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Abstract. It has been reported that long non‑coding RNAs 
(lncRNAs) play a crucial role in the progression of various 
types of cancer. The role of numerous lncRNAs in a variety of 
cancer types has been investigated. However, the underlying 
mechanisms of the majority of lncRNAs in bladder cancer 
(BCa) remain to be elucidated. In the present study, abnormally 
expressed lncRNAs in BCa and para‑carcinoma tissues were 
identified through screening the Cancer RNA‑Seq Nexus data‑
base and were validated using reverse transcription‑quantitative 
PCR. It was found that LOC339524 expression levels were 
markedly downregulated in BCa tissues and cells (J82, T24, 
UM‑UC‑3 and 5637). LOC339524 overexpression was revealed 
to suppress the proliferation of BCa cells. LOC339524 was also 
discovered to act as a sponge for microRNA (miR)‑875‑5p, 
as identified using dual luciferase reporter assays and biotin 
pull‑down analysis. LOC339524 downregulated the expression 
of miR‑875‑5p and knockdown of miR‑875‑5p expression inhib‑
ited the proliferation of bladder cancer cells. In addition, COP9 
signalosome subunit 7A (COPS7A) was identified to be the 
target gene of miR‑875‑5p and COPS7A expression level was 
upregulated following LOC339524 overexpression. lncRNA 
LOC339524 was proposed to function as a competitive endog‑
enous RNA to facilitate the expression of COPS7A by binding 
to miR‑875‑5p. In conclusion, the findings of the present study 
suggested that LOC339524 may inhibit cell proliferation in BCa 
by targeting the miR‑875‑5p/COPS7A signaling axis.

Introduction

According to a recent study, bladder cancer (BCa) is the 
most common type of malignancy of the urinary system and 
poses a major threat to human health worldwide, 573,278 new 

cases of bladder cancer and 212,536 mortalities from bladder 
cancer occurred in 2021 (1). Surgery and chemotherapy are 
the predominant treatment strategies used for BCa; however, 
the treatment efficacy is far from satisfactory (2). Thus, novel 
therapeutic strategies for this disease are required.

Long non‑coding RNAs (lncRNAs) are a class of non‑coding 
RNA of >200 nucleotides in length (3,4). As they are generated 
via RNA polymerase II‑mediated transcription, lncRNAs have 
been identified to play a crucial role in multiple types of cancer, 
including colon and non‑small cell lung cancer, hepatocellular 
carcinoma and breast cancer (5‑8). According to recent studies, 
lncRNAs can inhibit or promote the expression of certain genes 
at the transcriptional or post‑transcriptional level (9,10). For 
instance, lncRNA small nucleolar RNA host gene 3 (SNHG3) 
is significantly upregulated in BCa tissues and associated 
with reduced overall survival rates of BCa patients. Silencing 
of SNHG3 expression suppresses BCa cell proliferation and 
metastasis by increasing miR‑515‑5p expression (11). lncRNA 
KCNQ1 opposite strand/antisense transcript  1 is notably 
upregulated in BCa tissues and promote the progression of BCa 
through by modulating miR‑218‑5p expression and the activity 
of Heparan Sulfate‑Glucosamine 3‑Sulfotransferase 3B1 (12).

In the present study, abnormally expressed lncRNAs in BCa 
tissues and adjacent normal tissues were examined using the 
Cancer RNA‑Seq Nexus (CRN) database, with a particular focus 
was on the lncRNAs that were lowly expressed in BCa and had 
not yet been reported, which may have more research value. To 
the best of our knowledge, as the role of lncRNA LOC339524 in 
BCa has not been studied before, it was selected for subsequent 
analysis. The aims of the present study were to investigate the 
expression of lncRNA LOC339524 in BCa, evaluate the effect 
of lncRNA LOC339524 on regulating the malignant phenotypes 
of BCa cells in vitro and explore the mechanism that underlies 
lncRNA LOC339524 in BCa progression.

