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Abstract. miR‑214 has been reported to be downregulated 
in several cancer types, such as bladder cancer. However, its 
involvement in apoptosis and chemoresistance has not been 
investigated. The present study aimed to clarify the biological 
function of miR‑214 and potential mechanisms in chemoresis-
tance of bladder cancer cells. Reverse transcription‑quantitative 
polymerase chain reaction demonstrated that miR‑214 was 
downregulated in bladder cancer tissues compared with the 
level in normal tissues. miR‑214 was downregulated in bladder 
cancer cell lines compared with the level in the normal cell 
line SV‑HUC‑1. miR‑214 mimics were transfected into T24 
and J82 cell lines to restore its expression. The results indicated 
that miR‑214 mimic inhibited proliferation and invasion in 
these cell lines. In addition, miR‑214 mimic reduced cisplatin 
resistance in T24 and J82 cells, indicated by the inhibition of 
cell viability and upregulation of cell apoptosis. Western blot-
ting demonstrated that miR‑214 mimic was able to upregulate 
cleaved caspase‑3 and cleaved poly (ADP‑ribose) polymerase 
(PARP), while downregulate caspase‑3 and PARP expres-
sion, and AKT phosphorylation. Using prediction software, 
it was revealed that the netrin‑1 oncoprotein is on the target 
list of miR‑214. miR‑214 also downregulated netrin‑1 protein 
and mRNA expression levels in the T24 and J82 cell lines. 
Luciferase reporter assays demonstrated that netrin‑1 acted 
as a direct target of miR‑214. A negative correlation between 
netrin‑1 and miR‑214 expression in bladder cancer tissues 
was also observed. In addition, cisplatin treatment could 
induce netrin‑1 protein expression in bladder cancer cells and 
miR‑214 mimic partly blocked this phenomenon. Netrin‑1 
plasmid transfection inhibited cisplatin‑induced apoptosis, 
upregulated AKT phosphorylation, and downregulated 
caspase‑3 and PARP cleavage. Netrin‑1 was restored in cells 
transfected with miR‑214 mimic using plasmid transfection. 

Netrin‑1 transfection restored AKT phosphorylation and 
blocked caspase/PARP cleavage in the T24 and J82 cell lines. 
In conclusion, the present study demonstrated that miR‑214 
is downregulated in bladder cancer tissues and cell lines. 
miR‑214 reduces chemoresistance by targeting netrin‑1 in 
bladder cancer cell lines.

Introduction

Bladder cancer is one of the most common malignant tumors 
of the urological system, and is also one of the main causes of 
cancer‑related mortality (1). The prognosis of bladder cancer 
is dependent on its potential to invade and the development 
of chemoresistance (2‑4). There are several risk factors for 
bladder cancer, including smoking, environmental and occupa-
tional exposure and gender (5). Although combined therapies, 
including surgery and chemotherapy, have been developed 
over the past decades, the prognosis for bladder cancer in the 
advanced stage remains poor (6). The identification of novel 
molecular targets and therapeutic strategies are required in 
order to achieve long‑term survival of patients. Resistance 
to chemotherapy drives the search for identification of more 
effective targets to overcome chemoresistance.

MicroRNA (miRNA) are small non‑coding RNA that 
downregulate gene expression by binding to the 3'‑untranslated 
region (3'‑UTR) of target mRNA (7,8). miRNA have been 
reported to be dysregulated in various types of human cancer, 
including lung, colorectal and bladder cancer, and they serve 
important roles in carcinogenesis, invasion, metastasis and 
development of chemoresistance (9‑11).

miR‑214 is regarded as a tumor suppressor that is down-
regulated in various cancer types, including breast, lung 
and colorectal carcinoma (12‑14). The expression status of 
miR‑214 was also reported in bladder cancer (15). miR‑214 
was downregulated in bladder cancer tissues and significantly 
associated with tumor stage, lymph node status and tumor 
grade (15). miR‑214 may serve as an independent factor of 
recurrence‑free survival and overall survival for patients with 
muscle‑invasive bladder cancer. Urinary levels of cell‑free 
miR‑214 could be an independent prognostic parameter for 
non‑muscle‑invasive bladder cancer recurrence (16). miR‑214 
exerts tumor‑suppressive effects in bladder cancer by down-
regulating oncogenic P53 and DNA damage regulated  1 
(PDRG1) expression (15). Currently, the role of miR‑214 in 
cancer cell apoptosis and drug resistance remains unclear. To 
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clarify this issue, the present study transfected miR‑214 mimics 
into human bladder cancer cell lines and examined its role in 
cisplatin resistance. The underlying molecular mechanism was 
also explored.

