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H I G H L I G H T S  

• LINC00482 participated in the development of prostate cancer with bone metastasis. 
• LINC00482 acted as a competing endogenous RNA by sponging miR-2467-3p in prostate cancer. 
• LINC00482 activate Wnt/β-catenin signaling pathway by sponging miR-2467-3p.  

A R T I C L E  I N F O   

Keywords: 
LINC00482 
miR-2467-3p 
Wnt/β-catenin 
Prostate cancer 
Bone metastasis 

A B S T R A C T   

This study was designed to investigate the biological functions of LINC00482 in prostate cancer (PCa) with bone 
metastasis. TCGA dataset of PCa was applied for LINC00482 expression analysis and real time PCR was used to 
verify the expression level of LINC00482 in PCa tissues as well as PCa bone metastatic tissues. To detect the 
biological functions of LINC00482 in vitro, various assays were used including CCK-8, EdU, colony formation and 
transwell assays. The biological functions of LINC00482 were also identified in vivo by inoculating PCa cells into 
the left cardiac ventricle of mice, followed by evaluating the osteolytic lesions and osteolytic score. In addition, 
Starbase and Lncbase databases were applied for predicting the potential target miRNA of LINC00482, while 
TargetScan and Starbase databases were used for predicting the potential target of miRNA. The luciferase re-
porter assay was utilized to determine the interactions among these molecules and western blotting was 
employed to verified the targeted proteins. Results showed that high expression level of LINC00482 was observed 
in bone metastatic PCa tissues and associated with PCa progression. Silencing of LINC00482 inhibited cell 
proliferation, migration and invasion in PCa. Furthermore, LINC00482 was proved to act as a competing 
endogenous RNA by sponging miR-2467-3p to activate Wnt/β-catenin signaling pathway, which may be a 
promising therapeutic target for PCa with bone metastasis.   

1. Introduction 

Prostate cancer (PCa) is the most common non-skin malignancy for 
men and remains the second leading cause of cancer-related deaths. 
[1–3] Although there are some improvements in early screening 

strategies and development of clinical therapies in PCa, an increasing 
rate of aggressive PCa has been observed and bone metastasis is the 
leading cause of PCa deaths.[4–6] The development of bone metastasis 
contains multiple steps, including colonization, dormancy, reactivation 
and development, reconstruction.[7] To better develop effective 
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therapies, it’s urgently needed to obtaining a comprehensive under-
standing of the mechanism in prostate cancer with bone metastasis. 

Long non-coding RNAs (lncRNAs), defined as non-protein-coding 
RNAs longer than 200 nucleotides, has played important roles not 
only on the regulation between protein and DNA but also cellular 
functions. The dysregulation of lncRNAs may induce many human dis-
eases, especially cancers.[8,9] Abundance evidences demonstrated that 
lncRNAs could participate in the network of competing endogenous 
RNA (ceRNA) by sponging microRNAs (miRNA) to modulate target 
genes expression, resulting in regulation on cellular functions, including 
cell proliferation, differentiation, apoptosis, cell cycle and cell invasion. 
[10–14] In PCa, several lncRNAs has contributed to tumor progression 
as ceRNAs. For example, lncRNA AC245100.4 has been proved to 
enhance PCa tumorigenesis through miRNA-145-5p/RBBP5 axis.[15] 
Additionally, lncRNA TUG1 was able to promote PCa progression via 
miRNA-128-3p/YES1 axis.[16] Accordingly, other lcnRNA may also be 
involved in PCa tumorigenesis acting as ceRNA. Downregulation of 
LINC00482 in bladder cancer has been proved to suppress tumor- 
associated inflammation as well as angiogenesis by downregulating 
MMP-15 via FOXA1.[17] However, the role of LINC00482 was still 
unclear in PCa. 

The Wnt/β-catenin signaling pathway has been involved in many 
crucial cellular functions including stem cell renewal, organ formation 
and cell survival.[18] Activation of Wnt has been occurred in lung, 
breast and hematopoietic malignancies and resulting in tumor recur-
rence.[19] Interestingly, it’s reported that lncRNA SNHG1 could regu-
late cell proliferation, autophagy and apoptosis in PCa cells by 
modulating the PI3K/AKT/mTOR and Wnt/β-catenin signaling path-
ways.[20] Accordingly, we hypothesized that LINC00482 may regulate 
PCa progression via regulating Wnt/β-catenin signaling pathway. 