Materials and methods

Patient studies. A total of 52 clinical samples (26 BCa tissues 
and 26 para‑carcinoma tissues) were collected from 26 patients 
(male, n=17 and female, n=9; age range, 43‑67 years) with 
BCa who underwent surgery at The Third Affiliated Hospital, 
Army Medical University (Chongqing,  China) between 
September  2017 and February  2019. The tissues were 
immediately cut into small sections and transferred to liquid 
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nitrogen (‑196˚C) for use in further experiments. The tissues 
were all pathologically identified as BCa or para‑carcinoma 
tissues. Exclusion criteria included a prior history of cancer, 
chemotherapy or radiotherapy prior to undergoing surgery 
or a lack of written informed consent. The present study was 
approved by the Ethics Committee of The Third Affiliated 
Hospital, Army Medical University. All patients were informed 
of the study protocol and signed informed consent forms prior 
to participation.

Cell lines and culture. Human BCa cell lines (J82, T24, 
UM‑UC‑3 and 5637) and the normal bladder epithelial cell 
line, SV‑HUC‑1, were purchased from Shanghai Cell Bank of 
Chinese Academy of Sciences. J82, T24 and 5637 cells were 
routinely cultured in RPMI‑1640 medium (HyClone; Cytiva) 
supplemented with 10% FBS (Gibco; Thermo Fisher Scientific, 
Inc.). The UM‑UC‑3 and SV‑HUC‑1 were routinely cultured in 
DMEM (HyClone; Cytiva) supplemented with 10% FBS. All 
cells were maintained in an incubator at 37˚C with 5% CO2. For 
5 µl 5‑Aza‑2'‑deoxycytidine (Sigma‑Aldrich; Merck KGaA) 
treatment, the 5‑Aza‑2'‑deoxycytidine compound was dissolved 
in DMSO and diluted in cell culture medium to 2 µmol/l. Cells 
were cultured in the cell culture supplemented with DMSO 
at 37˚C for three consecutive days as the vehicle‑treated cells.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from the tissues and cells using RNAiso 
Plus (Takara Bio, Inc.). Total RNA was reverse transcribed 
into cDNA using a PrimeScript RT Master mix (Takara Bio, 
Inc.) according to the manufacturer's protocol. The following 
thermocycling conditions were used for reverse transcription: 
16˚C for 30 min, 42˚C for 30 min and 85˚C for 5 min. qPCR 
was subsequently performed using SYBR Premix Ex Taq kit 
(Takara Bio, Inc.). The thermocycling conditions for qPCR 
were: 95˚C for 2 min, 40 cycles of 95˚C for 15 sec and 60˚C for 
30 sec. The primers used for the qPCR are listed in Table SI. 
GAPDH was selected as the internal reference gene for 
mRNA, while U6 was selected as the internal reference gene 
for the normalization of microRNA (miRNA/miR) expression. 
The 2‑ΔΔCq method was used for analyzing the relative gene 
expression (13).

Cell transfection. LOC339524 plasmid (pcDNA3.0), 
miR‑875‑5p mimic (5'‑UAU​ACC​UCA​GUU​UUA​UCA​GGU​
G‑3'), miR‑875‑5p inhibitor (5'‑CAC​CUG​AUA​AAA​CUG​
AGG​UAU​A‑3'), mimic‑NC (5'‑UUC​UCC​GAA​CGU​GUC​
ACG​UTT‑3'), inhibitor‑NC (5'‑CAG​UAC​UUU​UGU​GUA​
GUA​CAA‑3') and NC empty plasmid (pcDNA3.0, control for 
LOC339524) were obtained from Shanghai GeneChem Co., 
Ltd. The cells were seeded into 6‑well plates at a density of 
2x105 cells/well and prior to transfection, were washed with 
PBS. Then, 40 nM plasmid, mimic, inhibitor, respective NC 
or 2  µl Lipofectamine®  2000 (Invitrogen; Thermo  Fisher 
Scientific, Inc.) were individually diluted in 50 µl Opti‑MEM 
(Invitrogen; Thermo Fisher Scientific, Inc.). Following 20 min 
of incubation, plasmid/oligonucleotide Opti‑MEM solution 
and Lipofectamine 2000 Opti‑MEM solution were mixed and 
incubated at 4˚C for a further 20 min. The complex was then 
added to each well. The cells were collected for subsequent 
experimentation following 48 h of further culture.