Materials and methods

Clinical specimens. Fresh bladder cancer samples and 
corresponding normal adjacent tissues were obtained from 
30 patients (22 males and 8 females; age, 56.1±11.6 years) 
at The First Affiliated Hospital of China Medical University 
(Shenyang, China) between September 2013 and August 
2015. The present study was conducted with the approval of 
the Ethics Committee of China Medical University. Written 
informed consent was obtained from all patients and bladder 
cancer was confirmed by pathological diagnosis.

Cell culture and transfection. SV‑HUC‑1, RT‑4, J82 and T24 
cell lines were obtained from the American Type Culture 
Collection (Manassas, VA, USA). Cells were cultured in 
Dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) supplemented 
with 10% fetal bovine serum (FBS; Invitrogen; Thermo Fisher 
Scientific, Inc.) at 37˚C in 5% CO2. miR‑214 mimic (5'‑ACA​
GCA​GGC​ACA​GAC​AGG​CAG​U‑3') and corresponding 
control were obtained from Guangzhou RiboBio Co., Ltd., 
(Guangzhou, China). Cells were transfected with 50 nM concen-
tration. Netrin‑1 plasmid (pCMV6‑NTN1) was obtained from 
OriGene Technologies, Inc. (Rockville, MD, USA). Plasmid 
was transfected at 1 µg/ml concentration. miR‑214 mimic was 
transfected using DharmaFECT 1 Reagent (GE Healthcare, 
Chicago, IL, USA). Lipofectamine 3000 reagent was used for 
plasmid transfection (Invitrogen; Thermo Fisher Scientific, 
Inc.). Cells were harvested for subsequent experiments 4 h 
after transfection. For cell viability and apoptosis assays, cells 
were treated with cisplatin (10 µg/ml; Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany) for 24, 48 and 72 h at 37˚C in 
5% CO2.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). RNA was extracted from tissues and cells using 
RNAiso plus (Takara Biotechnology Co., Ltd., Dalian, China). 
For quantification of miR‑214, primers (Guangzhou RiboBio 
Co., Ltd.) for miR‑214 (Bulge‑LoopTM miRNA qRT‑PCR 
Primer Set for hsa‑mir‑214) and U6 (U6 small nuclear 
RNA qRT‑PCR Primer) were used. Reverse transcription 
(37˚C for 15 min and 85˚C for 5 sec) was performed using a 
PrimeScript RT reagent kit from Takara Biotechnology Co., 
Ltd. qPCR was performed using ABI SYBR-Green Master 
Mix (Applied Biosystems; Thermo Fisher Scientific, Inc.) on 
an Analytik Jena QTOWER PCR system (Analytik Jena AG, 
Jena, Germany), according to the manufacturer's protocol. The 
thermocyclying conditions were as follows: 95˚C for 30 sec, 
followed by 40 cycles of 95˚C for 5 sec and 60˚C for 30 sec. 
The relative levels of gene expression were represented as 
ΔCt=Ct miR‑214‑Ct U6. The change of gene expression was 
calculated by the 2‑ΔΔCq method (15).

For quantification of netrin‑1 mRNA, total RNA was 
reverse transcribed to cDNA using PrimeScript RT Master 
Mix (Takara Biotechnology Co., Ltd.). qPCR was performed 

using an ABI SYBR Green MasterMix on an Analytik Jena 
QTOWER PCR system, according to the manufacturer's 
protocol. The thermocyclying conditions were as follows: 
95˚C for 30 sec, followed by 40 cycles of 95˚C for 5 sec and 
60˚C for 30 sec. The relative levels of gene expression were 
represented as ΔCt=Ct gene‑Ct reference, and the fold change 
of gene expression was calculated using the 2‑ΔΔCq method (15). 
The primer sequences used were as follows: Netrin‑1, forward 
5'‑GTC​AAT​GCG​GCC​TTC​GG‑3' and reverse 5'‑CTG​CTC​
GTT​CTG​CTT​GGT​GAT‑3'; and β‑actin, forward 5'‑ATA​GCA​
CAG​CCT​GGA​TAG​CAA​CGT​AC‑3' and reverse 5'‑CAC​CTT​
CTA​CAA​TGA​GCT​GCG​TGT​G‑3'.