Collectively, in this study, high LINC00482 expression has been 
identified as a characteristic molecular change in PCa and the biological 
role of LINC00482 on PCa progression has been investigated. Further-
more, LINC00482 has been found to promote bone metastasis of PCa 
through activating Wnt/β-catenin signaling pathway by sponging miR- 
2467-3p. The LINC00482/miR-2467-3p/Wnt/β-catenin axis might be 
a potential therapeutic target for bone metastatic PCa. 

2. Methods 

2.1. Patients and tumor tissues 

A total of 79 archived PCa tissues, including 43 non-bone metastatic 
and 36 bone metastatic PCa tissues as well as 30 paired adjacent normal 
tissues (ANT) and PCa tissues were obtained from Zhejiang Provincial 
People’s Hospital. All subjects have written informed consent and 
approval from the Zhejiang Provincial People’s Hospital were obtained. 
The expression level of LINC00482 and clinical profile of PCa dataset 
were obtained from The Cancer Genome Atlas (TCGA). 

2.2. Cell culture 

The human primary PCa cell (22RV1), lymph node metastatic cell 
(LNCaP), bone metastatic PCa cell (C4-2B, PC-3 and VCaP), brain met-
astatic cell (DU145) and normal prostate epithelial cell (RWPE-1) were 
obtained from the Shanghai Chinese Academy of Sciences Cell Bank 
(China). RWPE-1 cells were cultured in defined keratinocyte-SFM 
(Invitrogen, US), while 22RV1, PC-3 and LNCaP were grown in RPMI- 
1640 medium (Life Technologies, US) with 1% penicillin-streptomycin 
and 10% fetal bovine serum (FBS, Life Technologies, US). VCaP and 
DU145 were cultured in Dulbecco’s modified Eagle’s medium (Invi-
trogen, US) with 10% FBS. C4-2B cells were cultured in T-medium 
(Invitrogen, US) with 10% FBS. All cell lines were incubated at a hu-
midified atmosphere of 5% CO2 at 37 ◦C. 

2.3. RNA interference and vectors 

The two shRNA plasmids targeting LINC00482 and corresponding 
negative control plasmid were purchased from Genechem (Shanghai, 
China) and cloned into the pLKO.1-puro lentivirus vector (Addgene, 
Watertown, MA, USA). The RNA interference sequences were listed as 
follows: shControl, CCGG TGGTTTACATGTTGTGTGAAGCTCGAGCTT 
CACACAACATGTAAACCATTTTTG; LINC00482 shRNA#1, CCGGGCA-
GACAGGCCAGGAAGAGCGCTCGAGCGCTCTTCCTG; GCCTGTCTGCTT 
TTTG, LINC00482 shRNA#2 (CCGGGCCAGGAAGAGCGCCTGCAAGC 
TCGAGCTTGCAGGCGCTCTTCCTGGCTTTTTG). The PCa cells in the 
control group were transfected with the corresponding negative control 
plasmid. Stable cell lines transfected with two shRNAs and corre-
sponding negative control plasmids were selected by using puromycin 
(Solarbio, China). Transfection of miRNA and plasmids was conducted 
using Lipofectamine 3000 (Invitrogen, US). 