Cell Counting Kit (CCK)‑8 assay. Following transfection for 48 h, 
cells were seeded into 96‑well plates at a density of 1x103 cells/well 
(six replicates/group). Following the incubation at 37˚C for 24 h, 
10 µl CCK‑8 reagent (Dojindo Molecular Laboratories, Inc.) was 
added/well and incubated at 37˚C for 3 h. The absorbance of each 
well was measured at a wavelength of 450 nm using a spectropho‑
tometer (BioTek Instruments, Inc.). The data were collected for 
5 days and the experiment was repeated four times.

Colony formation assay. Following transfection for 48 h, cells 
were seeded into 6‑well plates at a density of 1x103 cells/well. 
Following incubation at 37˚C for 12 days, the colonies in each 
group were fixed with 4% paraformaldehyde at room tempera‑
ture for 30 min and stained with 0.1% crystal violet at room 
temperature for 30 min. The colonies were visualized and 
counted. The experiment was repeated four times.

Measurement of DNA content. Following transfection for 
48  h, cells were harvested (1,500  x  g; 10  min; 4˚C) and 
suspended in propidium iodide (RNaseA, 10 mg/l; Beyotime 
Institute of Biotechnology) at 4˚C for 40 min. Flow cytometric 
analysis (FACSCalibur flow cytometer; BD Biosciences) was 
performed to assess the relative DNA content in T24 and 
5637 cells with a CellQuest Pro system software package 
(version 5.1; BD Biosciences).

Bioinformatics analysis. Expression profiles for LOC339524 
were obtained from the Cancer RNA‑seq Nexus  (CRN) 
database (14) and the Gene Expression Profiling Interactive 
Analysis (GEPIA) database (http://gepia.cancer‑pku.cn/index.
html) (15). The DIANA TOOLS database (http://diana.imis.
athena‑innovation.gr)  (16) was used to predict the target 
miRNA of LOC339524. The MethHC database (https://awi.
cuhk.edu.cn/~MethHC/methhc_2020/php/index.php) (17) was 
used to determine the degree of methylation of the LOC339524 
promoter in BCa.

Dual luciferase reporter assay. The binding sites between 
LOC339524 and miR‑875‑5p were predicted using the DIANA 
TOOLS database (http://diana.imis.athena‑innovation.gr). The 
wild‑type (WT) LOC339524‑WT luciferase plasmid containing 
the binding sites for miR‑875‑5p and the LOC339524‑mutant 
(MUT) plasmid containing the mutated binding sites were 
constructed by Changzhou Ruibo Bio‑Technology Co., Ltd. 
The binding sites between miR‑875‑5p and the COPS7A 
3'‑untranslated region (3'‑UTR) were predicted using miRWalk 
(http://zmf.umm.uni‑heidelberg.de/apps/zmf/mirwalk2) 
and TargetScan (http://www.targetscan.org) databases. The 
COPS7A 3'‑UTR‑WT luciferase plasmid containing the 
miR‑875‑5p binding sites and the COPS7A 3'‑UTR‑MUT 
plasmid containing the MUT binding sites were constructed. 
Cells (5,637) were seeded into 96‑well plates (1x104 cells/well). 
Luciferase plasmids were co‑transfected with miR‑875‑5p 
mimic or mimic‑NC using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). After incubated at 37˚C for 
48 h, cells (5,637) were harvested. The Firefly and Renilla 
luciferase activities were analyzed using a Dual‑Luciferase 
Reporter assay system (Promega Corporation) according to 
the manufacturer's instructions. The relative luciferase activity 
was normalized to Renilla luciferase activity.
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Western blotting. Cells were washed twice with PBS and total 
protein was extracted using RIPA lysis buffer (Beyotime Institute 
of Biotechnology) supplemented with PMSF protein inhibitor 
(Beyotime Institute of Biotechnology). The protein concentration 
was quantified using a standard BCA protein assay and 30 µg of 
protein/lane was separated via 10% SDS‑PAGE. The separated 
proteins were subsequently transferred onto PVDF membranes 
(MilliporeSigma) and blocked with 5% non‑fat milk at 26˚C 
for 2 h. The membranes were then incubated overnight at 4˚C 
with the following primary antibodies: Rabbit anti‑COPS7A 
(1:1,000; cat.  no.  ab124705; Abcam), rabbit anti‑CDK2 
(1:1,000; cat. no. ab32147; Abcam), rabbit anti‑CDK4 (1:1,000; 
cat.  no.  ab108357; Abcam), rabbit anti‑cyclin  D2 (1:1,000; 
cat. no. ab230883; Abcam) and rabbit anti‑GAPDH (1:2,500; 
cat. no. ab9485; Abcam). Following the primary antibody incuba‑
tion, the membranes were incubated with a goat anti‑rabbit IgG 
H&L secondary antibody (1:5,000; cat. no. ab6721; Abcam) at 
room temperature for 2 h according to the protocol. The protein 
bands were visualized using an ECL system (Thermo Fisher 
Scientific, Inc.). GAPDH was used as the internal loading control.

