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Abstract. Long non-coding RNAs (lncRNAs) may serve 
an important role in cancer development and may also 
be suitable for use as prognostic biomarkers. At present, 
the role of lncRNAs in bladder cancer remains unclear. 
The present study examined the potential involvement 
of lncRNA LINC00460 in bladder urothelial carcinoma 
using data from The Caner Genome Atlas (TCGA) and cell 
line experiments. The results indicated that LINC00460 
expression levels were increased in bladder urothelial carci-
noma tissues and bladder cancer 5637 and T24 cell lines 
compared with corresponding normal controls (P<0.05). 
TCGA data indicated that LINC00460 expression was 
negatively correlated with a positive prognosis in patients 
with bladder urothelial carcinoma (P<0.05). Consistently, 
the downregulation of LINC00460 with short hairpin RNA 
significantly suppressed 5637 and T24 cell proliferation and 
migration. Therefore, it was suggested that strategies that 
target LINC00460 may be developed as novel therapeutic 
approaches for the treatment of bladder cancer. In addi-
tion, the expression level of androgen receptor (AR) was 
downregulated in bladder urothelial carcinoma tissues and 
exhibited a negative correlation with the expression level of 
LINC00460 (r=-0.43; P<0.0001), based on the data from 
TCGA. We hypothesized that LINC00460 may serve an 
oncogenic role by regulating the expression of AR.

Introduction

Bladder cancer is the seventh most common type of cancer in the 
male population worldwide, and eleventh including females (1). 
There are 2 major types of bladder cancer: Non-muscle inva-
sive bladder cancer (NMIBC) and muscle-invasive bladder 
cancer (MIBC). Bladder cancer exhibits a high frequency of 
relapse and a poor clinical outcome once the tumors progress 
to muscle-invasive disease (2). Patients with MIBC have a 
poor prognosis due to the aggressive nature of the tumor and 
its resistance to chemo- and radiotherapy (3). Furthermore, 
for patients with MIBC, the risk of developing lymph node 
metastases is increased and chemotherapy is less effective 
in comparison with patients with NMIBC (4). Therapies and 
prognosis for this type of cancer depend on the clinical infor-
mation and individual tumor pathology. However, in certain 
cases, even when tumors present with similar histology, they 
respond differently to the same treatment, resulting in different 
survival outcomes for the patients (5).

Protein-coding genes constitute only 2% of the total 
genome sequence; the remaining sequences produce various 
classes of functional non-coding RNAs (6). There are two 
major classes of non-coding RNAs, including small and 
long non-coding RNAs (lncRNAs). The difference between 
lncRNAs and small non-coding RNAs is primarily their size, 
with the length of lncRNAs defined as being >200 nucleotides. 
Similar to other non-coding RNAs, lncRNA transcripts are 
associated with a wide range of cancer types, including bladder 
cancer (7-10). Alterations in the expression levels of lncRNAs 
have been demonstrated to be associated with a number of 
important cellular functions, and may promote the migration 
and invasion of cancer cells (4,11). Non-coding RNAs have 
attracted increasing attention in previous years regarding 
their role in bladder cancer, with the number of studies on this 
topic increasing considerably. The combination of traditional 
methods of treatment with the use of non-coding RNAs may 
provide improved therapy for patients. The accumulation 
of data in this field may assist in elucidating the molecular 
profiles of patients with bladder cancer and contribute to the 
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use of non-coding RNAs as tools for precision medicine to 
target critical genes in bladder cancer.

LINC00460 is a human lncRNA gene, transcribed from 
chromosome 13, measuring 935 bp; its function is poorly under-
stood. Recent studies have demonstrated that LINC00460 is 
associated with kidney cancer, nasopharyngeal carcinoma and 
head and neck squamous cell carcinoma (12-14). A previous 
study demonstrated, using a bioinformatics approach, that 
LINC00460 may serve an important role in tumorigenesis 
and metastasis through the regulation of the cell cycle and cell 
death (15). During the analysis of the differential expression of 
lncRNAs in bladder cancer tissues in the present study, it was 
identified that LINC00460 was highly upregulated compared 
with the normal adjacent tissue. Furthermore, the upregulation 
of LINC00460 was demonstrated to be associated with the 
poor survival of patients. We hypothesized that this lncRNA 
may serve an important role in the regulation of biological 
processes in bladder urothelial carcinoma. However, the 
precise function and the underlying molecular mechanisms 
remain to be elucidated.