2.4. Real time PCR 

The total RNA from PCa cell lines or tissues were extracted by using 
Trizol (Invitrogen, US) according to the manufacturer’s instructions. 
LINC00482 reverse transcription was performed by using M− MLV 
reverse transcriptase (Invitrogen, US). The expression levels of 
LINC00482, FZD3, FZD4 and FZD5 were detected by using SYBR Green 
(TaKaRa, China) in ABI 7900HT Real Time PCR System (Applied Bio-
systems, US). GAPDH was served as the internal control. miR-2467-3p 
expression level was detected by TaqMan MicroRNA (Applied Bio-
systems, US) with U6 as an internal control. All the primers were listed 
as follows: LINC00482 (F: 5′-AGGGGTAACCTACCGGGAAA-3′, R: 5′- 
CTTGGCCAGAGCTCCAGAAG-3′), miR-2467-3p (F-5′-GCCGAGGGA-
CAGGCACCTGA-3′; R-5′-CTCAACTGGTGTCGTGGA-3′), FZD3 (F: 5′- 
GGCTCTCATAGTTGGCATTCCC-3′, R: 5′- TGGAGTACCTGTCGGCTCT-
CAT-3′), FZD4 (F: 5′- TTCACACCGCTCATCCAGTACG − 3′, R: 5′- ACGGG 
TTCACAGCGTCTCTTGA − 3′), FZD5 (F: 5′- TGGAACGCTTCCGCTATC 
CTGA − 3′, R: 5′-GGTCTCGTAGTGGATGTGGTTG-3′), GAPDH (F-5′- 
TCCCATCACCATCTTCCAGG-3′; R-5′-GATGACCCTTTTGGCTCCC-3′), 
U6 (F-5′-AACGAGACGACGACAGAC-3′; R-5′-GCAAATTCGTGAAGCG 
TTCCATA-3′). 

2.5. Cell proliferation, migration and invasion analysis 

The Cell Counting Kit 8 (CCK8) (Dojindo, Japan) was used for PCa 
cell proliferation analysis. The spectrophotometric absorbance at 450 
nm was detected by using a spectrophotometer (Molecular Devices, US). 
The DNA synthesis rate was measued by the 5-ethynyl-20-deoxyuridine 
(EdU) assay kit (Ribobio, China) according to the manufacturer’s in-
struction. For the colony formation, cells cultured for 14 days were fixed 
for 15 min with 30% formaldehyde and then stained with 0.1% crystal 
violet. The transwell assay was applied to evaluate cell migration and 
BioCat Matrigel Invasion Chamber (BD Biosciences, US) was used for 
cell invasion assay. The number of migrated and invasive cells were 
counted in three random fields. 

2.6. Animal study 

All mouse experiments were approved by the Ethics Committee of 
Zhejiang Provincial People’s Hospital. 24 of 6-week-old BALB/c-nu male 
mice were divided into three groups. The LINC00482 shRNA#1 and #2 
transfected or control PC-3 cells were inoculated into the left cardiac 
ventricle of the anaesthetized mice. All mice were sacrificed at the 6th 
week after modeling and their hind limbs were removed for analysis. 
Osteolytic lesions were observed on radiographs. The osteolytic area 
was measured using ImageJ. 
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2.7. Nuclear-cytoplasmic fractionation 

Nuclear-cytoplasmic fractionation was performed by using the Pro-
tein and RNA Isolation System (Ambion, US). GAPDH was served as a 
cytoplasmic control, while U6 was served as a nuclear control. 

2.8. Osteoclastogenesis assay 

RAW264.7 cells (1×104) were cultured on 96-well plates and grown 
in the conditioned media (CM) from indicated PCa cells. Media were 
changed every day. Osteoclasts were counted on day 5. The osteoclasts 
were fixed with 4% paraformaldehyde/PBS, and TRAP expression was 

examined by staining with a kit (G1050; Servicebio). Osteoclasts were 
defined as TRAP-positive multinucleated cells containing more than 3 
nuclei. 

2.9. Luciferase reporter assay 

Cells were transfected with LINC00482 wt luciferase or LINC00482 
mutant luciferase plasmid, together with miR-2467-3p mimics or in-
hibitors using Lipofectamine 3000 (Invitrogen, US) according to the 
manufacturer’s instruction. After 24 h incubation, cells were harvested 
for luciferase measurement by using a Dual Luciferase Reporter Assay 
Kit (Promega, US). 