Biotin pull‑down assay. The biotin‑labeled LOC339524 and 
miR‑875‑5p probe were synthesized by Changzhou Ruibo 
Bio‑Technology Co., Ltd. The LOC339524 or miR‑875‑5p 

probe was incubated with streptavidin‑coupled probe‑bound 
DynaBeads (Invitrogen; Thermo Fisher Scientific, Inc.) at 4˚C 
for 12 h. Following incubation, the RNA complexes bound to 
the beads were eluted. RT‑qPCR was used to detect the puri‑
fied RNAs.

Statistical analysis. Data are presented as the mean ± SD from at 
least three independent experiments. SPSS software (version 20.0; 
IBM Corp.) was used for statistical analysis. Comparisons among 
multiple groups were analyzed using a one‑way ANOVA followed 
by a Tukey's post hoc test, while the statistical differences between 
two unpaired groups were analyzed using an unpaired Student's 
t‑test. The statistical differences between tumor and adjacent 
non‑tumor samples of the same individuals were analyzed using 
a paired Student's t‑test. Correlations analysis were analyzed by 
the Pearson's correlation test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

LOC339524 is expressed at low levels in BCa tissues and cell 
lines. The expression profile of LOC339524 was screened from 
the CRN database. As shown in Fig. 1A, the expression levels of 
LOC339524 were downregulated in BCa tissues compared with 

Figure 1. LOC339524 expression levels are downregulated in human BCa tissues and cell lines. (A) RNA‑Seq data of LOC339524 expression in BCa cases obtained 
from The Cancer Genome Atlas were analyzed via the Cancer RNA‑Seq Nexus. 1, BCa stage II tissues (126 cases); 2, adjacent normal tissues (19 cases). (B) Expression 
levels of LOC339524 in BCa and normal tissues were obtained from data in the Gene Expression Profiling Interactive Analysis database. (C) Expression levels of 
LOC339524 in (C) BCa tissues (n=26) and para‑carcinoma tissues (n=26) and (D) BCa cell lines and a normal bladder epithelial cell line (SV‑HUC‑1) were detected 
using reverse transcription‑quantitative PCR. All data are presented as the mean ± SD. **P<0.01. BCa, bladder cancer; RNA‑Seq, RNA‑sequencing.
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adjacent tissues. The data from the GEPIA database revealed 
the same trend (Fig. 1B). The expression of LOC339524 was 
then examined in 26 pairs of BCa and para‑carcinoma tissues 
using RT‑qPCR. The results revealed that LOC339524 expres‑
sion levels were significantly downregulated in BCa tissues 
compared with those in para‑carcinoma tissues (Fig. 1C). In addi‑
tion, the expression levels of LOC339524 in four BCa cell lines 
(J82, T24, UM‑UC‑3 and 5637) were detected using RT‑qPCR; 

the SV‑HUC‑1 cell line served as a control. Compared with the 
SV‑HUC‑1 cells, the expression levels of LOC339524 in the 
BCa cell lines were downregulated (Fig. 1D). Notably, 5637 and 
T24 cells exhibited the lowest expression levels of LOC339524 
amongst the BCa cell lines.

lncRNA LOC339524 is closely associated with the proliferative 
ability of BCa cells. To investigate the role of LOC339524 in the 

