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Abstract. The long non-coding RNA 00858 (LINC00858) 
has been reported to be an oncogene for various cancer 
diseases, including osteosarcoma and colorectal cancer. 
However, the expression pattern and function of LINC00858 
in bladder cancer remain largely unknown. The expression 
level of LINC00858 was measured in tumor tissues and 
cell lines by RT-qPCR. The role of LINC00858 in bladder 
cancer cells were studied by gain- and loss-of-function 
strategies in vitro. Cell proliferation, migration and inva-
sion were assessed by CCK-8, colony formation, wound 
healing and Transwell chamber assays. At the molecular 
level, dual luciferase reporter and RNA RIP assays were 
performed to identify the interaction among LINC00858, 
microRNA (miR)-3064-5p and cellular communication 
network factor 2 (CTGF). The results revealed that the 
expression level of LINC00858 was upregulated in bladder 
cancer tissues and cell lines including T24, J82 and 
5637. Moreover, knockdown of LINC00858 suppressed 
cell proliferation, migration and invasion in  vitro. 
Mechanistically, LINC00858 functioned as a competitive 
RNA to increase the expression level of oncogene CTGF 
by sequestering miR-3064-5p. In conclusion, LINC00858 
knockdown inhibited the proliferation, migration and 
invasion of bladder cancer cells via regulation of the 
miR-3064-5p/CTGF axis.

Introduction

Bladder cancer is theninth most frequently diagnosed cancer 
globally, with an estimated 429,000 new cases and 165,000 
cancer‑related deaths worldwide in 2012  (1,2). Notably, a 
significant difference in the incidence rate between sexes 
exists; men always suffer from a higher incidence than women 
due to their addiction with smoking (3,4). Most bladder cancers 
(75‑80%) that do not involve the muscular wall of the bladder 
usually obtain favorable clinical results through endoscopic 
treatment (4). In addition, radical cystectomy combined with 
abdominal lymph node dissection is the gold standard for 
the treatment of invasive bladder cancer. However, due to the 
difficulty of this surgery and the large number of postoperative 
complications, it is not suitable for all patients (5). Therefore, 
it is necessary to study the diagnosis and pathogenesis of 
bladder cancer. Exploring potential targets for bladder cancer 
treatment is urgently needed to further improve the therapeutic 
effects on bladder cancer.

In recent years, growing evidence has revealed that 
long non‑coding RNAs act as biomarkers for diagnosis and 
prognosis of cancer patients, thus providing new therapeutic 
targets for cancer treatment (6‑8). Numerous lncRNAs are 
aberrantly expressed in various tumors, and a number of 
lncRNAs, such as MALAT1 in lung cancer, are stable in 
body fluids and could be detected in the plasma and urine of 
patients with cancer (9‑11). Increasing evidence has demon-
strated that lncRNAs participate in bladder cancer formation, 
progression, and metastasis (12,13). Wei et al have reported 
thatlncRNA MBNL1‑AS1 suppressed cell proliferation 
and enhanced cell apoptosis via targeting of the microRNA 
(miR)‑135a‑5p/PHLPP2/FOXO1 axis in bladder cancer (14). 
Among these lncRNAs, LINC00858, located in 10q23.1, 
has been reported in three types of tumors, including lung 
cancer, osteosarcoma and colorectal cancer  (15). In these 
malignancies, LINC00858 has been revealed to induce tumor 
progression and metastasis. However, the role of LINC00858 
in the regulation of bladder cancer remains unknown.