Bladder cancer predominantly presents in men (16). Factors 
that are exclusive to males are likely to serve critical roles 
in the development of bladder cancer (17,18). An increasing 
amount of evidence has suggested the involvement of androgen 
receptor (AR) signaling in the development and progression 
of bladder cancer (19-21). The present study investigated the 
role of the lncRNA LINC00460 in bladder urothelial carci-
noma using The Cancer Genome Atlas (TCGA) data and cell 
experiments. The results indicated that increased LINC00460 
expression was a characteristic molecular change in bladder 
urothelial carcinoma tissues, and in 5637 and T24 cell lines. 
Therefore, the effects of aberrant LINC00460 expression on 
the biological behavior of 5637 and T24 cells were addition-
ally investigated. The results provided novel insights into the 
function and mechanisms of LINC00460 in bladder urothelial 
carcinoma pathogenesis, and identified LINC0046 as a poten-
tial therapeutic target for cancer intervention.

Materials and methods

TCGA database. Gene expression data obtained by RNA 
sequencing and the corresponding clinical data for 412 patients 
(including 413 samples) with bladder urothelial carcinoma were 
downloaded from TCGA (https://cancergenome.nih.gov/). All 
RNA expression levels of the samples were normalized. The 
edgeR Bioconductor package was used to analyze P-values 
and fold-change (FC) using R (version 3.4.0) (22). A gene was 
defined as differentially expressed between cancerous and 
normal tissues when the false discovery rate-adjusted P<0.01 
and the FC was ≥2‑fold increased or decreased.

Cell culture and transfection. The expression of LINC00460 
and the basic characterization of bladder urothelial carcinoma 
cell lines were initially investigated using the Expression 
Atlas database (23) and the American Type Culture Collection 
website (https://www.atcc.org/), respectively (Table I). Based 
on these results, the 5637 cell line was selected, as the expres-
sion of LINC00460 was the highest in these cells compared 
with the others included in the analysis. From the verification of 
LINC00460 expression using reverse transcription-quantitative 

polymerase chain reaction (RT-qPCR) in bladder cancer cell 
lines (T24, J82, TCCSUP and UM‑UC‑3), it was identified 
that LINC00460 was also upregulated in the T24 cell line 
compared with the normal bladder epithelial SV-HUC-1 cell 
line (data not show).

The 5637, T24, J82, TCCSUP, UM-UC-3 and SV-HUC-1 
cells were purchased from The Cell Bank of Type Culture 
Collection of Chinese Academy of Sciences (Shanghai, 
China). The 5637 and T24 cells were cultured in RPMI-1640 
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) and the SV-HUC-1 cell line was cultured in 
F12 K medium (Gibco; Thermo Fisher Scientific, Inc.). J82, 
TCCSUP and UM-UC-3 cells were cultured in Dulbecco's 
modified Eagle's medium (Gibco; Thermo Fisher Scientific, 
Inc.). These media were supplemented with 10% fetal bovine 
serum (Gibco, Thermo Fisher Scientific, Inc.) and 1% peni-
cillin and streptomycin, in a humidified atmosphere with 
5% CO2 at 37˚C.

A total of three short hairpin RNAs (shRNAs) targeting 
LINC00460 were purchased from Shanghai GenePharma Co., 
Ltd. (Shanghai, China) and transfected into 5637 and T24 
cells with Lipofectamine® 3000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. 
The three shRNA sequences specially targeting LINC00460 
were designed and cloned into a pGU6/green fluorescent 
protein (GFP)/Neo-shRNA vector (Shanghai GenePharma 
Co., Ltd.). Cells (1x105 T24 cells/well; 3x105 5,637 cells/well) 
were seeded in six-well culture plates and transfected with the 
2.5 µg sh-LINC00460 in each well. The most effective shRNA 
sequence (sh-3) in achieving knockdown of LINC00460 expres-
sion was selected for subsequent experiments 48 h after the 
transfection. The sh-LINC00460 sequences were as follows: 
sh-1, 5'-GCT AAG ACC TAA TAG CCA ATA-3'; sh-2, 5'-GCC 
ATC CAC TTC AAA GTA TTC-3'; and sh-3, 5'-ACC TTG GTC 
AAA CGT TTA ACC-3'. A scrambled shRNA was used as the 
negative control (sh-NC) in the experiments with the following 
sequence: 5'-GTT CTC CGA ACG TGT CAC GT-3'.