Western blot analysis. Proteins were extracted using radio-
immunoprecipitation assay lysis buffer (Thermo Fisher 
Scientific, Inc.) and quantified using the Bradford method. 
Protein samples (~40 µg) were separated by 10% SDS‑PAGE 
and then transferred to a polyvinylidene difluoride membrane. 
Blocking was performed using 5% bovine serum albumin 
(Beijing Solarbio Science & Technology Co., Ltd., Beijing, 
China) at room temperature for 2  h. The membrane was 
incubated at 4˚C overnight with primary antibodies, including 
netrin‑1 (1:500; ab126729; Abcam, Cambridge, MA, USA), 
caspase‑3 (9665), cleaved caspase‑3 (9664), poly (ADP‑ribose) 
polymerase (PARP) (9532), cleaved PARP (5625), phosphory-
lated (p)‑AKT (4060), AKT (4691) B‑cell lymphoma (Bcl)‑2 
(15071) (all 1:1,000; Cell Signaling Technology, Inc., Danvers, 
MA, USA) and GAPDH (sc‑32233) (1:2,000; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA). Following incubation 
with horseradish peroxidase‑conjugated secondary antibody 
(7071/7072; 1:2,000; Cell Signaling Technology, Inc.) at 
37˚C for 2 h, visualization was performed using an enhanced 
chemiluminescent kit (Pierce; Thermo Fisher Scientific, Inc.) 
and a DNR Bio‑Imaging System (DNR Bio‑Imaging Systems, 
Ltd., Neve Yamin, Israel).

Cell Counting Kit‑8 (CCK‑8) assay. CCK‑8 assay was 
conducted to detect cell viability using a CCK‑8 kit from 
Dojindo Molecular Technologies, Inc. (Rockville, MD, USA), 
according to the manufacturer's protocol. Briefly, cultured 
cells (2,000 cells/well) were incubated with 10 µl/well CCK‑8 
solution for 4 h at 37˚C in an incubator. Subsequently, the 
optical density of each well was measured at a wavelength of 
490 nm.

Colony formation assay. Cells were seeded into three 6‑cm 
cell culture dishes with DMEM supplemented with 10% 
FBS (1,000 cells/dish) and incubated at 37˚C in 5% CO2 for 
at least 2 weeks. Subsequently, the plates were washed with 
PBS and fixed using cold 100% methanol at 4˚C for 10 min. 
Following this, the plates were stained with Giemsa at 
room temperature for 30 min. Colony number was counted 
manually using an Olympus CKX41 light microscope 
(Olympus Corporation, Tokyo, Japan) with a magnification 
of x100.

Matrigel invasion assay. A Matrigel invasion assay was 
conducted using a 24‑well Transwell chamber from Costar 
(Corning Incorporated, Corning, NY, USA) coated with 20 µl 
Matrigel (BD Biosciences, Franklin Lakes, NJ, USA), with a 
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dilution rate of 1:8. A total of 100,000 cells were transferred 
into the upper Transwell chamber in DMEM without serum 
and incubated for 18 h to allow the cells to invade. Remaining 
cells were wiped out using a cotton tip and invading cells 
were fixed with 4% paraformaldehyde at room temperature 
for 10 min and stained with hematoxylin at room temperature 
for 10 min. Colony number was counted using an Olympus 
BX53 light microscope (Olympus C orporation) under a 
magnification of x200.

Flow cytometry for apoptosis. The apoptosis rate was detected 
using an Annexin  V/propidium iodide (PI) staining kit 
(BD Biosciences), according to the manufacturer's protocol. 
The cells were analyzed using a FACSCalibur flow cytometer 
(BD Biosciences) and data was analyzed using FlowJo v. 10 
software (FlowJo LLC, Ashland, OR, USA).

Validation of target gene and miRNA interaction. A 
p‑MIR‑reporter vector (Thermo Fisher Scientific, Inc.) was 
used for 3'‑UTR luciferase reporter assays to determine the 
interaction of miR‑214 with netrin‑1. The wild-type (WT) 
miR‑214 target site in netrin‑1 3'‑UTR was CCU​GCU​G. 
The mutant (MUT) miR‑214 target site was CCU​UUU​G. 
TargetScan (targetscan.org) was used to identify miR‑214 
targets.