In the present study, the expression level of LINC00858 
was detectedin bladder cancer tissues and cells. Then, 
LINC00858 was knocked down by RNAi technology, and 
abilities including cell proliferation, migration and invasion 
were investigated. Futhermore, the mechanism underlying 
LINC00858 in bladder cancer was studied.
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Materials and methods

Human samples and ethical approval. Tumor tissues 
and paired adjacent normal tissues were obtained from 
60 bladder cancer patients (28 females and 32 males) from 
June 2011 to July 2019 who underwent surgery at Jiangxi 
Cancer Hospital (Nanchang, China). The inclusion criteria 
was as follows: Age, from 28  to 61 years; histologically 
confirmed non‑muscular invasive urothelial carcinoma 
of the bladder. The exclusion criteria was as follows: 
Patients with other concurrent uropoiesis reproductive 
system tumors; patients with severe cardiovascular and 
cerebrovascular disease such as heart failure; known immu-
nodeficiency; various mental disorders. The present study 
was approved by the Ethics Committee of Jiangxi Cancer 
Hospital (approval no. 2019014). Written informed consent 
was obtained from all participants. All the tissue samples 
were collected and frozen in liquid nitrogen, and then stored 
at ‑80˚C for further use. The clinicopathological data of the 
patients are presented in Table SI.

Cell culture. Three human bladder cancer cell lines,T24, J82 
and 5637 and a normal human bladder epithelial cell line 
SV‑HUC‑1, were purchased from the American Type Culture 
Collection (ATCC). All cell lines were cultured in RPMI‑1640 
medium supplemented with 10% fetal bovine serum (both 
from Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C with 
5% CO2.

Cell transfection. The bladder cancer cell lines 5637 and 
T24 were respectively transfected with 0.2 µg LINC00858 
overexpression vector, 50 pmol LINC00858 short hairpin 
(sh)RNA, 50 pmol negative control (NC) shRNA, 50 pmol 
CTGF shRNA, 50  pmol NC mimic (a non‑targeting 
miR‑scramble), 50  pmol miR‑3064‑5p mimic, 50  pmol 
miR‑3064‑5p inhibitor, 50  pmol miR‑NC inhibitor and 
0.2 µg empty vector was used as a control for the overexpres-
sion experiments (all from Shanghai GenePharma Co., Ltd. 
The sequences were: sh‑LINC00858 (5'‑GCG​ACA​TTA​ATG​
GGA​ATGA‑3'); sh‑CTGF (forward, 5'‑CAC​CGC​ACC​AGA​
ATG​TAT​ATT​AAT​TCA​AGA​GAT​TAA​TAT​ACA​TTC​TGG​
TGC​TTT​TTTG‑3' and reverse, 5'‑GAT​CCA​AAA​AAG​CAC​
CAG​AAT​GTA​TAT​TAA​TCT​CTT​GAA​TTA​ATA​TAC​ATT​
CTG​GTGC‑3'); sh‑RNA NC (5'‑GTT​CTC​CGA​ACG​TGT​
CAC​GT‑3'); miR‑3064‑5p mimic (5'‑TTA​CTG​GCT​GTT​
GTG​GTG​TGC‑3'); NC mimic (forward, 5'‑UUC​UCC​GAA​
CGU​GUC​ACG​UTT‑3' and reverse, 5'‑ACG​UGA​CAC​GUU​
CGG​AGA​ATT‑3'); miR‑3064‑5p inhibitor (5'‑UUG​CAC​
ACC​ACA​ACA​GCC​AGA‑3'); and miR‑NC inhibitor (5'‑CAG​
UAC​UUU​UGU​GUA​GUA​CAA‑3'). Lipofectamine  2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) was used for 
transfection according to the manufacturer's protocols. 
After transfection for 6 h at 37˚C, fresh culture medium was 
added and cells were cultured for 48 h before futher experi-
ments. Real‑time PCR and green fluorescence microscopy 
were used to assess the transfection efficiency.

Bioinformatics analysis. To predict the interaction site of 
miR‑3064‑5p with LINC00858, starBase v2.0 (http://starbase.
sysu.edu.cn/)  (16) was employed according to the online 

instructions. In addition, the binding site between miR‑3064‑5p 
and CTGF was predicted by searching starBase v2.0 online.

