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1  |  INTRODUC TION

Prostate cancer (PCa) is still one of the leading causes of cancer- 
related death threatening men's health around the world.1 Previous 
studies showed that approximately 10% of newly diagnosed patients 

had metastatic lesions, and 5% eventually developed metastatic 
after surgery.2,3 Recently years, numerous efforts have been made 
by researchers globally to explore the novel therapeutic strategies, 
and the prognosis for patients with advanced PCa remains unfavour-
able.4 The 5- year survival rate was still not optimistic because of the 
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Abstract
Prostate cancer is the second most frequent malignancy in men worldwide, and 
its incidence is increasing. Therefore, it is urgently required to clarify the underly-
ing mechanisms of prostate cancer. Although the long non- coding RNA LINC00115 
was identified as an oncogene in several cancers, the expression and function of 
LINC00115 in prostate cancer have not been explored. Our results showed that 
LINC00115 was significantly up- regulated in prostate cancer tissues, which was sig-
nificantly associated with a poor prognosis for prostate cancer patients. Functional 
studies showed that knockdown LINC00115 inhibited cell proliferation and invasion. 
In addition, LINC00115 served as a competing endogenous RNA (ceRNA) through 
sponging miR- 212- 5p to release Frizzled Family Receptor 5 (FZD5) expression. The 
expression of miR- 212- 5p was noticeably low in tumour tissues, and FZD5 expres-
sion level was down- regulated with the knockdown of LINC00115. Knockdown 
LINC00115 inhibited the Wnt/β-catenin signalling pathway by inhibiting the expres-
sion of FZD5. Rescue experiments further showed that LINC00115 inhibits prostate 
cancer cell proliferation and invasion via targeting miR- 212- 5p/ FZD5/ Wnt/β- catenin 
axis. The present study provided clues that LINC00115 may be a promising novel 
therapeutic target for prostate cancer patients.
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lack of sensitive biomarkers in early diagnosis and effective treat-
ments. Therefore, it is urgent to explore the molecular mechanism 
of PCa development and identify a novel bio- labelling for the early 
diagnosis or treatment.

Increasing studies have reported that long non- coding RNAs (ln-
cRNAs) are longer than 200 nt without protein- coding ability, but 
might play key roles in cancer cell proliferation and metastasis.5,6 
Emerging evidence has revealed that many lncRNAs are dysregu-
lated in a variety of human cancers such as prostate cancer.7 Due 
to their expression specificity, several lncRNAs have been defined 
to be prostate cancer biomarkers and may be exploited for noninva-
sive liquid biopsy applications, such as lncRNA SChLAP1 and lncRNA 
PCA3.8– 10 Lots of lncRNA may act as oncogenes or tumour suppres-
sors in PCa. For example, lncRNA SNHG3 promoted cell proliferation 
and accelerated prostate cancer progression by miR- 577/SMURF1 
axis.11 Furthermore, some lncRNA can also regulate androgen re-
ceptor (AR) signalling, which plays a central role in the progression 
of Castration- Resistant Prostate Cancer (CRPC). LINC00844 was 
demonstrated to be a direct androgen- regulated target that is ac-
tively transcribed in androgen receptor (AR)- dependent prostate 
cancer cells.12 LncRNA LBCS functions as a novel AR translational 
regulator that suppresses castration resistance of prostate cancer by 
interacting with hnRNPK.13 Nevertheless, investigating the function 
and mechanism of novel lncRNAs is necessary to find functional bio-
markers in PCa progression.

LINC00115 was originally identified as a long intergenic non- 
protein- coding RNA 115.14 However, few studies have investigated 
the function and mechanism of LINC00115 in cancer development 
and progression. For instance, LINC00115 serves as an oncogene 
and contributes to the progression of colorectal cancer by target-
ing miR- 489- 3p via the PI3K/AKT/mTOR pathway.15 The previous 
study has also reported that LINC00115 is up- regulated and pro-
motes breast cancer metastasis through modulating the expres-
sion of miR- 7 and KLF4.16 In addition, INC00115 acts as a miRNA 
sponge by competitively binding miR- 200s to up- regulate ZEB1, 
thereby enhancing glioma stem- like cell self- renewal.17 Therefore, 
anti- LINC00115 compounds or agents might serve as novel ther-
apeutic strategies for cancer treatment. However, the functional 
roles of LINC00115 in prostate carcinogenesis were still unknown. 
In this study, the expression level of LINC00115 was measured in 
prostate cancer tissues and cells. We also investigated the function 
and mechanism of LINC00115 in PCa cells. Our findings strongly 
suggested that LINC00115 participates in PCa progression and is a 
promising therapeutic target.

