM2 in bladder cancer. (A) Schematic 
of miR-379-5p putative binding sites in the 3' UTR of MDM2 and its mutated 
version. (B) Relative luciferase activities were determined in T24 and EJ 
cells co-transfected with pmirGLO-MDM2-3'  UTR Wt or pmirGLO-
MDM2-3' UTR Mut and miR-379-5p mimics or miR-NC. MDM2 expression 
at the (C) mRNA and (D) protein level in T24 and EJ cells transfected with 
miR-379-5p mimics or miR-NC was determined through RT-qPCR and 
western blotting; *P<0.05 compared with the control.

Figure 2. Restoration of miR-379-5p expression inhibits bladder cancer 
cell proliferation, migration and invasion. (A) RT-qPCR was conducted to 
assess transfection efficiency in T24 and EJ cells after transfection with 
miR-379-5p mimics or miR-NC. (B) CCK-8 assay was used to evaluate the 
proliferation of T24 and EJ cells after transfection with miR-379-5p mimics 
or miR-NC. (C) Resumption of the expression of miR-379-5p decreased the 
migration and invasion abilities of the T24 and EJ cells; *P<0.05 compared 
with the control.
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Enforced expression of MDM2 reverses miR-379-5p-induced 
effects on cell proliferation, migration and invasion in bladder 
cancer. A ‘rescue' experiment was performed to determine 
whether miR-379-5p inhibits the growth and metastasis of bladder 
cancer cells by targeting MDM2. pcDNA3.1-MDM2 was trans-
fected into T24 and EJ cells to increase its expression (Fig. 5A; 
P<0.05). The expression level of MDM2 protein in the T24 and EJ 
cells was recovered after co-treatment with miR‑379-5p mimics 
and pcDNA3.1-MDM2 (Fig. 5B; P<0.05). Moreover, resumption 
of expression of MDM2 restored proliferation (Fig. 5C; P<0.05), 
migration and invasion (Fig. 5D; P<0.05) induced by miR-379-5p 
overexpression in the T24 and EJ cells. These results suggest that 
miR-379-5p suppresses bladder cancer cell proliferation, migra-
tion and invasion partly by targeting MDM2.

miR-379-5p is negatively correlated with MDM2 expression in 
bladder cancer tissues. We analyzed the association between 

the expression levels of miR-379-5p and MDM2 in clinical 
bladder cancer tissues. MDM2 mRNA was higher in the 

Figure 5. MDM2 is an important functional mediator of miR-379-5p in T24 
and EJ cells. (A) Western blot results showed that MDM2 protein was upreg-
ulated in pcDNA3.1-MDM2-transfected T24 and EJ cells. (B) Western blot 
results showed that MDM2 protein in T24 and EJ cells was recovered after 
co-treatment with miR-379-5p mimics and pcDNA3.1-MDM2. (C) CCK-8 
assay showed that the ectopic expression of MDM2 rescued the proliferation 
induced by miR-379-5p overexpression in T24 and EJ cells. (D) Cell migra-
tion and invasion assays revealed that the exogenous expression of MDM2 
rescued the migration and invasion abilities induced by miR-379-5p overex-
pression in T24 and EJ cells; *P<0.05 compared with the control.

Figure 4. Effects of MDM2 knockdown on the biological behaviors of T24 
and EJ cells. (A) Western blot analysis of MDM2 protein expression in the 
T24 and EJ cells transfected with si-MDM2 or si-NC. (B) CCK-8 assay 
showed that MDM2 knockdown suppressed T24 and EJ cell proliferation 
in vitro. (C) Downregulation of MDM2 reduced the migration and invasion 
abilities of T24 and EJ cells; *P<0.05 compared with the control.
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bladder cancer tissues than that noted in the adjacent normal 
tissues  (Fig.  6A; P<0.05). Western blot results indicated 
that MDM2 protein expression in the bladder cancer tissues 
was upregulated compared with that in the adjacent normal 
tissues (Fig. 6B; P<0.05). Moreover, Spearman's correlation 
analysis indicated an inverse correlation between miR-379-5p 
and MDM2 mRNA expression in the bladder cancer 
tissues (Fig. 6C; r=-0.5865; P=0.002). These results further 
confirm that MDM2 is a direct target gene of miR-379-5p in 
bladder cancer.

Discussion

An increasing amount of evidence indicates that miRNAs play 
important roles in many biological processes related to carci-
nogenesis and progression, such as cell proliferation, apoptosis, 
cell cycle, invasion and metastasis  (22-24). Furthermore, 

miRNAs represent novel diagnostic and therapeutic targets 
for the treatment of human cancer (25). In the present study, 
miR‑379-5p was downregulated in bladder cancer tissues and 
cell lines. Restoration of the expression of miR-379-5p inhib-
ited bladder cancer cell proliferation, migration and invasion. 
Moreover, MDM2 was identified as the direct target gene of 
miR-379-5p. These results suggest that miR-379-5p acts as a 
tumor suppressor in bladder cancer and may be investigated 
as an efficient therapeutic target for clinical application. To 
the best of our knowledge, the present study is the first to 
investigate the expression patterns, biological functions and 
underlying mechanism of miR-379-5p in bladder cancer.