Fig. 1. LINC00482 was upregulated in bone metastatic PCa tissues and associated with progression and prognosis in PCa patients. (A) Upregulated 
LINC00482 expression levels in 52 paired PCa tissues compared with the matching normal tissues by analyzing PCa lncRNA sequencing dataset from TCGA. (B) 
Increased LINC00482 expression levels in PCa tissues compared with normal tissues by analyzing PCa lncRNA sequencing dataset from TCGA. (C) Higher LINC00482 
expression levels in dead events of PCa patients by analyzing PCa lncRNA sequencing dataset from TCGA. (D) Increased LINC00482 expression levels in PCa tissues 
with higher Gleason score by analyzing PCa lncRNA sequencing dataset from TCGA. (E) Real time PCR analysis of LINC00482 expression in 30 paired PCa tissues and 
ANT. (F) Real time PCR analysis of LINC00482 expression in 43 non-bone metastatic and 36 bone metastatic PCa samples. (G) Real time PCR analysis of LINC00482 
expression in PCa patients with different Gleason score. (H) Real time PCR analysis of LINC00482 expression in normal prostate epithelial cell (RWPE-1), primary 
PCa cell (22RV1), lymph node metastatic cell (LNCaP), bone metastatic PCa cell (C4-2B, PC-3 and VCaP) and brain metastatic cell (DU145). (I) Kaplan-Meier analysis 
of overall survival of PCa patients with high LINC00482 expression versus low LINC00482 expression. (J) Kaplan-Meier analysis of bone metastatic-free survival of 
PCa patients with high LINC00482 expression versus low LINC00482 expression. (K) Kaplan-Meier analysis of progression free survival of PCa patients with high 
LINC00482 expression versus low LINC00482 expression by analyzing PCa lncRNA sequencing dataset from TCGA. 
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2.10. RNA immunoprecipitation (RIP) assay 

The Magna RIPTM RNA Binding Protein Immunoprecipitation Kit 
(Millipore, US) was applied for RIP assay to exploring the binding 
relationship between LINC00482 and miR-2467-3p in PCa cell lines 
according to the instruction. Cell lysates lysed by RIP lysis buffer were 
incubated in RIP buffer with magnetic beads conjugated with a negative 
control IgG (Millipore, US) or human anti-Argonaute 2 (Ago2) antibody 
(Millipore, US), followed by incubating with proteinase K and precipi-
tation. Purified RNA was used for real time PCR analysis. 

2.11. Western blotting analysis 

Proteins were extracted with RIPA buffer and then run on the poly-
acrylamide gel, followed by transferring to polyvinylidene difluoride 
membranes (Millipore, US). The membranes were blocked for 1 h by 5% 
non-fat dry milk in PBS with 0.1% Tween 20. Then the membranes were 
incubated with primary antibodies, β-catenin (1:1000, Santa Cruz 
Biotech, CA), FZD4 (1:1000, Santa Cruz Biotech, CA), FZD5 (1:1000, 
Santa Cruz Biotech, CA) and GAPDH (1:1000, Santa Cruz Biotech, CA), 
followed by HRP-conjugated secondary antibodies (1: 1000, Santa Cruz 

Biotech, CA) incubation for 1 h at room temperature. ECL western 
blotting kit (Amersham Biosciences, UK) was applied for the detection. 

2.12. Statistical analysis 

The data were shown as mean ± SD. An unpaired two-tailed t test 
was applied for comparison between two groups of the in vitro data. The 
Mann-Whitney or Chi-square test was used to for animal study. 
Spearman-Pearson correlation was used for statistical correlation. Sur-
vival curve was obtained by the Kaplan-Meier method with a log-rank 
test. All experiments were repeated three times and data analyses 
were conducted by GraphPad Prism (GraphPad Software, US). p < 0.05 
was considered to be statistically significant. 

3. Results 

3.1. LINC00482 was upregulated in bone metastatic PCa tissues and 
associated with PCa progression 

Based on the lncRNA sequencing data of PCa from TCGA, LINC00482 
was upregulated in primary PCa tissues compared with that in normal 