CCK‑8 and colony formation assays. Cell proliferation 
was detected by CCK‑8 and colony formation assays. The 
CCK‑8 assay was performed according to the manufacturer's 
instructions (Beyotime Biotechnology). In brief, 5,000 cells 
were seeded into a 96‑well plate and cultured for 24, 48 and 
72 h. Then 5 µl of CCK‑8 reagent was added into each well 
and cultured for another 1 h at 37˚C before detection on a 
microplate reader. The optical density (OD) values were then 
measured at 450 nm. For the colony formation assay, 500 cells 
were seeded into a 6‑well plate and cultured for ~14 days, 
and then the colonies (>5 cells per colony) were stained 
with 0.5% crystal violet at room temperature for 10 min and 
counted with a stereomicroscope (magnification, x40; Leica 
MZ8; Leica Microsystems GmbH).

Wound healing assay. Approximately 20,000  cells were 
seeded into a 24‑well plate and cultured at 37˚C for 24 h. 
The scratch wounds were created in 5637 and T24 cells by 
10‑µl pipette tips. The cells were washed 3 times with PBS, to 
remove the marked cells, and serum‑free medium was added 
for culture. Representative images were captured after 48 h 
using a microscope (magnification, x200; Leica MZ8; Leica 
Microsystems GmbH).

Transwell chamber assay. Approximately 20,000 cells in 
serum‑free medium were seeded in the upper Transwell 
chamber (8 µm; Cell Biolabs, Inc.) with a Matrigel‑coated 
membrane (pre‑coated at 4˚C for 12 h) for invasion assays or 
in chambers not coated with Matrigel for migration assays, 
while the lower chamber was filled with complete medium as a 
chemoattractant. After 24 h at 37˚C, the cells on the upper part 
of the filters were removed with a cotton swab. The migrated 
and invasive cells were counted in 5 different fields (magnifi-
cation, x200) under a light microscope (Nikon Corporation) 
after staining with 0.5% crystal violet at 37˚C for 15 min.

Dual luciferase reporter assay. To assess the relationship 
between CTGF and miR‑3064‑5p (or LINC00585), the online 
tool LncTar (http://www.cuilab.cn/lnctar)  (17) was used to 
predict the binding site between CTGF 3'UTR (or LINC00585) 
and miR‑3064‑5p. Then, a dual‑luciferase reporter assay 
was carried out. First, CTGF 3'‑UTR was cloned into the 
downstream of the psiCheck2 vector (Promega Corporation) 
to generate the wild‑type CTGF 3'‑UTR luciferase reporter 
vector; a mutant CTGF 3'‑UTR luciferase reporter vector was 
generated by mutating the predicted miR‑3064‑5p binding 
site within the CTGF 3'‑UTR. These two reporter vectors 
were cotransfected by Lipofectamine  2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) with 50 pmol of miR‑3064‑5p 
mimics (Shanghai GenePharma Co., Ltd.) into 5637 and 
T24 cells. Then, 48 h later, the cells were harvested and under-
went a dual‑luciferase reporter assay (Promega Corporation) 
to evaluate firefly and Renilla the luciferase activities. Renilla 
luciferase activity served as a normalization control.

RNA immunoprecipitation (RIP) assay. The Immunoprecipitation 
Kit (cat. no. 17‑10085; EMD Millipore) was used for an RNA 
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immunoprecipitation (RIP) assay according to the manufacturer's 
instructions. Briefly, the lysed cells (5x106) were incubated in 
100 µl of RIP buffer solution (cat. no. KT102‑01; GZSCBio Co. 
Ltd.), and the magnetic beads (included in the kit) were labeled 
with anti‑Ago2 or IgG antibodies (included in the kit) at 4˚C for 
2 h. The abundance of LINC00858, miR‑3064‑5p, and CTGF 
were verified by RT‑qPCR.