2  |  MATERIAL S AND METHODS

2.1  |  Clinical samples

24 paired samples (aged from 26 to 60 years old) of prostate 
cancer tissues and adjacent normal tissue were obtained from 
Shenzhen Longhua District Central Hospital (Shenzhen, China). All 

these experimental procedures have been approved by the Ethics 
Committee of Shenzhen Longhua District Central Hospital. Tissue 
samples were immediately preserved in liquid nitrogen at −196°C 
promptly. Before surgery, no patients had received chemotherapy 
or radiotherapy. Written informed consents were obtained from 
patients.

2.2  |  Cell lines and cultures

The human prostate cancer cell lines (PC- 3, DU145, LNCap and 
22RV2) were purchased from the American Type Culture Collection 
(ATCC). Human prostatic epithelial cell (RWPE) was purchased from 
Shanghai Cell Bank (Chinese Academy of Sciences) and cultured in 
prostate epithelial cell medium (ScienCell, Carlsbad, CA, USA) con-
taining human recombinant EGF(Gibco) and foetal bovine serum 
(Hyclone). All the cancer cells were cultured in DMEM (Gibco, 
Carlsbad, CA, USA) containing 10% foetal bovine serum.

(FBS; Gibco) at 37°C in an incubator containing 5% CO2.

2.3  |  Cell transfection

Firstly, PCa cells were seeded into 6- well plates. After 24h, 
cell transfection was carried out according to the instruction 
of Lipofectamine 3000 (Invitrogen). Specific shRNAs against 
LINC00115 (shRNA- 1(5’-  GAAGAAUGGUACAAAUCCAAG- 3’) and 
shRNA- 2 (5’- CUUAAAGGAACCAAUGAGUCC- 3’) and their corre-
sponding NC (Control- shRNA) were bought from GenePharma.18 
The pcDNA3.1 vector (pcDNA- FZD5) and the empty vector were 
also acquired from GenePharma. Besides, miR- 212- 5p mimics, mim-
ics control, miR- 212- 5p inhibitor and inhibitor control were obtained 
from GenePharma.19 Subsequently, PC- 3 and DU145 cells were sev-
erally transfected with the above plasmids. Cell transfection was 
conducted in triplicate. After 48 h, quantitative RT- PCR was per-
formed to determine the transfection efficiency.

2.4  |  Proliferation assay

After transfection, PC- 3 and DU145 cells were seeded into 96- well 
plates (1000/well). After 24, 48, 72 and 94 h, 10 μl CCK- 8 solution 
(Beyotime) was added to each well and incubated for 1 h. Then, the 
absorbance (OD value at 450 nm) was measured using a microplate 
reader. The average of OD values from three wells in each group was 
calculated, and the proliferation curve was drawn.

2.5  |  Colony formation assay

Colony Formation Assay was used to further measure cell prolif-
eration. After transfection, PC- 3 and DU145 cells were seeded 
into 6- well plates (700/well) and cultured at 37°C in an incubator 
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containing 5% CO2. After 14 days, cells were fixed by 4% paraform-
aldehyde (Beyotime) for 10 min and visualized by 0.1% crystal violet 
(Beyotime) for 5 min. The number of colonies (at least 50 cells) was 
counted with a visual inspection.

2.6  |  Cell invasion assays

Transwell inserts (8 μm- pore sizes) coated with Matrigel (BD 
Biosciences) were used to measure the invasive ability of cells. 
After transfection, PC- 3 and DU145 cells were trypsinized and re-
suspended into a fresh medium containing 1% FBS. Cells (2.0 × 104) 
were put into the upper chambers, while a medium containing 15% 
FBS was added into the lower chambers for chemo- attractant. 
Following culture for 48 h at 37˚C, cells were fixed for 10 min by 4% 
paraformaldehyde (Beyotime, Beijing, China) and stained for 10 min 
in 0.1% crystal violet (Beyotime). Thereafter, cells on the inner layer 
were wiped off softly with a cotton swab. The cells were then evalu-
ated by a light microscopy (CK40; Olympus Corporation) at the 
magnification of × 100. Images were captured, then the cells were 
counted randomly in 5 fields and the average was calculated.