RT‑qPCR assays. Total RNA was extracted from 5637, T24, 
J82, TCCSUP, UM-UC-3 and SV-HUC-1 cells using TRIzol® 
reagent (Thermo Fisher Scientific, Inc.). Reverse transcrip-
tion was conducted using the PrimeScript™ RT reagent kit 
with gDNA Eraser (Takara Biotechnology Co., Ltd., Dalian, 
China). qPCR was performed to detect the expression of 
LINC00460 using SYBR® Premix Ex Taq™ II kit (Takara 
Biotechnology Co., Ltd.). RT-qPCR assays were performed 
using an Applied Biosystems QuantStudio 3 system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.), with β-actin as 
an endogenous control. The primer sequences used were as 
follows: LINC00460 forward, 5'-CGA GAA GGC CAC CTA 
TGA GC-3' and reverse, 5'-TGA AGT GGA TGG CTC AGG 
AA-3'; β-actin forward, 5'-CCG TGA AAA GAT GAC CCA GAT 
C-3' and reverse, 5'-CAC AGC CTG GAT GGC TAC GT-3'. A 
two-step qPCR was performed as follows: Initial denaturation 
in 95˚C for 30 sec; 40 of cycles of denaturation at 95˚C for 
5 sec; and annealing and elongation at 60˚C for 34 sec. The 
2-ΔΔCq method was used to quantify LINC00460 (24).

Cell proliferation assay. Cells were seeded in 96-well plates at 
a density of 1.0x104 and 1.5x104 cells per well for T24 and 5637 
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cells, respectively. Following incubation at 37˚C with 5% CO2 for 
0, 24, 48 and 72 h, the absorbance of each sample was measured 
at 450 nm. Cell proliferation was evaluated using a Cell Counting 
Kit-8 (CCK-8) assay (Dojindo Molecular Technologies, Inc., 
Shanghai, China) according to the manufacturer's protocol.

Cell migration assay. The 5637 and T24 cells were seeded 
(1x106 cells/plate) in 6-well plates and incubated in serum-free 
RPMI-1640 medium. A wound was produced using a sterile 
100 µl pipette tip when a confluent cell monolayer had formed. 
The size of the wound was measured using an inverted light 
microscope (magnification, x200) and images were captured 
at 0 and 24 h.

Statistical analysis. SPSS 23.0 software (IBM Corp., Armonk, 
NY, USA) was used to perform statistical analysis. The differ-
ential expression levels of LINC00460 and AR between the 
cancerous and adjacent tissues were analyzed with t-tests. The 
differences in LINC00460 expression between bladder cancer 
5637 and T24 cell lines and the normal bladder epithelial 
SV-HUC-1 cell line was assessed using a one-way analysis of 
variance with Tamhane's post-hoc test. The correlation between 
LINC00460 and AR was analyzed by Spearman's rank corre-
lation analysis following logarithmic (log10) conversion of 
the original data. For the survival analysis, the LINC00460 
expression data matrix and clinical data files were matched for 
each sample using the sample ID. The samples were divided 
into the LINC00460-low and LINC00460-high groups based 
on the cut-off of the median value, and according to sex. The 
LINC00460-high group contained the samples with an exact 
median value. A Kaplan-Meier plot was generated using the 
survival package in R (version 3.4.0) with log-rank tests. P<0.05 
was considered to indicate a statistically significant difference.

Results

LINC00460 is upregulated in bladder urothelial carci‑
noma tissues and cell lines. The differences in LINC00460 

expression between the bladder urothelial carcinoma tissues 
and the normal controls were analyzed using TCGA data. 
LINC00460 was significantly upregulated in bladder urothe-
lial carcinoma tissues compared with the normal controls 
(P<0.0001; Fig. 1A). The expression level of LINC00460 was 
detected by RT-qPCR in bladder urothelial carcinoma and 
normal bladder epithelial cell lines. An increase in LINC00460 
expression was observed in bladder cancer 5637 and T24 cell 
lines compared with the normal bladder epithelial SV-HUC-1 
cell line (P<0.05; Fig. 1B).

Upregulation of LINC00460 is associated with poor 
survival. LINC00460 expression levels and the clinical 
data of 412 patients with bladder urothelial carcinoma were 
downloaded from TCGA. All patients, male and female, were 
divided into LINC00460-high and LINC00460-low groups 
using the mean expression value as the cut-off. The survival 
time was plotted using a Kaplan-Meier curve stratified by 
LINC00460-high and LINC00460-low groups. High levels 
of LINC00460 were significantly associated with a decreased 
survival time in male patients (P=0.03229; Fig. 2A). There 
was a similar association observed in the overall group 
(P=0.04678; Fig. 2B), but not among the female patients 
(P=0.42445; Fig. 2C).