Determination of reactive oxygen species (ROS). Approximately 
1x105 cells were seeded into a 6‑well plate and cultured at 37˚C for 
24 h. Then CellROX™ Green reagent (ThermoFisher Scientific, 
Inc.) was added at a 1/500 volume of medium and cultured for 
1 h at room temperature. After being washed with PBS buffer 
(Gibco; Thermo Fisher Scientific, Inc.), cells were monitored 
under a fluorescence microscope (Olympus BX43;Olympus 
Corporation) and the ROS content was calculated according to 
the control.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA from tissues or target cells was 
extracted using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.), following the manufacturer's procedures. A 
NanoDrop‑1000 (Thermo Fisher Scientific, Inc.) was used to 
determine concentrations and for quality control purposes. 
Complementary DNA was synthesized from extracted 
RNA (5 µg) using the Prime Script® RT Reagent kit with 
gDNA Eraser (Invitrogen; Thermo  Fisher Scientific, Inc.) 
in accordance with the recommended protocol (samples and 
reagent mix were incubated at 37˚C for 15 min and 85˚C for 
5 sec, and finally stored at 4˚C). qPCR was performed using 
SYBR®Premix Ex  Taq™  II (Invitrogen; Thermo  Fisher 
Scientific, Inc.). An ABI 7500 real‑time PCR detection system 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) was used 
for detection. The qPCR thermocycling conditions were as 
follows: The initial denaturation was first performed at 95˚C for 
2 min followed by denaturation at 95˚C for 15 sec and annealing 
and extension at 60˚C for 30 sec. Then, denaturation, annealing 
and extension were repeated for 40 cycles. After amplification, 
data were collected and processed by the comparative cycle 
threshold method. U6 and GAPDH expression levels were 
used as internal references for miRNA and mRNA expression 
detection, respectively. Finally, the data were processed using 
the 2‑ΔΔCq relative expression method (18). The PCR amplifica-
tion products were quantified by the FastStart Universal SYBR 
Green Master (Roche Diagnostics) and normalized to GAPDH 
or U6.

Western blotting. Total protein was extracted from cultured 
cells using RIPA buffer (Beyotime Biotechnology) containing 
protease and phosphotase inhibitorcocktails. A BCA protein 
assay kit (Beyotime Biotechnology) was used to determine 
protein concentrations according to the manufacturer's instruc-
tions. Approximately 10 µg of proteins were separated by 
12% SDS‑PAGE and transferred to PVDF (EMD Millipore) 
membranes. The membranes were blocked with 5% non‑fat 
milk at room temperature for 1 hand then incubated with 
primary antibodies overnight at 4˚C, and subsequently 
incubated with HRP‑conjugated secondary antibodies (cat. 
no.  A0216; dilution 1:5,000; Beyotime Biotechnology) at 
room temperature for 1 h. Proteins were visualized using 

ECL Western blotting detection reagent (EMD Millipore). 
Immunoreactive bands were quantified using ImageJ (1.8.0; 
NIH). The following primary antibodies were used: Anti‑Cox‑2 
(product code ab179800; 1:1,000), anti‑MMP2 (product 
code ab92536; 1:2,000), anti‑MMP9 (product code ab76003; 
1:2,000), anti‑CTGF (product code ab209780; 1:1,000) and 
β‑actin (product code ab8226; 1:1,000) (all from Abcam).

Statistical analysis. All data are presented as the mean ± stan-
dard deviation and all experiments were repeated three times. 
Statistical significance between normal and tumor tissues was 
analyzed using a paired t‑test, and other comparisons between 
two groups were analyzed by unpaired t‑test. One‑way ANOVA 
followed by Tukey's post hoc test was performed for multiple 
comparisons using SPSS version 21.0 software (IBM Corp.). 
Pearson's correlation analysis was used to analyze the rela-
tionship between LINC00858 and miR‑3064‑5p. P<0.05 was 
considered to indicate a statistically significant difference.

Results

LINC00858 is increased in bladder cancer tissues and the 
cancer cell lines. As revealed in Fig. 1A, RT‑qPCR analysis 
revealed that the RNA expression level of LINC00858 was 
increased in the bladder cancer tissues compared with that in 
the paired adjacent normal tissues. Consistently with the find-
ings in tissues, LINC00858 was revealed to be upregualted in 
three bladder cancer cell lines (5673, T24 and J82) compared 
with the normal bladder cells (Fig. 1B). All these data indi-
cated a positive relationship between LINC00858 and bladder 
cancer progression.