An increasing number of studies have shown that 
miR‑379-5p, which is located on chromosome 14q32.31, plays 
important roles in tumorigenesis and tumor development. For 
instance, Khan et al reported that miR-379-5p is downregulated 
in breast cancer tissues compared with that in normal breast 
tissues. The low expression level of miR-379-5p was found 
to be significantly correlated with tumor stage. miR-379-5p 
re-expression suppressed cell proliferation by negatively 
regulating cyclin B1 (18). Chen et al found that miR-379-5p 
expression is lower in hepatocellular carcinoma tissues and 
cell lines. Reduced miR-379-5p was found to be associated 
with the TNM stage and metastasis of patients. Restoration 
of the expression of miR-379-5p inhibited cell migration, 
invasion, epithelial-to-mesenchymal transition (EMT) and 
metastasis both in  vitro and in  vivo by directly targeting 
focal adhesion kinase (FAK), thus leading to the suppression 
of AKT signaling (19). Chen et al revealed that upregulation 
of miR-379-5p decreased cell migration and invasion by 
downregulation of MMP-2 and MMP-9 (20). Furthermore, 
miR-379-5p was highly expressed in bone metastatic prostate 
cancer tissues and cell lines and was significantly correlated 
with progression-free survival of patients with prostate cancer. 
Downregulation of miR-379-5p reduced prostate cancer cell 
EMT and invasive ability (26). These findings suggest that 
miR-379-5p can be a diagnostic and prognostic biomarker for 
human cancers.

Identification of the targets of miRNAs is critical for 
understanding its role in tumorigenesis (27). To investigate the 
mechanisms underlying the suppression of bladder cancer cell 
proliferation, migration and invasion induced by miR‑379-5p, 
we performed bioinformatic analysis and found that the 
3' UTR of MDM2 contains a complementary site for the seed 
region of miR-379-5p. Through a luciferase reporter assay, we 
demonstrated that miR-379-5p directly targeted the 3' UTR 
of MDM2. In addition, miR-379-5p overexpression decreased 
the expression of endogenous MDM2 both at the mRNA and 
protein levels in bladder cancer cells. Our experimental data 
further showed that inhibition of MDM2 exerted a suppressive 
effect similar to miR-379-5p overexpression in bladder cancer 
cells. MDM2 overexpression rescued miR-379-5p-induced 
effects on bladder cancer cell proliferation, migration and inva-
sion. Moreover, MDM2 was highly expressed in bladder cancer 
tissues compared with that in adjacent normal tissues, which 
was negatively correlated with miR-379-5p expression patterns. 
These results suggest that miR-379-5p plays a tumor‑suppression 
role in bladder cancer partly by targeting MDM2.

MDM2, which is located on chromosome 12q13.14, is a 
proto-oncogene that was firstly identified in a locus amplified 

Figure 6. MDM2 is upregulated in bladder cancer tissues and inversely corre-
lated with miR-379-5p expression. (A) RT-qPCR was conducted to determine 
MDM2 mRNA expression in bladder cancer tissues and their matching adja-
cent normal tissues. (B) Western blotting was performed to examine MDM2 
protein expression in bladder cancer tissues and their matching adjacent 
normal tissues. (C) MDM2 mRNA expression in bladder cancer tissues was 
negatively correlated with miR-379-5p expression; *P<0.05 compared with 
the control.
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on double minute chromosomes in a tumorigenic mouse cell 
line (3T3-DM) (28). Numerous studies have reported that the 
MDM2 gene is amplified or overexpressed in numerous types 
of human cancers, such as breast (29), lung (30) and colorectal 
cancer (31), and testicular germ cell tumors (32). In bladder 
cancer, a study conducted by Lianes et al showed that MDM2 
was upregulated in tumor tissues and displayed a significant 
correlation with low-stage, low-grade bladder tumors of 
bladder cancer patients (33). Tuna et al revealed that MDM2 
overexpression exhibits a significant association with tumor 
grade and recurrence of bladder cancer and may be a valu-
able parameter in predicting recurrence (34). Studies have also 
shown that MDM2 plays important roles during the tumori-
genesis and progression of bladder cancer (35,36). Consistent 
with previous findings, our results demonstrated that MDM2 
knockdown exerts anti-proliferative and anti-metastasis 
effects on bladder cancer. MDM2 is a potential prognostic and 
therapeutic target for patients with bladder cancer.

In conclusion, miR-379-5p was downregulated in bladder 
cancer tissues and cell lines and suppressed cell proliferation, 
migration and invasion by directly targeting MDM2. These 
results suggest that miR-379-5p/MDM2-based targeted 
therapy may be a promising therapeutic treatment for bladder 
cancer in the future.
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