2.7  |  RNA isolation and qRT- PCR

Total RNA was isolated from prostates cancer and normal tissues and 
cells according to the instructions of TRIZOL Reagent (Invitrogen, 
USA). Then, RNA was subsequently reverse- transcribed into cDNA 
by using PrimeScript 1st Strand cDNA Synthesis Kit (TaKaRa, Tokyo, 
Japan) as recommended by the manufacturer. qRT- PCR was car-
ried out with Bio- Rad iQ5 Real- Time PCR System SYBR Green kit 
(TaKaRa, Tokyo, Japan). GAPDH or U6 was used as the internal con-
trol, and relative gene expressions were determined by the 2−△△Ct 
approach. The primers for LINC00115 and GAPDH sequences were 
used according to the previous report.15

2.8  |  Dual- luciferase reporter assay

Firstly, PC- 3 cells were seeded into 24- well plates (5.0 × 104/Well). 
After 12h, pcDNA3.1- LINC00115 Wt, pcDNA3.1- LINC00115 Mut, 
miR- 212- 5p mimics or mimics control were transfected into PC- 3 cells 
with Lipofectamine 2000 (Invitrogen, USA). In addition, pcDNA3.1- 
FZD5 Wt,pcDNA3.1-  FZD5 Mut and miR- 212- 5p mimics and mimics 
control were transfected into PC- 3 cells with Lipofectamine 2000 
(Invitrogen).After 24 h, cells were harvested for luciferase detection 
using the Dual- Luciferase Reporter assay system (Promega).

2.9  |  RNA immunoprecipitation assay

The Magna RIP™ RNA- Binding Protein Immunoprecipitation 
kit (Millipore Corp, Atlanta, GA, USA) was used for RNA 

immunoprecipitation (RIP) experiments. Firstly, PC- 3 cells were 
collected (>107 cells) by trypsinization and resuspended in 
PBS. Then, cells were lysed in freshly prepared RIP buffer. Cell 
lysate (100 μl) was incubated with RIP buffer containing mag-
netic beads conjugated with Ago2 antibody (Abcam) or nega-
tive control IgG. The samples were incubated with proteinase 
K with shaking to digest proteins, and then, the precipitation 
of RNA was obtained. Co- precipitated RNA was measured by 
RT- PCR.

2.10  |  Western Blot

Total protein was extracted as described previously.20,21 Briefly, radi-
oimmunoprecipitation assay (RIPA) lysis buffer (Beyotime, Shanghai, 
China) was used to extract the total proteins. Subsequently, pro-
tein concentration was determined with the BCA Protein Assay Kit 
(Beyotime). Then, equal quantities of proteins were uploaded and 
separated on 12% sodium dodecyl sulphate polyacrylamide gel 
electrophoresis (SDS- PAGE) gel and transferred into polyvinylidene 
fluoride membranes (PVDF) (Millipore Corp). Then, the membranes 
were incubated with 5% non- fat dry milk powder at room tempera-
ture for 2 h and then incubated with primary antibodies as follows: 
anti- N- cadherin (Abcam,1:1000), anti- vimentin (Abcam, 1:1000), 
anti- E- cadherin (CST,1:800), anti- FZD5(Abclonal,1:800), anti- β- 
catenin(Abcam, 1:800) and anti- cyclin D1(Abcam, 1:1000) or over-
night at 4°C, followed by HRP- conjugated secondary antibodies at 
room temperature for 1 h. The housekeeper gene GAPDH was em-
ployed as an internal control. The signals of bands were detected by 
ECL reagents.

2.11  |  Statistical analysis

All data were expressed as mean ± standard deviation (S.D). 
SPSS 19.0 (SPSS) was used to conduct all the statistical analyses. 
Student's t test was used to evaluate the differences between var-
iables, and the p value less than 0.05 was regarded as statistically 
significant.

3  |  RESULTS

3.1  |  LINC00115 was up- regulated in PCa and 
correlates with poor prognosis

To explore the role of LINC00115 in prostate cancer, we firstly 
compared LINC00115 expression between normal tissues and 
PCa tissues by qRT- PCR. The results showed that the expres-
sion of LINC00115 was significantly up- regulated in PCa tis-
sues (Figure 1A). In addition, it was found that LINC00115 was 
significantly up- regulated in prostate cancer cell lines, LNCaP, 
PC- 3, DU145 and 22RV2 (Figure 1B). Overall, LINC00115 was 
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up- regulated in prostate cancer tissues and cell lines. PC- 3and 
DU145 cells were selected for the later investigations because 
of high LINC00115 expression. Moreover, gene expression data 
from TCGA database demonstrated that LINC00115 expression 
was substantially higher in PCa tissues than that in normal tis-
sues (Figure 1C). Kaplan- Meier survival analysis showed that the 
disease- free survival of LINC00115 high expression group was 
shorter than that of LINC00115 low expression group (Figure 1D). 
Taken together, these findings indicate that up- regulation of 
LINC00115 may play an important role in PCa tumorigenesis.