Figure 2. LOC339524 overexpression markedly inhibits BCa cell proliferation by promoting the G1 phase of the cell cycle. (A) Overexpression of LOC339524 
in 5637 and T24 cells was verified using reverse transcription‑quantitative PCR. (B) Cell Counting Kit‑8 assay was used to investigate cell proliferation 
following the overexpression of LOC339524. (C) Representative images of the colony formation assay following LOC339524 overexpression in 5637 and 
T24 cells. The number of colonies was counted and semi‑quantified. (D) Flow cytometry was applied to detect the progression of the cell cycle. The percentage 
of BCa cells in the G0/G1, S and G2/M phases are presented. All data are presented as the mean ± SD. *P<0.05, **P<0.01. BCa, bladder cancer; NC, negative 
control. 
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proliferation of BCa cells, LOC339524 was successfully overex‑
pressed in the 5637 and T24 cell lines (Fig. 2A). Cell proliferation 
was detected using a CCK‑8 assay and the results indicated that 
LOC339524 overexpression suppressed the proliferative ability 
of the BCa cells (Fig. 2B). In addition, the colony formation 
ability was significantly suppressed when LOC339524 was over‑
expressed in both cell lines (Fig. 2C). Furthermore, cell cycle 
analysis indicated that the number of cells in the G0/G1 phase 
was increased following the overexpression of LOC339524, 
while that in the S and G2/M phases was decreased compared 
with the NC plasmid group (Fig. 2D). Taken together, these 

findings indicated that LOC339524 may significantly inhibit the 
proliferation of BCa cells by blocking cell cycle progression.

LOC339524 serves as a ceRNA by binding to miR‑875‑5p. The 
DIANA TOOLS database revealed that LOC339524 could 
possibly bind to miR‑875‑5p via complementary base pairing. 
The expression of miR‑875‑5p was detected by RT‑qPCR 
after LOC339524 was overexpressed. The overexpression of 
LOC339524 significantly downregulated the expression of 
miR‑875‑5p compared with the NC plasmid group in both 
cell lines (Fig. 3A). Subsequently, the expression levels of 

Figure 3. Screening and verification of miRNAs targeted by LOC339524. (A) RT‑qPCR was used to detect the expression of miR‑875‑5p in cells overexpressing 
LOC339524. (B) Expression levels of miR‑875‑5p were significantly upregulated in BCa tissues compared with para‑carcinoma tissues. (C) Expression levels 
of LOC339524 and miR‑875‑5p were negatively correlated in BCa tissues. (D) Expression levels of miR‑875‑5p in the BCa cell lines and a normal bladder 
epithelial cell line were analyzed using RT‑qPCR. (E) WT and MUT seed sequences for miR‑875‑5p in LOC339524. (F) Dual luciferase reporter assays 
indicated that miR‑875‑5p overexpression notably decreased the relative luciferase activity in 5637 cells which were co‑transfected with the LOC339524‑WT 
vector. (G) Bio pull‑down assays were used in 5637 cells. Co‑precipitated LOC339524 or miR‑875‑5p was subsequently subjected to RT‑qPCR analysis. All 
data are presented as the mean ± SD. *P<0.05, **P<0.01. miRNA/miR, microRNA; BCa, bladder cancer; RT‑qPCR, reverse transcription‑quantitative PCR; NC, 
negative control; WT, wild‑type; MUT, mutant; Bio, biotin.
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miR‑875‑5p were detected in 26 BCa and para‑carcinoma 
tissues using RT‑qPCR. miR‑875‑5p expression was found 
to significantly upregulated in BCa samples compared with 
para‑carcinoma samples (Fig. 3B). In addition, the expres‑
sion levels of miR‑875‑5p in BCa cell lines were significantly 
upregulated compared with those in the SV‑HUC‑1 cells 
(Fig. 3C). Furthermore, the expression levels of LOC339524 

and miR‑875‑5p were negatively correlated with each other in 
BCa tissues (Fig. 3D). Thus, LOC339524 was hypothesized to 
function as a sponge for miR‑875‑5p.