Fig. 2. Downregulation of LINC00482 inhibited proliferation in PCa cells. (A) GSEA showed high expression of LINC00482 significantly and positively 
correlated with proliferation signature and metastatic signature. (B) The expression of LINC00482 in PCa cell lines transfected with LINC00482 shRNAs and cor-
responding negative control plasmid. (C) Silencing of LINC00482 inhibited cell proliferation in PC-3 cell line by CCK-8 assay. (D) Silencing of LINC00482 inhibited 
cell proliferation in C4-2B cell line by CCK-8 assay. (E) Silencing of LINC00482 inhibited DNA damage and cell death in PCa cell lines by EdU assay. (F) Silencing of 
LINC00482 inhibited colony formation in PCa cell lines. 
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tissues (Fig. 1A and B). Higher expression level was also observed in the 
dead events of PCa patients as well as in PCa patients with higher 
Gleason score (Fig. 1C and D). To further verified the expression level of 
LINC00482 in PCa tissues, 79 archived PCa tissues, including 43 non- 
bone metastatic and 36 bone metastatic PCa tissues as well as 30 
paired adjacent normal tissues (ANT) and PCa tissues were applied for 
real time PCR analysis. As shown in Fig. 1E, increased LINC00482 
expression level was observed in PCa tissue compared to ANT. 
Furthermore, LINC00482 expression was upregulated in bone metastatic 
PCa tissue compared to that in non-bone metastatic PCa tissues (Fig. 1F) 
as well as in PCa patients with higher Gleason score (Fig. 1G). Consis-
tently, LINC00482 expression was significantly upregulated in different 
types of PCa cells (22RV1, LNCaP, C4-2B, PC-3, DU145 and VCaP) 
compared to normal prostate epithelial cells (RWPE-1) and the highest 
expression level of LINC00482 was observed in bone metastatic C4-2B 
cells (Fig. 1H). Kaplan-Meier survival analysis indicated that high 
expression level of LINC00482 was associated with poor overall survival 
(p < 0.05, Fig. 1I) as well as bone metastasis-free survival (p < 0.05, 
Fig. 1J). high expression level of LINC00482 was also associated with 
poor progression free interval from the TCGA database (p = 0.01, 
Fig. 1K). These results indicated that LINC00482 was associated with 
PCa metastasis. 

3.2. Silencing of LINC00482 inhibited cell proliferation, migration and 
invasion in PCa 

The specific biological role of LINC00482 in PCa was further 
analyzed by gene set enrichment analysis (GSEA) based on the lncRNA 
sequencing data from TCGA. The result showed that high expression of 
LINC00482 positively and significantly coorelated with proliferation 
and metastasis (Fig. 2A). To determine whether silencing of LINC00482 
could regulate biological activities in PCa cells, LINC00482 expression 
was successfully downregulated in PC3 and C4-2B cells by using shRNAs 
compared with the control plasmid (Fig. 2B). The CCK-8, EdU and col-
ony formation assay indicated that silencing of LINC00482 could 
attenuate the proliferation of PC3 and C4-2B cells (Fig. 2C – F). 
Furthermore, the migratory and invasive abilities were also inhibited 
after silencing of LINC00482 in PCa cells (Fig. 3A and B). Meanwhile, to 
explore the effect of LINC00482 on osteoclastogenesis, we performed 
osteoclastogenesis assays and found that CM from PCa cells with 
LINC00482 knockdown significantly inhibited the osteoclastogenesis of 
RAW264.7 cells compared to the control PCa cells (Fig. 3C and D). To 
investigate the role of LINC00482 in bone metastasis of PCa in vivo, PC- 
3 cells transfected with LINC00482 shRNA#1 were inoculated into 
cardiac ventricle of mice. As shown in Fig. 3E – H and Fig. S1, silencing 

Fig. 3. Downregulation of LINC00482 inhibits bone metastasis in PCa. (A) Silencing of LINC00482 suppressed PCa cells migration ability. (B) Silencing of 
LINC00482 suppressed PCa cells invasion ability. (C) Osteoclast differentiation assays by TRAP staining in the presence of CM from indicated cells. (D) Quantification 
of the number of TRAP+ multinuclear osteoclasts. (E) Representative radiographic and HE images of bone metastasis in mice. Arrows indicated osteolytic lesions. T, 
tumor tissue; N, normal tissue. (F) The number of bone metastatic mice in the indicated groups. (G) Bone metastasis site per mouse in the indicated groups. (H) 
Osteolytic area per mouse in the indicated groups. 
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of LINC00482 in mice showed less bone metastasis ability by X-ray and 
decreased bone metastasis site as well as osteolytic area compared to the 
control group. Collectively, these results demonstrated that silencing of 
LINC00482 could inhibit bone metastasis in vitro and in vivo. 