3.2  |  Knockdown LINC00115 inhibits prostate 
cancer growth in vitro

To further investigate the role of LINC00115 in PCa progression, 
two high- efficiency targeted shRNAs were stably transfected 
into two PCa cell lines (PC- 3and DU145) that highly expressed 
LINC00115. The results showed that compared with a negative 
control group (Control- shRNA), the selected shRNAs (shRNA- 1 and 
shRNA- 2) could significantly down- regulate LINC00115 expression 
in PC- 3 and DU145 (Figure 2A). Cell growth assays showed that 
knockdown LINC00115 can significantly inhibit proliferation capa-
bilities (Figure 2B). Furthermore, the colony formation assay dem-
onstrated that knocking down LINC00115 significantly reduced the 
number of colonies when compared with control cells (Figure 2C). 
These data indicated that knockdown LINC00115 inhibited prostate 
cancer cells proliferation.

3.3  |  Knockdown LINC00115 inhibits prostate 
cancer cell invasion in vitro

Transwell invasion assay was used to measure the effect of 
LINC00115 on the invasion of PCa cells. The results showed that 
knockdown LINC00115 significantly decreased the invasion abil-
ity of PC- 3 and DU145 cells (Figure 3A). Additionally, Western blot 
showed that knockdown LINC00115 could significantly increase 
E- cadherin expression, whereas decrease the mesenchymal mark-
ers (N- cadherin and vimentin) expression (Figure 3B). These data 
indicate that knockdown LINC00115 can inhibit prostate cancer cell 
invasion by inhibiting EMT.

3.4  |  LINC00115 directly interacts with miR- 212- 
5p in prostate cancer

To further measure the downstream mechanism of LINC00115, we 
searched the Starbase database and found that LINC00115 had a 
potential binding site with miR- 212- 5p (Figure 4A). In order to verify 
whether LINC00115 can directly adsorb miR- 212- 5p, a dual- luciferase 
reporter assay was performed. The results showed that the luciferase 
activity of wild- type LINC00115 was markedly reduced by miR- 212- 5p 
mimics, while the luciferase activity of the mutated LINC0011 was not 
changed after co- transfecting with miR- 212- 5p mimics (Figure 4C). 
RIP assay was performed in PC- 3 cells by using the antibody against 
Ago2. Compared with mimics control, the endogenous LINC00115 
was specifically enriched in the cells of miR- 212- 5p mimics, indicating 

F I G U R E  1  LINC00115 is highly 
expressed in prostate cancer tissues. 
(A) The expressions of LINC00115 in 
prostate cancer tissues and normal tissues 
were analysed by qRT- PCR. (B) Relative 
LINC00115 expression in prostate 
cancer cell line (PC- 3, DU145, LNCap and 
22RV2) and Human prostatic epithelial 
cell (RWPE) was measured by RT- PCR. 
(C) The expressions of LINC00115 in 
prostate tumour and normal tissues were 
analysed based on TCGA database, T: 
tumour tissues, N: normal tissues. (D) 
Kaplan- Meier survival curves showed 
that LINC00115 expression level was 
negatively correlated with prognosis 
prediction of prostate cancer analysed by 
TCGA database. *p < 0.05, **p < 0.01 
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that LINC00115 directly targeted miR- 212- 5p (Figure 4D). In addition, 
we found that miR- 212- 5p was significantly down- regulated in PCa 
samples (Figure 4E). Moreover, the expression of miR- 212- 5p was 
significantly up- regulated after knockdown LINC00115 (Figure 4F). 
Collectively, these data indicated that miR- 212- 5p might be a direct 
target of LINC00115 in prostate cancer. In addition, to investigate 
the role of miR- 212- 5p in PCa, the transfection of miR- 212- 5p mim-
ics could inhibit the proliferation of PC- 3 cells (Figure 4G). Transwell 
assay showed that the transfection of miR- 212- 5p mimics significantly 
reduced the invasion of PC- 3 cells (Figure 4H). These results consist-
ently indicated that down- regulation of LINC00115 might suppress 
prostate cancer cell growth by targeting miR- 212- 5p.