Knockdown of LINC00858 suppresses bladder cancer cell 
proliferation, migration and invasion. To investigate the role 
of LINC00858 in bladder cancer, the specific shRNA targeting 
LINC00858 was used to knock down the expression level of 
LINC00858 both in 5637 and T24 bladder cancer cells. The 
transfection efficiency is presented in Fig. 2A and B. CCK‑8 
and colony formation assays revealed that knockdown of 
LINC00858 inhibited the proliferation of 5637 and T24 cells 
(Fig. 2C and D). It has been previously reported that the cell 
apoptosis of bladder cancer was induced by reactive oxygen 
species (ROS) (19). In the present study, it was revealed that 
the content of ROS was increased in the sh‑LINC00858 group 
(Fig. 2C). Furthermore, Transwell migration and invasion 
assays were conducted to determine whether LINC00858 
is involved in the regulation of bladder cell migration and 
invasion. In the present study, knockdown of LINC00858 
significantly inhibited bladder cancer cell migration and 
invasion as evidenced by the wound healing and Transwell 
chamber assays (Fig. 3A and B). At the molecular level, the 
expression levels of migration/invasion‑associated proteins, 
including Cox‑2, MMP2 and MMP9, were markedly decreased 
in response to LINC00858 knockdown (Fig. 3C). These find-
ings indicated that LIN00858 may exert an oncogenic action 
on the aggressiveness of bladder cells in vitro.

LINC00858 acts as a sponge for miR‑3064‑5p in bladder 
cancer cells. As revealed in Fig. 4A, bioinformatics analysis 
using starBase v2.0 indicated that miR‑3064‑5p was a 
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potential downstream target of LINC00858. RT‑qPCR anal-
ysis revealed that miR‑3064‑5p was expressed at a low level 
in bladder cancer tissues and cells compared with normal 
samples and cells (Fig.  4B and C). A previous study has 
revealed that lncRNAs may function as ceRNAs by sponging 
miRNAs (20).

To validate true functional binding between LINC00858 
and miR‑3064‑5p, luciferase reporter assays were performed. 
The mimics of miR‑3064‑5p were transfected into 5637 and 
T24 cells for miR‑3064‑5p overexpression, as confirmed by 
RT‑qPCR (Fig.  4D). The luciferase reporter assay results 
revealed that miR‑3064‑5p mimics transfected into 5637 and 

T24 cells significantly reduced the activity of the luciferase 
reporter, while no significant alterations were observed in the 
luciferase activity of mutant LINC00858 (Fig. 4E). Notably, 
RIP assays revealed that the expression levels of LINC00858 
and miR‑3064‑5p in Ago2 RIP were significantly higher 
than those in IgG RIP, suggesting the direct binding of these 
two RNAs (Fig. 4F). Moreover, based on the results of the 
RT‑qPCR assays, the relative levels of miR‑3064‑5p were 
notably increased due to silencing of LINC00858 in 5637 and 
T24 cells (Fig. 4G). In addition, Pearson's correlation analysis 
indicated that miR‑3064‑5p was negatively correlated with 
LINC00858 (Fig. 4H).

Figure 1. LINC00858 is highly expressed in bladder cancer tissues and cells. (A) RT‑qPCR was performed for the examination of LINC00858 levels in healthy 
tissues and bladder tumor tissues. (B) RT‑qPCR analysis of the RNA expression level of LINC00858 in three bladder cancer cell lines (5637, T24 and J82) and 
a normal human bladder epithelium cell line (SV‑HUC‑1). **P<0.01 and ***P<0.001 vs. the non‑tumor group or SV‑HUC‑1 cells. All data are presented as the 
mean ± SD. LINC00858, long non‑coding RNA 00858; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.