Cells with 80% confluence were co‑transfected with the 
firefly luciferase reporter plasmid (0.1 µg) along with the 
reference Renilla luciferase reporter plasmid (0.01 µg) using 
Lipofectamine 3000, according to the protocols provided by 
the manufacturers. After 48 h of transfection, the luciferase 
activity was measured using a Promega Dual‑Luciferase 
Reporter Assay System (Promega Corporation, Madison, 
WI, USA). The relative activity of the reporter gene was 
calculated by dividing the signals from firefly luciferase 
reporter by the signals obtained from Renilla luciferase 
reporter.

Stat ist ical analysis. Data were presented as the 
mean ± standard deviation, and experiments were repeated 
in triplicates. SPSS v. 16 for Windows (SPSS, Inc., Chicago, 
IL, USA) was used for all statistical analyses. A Student's 
t‑test was used to compare data between control and treat-
ment groups. One‑way analysis of variance with Bonferroni's 
post hoc analysis was used to compare the means of more than 
two groups. All P‑values were based on a two‑sided statistical 
analysis. P<0.05 was considered to indicate a statistically 
significant difference.

Results

miR‑214 expression is downregulated in bladder cancer. 
The expression of miR‑214 was examined in 30 samples of 
fresh bladder carcinoma tissues with corresponding normal 
tissues by RT‑qPCR. As demonstrated in Fig.  1, miR‑214 
expression levels were significantly downregulated in cancer 
tissues compared with normal tissues. miR‑214 cancer/normal 
ratio  <0.5 was regarded as significant downregulation. It 
was revealed that miR‑214 expression was significantly 
downregulated compared with the level in normal tissue 
in 13 out of 30 samples (significant was defined as ratio of 

cancer tissue/normal tissue <1/2) (Fig. 1A). The mean value 
of miR‑214 expression between cancer and normal tissues was 
examined and it was demonstrated that the mean miR‑214 
expression level in normal tissue was significantly higher than 
that in cancer tissue (P<0.05; Fig. 1B). In addition, the associa-
tion between miR‑214 expression and T stage was evaluated. 
As demonstrated in Table I, the rate of miR‑214 downregula-
tion was 58.3% in T3 + T4 bladder cancer and 33.3% in T1 + T2 
cancer, suggesting that miR‑214 may be downregulated in 
cancer with a higher T stage. However, the difference did not 
reach a statistical significance.

miR‑214 is downregulated in bladder cancer cell lines and 
inhibits cell proliferation and invasion. The expression level 
of miR‑214 in normal epithelial cell line SV‑HUC‑1 and 
three bladder cancer cell lines (J82, J82 and T24) was inves-
tigated. Expression of miR‑214 was significantly lower in all 
bladder cancer cell lines compared with that in SV‑HUC‑1 
cells (P<0.001; Fig. 2A). The T24 and J82 cell lines, with low 
endogenous expression, were selected for transfection with 
miR‑214 mimic. The transfection efficiency was confirmed 
by RT‑qPCR. Transfection with miR‑214 mimic significantly 
increased the expression level of miR‑214 in J82 and T24 cells 
compared with the level in the mimic control group (P<0.05; 
Fig. 2A). Using a colony formation assay, it was demonstrated 
that miR‑214 mimic significantly reduced the colony forma-
tion ability of the J82 and T24 cell lines compared with 
that observed in the mimic control group (P<0.05; Fig. 2B). 
Matrigel invasion assays indicated that miR‑214 mimic 
significantly inhibited the invading ability of the J82 and T24 
cell lines compared with that observed in the mimic control 
group (P<0.05; Fig. 2C).

miR‑214 reduces cisplatin resistance and inhibits AKT phos‑
phorylation. The role of miR‑214 on chemoresistance of bladder 
cancer cells was explored. A CCK‑8 assay was conducted 
in T24 and J82 cells treated with cisplatin (10 µg/ml). As 
demonstrated in Fig. 3A, miR‑214 mimic significantly reduced 
cell viability in both cell lines at 24, 48 and 72 h following 
treatment with cisplatin compared with that observed in the 
mimic control group (P<0.05). These results suggest that 
miR‑214 reduced chemoresistance of bladder cancer cells. 
Annexin V/PI staining was conducted to measure the rate of 