3.5  |  LINC00115 functions as a ceRNA through 
sponging miR- 212- 5p to up- regulate FZD5

Previous studies have demonstrated that miRNA exerts their mul-
tiple biological functions mainly by suppressing mRNA translation 
or degrading mRNA. By querying TargetScan database, the results 

showed that 3’UTR of FZD5 contained a potential binding site 
with miR- 212- 5p (Figure 5A). Subsequently, the luciferase report 
assay confirmed that miR- 212- 5p could bind to the 3’UTR of FZD5 
(Figure 5B). To further measure the relationship between the ex-
pression of FZD5 and miR- 212- 5p expression in PCa, Western blot 
showed that the expression of FZD5 was decreased significantly 
after the transfection of miR- 212- 5p mimics, while Knockdown 
LINC00115 also decreased FZD5expression.

In order to verify the role of LINC00115/miR- 212- 5p/ FZD5 axis 
in PCa progression, LINC00115 shRNA(shRNA- 2), miR- 212- 5p in-
hibitor and pcDNA- FZD5 were co- transfected into PC- 3 cells. The 
functional assays showed that knockdown of LINC00115 inhib-
ited PC- 3 cells growth and invasion, while co- transfection of miR- 
212- 5p inhibitors restored these results. In addition, compared with 
LINC00115 shRNA group, overexpressing FZD5 (pcDNA- FZD5) 
abolished the inhibition of knockdown LINC00115 on PC- 3 cells 
growth and invasion (Figure 6A,B). Simultaneously, Western blot re-
vealed that EMT progression inhibited by silencing LINC00115 was 
partially restored by the up- regulation of FZD5 or miR- 212- 5p inhib-
itors (Figure 6C).

F I G U R E  2  Knockdown LINC00115 inhibits the proliferation of prostate cancer cells in vitro. (A) PC- 3 and DU145 cells transfected with 
shRNA- 1, shRNA- 2 or Control- shRNA. After 48 h, the transfection efficiency confirmed by qRT- PCR. (B) The cell viability was measured 
using CCK- 8 assay. (C) Colony formation assay of PC- 3 and DU145 cells transfected with shRNA- 1, shRNA- 2 or Control- shRNA. After 
incubation for 14 days, colonies were stained and photographed. Data are presented as the mean ± SD of three independent experiments. 
**p < 0.01, *p < 0.05
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F I G U R E  3  Knockdown LINC00115 inhibits prostate cancer invasion. (A) Invasion assays were measured using Transwell champers. 
(B) Knockdown LINC00115 inhibited EMT in prostate cancer cells. Data represent mean ± S.D of three independent experiments. Scale 
bar = 100 μm, *p < 0.05, **p < 0.01 
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Wnt/β- catenin is a key molecular signalling regulator in a variety 
of human cancers and is usually triggered through the secreted Wnt 
ligands binding to Frizzled (FZD) receptor proteins, including FZD5. 
Therefore, a Western blot was used to further determine the effects 
of FDZ5 on the expression of relative factors (β- catenin and cyclin 
D1) in Wnt/β- catenin signal pathways. The results showed com-
pared with control- shRNA, knockdown of LINC00115 significantly 
inhibited the expression of β- catenin and cyclin D1, while the inhib-
itory effects of knockdown LINC00115 on β- catenin and cyclinD1 
expression were reversed after co- transfecting with miR- 212- 5p 
inhibitors or pcDNA- FZD5 (Figure 6D). Collectively, these data sug-
gested that down- regulated LINC00115 inhibits prostate cancer cell 

proliferation and invasion via targeting miR- 212- 5p/ FZD5/ Wnt/β- 
catenin axis.

4  |  DISCUSSION

Recently, an increasing number of researches has revealed the cru-
cial role of lncRNAs in various biological functions and disease pro-
cesses including cancer.6,7 They act as a multifunctional regulator 
to promote or inhibit tumour growth by various mechanisms such 
as transcriptional, posttranscriptional and epigenetic levels.22– 24 In 
this present study, we identified that LINC00115 was up- regulated 