Figure 2. Knockdown of LINC00858 inhibits bladder cancer cell proliferation in vitro. 5637 and T24 cells were infected with sh‑NC or sh‑LINC00858. 
(A) RT‑qPCR and (B) green fluorescence microscopy were performed to validate the transfection efficiency (scale bar, 50 µm). (C) CCK‑8 assays and deter-
mination of ROS content. (D) Images of the colony formation assays and statistical calculations of the number of colonies (scale bar, 50 µm). **P<0.01 vs. 
the sh‑NC group. LINC00858, long non‑coding RNA 00858; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; sh‑, short hairpin; 
NC, negative control.
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Figure 3. Knockdown of LINC00858 inhibits bladder cancer cell migration and invasion in vitro. 5637 and T24 cells were infected with sh‑NC or 
sh‑LINC00858. (A and B) Cell migration and invasion were determined by wound healing and Transwell migration and invasion assays. (C) The protein levels 
of Cox‑2, MMP2 and MMP9 were measured by western blotting. **P<0.01 vs. the sh‑NC group. LINC00858, long non‑coding RNA 00858; RT‑qPCR, reverse 
transcription‑quantitative polymerase chain reaction; sh‑, short hairpin; NC, negative control.

Figure 4. LINC00858 bindsto miR‑3064‑5p in bladder cancer cells. (A) Binding region between miR‑3064‑5p and LINC00858 which was predicted by star-
Base V2.0. (B and C) Expression levels of miR‑3064‑5p in bladder tumor tissues and cell lines. **P<0.01 or ***P<0.001 vs. the non‑tumor group or SV‑HUC‑1 
cells. (D) Relative expression level of miR‑3064‑5p in 5637 and T24 cells transfected with miR‑3064‑5p mimic or NC mimic. (E) Dual luciferase reporter 
assays determined that LINC00858 directly targeted miR‑3064‑5p. (F) RIP assays revealed the enrichment of LINC00858 and miR‑3064‑5p. (G) Expression 
levels of miR‑3064‑5p in 5637 and T24 cells transfected with sh‑NC or sh‑LINC00858. (H) The expression level of LINC00858 and miR‑3064‑5p exhibited 
a negative correlation. **P<0.01 and ***P<0.001 vs. NC mimic or IgG or sh‑NC. LINC00858, long non‑coding RNA 00858; miR, microRNA; NC, negative 
control; RIP, RNA immunoprecipitation; sh‑, short hairpin.
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Inhibition of miR‑3064‑5p contributes to cell proliferation, 
migration and invasion of bladder cancer cells. The afore-
mentioned data clearly demonstrated that LINC00858 directly 
interacted with miR‑3064‑5p. Thus, it was further investi-
gated whether the LINC00858/miR‑3064‑5p axis modulated 
bladder cancer. 5637 and T24 cells were co‑transfected with 
miR‑3064‑5p inhibitor and sh‑LINC00858 (Fig.  5A). As 
revealed in Fig. 5A, the cell viability decreased by LINC00858 
knockdown was rescued by the miR‑3064‑5p inhibitor, while 
increased ROS contents were reversed by miR‑3064‑5p 
inhibitor. miR‑3064‑5p inhibitor also rescued the effect of 
LINC00858 knockdown on bladder cancer cells as revealed 
inthe colony formation assay (Fig.  5B). Furthermore, the 
wound healing assay and the Transwell assays revealed that 
the migration and invasion of bladder cancer cells inhibited 
by sh‑LINC00858 were increased by miR‑3064‑5p inhibitor. 
Cox‑2, MMP2 and MMP9 protein levels that were signifi-
cantly decreased by LINC00858 knockdown, were increased 

by miR‑3064‑5p inhibition. The effects of sh‑LINC00858 
on migration and invasion were partially attenuated by 
miR‑3064‑5p inhibitor (Fig. 5C‑E).