Table I. Distribution of miR‑214 expression in bladder cancer 
according to T status.

	 miR‑214
	 expression
	 level
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Tumor local	 Number
invasion status	 of patients	 Low	 High	 P‑value

T1 + T2	 18	 6	 12	 0.264
T3 + T4	 12	 7	 5

miR, microRNA.
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apoptosis. As indicated in Fig. 3B, transfection with miR‑214 
mimic significantly upregulated the apoptosis rate after 24 h 
of cisplatin treatment in the J82 and T24 cell lines. Western 
blotting was performed to examine the change of related 
proteins. As indicated in Fig. 3C, transfection with miR‑214 
mimic downregulated total caspase‑3 and total PARP expres-
sion, and upregulated cleaved caspase‑3 and cleaved PARP. 
Several signaling pathways involved in cancer cell survival 
were also analyzed, and it was revealed that miR‑214 inhibited 
AKT phosphorylation.

miR‑214 targets and downregulates netrin‑1. TargetScan soft-
ware was used to predict potential targets of miR‑214, and this 
revealed that netrin‑1 is one of the target genes (17). To validate 
the relationship between netrin‑1 and miR‑214, the change in 
expression level of netrin‑1 mRNA and protein was examined 
following transfection with miR‑214 mimic. As demonstrated 
in Fig. 4A, transfection with miR‑214 mimic markedly and 
significantly downregulated netrin‑1 expression at the protein 
and mRNA levels, respectively, compared with the level in the 
mimic control group (P<0.05; Fig. 4A).

To validate if netrin‑1 is the direct target of miR‑214, a 
luciferase reporter assay was conducted. Reporters with 

wild‑type (CCU​GCU​G) and mutant (CCU​UUU​G) 3'‑UTR 
binding sites of netrin‑1 were introduced into J82 cells 
together with miR‑214 mimic. The luciferase reporter assay 
demonstrated that miR‑214 mimic significantly suppressed the 
luciferase intensity of the wild‑type reporter compared with 
that in the control group (P<0.05); however, no significant 
change was observed in the luciferase intensity of the mutant 
reporter (Fig. 4B). The above data indicates that miR‑214 binds 
to the 3'‑UTR of netrin‑1 to reduce its mRNA and protein 
expression. In addition, the correlation between miR‑214 
and netrin‑1 mRNA expression in bladder cancer tissues was 
examined. Linear regression analysis demonstrated that the 
miR‑214 expression level in cancer tissues was negatively 
correlated with netrin‑1 mRNA expression (P<0.01; Fig. 1C).

Cisplatin treatment induces netrin‑1 expression in bladder 
cancer cells. Chemotherapeutic agents, including cisplatin and 
doxorubicin, have been reported to induce netrin‑1 expression, 
which appears to be a survival mechanism, as the deple-
tion of netrin‑1 results in cancer cell death (18). To confirm 
this, the alteration of the netrin‑1 expression level in bladder 
cancer cells following cisplatin treatment was investigated. As 
demonstrated in Fig. 5, cisplatin treatment (2 and 5 µg/ml for 

Figure 1. Expression pattern of miR‑214 in bladder cancer tissues. (A) Relative expression level of miR‑214 in 30 fresh bladder cancer tissues and paired normal 
tissues. (B) The mean miR‑214 expression level in bladder cancer tissues was lower than that in corresponding normal tissues. (C) A negative correlation was 
identified between miR‑214 and netrin‑1 mRNA expression levels in bladder cancer tissues using linear regression analysis. *P<0.05 vs. cancer tissue. miR, 
microRNA.



INTERNATIONAL JOURNAL OF MOlecular medicine  41:  1765-1773,  2018 1769

2 days) induced an increase of protein expression in the J82 
and T24 cell lines compared with the level in cells that did not 
receive cisplatin treatment. At the mRNA expression level, this 
increase was significant in cells treated with 5 µg/ml cisplatin 
(P<0.05). mRNA expression levels of netrin‑1 increased 
significantly following treatment with 5 µg/ml cisplatin, which 
was confirmed by one‑way analysis of variance with post 
hoc comparisons in both cell lines (J82: 5 µg/ml vs. control, 
P=0.004 and 5 vs. 2 µg/ml, P=0.006; T24: 5 µg/ml vs. control, 
P=0.001 and 5 vs. 2 µg/ml, P=0.002; Fig. 5).