F I G U R E  4  LINC00115 directly interacts with miR- 212- 5p. (A) The potential binding region with miR- 212- 5p in LINC00115 and the 
mutant form of LINC00115 were shown. (B) miR- 212- 5p mimics and control mimics were transfected into PC- 9 cells. (C) The luciferase 
intensity of PC- 9 cells transfected with LINC00115 wild type and miR- 212- 5p was significantly reduced. (D) RIP was performed in PC- 9 cells 
by using anti- Ago2. LINC00115 expression was detected using qRT- PCR. (E) miR- 212- 5p expression in prostate cancer tissues and adjacent 
normal samples was tested by qRT- PCR. (F) Knockdown LINC00115 up- regulated the expression of miR- 212- 5p in PC- 3 cells. (G) CCK- 8 
assay was used to measure the effect of ectopic expression of miR- 212- 5p. (H) Transwell assay was used to measure the effect of ectopic 
expression of miR- 212- 5p. Scale bar = 100 μm. Data are presented as means ± SD of three independent experiments. *p < 0.05, **p < 0.01 
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in TCGA PCa samples and collected PCa samples. High expression 
of LINC00115 is correlated with the overall survival of patients with 
PCa. We further analysed the role of LINC00115 in PCa cell prolif-
eration, invasion and explored the molecular mechanisms.

In the past decades, studies on molecular mechanisms of PCa 
have mainly focussed on the genome mutations, or the oncogenes 
or tumour suppressor genes that coded proteins as well as epigen-
etic changes. To date, more and more reports proved that lncRNA 
played a crucial role in human tumorigeneses, such as proliferation 
and metastasis. For example, LncRNA DRAIC inhibited proliferation 
and metastasis of prostate cancer by interacting with IKK to inhibit 
NF- κB activation.25 In the current study, we found that LINC00115 
is up- regulated PCa tissues and cell lines. Furthermore, overexpres-
sion of LINC00115 was significantly associated with a poor progno-
sis for PCa patients. These results indicated that LINC00115 might 
be a potential prognostic biomarker in PCa. Functionally, knockdown 
of LINC00115 inhibited PCa cell proliferation and clone formation. 
Furthermore, knockdown of LINC00115 significantly inhibited cell 
invasion by increasing the expression of E- cadherin and reducing the 
expression of N- cadherin and vimentin. Our results were consistent 

with previous studies that knockdown of LINC00115 inhibits cancer 
cell (breast cancer, ovarian cancer and colorectal cancer) prolifera-
tion and invasion.15,16,18

It was well known that lncRNAs serve as competing endogenous 
RNAs (ceRNAs) through competing with mRNAs to bind with miR-
NAs. For instance, LINC00115 can function as a ceRNA by acting as 
miR- 30a sponge to indirectly regulate SOX9 expression and promote 
stemness of ovarian cancer.18 LINC00115 forms an miR- 7/KLF4 
pathway to promote breast cancer metastasis.16 Based on bioinfor-
matics analysis and mechanism assays, we found that LINC00115 
could bind with miR- 212- 5p and knockdown LINC00115 increased 
the miR- 212- 5p expression. This result was not consistent with 
the previous report,15,16,18 and LINC00115 has a different miRNA 
binding target in different cancer types. This might be the result of 
tumour heterogeneity or different genetic backgrounds. It is well 
known that cancer cell heterogeneity is a main challenge in cancer 
medicine and exerts distinct effects (oncogenes or tumour suppres-
sor genes) on tumour cells and tumour microenvironment.26,27

miR- 212- 5p was reported to inhibit the malignant behaviour of 
clear cell renal cell carcinoma cells by targeting TBX15.28 miR- 212- 5p 

F I G U R E  5  LINC00115 functions as a ceRNA through sponging miR- 212- 5p to regulate FZD5. (A) The binding sites between miR- 212- 5p 
and FZD5 obtained from starBase database. (B) The luciferase reporter was implemented to determine the binding correlation between miR- 
212- 5p and FZD5 in PC- 3 cells. (C) Western blot assay was performed to detect the expression of FZD5 in PC- 3 cells after transfected with 
miR- 212- 5p mimics or shRNA- 2(LINC00115). Data are presented as means ± SD of three independent experiments. *p < 0.05, **p < 0.01 
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also exerts tumour promoter function by regulating the Id3/PI3K/
Akt axis in lung adenocarcinoma cells.29 However, miR- 212- 5p sup-
presses the epithelial- mesenchymal transition in triple- negative 
breast cancer by targeting Prrx2.30 These results showed that miR- 
212- 5p may function as carcinogens or tumour suppressors in differ-
ent tumours. In this study, we found that overexpression miR- 212- 5p 
significantly inhibited cell proliferation and invasion. These results 
were further supported that the same miRNA may play opposing 
roles in different processes.

miRNA is a small non- coding RNA molecule that functions as 
translational repression by degrading the protein- coding mRNA. 
So we further identified that frizzled class receptor 5 (FZD5) as the 

downstream target of miR- 212- 5p. Previous studies showed that 
knockdown FZD5 gene can inhibit migration, invasion and bone me-
tastasis of prostate cancer cells.31 In addition, our results showed 
that overexpression miR- 212- 5p or the knockdown LINC00115 can 
significantly inhibit FZD5 expression. The further rescue assays 
showed that FZD5 restores the effects of knockdown LINC00115 
on cell proliferation, invasion and EMT- related protein expression.