The fluorescent reporter plasmids, LOC339524‑WT 
and LOC339524‑MUT, containing the miR‑875‑5p binding 
site, were constructed (Fig.  3E). miR‑875‑5p overexpres‑
sion significantly decreased the relative luciferase activity 

Figure 4. Knockdown of miR‑875‑5p significantly suppresses cell proliferation by accelerating the G1 phase of the cell cycle. (A) miR‑875‑5p expression levels 
were downregulated in 5637 and T24 cell lines following transfection with the miR‑875‑5p inhibitor. (B) Cell Counting Kit‑8 assay was performed to assess 
the proliferation of 5637 and T24 cells following the knockdown of miR‑875‑5p. (C) Representative images of the colony formation of 5637 and T24 cells 
following the knockdown of miR‑875‑5p. The number of colonies was counted and semi‑quantified. (D) Flow cytometry was used to detect the progression of 
the cell cycle. The percentage of bladder cancer cells in the G0/G1, S and G2/M phases are presented. All data are presented as the mean ± SD. *P<0.05, **P<0.01. 
miR, microRNA; NC, negative control.
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following co‑transfection with LOC339524‑WT in 5637 cells, 
whereas miR‑875‑5p overexpression exerted no significant 
effects on the relative luciferase activity of the cells following 
co‑transfection with LOC339524‑MUT (Fig.  3F). These 
findings indicated that LOC339524 may directly bind to 
miR‑875‑5p. A biotin pull‑down assay was then conducted to 
investigate the endogenous interaction between LOC339524 
and miR‑875‑5p. The results indicated that LOC339524 and 
miR‑875‑5p were significantly enriched in the bio‑miR‑875‑5p 
and bio‑LOC339524 groups, respectively, compared with the 
bio‑NC/mimic‑NC group (Fig. 3G).

Knockdown of miR‑875‑5p suppresses the proliferation of 
BCa cells. To examine the effects of miR‑875‑5p expression on 
the proliferative ability of BCa cells, miR‑875‑5p expression 
was knocked down in BCa 5637 and T24 cells via transfection 
with a miR‑875‑5p inhibitor. Transfection with miR‑875‑5p 
inhibitor significantly downregulated the expression levels 
of miR‑875‑5p compared with the inhibitor‑NC‑transfected 
cells (Fig. 4A). Cell proliferation was then detected using 
CCK‑8 and colony formation assays. The results revealed 
that the proliferation and colony formation ability of the 
cells were significantly inhibited following the knockdown 
of miR‑875‑5p compared with the inhibitor‑NC transfected 
cells (Fig. 4B and C). In addition, cell cycle analysis revealed 
that, following the knockdown of miR‑875‑5p, the number of 
cells in the S and G2/M phases decreased, while that in the 
G0/G1 phase increased (Fig. 4D). These results indicated that 

the knockdown of miR‑875‑5p may inhibit the proliferation of 
BCa cells.

miRWalk and TargetScan databases were screened to 
predict the target genes of miR‑875‑5p, and COPS7A was 
predicted as the candidate target gene. The mRNA expression 
levels of COPS7A were found to be upregulated following the 
inhibition of miR‑875‑5p in 5637 and T24 cells compared 
with the inhibitor‑NC group (Fig. 5A). Subsequently, the lucif‑
erase reporter plasmids, COPS7A 3'‑UTR‑WT and COPS7A 
3'‑UTR‑MUT, containing the WT or MUT miR‑875‑5p 
binding site, were respectively constructed (Fig. 5B). The 
results revealed that the 5637 cells co‑transfected with 
miR‑875‑5p mimic and the COPS7A 3'‑UTR‑WT plasmid 
exhibited a significant decrease in the relative luciferase activity 
compared with cells co‑transfected with miR‑875‑5p mimic 
and the COPS7A 3'‑UTR‑MUT. However, the overexpression 
of miR‑875‑5p did not affect the relative luciferase activity 
of 5637 cells co‑transfected with the COPS7A 3'‑UTR‑MUT 
plasmid. These findings indicated that miR‑875‑5p may 
directly bind to COPS7A mRNA (Fig. 5C).