3.3. LINC00482 acted as a ceRNA by sponging miR-2467-3p and 
regulated cell metastasis 

To identify the subcellular localization of LINC00482 in PC-3 and C4- 
2B cells, cellular fractionation was performed and the result showed that 
LINC00482 was primarily localized in the cell cytoplasm (Fig. 4A). Both 
Starbase and Lncbase databases were applied to predict the potential 
miRNA targets of LINC00482 and miR-2467-3p may act as a biological 

Fig. 4. LINC00482 acted as a ceRNA by sponging miR-2467-3p and regulated cell metastasis. (A) Cellular localization of LINC00482 in PCa cell line. GAPDH 
served as a cytoplasmic localization marker and U6 served as nuclear localization marker. (B) miR-2467-3p was predicted to be interacted with LINC00482 by 
Starbase and Lncbase databases. (C) Relative expression level of miR-2467-3p in PCa cell lines treated with LINC00482 shRNAs. (D) Relative expression level of miR- 
2467-3p in 30 paired PCa tissues and ANT. (E) Spearman-Pearson correlation between LINC00482 and miR-2467-3p. (F) Predicted LINC00482 targeting sequence 
and mutant sequences in 3′UTR of miR-2467-3p. (G) Luciferase assay reporter assay showed the luciferase activities in each group of PCa cell lines. (H) RIP was 
performed in PCa cell lines transfected with miR-2467-3p mimics. (I) The percentages of EdU positive cells in PCa cell lines transfected with LINC00482 shRNA#1 or 
miR-2467-3p inhibitor. (J) Migration and invasion ability of PCa cell lines transfected with LINC00482 shRNA#1 or miR-2467-3p inhibitor. 
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target of LINC00482 (Fig. 4B). Then the expression level of miR-2467-3p 
was found to be upregulated after the silencing of LINC00482 in PCa 
cells (Fig. 4C). Additionally, less expression of miR-2467-3p was 
observed in PCa tissue compared to that in ANT. LINC00482 was 
negatively correlated with miR-2467-3p (p = 0.0025, Fig. 4E). Based on 
the bioinformatic database Starbase, the potential binding site (Fig. 4F) 
and luciferase reporter assay was performed to validate the binding of 
miR-2467-3p with LINC00482. In Fig. 4G, miR-2467-3p mimics signif-
icantly decreased luciferase activity in LINC00482-wild type but not in 
LINC00482-mutant in both PC-3 and C4-2B cells. To further verify the 
binding between LINC00482 and miR-2467-3p, anti-Ago2 RIP assay was 
applied. The result showed that the endogenous LINC00482 was spe-
cifically enriched in PCa cells treated with miR-2467-3p mimics 
(Fig. 4H), indicating that LINC00482 directly targeted miR-2467-3p. 
Furthermore, miR-2467-3p inhibitor could notably reverse the inhibi-
tory effect of PCa cells transfected with LINC00482 shRNA#1 on pro-
liferation, migration and invasion (Fig. 4I and J). 

3.4. LINC00482 regulated Wnt signaling pathway by sponging miR- 
2467-3p 

GSEA analysis has further revealed that high expression of 
LINC00482 positively correlated with Wnt signaling pathway (Fig. 5A). 
In Fig. 5B and C, both silencing of LINC00482 and miR-2467-3p mimics 
could decrease luciferase activity of Wnt/β-catenin signaling pathway 
and the protein expression level of β-catenin in the nuclei in PCa, indi-
cating that LINC00482 may regulate Wnt/β-catenin signaling pathway 
by sponging miR-2467-3p. To identify the potential target of miR-2467- 
3p, both Starbase and TargetScan databases were used and three targets 
(FZD3, FZD4 and FZD5) were predicted to be the targets of miR-2467-3p 
(Fig. 6A). Then the expression levels of FZD4 and FZD5 were signifi-
cantly downregulated in PCa cells treated with miR-2467-3p mimics, 
except for FZD3 (Fig. 6B). As shown in Figure D-E, luciferase assay 
revealed that miR-2467-3p mimics significantly decreased luciferase 
activity in FZD4-wild type and FZD5-wild type but not in FZD4-mutant 
and FZD5-mutant in both PC-3 and C4-2B cells, indicating that both 
FZD4 and FZD5 were the targets of miR-2467-3p. Furthermore, miR- 

2467-3p inhibitor was able to reverse the inhibitory effect of PCa cells 
transfected with LINC00482 shRNA#1 on the mRNA and protein 
expression levels of FZD4 and FZD5 (Fig. 6F – H). Collectively, these 
results indicated that LINC00482 may activate Wnt signaling pathway 
by sponging miR-2467-3p. 