Wnt/β- catenin is a key molecular signalling regulator in a variety of 
human cancers and is usually triggered through the secreted Wnt li-
gands binding to Frizzled (FZD) receptor proteins, including FZD5.32,33 
Knockdown FZD5 can promote cellular senescence by inhibiting the 
noncanonical Wnt pathway.34 Circ_0067934 directly suppressed 

F I G U R E  6  LINC00115 inhibits prostate cancer cell proliferation and invasion via targeting miR- 212- 5p/ FZD5 axis. (A, B) Colony 
formation assay and Transwell assay were utilized to assess cell proliferation and invasion, respectively. Scale bar = 100 μm. (C) EMT process 
in prostate cells was evaluated by Western blot. (D) Western blot was used to further determine the effects of FDZ5 on the expression 
of relative factors (β- catenin and cyclin D1) in Wnt/β- catenin signal pathways. Data are presented as means ± SD of three independent 
experiments. *p < 0.05, **p < 0.01 
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miR- 1324, which targeted the 3'- UTR of FZD5 mRNA and subse-
quently down- regulated the Wnt/β- catenin signalling pathway in he-
patocellular carcinoma.35 Furthermore, the Wnt/β- catenin signalling 
pathway plays a crucial role in regulating EMT.36,37 Our results were 
consistent with these reported that knockdown of LINC00115 signifi-
cantly inhibited the expression of β- catenin and cyclin D1, while the in-
hibitory effects of knockdown LINC00115 on β- catenin and cyclinD1 
expression were reversed after co- transfecting with miR- 212- 5p 
inhibitors or pcDNA- FZD5. Collectively, these data suggested that 
down- regulated LINC00115 inhibits prostate cancer cell proliferation 
and invasion via targeting miR- 212- 5p/ FZD5/ Wnt/β- catenin axis.

5  |  CONCLUSION

In conclusion, our study demonstrated the LINC00115 is aber-
rantly over- expressed in PCa tissues and cells lines. Knocking down 
LINC00115 can significantly reduce PCa cell proliferation and inva-
sion. We also innovatively uncovered that LINC00115 endogenously 
sponged miR- 212- 5p to elevate FZD5 expression, thus facilitating 
the malignant phenotype of prostate cancer, which might provide 
new insight into identifying the biomarkers for prostate cancer.

ACKNOWLEDG EMENT
None.

CONFLIC T OF INTERE S T
The authors confirm that there are no conflicts of interest.

AUTHOR CONTRIBUTIONS
Naixiong Peng: Data curation (equal); Investigation (equal); 
Methodology (equal); Validation (equal); Writing- original draft 
(equal); Writing- review & editing (equal). zejian Zhang: Formal analy-
sis (equal); Software (equal); Supervision (equal). Yaomin Wang: 
Software (equal); Validation (equal). Minlong Yang: Investigation 
(equal); Methodology (equal); Writing- original draft (equal). Jiqing 
Fan: Project administration (equal); Resources (equal); Validation 
(equal). Qinjun Wang: Formal analysis (equal); Supervision (equal); 
Validation (equal). Ling Deng: Investigation (equal); Writing- original 
draft (equal); Writing- review & editing (equal). Dong Chen: Project 
administration (equal); Software (equal); Visualization (equal); 
Writing- original draft (equal). YueFeng Cai: Data curation (equal); 
Software (equal); Supervision (equal). Qihui Li: Formal analysis 
(equal); Visualization (equal); Writing- review & editing (equal). 
Xisheng Wang: Funding acquisition (equal); Software (equal); 
Supervision (equal); Writing- review & editing (equal). Wei Li: Formal 
analysis (equal); Funding acquisition (equal); Project administration 
(equal); Writing- review & editing (equal).