LINC00858 modulates CTGF via competitive binding with 
miR‑3064‑5p. Using starBase v2.0, it was determined that 
CTGF was a downstream target gene of miR‑3064‑5p and the 
potential binding sequences are presented in Fig. 6A. Reporter 
gene assays in 5637 and T24 cells revealed that overexpression 
of miR‑3064‑5p led to a notable decrease in the transcriptional 
activity of CTGF 3'‑UTR promoter constructs, while no 
significant changes were observed in the CTGF‑Mut group 
(Fig. 6B). RIP assays suggested that miR‑3064‑5p binded to 
CTGF (Fig. 6C). Similar results of CTGF expression pattern at 
the mRNA and protein levels were observed and confirmed by 
RT‑qPCR and western blot analyses (Fig. 6D and E). Notably, 
the results revealed that the expression levels of CTGF were 
markedly impeded by miR‑3064‑5p overexpression. In 

Figure 5. miR‑3064‑5p inhibits bladder cancer cell proliferation, migration and invasion. 5637 and T24 cells were co‑transfected with sh‑LINC00858 and 
miR‑3064‑5p inhibitor or NC inhibitor. (A) CCK‑8 assays were performed to evaluate the cell viability, and a CellROX Green Kit was used to evaluate the content 
of ROS. (B) Representative photomicrographs of colony formation assay after transfection. (C and D) Wound healing and Transwell assays were performed to 
determine the migration and invasive capability of cells. (E) The protein levels of Cox‑2, MMP2 and MMP9 were detected by western blotting. *P<0.05 and 
**P<0.01 vs. NC inhibitor. miR, microRNA; sh‑, short hairpin; LINC00858, long non‑coding RNA 00858; NC, negative control; ROS, reactive oxygen species.
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addition, it was revealed that the miR‑3064‑5p‑induced inhibi-
tory effects on CTGF transcription could be partially restored 
by overexpression of LINC00858, indicating that LINC00858 
competes with CTGF for miR‑3064‑5p (Fig.  6F). Finally, 
RT‑qPCR and western blotting revealed that the expression 
levels of CTGF were also markedly impeded by knockdown 
of LINC00858 (Fig. 6G and H).

LINC00858/miR‑3064‑5p/CTGF axis in bladder cancer. To 
further study the role of LINC00858/miR‑3064‑5p/CTGF 
axis in bladder cancer, rescue assays were performed. As 
revealed in Fig.  7A, the transfection efficiency in 5637 
was confirmed by RT‑qPCR. Wound healing analysis 
and Transwell analysis revealed that overexpression of 
LINC00858 promoted cell migration and invasion, while 
knockdown of CTGF inhibitedcell migration and invasion 
(Fig. 7B‑D). Moreover, western blot analysis revealed that 
overexpression of LINC00858 resulted in the increased 
expression levels of Cox‑2, MMP2 and MMP9 and the 
effects of LINC00858 overexpression were counteracted by 
silencing of CTGF (Fig. 7E).

Discussion

With the advancement of RNA‑Seq technologies, lncRNAs are 
closely associated with bladder cancer (21). Previous studies 
have revealed that LINC00858, a novel lncRNA, was upregu-
lated in several cancers and functioned as a tumor promoter 
in colorectal cancer, non‑small cell lung cancer and osteosar-
coma (8,15,22‑24). LINC00858 promoted cell proliferation, 
migration and invasion by acting as a ceRNA of microRNA 
in the aforementioned cancers. In the present study, it was 
revealed that LINC00858 was aberrantly highly expressed in 
bladder cancer tissues and cells. Mechanism studies revealed 
that LINC00858 could increase the expression level of CTGF 
in bladder cancer cells by combining with miR‑3064‑5p. For 
the first time, to the best of our knowledge, direct evidence 
was provided that LINC00858 acts as an oncogene in bladder 
cancer and promotes the growth and metastasis of bladder 
cancer cells.