COPS7A expression is downregulated in BCa and the down‑
regulation of LOC339524 occurs due to the hypermethylation 
of its promoter. The mRNA expression levels of COPS7A 
were analyzed in 26 BCa and para‑carcinoma tissues using 
RT‑qPCR. COPS7A mRNA expression levels were discovered 
to be significantly downregulated in BCa tissues compared with 
para‑carcinoma tissues (Fig. 6A). Furthermore, a significant 

Figure 5. Screening and validation of miR‑875‑5p target genes. (A) Following the knockdown of miR‑875‑5p in the 5637 and T24 cell lines, the mRNA 
expression levels of COPS7A were notably upregulated. (B) WT and MUT seed sequence for miR‑875‑5p in the 3'‑untranslated region of COPS7A. (C) Dual 
luciferase reporter assays suggested that transfection with COPS7A‑WT plasmid and miR‑875‑5p notably decreased the relative luciferase activity in 5637 cells 
compared with transection with the COPS7A‑MUT plasmid and miR‑875‑5p. All data are presented as the mean ± SD. **P<0.01. miR, microRNA; COPS7A, 
COP9 signalosome subunit 7A; NC, negative control; WT, wild‑type; MUT, mutant. 
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negative correlation was identified between the expression 
of COPS7A mRNA and miR‑875‑5p (Fig.  6B). Following 
LOC339524 overexpression in 5637 and T24 cells, the protein 
expression levels of COPS7A were notably increased, while 
the expression of CDK2, CDK4 and cyclin D1 proteins was 
notably decreased (Fig.  6C). These results indicated that 
LOC339524 may serve as a ceRNA in a network involving 
miR‑875‑5p and COPS7A. The MethHC database revealed 
the degree of methylation of the LOC339524 promoter in 
BCa (Fig. 6D). The results suggested that the promoter was 
notably hypermethylated in BCa and that the low expres‑
sion of LOC339524 may be associated with the methylation 
status. Following treatment with 5 µl 5‑Aza‑2'‑deoxycytidine 
(Sigma‑Aldrich; Merck KGaA; 2 µmol/l), the expression levels 

of LOC339524 were significantly upregulated in BCa cell lines 
compared with the vehicle‑treated cells (Fig. 6E).

Discussion

BCa is the commonest malignant cancer of the urinary system. 
Surgery and chemotherapy are the most common methods 
used to treat BCa (18). Despite advancements being made 
in the treatment of BCa, the mortality rate of patients with 
advanced‑stage BCa remains high, indicating resistance to 
treatment (19). To improve the treatment efficacy for BCa, novel 
therapeutic strategies and targets are required. A multitude of 
lncRNAs have been identified to serve as critical regulators 
of the development of BCa (20). Dai et al (21) reported that 

Figure 6. COPS7A is expressed at low levels in BCa, and the downregulation of LOC339524 occurs due to the increased methylation of its promoter. 
(A) Expression of COPS7A was markedly decreased in BCa tissues compared with in para‑carcinoma tissues. (B) Expression of COPS7A mRNA and 
miR‑875‑5p were negatively correlated in BCa tissues. (C) Following LOC339524 overexpression in 5637 and T24 cell lines, the expression of COPS7A was 
notably increased at the protein level, the expression of CDK2, CDK4 and Cyclin D2 proteins was significantly reduced. (D) MethHC database was used to 
determine the DNA methylation status of LOC339524 in BCa. (E) Expression of LOC339524 in BCa cell lines following treatment with 5‑Aza‑CdR. All data 
are presented as the mean ± SD. *P<0.05, **P<0.01. miR, microRNA; BCa, bladder cancer; COPS7A, COP9 signalosome subunit 7A; NC, negative control; 
5‑Aza‑CdR, 5‑Aza‑2'‑deoxycytidine.
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lncRNA integrin subunit  β1  (ITGB1) was upregulated in 
BCa tissues and affected the malignant progression of BCa 
by regulating the expression of miR‑10a. The expression 
levels of ITGB1 were also found to be associated with the 
pathological stage of BCa and were suggested to be useful as 
a novel predictor of prognosis. Fang et al (22) demonstrated 
that lncRNA distal‑less homeobox 6 antisense 1 (DXL6‑AS1) 
was highly expressed in BC tissues and acted as a sponge 
for miR‑223. DXL6‑AS1 has been shown to reduce miR‑223 
expression, thereby enhancing BCa cell proliferation and inva‑
sion. Yang et al (23) reported that lncRNA long intergenic 
non‑protein coding RNA 319 (LINC00319) was upregulated in 
BCa tissues. LINC00319 enhanced cell proliferation and inva‑
sion by functioning as a ceRNA to sponge miR‑4492, which 
attenuated its downstream target, reactive oxygen species 
modulator 1. Zhuang et al  (24) found that lncRNA gastric 
cancer‑associated lncRNA1 (GClnc1) promoted the prolifera‑
tion, migration and invasiveness of BCa cells by regulating the 
lin‑28 homolog B/let‑7a/Myc signaling pathway. These findings 
indicated that lncRNAs may be used as potential biomarkers 
and targets for BCa. According to current research (24), the 
majority of lncRNAs in BCa serve as oncogenes. To the best 
of our knowledge, lncRNAs functioning as tumor suppressor 
genes in BCa are rarely reported.