Downregulation of LINC00460 inhibits the proliferation and 
migration of bladder urothelial carcinoma cells. To explore 
the function of LINC00460, an shRNA targeting LINC00460 
was transfected into 5637 and T24 cells. GFP visualization 
indicated that the shRNA was efficiently transfected into 
cells (Fig. 3A). RT-qPCR indicated that LINC00460 was 
significantly downregulated at 48 h after transfection of shRNA 
in the 5637 and T24 cell lines compared with the control group 
(P<0.05; Fig. 3B). A CCK-8 assay demonstrated that the down-
regulation of LINC00460 inhibited the proliferation of 5637 
and T24 cells in vitro (P<0.05; Fig. 3C). In addition, the effect 
of LINC00460 on the migration capacity of 5637 and T24 cells 
was observed via a wound-healing assay. The wound-healing 

Table I. Expression of LINC00460 and characterization of bladder cancer cell lines from the Expression Atlas database and the 
website of American Type Culture Collection cell lines. 

 Expression value, 
Cell line transcripts per million Histological grade Age Sex

5637 51 Grade 2 68 Male
U-BLC1 43 Grade 3 84 Female
HT-1197 11 Grade 4 44 Male
TCCSUP 4 Grade 4 67 Female
J82 3 Grade 3 58 Male
RT-112 0.9 Grade 2 Not reported Female
253J 0 Grade 4 53 Male
HT-1376 0 Grade 3 58 Female
RT4 0 Grade 1 63 Male
SW780 0 Grade 1 80 Female
T24 0 Grade 3 81 Female
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assay revealed that the knockdown of LINC00460 decreased 
the migration distance of cells (Fig. 3D and E). Overall, the 
results demonstrated that the silencing of LINC00460 may 
inhibit the proliferation and migration abilities of 5637 and 
T24 cells.

AR is downregulated in bladder urothelial carcinoma tissues 
and is negatively correlated with LINC00460 expression. 
AR expression was analyzed in bladder urothelial carcinoma 
and adjacent tissues, and its correlation with LINC00460 
expression, using TCGA data. AR was significantly down-
regulated in bladder urothelial carcinoma tissues compared 
with the normal tissues (P<0.05; Fig. 4A) and was negatively 
correlated with the expression of LINC00460 (P<0.0001; 
r=-0.4715; Fig. 4B).

Discussion

The majority of cases of bladder cancer are non-muscle inva-
sive at the time of initial diagnosis, and the initial treatment 
options generally focus on tumor resection, and the prevention 
of recurrence or progression to muscle-invasive disease (25). 
The 5-year recurrence-free survival rate ranges from 62-89% 
for localized muscle invasive bladder cancer following a 
radical cystectomy (26). However, for patients with metastatic 
disease, the 5-year survival is decreased, at ~5% (27). The 

standard drugs used in chemotherapy for the perioperative 
therapy for MIBC and metastatic disease are cisplatin-based. 
The median overall survival time with chemotherapy treat-
ment is slightly >1 year, with an objective response rate of 
40-60% (28-30). In May 2016, atezolizumab was approved as 
a second-line therapy for patients with locally advanced or 
metastatic urothelial carcinoma that had progressed during 
or following platinum-containing chemotherapy; it became 
the first available immunotherapeutic antibody to target 
programmed death-ligand 1. Although targeted therapies 
have become standard for numerous other malignancies, 
the number of approved targeted agents in bladder cancer is 
limited. lncRNAs modulate the expression of genes that are 
pivotal in the pathways associated with bladder cancer devel-
opment and progression; for example, the HOX transcript 
antisense RNA/zinc finger E‑box binding homeobox 1 (ZEB1) 

Figure 1. Expression of LINC00460 is upregulated in bladder cancer tissues 
and cell lines. (A) Relative expression of LINC00460 in bladder cancer 
tissues and normal controls. (B) Relative expression of LINC00460 in 
bladder cancer cell lines and a normal bladder epithelial cell line. *P<0.05.