3.5. The correlation between LINC00482 and FZD4, FZD5 or β-catenin in 
PCa 

Next, we investigated the correlation between LINC00482 and FZD4, 
FZD5 or β-catenin in PCa. In TCGA-PRAD database, the LINC00482 
expression was positively correlated with FZD4 expression, but not 
FZD5 and CTNNB1 (which encodes β-catenin) (Fig. 7A). In our cohort, 
we found that the LINC00482 expression was positively correlated with 
FZD4 and FZD5 expression, but not CTNNB1 (Fig. 7B). The different 
result of the correlation between LINC00482 and FZD5 in TCGA-PRAD 
cohort and our cohort may be due to that there are other more power-
ful factors which regulates FZD5 expression in TCGA-PRAD cohort. No 
correlation between LINC00482 and CTNNB1 supported our findings, 
which is that LINC00482 upregulated FZD4/5 expression, further pro-
moting nuclear transport of β-catenin instead of CTNNB1 mRNA level. 
Moreover, we also analyzed FZD4/FZD5 expression and β-catenin 
location in bone metastases section from Fig. 2. The results indicated 
that compared with the control group, FZD4/FZD5 expression and nu-
clear β-catenin expression were significantly decreased in the 
shLINC00482#1 group (Fig. 7C). 

4. Discussion 

For decades, PCa has remained a life-threatening disease worldwide 
in men.[21] A majority of PCa-related mortality caused by metastatic 
disease, such as lung, liver, lymph nodes and bone metastasis. Bone 
metastasis has been the most common in PCa with osteolytic and oste-
oblastic lesions. [22] However, the exact mechanisms underlying PCa 
bone metastasis remain unclear. It’s urgently necessary to further 
explore this area, which may provide references for finding potential 
therapeutic targets on PCa with bone metastasis. 

Fig. 5. LINC00482 induced WNT signaling pathway. (A) GSEA showed high expression of LINC00482 significantly and positively correlated with Wnt signaling 
pathway. (B) miR-2467-3p or silencing of LINC00482 significantly reduced luciferase activity in PCa cell lines. (C) Western blotting analysis of β-catenin in PCa cell 
lines treated with miR-2467-3p, LINC00482 shRNA#1 and corresponding negative control. 
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In this study, LINC00482, a novel lncRNA, was identified to be 
associated with PCa bone metastasis and poor overall survival, which 
acted as an oncogenic role on PCa cell proliferation, migration and in-
vasion. LncRNAs could act as miRNA sponges resulting in the release of 
target genes in the downstream, which is a canonical way to investigate 
the molecular mechanisms of lncRNAs in cancers.[23,24] A series of 
lncRNA has been proved to be responsible for PCa progression, including 
lncRNA HOTAIRM1, lncRNA PRNCR1, lncRNA LINC01006, lncRNA 
PART1 and so on.[25–28] However, the mechanisms of how lncRNA 
regulate bone metastasis in PCa are still unclear and few study has 
revealed the mechanisms. In a previous study, it’s reported that lncRNA 
NORAD was able to induce bone metastasis in PCa by enhancing the PCa 
extracellular vesicle release through miRNA-541-3p/PKM2 axis.[29] 
Another study also demonstrated that lncRNA HCG18 and MCM3AP- 
AS1 were associated with bone metastasis.[30] For LINC00482, it’s re-
ported that silencing of LINC00482 was able to suppress angiogenesis 
and tumor-associated inflammation in bladder cancer through modu-
lating MMP-15 via FOXA1.[17] Consistently, silencing of LINC00482 
was able to inhibit bone metastasis in PCa in vivo. 