miR‑214 regulates cisplatin resistance through netrin‑1. 
To validate the biological function of netrin‑1, netrin‑1 was 
overexpressed in T24 and J82 cell lines. As demonstrated 
in Fig.  6A, Annexin V/PI analysis indicated that netrin‑1 
overexpression significantly inhibited cisplatin‑induced apop-
tosis compared with the level in the control group (P<0.05). 
Western blotting indicated that netrin‑1 transfection upregu-
lated AKT phosphorylation. These data suggest that netrin‑1 
is associated with chemoresistance in bladder cancer cells. To 
confirm the involvement of netrin‑1 in the biological effects 

Figure 2. Effects of miR‑214 on cell proliferation in bladder cancer cell lines. (A) Expression level of miR‑214 in three bladder cancer cell lines and a normal 
cell line, SV‑HUC‑1. miR‑214 mimic upregulated miR‑214 expression levels in T24 and J82 cell lines. (B) miR‑214 mimic decreased the colony number of 
T24 and J82 cell lines (magnification, x5). (C) miR‑214 mimic decreased the invading ability of T24 and J82 cell lines (magnification, x400). #P<0.001 vs. 
SV‑HUC‑1 cells; *P<0.05 vs. mimic control. miR, microRNA.
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of miR‑214, netrin‑1 plasmid transfection was conducted in 
bladder cancer cells with miR‑214 mimic. As indicated in 
Fig. 6B, plasmid transfection restored netrin‑1 and p‑AKT 

status in cells transfected with miR‑214 mimic, with downreg-
ulation of caspase/PARP cleavage. In addition, the expression 
of the AKT target protein, Bcl‑2, was studied. miR‑214 mimic 

Figure 3. miR‑214 decreases cisplatin resistance. (A) The viability of cancer cells treated with cisplatin was measured using a Cell Counting Kit‑8 assay. 
miR‑214 mimic transfection increased sensitivity to cisplatin in T24 and J82 cells during 72 h of treatment. (B) miR‑214 mimic transfection upregulated 
the apoptosis rate in T24 and J82 cells after 48 h of treatment. (C) miR‑214 mimic downregulated total caspase‑3, total PARP and p‑AKT expression, with 
upregulation of cleaved caspase‑3 and cleaved PARP. *P<0.05 vs. mimic control. miR, microRNA; PARP, poly (ADP‑ribose) polymerase; p, phosphorylated.
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downregulated Bcl‑2 expression and netrin‑1 transfection 
restored Bcl‑2 status. Together, these data demonstrate that 
the function of miR‑214 in chemoresistance is, at least partly, 
through netrin‑1 regulation.

Discussion

Accumulating evidence has demonstrated the role of miRNA 
during cancer development and progression. miR‑214 is 
regarded as a tumor suppressor that is downregulated in 
various cancer types, including breast, lung and colorectal 
carcinoma (15,19‑21). The expression status of miR‑214 has 
been reported to be downregulated in bladder cancer tissues 
and significantly associated with tumor stage, lymph node 
status and cancer grade  (15). Urinary levels of cell‑free 
miR‑214 could be an independent prognostic parameter for 
non‑muscle‑invasive bladder cancer recurrence (16). miR‑214 
exerts tumor‑suppressive effects in bladder cancer by down-
regulating oncogenic PDRG1 expression (15). In the present 
study, it was demonstrated that miR‑214 expression levels are 
downregulated in bladder cancer tissues and cell lines. The 
suppressive effects of miR‑214 on bladder cancer proliferation 
and invasion were also validated in the present study. However, 
its involvement in the development of chemoresistance of 
bladder cancer cells had yet to be explored.

Thus, the present study investigated the influence of 
miR‑214 on resistance to chemotherapy by using cisplatin 
treatment in J82 and T24 cells. The results demonstrated 
that miR‑214 mimic significantly reduced drug resistance by 
upregulating the apoptosis rate. A series of apoptosis‑related 
proteins were examined. The present results revealed that total 
caspase‑3 and total PARP expression levels were decreased 
following transfection with miR‑214 mimic, while cleaved 
caspase‑3 and cleaved PARP were markedly upregulated. 
These results indicate that miR‑214 promotes apoptosis. In 
addition, the present study indicated that miR‑214 was able to 
suppress AKT phosphorylation. AKT signaling is involved in 
the regulation of cell apoptosis by upregulating pro‑survival 
Bcl‑2 family proteins, including Bcl‑2 and Bcl‑extra large (22). 
Thus, the effects of miR‑214 on chemoresistance may be 
dependent on its regulation of AKT/Bcl‑2 signaling.