Figure 2. Association between the expression levels of LINC00460 and 
the overall survival of patients with bladder cancer. A high expression of 
LINC00460 was associated with poor survival in (A) male patients and 
(B) the whole patient cohort, but not (C) female patients.
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interaction affects epithelial-mesenchymal transition in 
bladder cancer cell lines (31), and metastasis associated lung 
adenocarcinoma transcript 1/Epithelial cadherin (32) and 
urothelial cancer associated 1/ZEB1/zinc finger E‑box binding 
homeobox 2 (33) interact to affect the invasion and metas-
tasis of bladder cancer cells. Data from the Cancer Research 
Network (CRN) database (34) indicated that LINC00460 is 
upregulated in 14 types of cancer, suggesting that LINC00460 
may be a regulator in cancer cell development (35). The role 
of LINC00460 in bladder cancer was selected for analysis in 
the present study, as the expression fold change in bladder 

urothelial carcinoma was the highest among all the types of 
cancer included in the CRN database.

The present study explored the role of LINC00460 in bladder 
urothelial carcinoma using TCGA data and cell experiments. 
The results demonstrated that LINC00460 was upregulated 
in bladder cancer tissues compared with the corresponding 
normal controls, while the effect of LINC00460 on the prog-
nosis for bladder urothelial carcinoma was only observed in 
male patients. Concomitantly, the results also indicated that 
AR was downregulated in bladder urothelial carcinoma tissues, 
which was negatively correlated with LINC00460 expression. 

Figure 3. Downregulation of LINC00460 inhibits the proliferation and migration of bladder cancer cells. (A) The green fluorescent protein images indicate 
the efficiency of transfection. Magnification, x100. (B) Reverse transcription quantitative polymerase chain reaction assays demonstrated that LINC00460 
was significantly downregulated following short hairpin RNA transfection. (C) The downregulation of LINC00460 inhibited the proliferation of bladder 
cancer cells in vitro. The knockdown of LINC00460 decreased the distance of migration in bladder cancer (D) 5637 and (E) T24 cells. Magnification, x40. 
The experiments were performed in triplicate and data are expressed as the mean ± standard deviation. *P<0.05. OD, optical density; NC, negative control; 
RNAi, RNA interference; sh, short hairpin.
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Epidemiological and clinical data have suggested that males are 
3-4 times more likely to develop bladder urothelial carcinoma 
compared with females (16,36). Emerging preclinical evidence 
has indicated the involvement of AR signaling in the development 
and progression of bladder urothelial carcinoma; androgens, 
β-catenin, cluster of differentiation 24, cyclins, epidermal 
growth factor receptor/receptor tyrosine-protein kinase erbB-2, 
ETS domain-containing protein Elk-1, several AR coregula-
tors and orphan receptors have been demonstrated to directly 
or indirectly modulate several molecules/pathways involved in 
bladder urothelial carcinoma cell proliferation (19,20,37-40). 
As a result, we hypothesized that LINC00460 may serve its 
oncogenic role by regulating the expression of AR.

The effects of LINC00460 on the proliferation and migra-
tion of 5637 and T24 cells were determined using gain- and 
loss-of-function approaches. The data revealed that the 
downregulation of LINC00460 inhibited the proliferation and 
migration of 5637 and T24 cells. Zhang et al (15) performed a 
regulatory network analysis of LINC00460, and the results indi-
cated that LINC00460 was associated with various biological 
processes, consistent with the results from the present study.

However, the function of LINC00460 was only investigated 
in bladder urothelial carcinoma cell lines. An in vivo model is 
required to confirm the results. In addition, the mechanisms 

underlying the effect of LINC00460 on 5637 and T24 cells 
are not yet fully characterized. There was a recurring node, 
double-strand-break repair protein rad21 homolog, between 
mRNAs and transcription factors associated with LINC00460, 
as identified through bioinformatics methods in a study 
conducted by Zhang et al (15), which was previously demon-
strated to affect cell growth in breast cancer (35). The results 
from the present study suggested that the expression level of 
AR mRNA was downregulated in bladder urothelial carci-
noma tissues and was negatively correlated with LINC00460. 
LINC00460 functions as a competing endogenous RNA to 
upregulate interleukin-6 through sponging miR-149-5p in the 
cytoplasm of nasopharyngeal carcinoma (NPC) cells (13). 
LINC00460 was distributed in the cytoplasm and nucleus in 
NPC cells (13). The data from the present study implied that 
LINC00460 distributed in the nucleus may serve its role by 
regulating the expression level of AR mRNA. However, the 
underlying mechanisms require additional investigation.

In summary, the present study demonstrated that 
LINC00460 has potential as a clinically promising biomarker 
for bladder urothelial carcinoma. LINC00460 regulated the 
proliferation and migration of 5637 and T24 cells, and these 
data may provide novel insights into molecular cancer therapy.
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