To better understanding the mechanism of LINC00482 on bone 
metastasis of PCa, we further investigated the LINC00482-involved 
ceRNA network. In the ceRNA networks, miRNAs are crucial media-
tors which could serve roles in the development of PCa.[31,32] The 
target miRNA of LINC00482 was predicted and verified as miR-2467-3p 
which had the complementary binding site. Studies have revealed that 
miR-2467-3p could inhibit tumor progression in various types of can-
cers, including cervical, colorectal, non-small cell lung cancer.[33–35] 
Xiao et al. reported that LINC01224 promotes progression and cisplatin 
resistance in non-small lung cancer by sponging miR-2467.[36] In 
colorectal cancer, LINC01224 promotes cell proliferation, migration and 
invasion by sponging miR-2467.[37] In cervical cancer, LINC01410 
promotes tumor progression via targeting miR-2467-3p/VOPP1 axis. 
[33] Therefore, we analyzed the expression of LINC01224 and 
LINC01410 in TCGA-PRAD database and found that LINC01224 and 
LINC01410 were decreased in prostate cancer compared with normal 
tissues (Fig. S2A and C). However, survival analysis indicated that two 
lncRNAs’ expression were not associated with poor progression-free 
survival (Fig. S2B and D). Therefore, the biological role of LINC01224 

Fig. 6. LINC00482 regulated FZD4 and FZD5 by sponging miR-2467-3p. (A) Predicted targets of miR-2467-3p in TargetScan and Starbase. (B) Real time PCR 
analysis of FZD3, FZD4 and FZD5 in PCa cell lines treated with miR-2467-3p mimics. (C) Predicted miR-2467-3p targeting sequence and mutant sequences in the 
3′UTRs of FZD4 and FZD5. (D) miR-2467-3p significantly reduced luciferase activity in PCa cell lines transfected with reporter of FZD4 and FZD5 in PC-3 cells. (E) 
miR-2467-3p significantly reduced luciferase activity in PCa cell lines transfected with reporter of FZD4 and FZD5 in C4-2B cells. (F) The expression levels of FZD4 
and FZD5 in PC-3 cells treated with LINC00482 shRNA#1 and miR-2467-3p inhibitor. (G) The expression levels of FZD4 and FZD5 in PC-3 cells treated with 
LINC00482 shRNA#1 and miR-2467-3p inhibitor. (H) Western blotting analysis of FZD4 and FZD5 in PCa cell lines treated with LINC00482 shRNA#1 and miR- 
2467-3p. 
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Fig. 7. The correlation between LINC00482 and FZD4, FZD5 or β-catenin in PCa (A-B) The correlation between LINC00482 and FZD4, FZD5 or CTNNB1 in PCa 
in TCGA-PRAD cohort (A) and our cohort (B). (C) Immunohistochemistry analysis of FZD4/FZD5 expression and β-catenin location in bone metastases section 
from Fig. 2. 
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and LINC01410 should be further explored in the future study. The 
ceRNA network also contains a target gene of miRNA for the regulatory 
axis.[38] The target mRNAs of miR-2467-3p were found to be FZD4 and 
FZD5. Previous studies showed that Wnt receptor FZD4 and FZD5 were 
responsible for PCa migration to some extent.[39,40] The abnormal 
regulation of Wnt/β-catenin signaling pathway could enhance cell pro-
liferation and differentiation, as well as renewal of cancer stem cell, 
resulting in tumorigenesis and therapy response.[41] In this study, 
LINC00482 could act as the sponge for miR-2467-3p to regulate PCa 
progression via Wnt/β-catenin signaling pathway, which may be a 
promising therapeutic target for PCa with bone metastasis. 

5. Conclusion 

In conclusion, this study revealed that LINC00482 was an up- 
regulated lncRNA in PCa with bone metastasis and associated with 
poor overall and bone metastatic-free survival in PCa patients, which 
could regulate cell proliferation, migration and invasion. We also 
demonstrated that LINC00482 could act as miRNA sponges to target 
miR-2467-3p/Wnt/β-catenin axis resulting in PCa progression inhibi-
tion. These findings might provide a promising strategy for clinical 
therapies on PCa with bone metastasis. 
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