In the present study, abnormally expressed lncRNAs 
were screened in BCa using the CRN database and lncRNA 
LOC339524 was selected for subsequent analysis. The roles 
of LOC339524 in types of cancer have not been previously 
reported, to the best of the authors' knowledge. The expres‑
sion levels of LOC339524 were found to be markedly 
downregulated in BCa tissues compared with para‑carcinoma 
tissues. Similarly, compared with SV‑HUC‑1 cells, lncRNA 
LOC339524 expression was low in BCa cells, particularly in 
5637 and T24 cells. Thus, 5637 and T24 cells were selected 
for use in subsequent analyses. The in  vitro experiments 
identified that LOC339524 inhibited the proliferation of BCa 
cells. Previous studies have demonstrated that lncRNAs can 
serve as ceRNAs that sponge miRNAs, thereby affecting the 
expression of target genes mediated by miRNAs and regu‑
lating the malignant activity of cancer cells (25,26). Therefore, 
we hypothesized that LOC339524 may affect the biological 
behavior of BCa cells through a ceRNA mechanism. The 
present study confirmed that LOC339524 and miR‑875‑5p 
could bind to each other, as demonstrated by bioinformatics 
analysis and dual luciferase reporter assays. Wang et al (27) 
found that miR‑875‑5p was upregulated in non‑small cell lung 
cancer tissues, and attenuated SATB homeobox 2 expression 
to the promote proliferation and invasion of non‑small cell 
lung cancer cells. Notably, miR‑875‑5p has been reported to 
exert tumor‑promoting effects in lung cancer (27). However, to 
the best of our knowledge, the role of miR‑875‑5p in BCa has 
not been studied to date. The results of the present study also 
revealed that miR‑875‑5p expression was significantly upregu‑
lated in BCa tissues and cells. The results of the current study 
demonstrated that miR‑875‑5p served as an oncogene in BCa. 
COPS7A belongs to the COP9 signalosome complex (CSN) 
complex (28). CSN expression has been shown to control cell 
cycle progression and to be associated with carcinogenesis (29). 
COPS7A expression was also found to be downregulated in 
gastric cancer and suppressed gastric cancer cell proliferation 

by inactivating the NF‑κB signaling pathway  (30). In the 
present study, COPS7A expression was found to be down‑
regulated in BCa tissues. To the best of our knowledge, the 
present study was the first to demonstrate that COPS7A is a 
direct target gene of miR‑875‑5p via bioinformatics analysis 
and dual luciferase reporter assays. Furthermore, it was identi‑
fied that the promoter of LOC339524 in BCa was markedly 
hypermethylated, and the decreased expression of LOC339524 
was associated with promoter hypermethylation.

However, there are several limitations in this study. The 
expression of LOC339524 were analyzed using limited sample 
sizes. The functional experiments in the current study were 
conducted at the cellular level and only proved the function of 
LOC339524 in BCa cells instead of animals. Further studies 
are needed to confirm the expression of LOC339524 in a large 
sample size and observe the roles of LOC339524 in animal 
experiments.

In conclusion, the findings of the present study demon‑
strated that the expression levels of LOC339524 were 
downregulated in BCa tissues and cells. It was also found that 
LOC339524 suppressed the proliferation of BCa cells in vitro. 
Therefore, LOC339524 was proposed to function as a ceRNA 
that promotes the expression of COPS7A by binding and 
sponging miR‑875‑5p.
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