The present study further explored the mechanism by 
which miR‑214 regulates apoptosis and chemoresistance. 
Potential target genes of miR‑214 were predicted using 
TargetScan software, and netrin‑1 was identified as one of 
the targets. Netrin‑1 has been identified as an oncoprotein in 
several cancer types, such as bladder cancer (23). Previously 
we reported that netrin‑1 overexpression was associated with 
poor prognosis in patients with bladder cancer (23). A previous 
report suggested that netrin‑1 may enhance chemoresistance 
of cancer cells through regulation of its receptor activity (19). 
In the present study, the effects of netrin‑1 on bladder cancer 
apoptosis and AKT signaling were investigated. The results 
demonstrated that netrin‑1 plasmid transfection significantly 
downregulated apoptosis and notably upregulated AKT 
phosphorylation in bladder cancer cells. In addition, miR‑214 
mimic significantly and markedly decreased netrin‑1 mRNA 
and protein expression levels, respectively. Notably, a nega-
tive relationship was identified in bladder cancer tissues 
between miR‑214 and netrin‑1 mRNA expression levels in 
the present study. Furthermore, luciferase reporter assays 
revealed that miR‑214 could directly bind to the 3'‑UTR 
of netrin‑1, demonstrating that netrin‑1 is a direct target 
of miR‑214. These results together suggest that miR‑214 
downregulates netrin‑1, which in turn inhibits p‑AKT and 

Figure 4. Netrin‑1 is a direct target of miR‑214 in bladder cancer cells. 
(A) Western blotting and reverse transcription‑polymerase chain reaction 
analysis demonstrated that miR‑214 mimic downregulated the protein and 
mRNA expression levels of netrin‑1. (B) Fluorescence reporter plasmids 
with wild‑type or mutant binding sites were introduced into T24 cells with 
miR‑214 mimic. In cells transfected with wild‑type reporter, the miR‑214 
mimic downregulated the luciferase activity. In cells transfected with the 
mutant site reporter, no significant change was observed. *P<0.05 vs. mimic 
control. miR, microRNA.

Figure  5. Cisplatin treatment induces netrin‑1 expression in bladder 
cancer cells. In T24 and J82 cell lines, cisplatin treatment (2 and 5 µg/ml 
for 2 days) increased netrin‑1 mRNA and protein expression levels in a 
concentration‑dependent manner. *P<0.05 vs. 0 and 2 µg/ml cisplatin.
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reduces chemoresistance. To further confirm this, netrin‑1 
plasmid was used to restore its function in the present study. 
Netrin‑1 plasmid transfection restored cisplatin resistance 

downregulated by miR‑214. Taken together, these data 
suggest that miR‑214 inhibits chemoresistance in bladder 
cancer by targeting netrin‑1.

Figure 6. miR‑214 regulates cisplatin resistance through netrin‑1. (A) Annexin V/propidium iodide analysis demonstrated that netrin‑1 overexpression inhib-
ited cisplatin‑induced apoptosis. Western blotting indicated that netrin‑1 transfection upregulated AKT phosphorylation. (B) Netrin‑1 plasmid transfection 
restored netrin‑1 and p‑AKT protein and downregulated cleaved caspase‑3 and cleaved‑PARP expression in T24 and J82 cells transfected with miR‑214 mimic. 
Transfection with miR‑214 mimic also downregulated Bcl‑2 expression in both cell lines. *P<0.05 vs. control. miR, microRNA; PARP, poly (ADP‑ribose) 
polymerase; p, phosphorylated; Bcl‑2, B‑cell lymphoma 2.
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In conclusion, to the best of our knowledge, the present 
study is the first to demonstrate the relationship between 
miR‑214 and chemoresistance of bladder cancer cells. miR‑214 
may reduce cisplatin resistance and AKT signaling by targeting 
netrin‑1. The present findings may contribute to an improved 
understanding of the mechanism involved in bladder cancer 
chemoresistance.
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