In addition, lncRNAs have also been revealed to 
act as diagnostic and prognostic biomarkersin bladder 
cancer  (25). For instance, Shan  et  al have reported that 

Figure 6. LINC00858 modulates CTGF via competitively binding miR‑3064‑5p. (A) The potential binding sequences of miR‑3064‑5p within the 3'‑UTR of 
CTGF. (B) Dual luciferase activity assays and (C) RIP assays revealed that CTGF was the direct target of miR‑3064‑5p. **P<0.01 vs. the NC mimic group for B; 
***P<0.001 vs. the IgG group for C. (D and E) The mRNA and protein levels of CTGF in 5637 and T24 cells transfected with NC mimic or miR‑3064‑5p mimic. 
**P<0.01 and ***P<0.001 vs. the NC mimic. (F) Luciferase reporter assays revealed the interaction between LINC00858, miR‑3064‑5p and CTGF. **P<0.01 vs. 
NC mimic; #P<0.05 vs. miR‑3064‑5p mimic. (G and H) RT‑qPCR and western blot analyses were performed to detect the expression of CTGF in 5637 and 
T24 cells transfected with sh‑NC or sh‑LINC00858. **P<0.01 and ***P<0.001 vs. sh‑NC. LINC00858, long non‑coding RNA 00858; CTGF, connective tissue 
growth factor; miR, microRNA; RIP, RNA immunoprecipitation; NC, negative control; sh‑, short hairpin.
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lncRNA NEAT1 promoted bladder progression by regulating 
miR‑410‑mediated HMGB1 (23). Liu and Wu demonstrated 
that lncRNA NNT‑AS1 enhanced bladder cancer cell growth 
by targeting the miR‑1301‑3p/PODXL axis and activating 
the Wnt pathway (24), and in 2019, Fang et al revealed that 
DLX6‑AS1 promoted cell growth and invasiveness in bladder 
cancer by modulating the miR‑223‑HSP90B1 axis (25).

Functionally, some lncRNAs contain miRNA‑binding 
elements and act as ceRNAs, suppressing miRNA activities. 
In the present study, it was revealed using a bioinformatics 
database that miR‑3064‑5p may be a target of LINC00858. 

miR‑3064‑5p was revealed to be downregulated in cancer 
tissues and cells in the present study. A recent study indicated 
that miR‑3064‑5p served as a tumor suppressor in gastric 
cancer (26). Herein, for the first time, to the best of our knowl-
edge, it was revealed that miR‑3064‑5p reversed the effects of 
LINC00858 on bladder cancer cells.

CTGF, encoded within chromosomal 6q23.2, has been 
reported to be a potential oncogene in cancer (27‑29). CTGF 
played a crucial role for osteolytic bone metastasis both by 
enhancing invasiveness of tumor cells and producing RANKL 
for osteoclastogenesis  (30). In addition, CTGF has been 

Figure 7. LINC00858 promotes bladder cancer progression by targeting the miR‑3064‑5p/CTGF axis. (A) The expression levels of CTGF and LINC00858 in 5637 
cells transfected with sh‑CTGF and LINC00858‑overexpressed. **P<0.01, ***P<0.001 vs. sh‑NC or empty vector. (B‑D) Wound healing and Transwell assays were 
performed to determine the migration and invasive capability of cells (scale bar, 50 µm). *P<0.05 and **P<0.01 vs. empty vector; and #P<0.05 vs. LINC00858+sh‑NC. 
(E) The protein levels of Cox‑2, MMP2 and MMP9 were detected by western blotting. **P<0.01 vs. empty vector; and #P<0.05 vs. LINC00858+sh‑NC. LINC00858, 
long non‑coding RNA 00858; miR, microRNA; CTGF, connective tissue growth factor; sh‑, short hairpin; NC, negative control.
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confirmed as a potential prognostic marker for medulloblas-
toma (31). With regard to the present research, it was revealed 
that CTGF was a direct target of miR‑3064‑5p. Moreover, it 
was also revealed that the expression level of CTGF was signifi-
cantly decreased by knockdown of LINC00858. Knockdown 
of CTGF reversed the effects of LINC00858 overexpression on 
bladder cancer cells. Therefore, CTGF mediated the oncogenic 
role of LINC00858 in the development of bladder cancer.

In summary, the present study demonstrated that knock-
down of LINC00858 suppressed the progression andmetastasis 
of bladder cancer cells in vitro. In terms of the mechanism, 
LINC00858 functioned as a ceRNA by regulating the expres-
sion level of CTGF by sponging miR‑3064‑5p.
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