E THIC S APPROVAL AND CONSENT TO PARTICIPATE
The study was approved by the Ethics Committee of the Department 
of Shenzhen Longhua District Central Hospital, and written in-
formed consent was obtained from each participant.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Wei Li  https://orcid.org/0000-0001-6590-9918 

R E FE R E N C E S
 1. Parker C, Castro E, Fizazi K, et al. Prostate cancer: ESMO Clinical 

Practice guidelines for diagnosis, treatment and follow- up. Ann 
Oncol. 2020;31:1119- 1134.

 2. Siegel DA, O'Neil ME, Richards TB, Dowling NF, Weir HK. 
Prostate cancer incidence and survival, by stage and race/eth-
nicity -  United States, 2001– 2017. MMWR Morb Mortal Wkly Rep. 
2020;69:1473- 1480.

 3. Lowrance WT, Breau RH, Chou R, et al. Advanced prostate cancer: 
AUA/ASTRO/SUO guideline PART I. J Urol. 2021;205:14- 21.

 4. Boukovala M, Spetsieris N, Efstathiou E. An evaluation of apa-
lutamide for the treatment of prostate cancer. Expert Opin 
Pharmacother. 2020;21:1537- 1546.

 5. Bhan A, Soleimani M, Mandal SS. Long noncoding RNA and cancer: 
a new paradigm. Can Res. 2017;77:3965- 3981.

 6. Peng WX, Koirala P, Mo YY. LncRNA- mediated regulation of cell 
signaling in cancer. Oncogene. 2017;36:5661- 5667.

 7. Hua JT, Chen S, He HH. Landscape of Noncoding RNA in Prostate 
Cancer. Trends Genet. 2019;35:840- 851.

 8. Martignano F, Rossi L, Maugeri A, et al. Urinary RNA- based 
biomarkers for prostate cancer detection. Clin Chim Acta. 
2017;473:96- 105.

 9. Prensner JR, Zhao S, Erho N, et al. RNA biomarkers associ-
ated with metastatic progression in prostate cancer: a multi- 
institutional high- throughput analysis of SChLAP1. Lancet Oncol. 
2014;15:1469- 1480.

 10. Liu J, Li Y, Yang D, Yang C, Mao L. Current state of biomarkers for 
the diagnosis and assessment of treatment efficacy of prostate 
cancer. Discov Med. 2019;27:235- 243.

 11. Li T, Xing Y, Yang F, et al. LncRNA SNHG3 sponges miR- 577 to 
up- regulate SMURF1 expression in prostate cancer. Cancer Med. 
2020;9:3852- 3862.

 12. Lingadahalli S, Jadhao S, Sung YY, et al. Novel lncRNA LINC00844 
regulates prostate cancer cell migration and invasion through AR 
signaling. Mol Cancer Res. 2018;16:1865- 1878.

 13. Gu P, Chen X, Xie R, et al. A novel AR translational regulator lncRNA 
LBCS inhibits castration resistance of prostate cancer. Mol Cancer. 
2019;18:109.

 14. Li DS, Ainiwaer JL, Sheyhiding I, Zhang Z, Zhang LW. Identification 
of key long non- coding RNAs as competing endogenous RNAs for 
miRNA- mRNA in lung adenocarcinoma. Eur Rev Med Pharmacol Sci. 
2016;20:2285- 2295.

 15. Feng W, Li B, Wang J, et al. Long non- coding RNA LINC00115 con-
tributes to the progression of colorectal cancer by targeting miR- 
489- 3p via the PI3K/AKT/mTOR pathway. Frontiers in Genetics. 
2020;11:567630.

 16. Yuan C, Luo X, Duan S, Guo L. Long noncoding RNA LINC00115 
promotes breast cancer metastasis by inhibiting miR- 7. FEBS Open 
Bio. 2020;10:1230- 1237.

 17. Tang J, Yu B, Li Y, et al. TGF- β- activated lncRNA LINC00115 is a 
critical regulator of glioma stem- like cell tumorigenicity. EMBO Rep. 
2019;20:e48170.

 18. Hou R, Jiang L. LINC00115 promotes stemness and inhibits apop-
tosis of ovarian cancer stem cells by upregulating SOX9 and inhib-
iting the Wnt/β- catenin pathway through competitively binding to 
microRNA- 30a. Cancer Cell Int. 2021;21:360.

https://orcid.org/0000-0001-6590-9918
https://orcid.org/0000-0001-6590-9918


    |  10637PENG Et al.

 19. Jia Q, Chang J, Hong Q, Zhang JJ, Zhou H, Chen FH. MiR- 212- 5p ex-
erts a protective effect in chronic obstructive pulmonary disease. 
Discov Med. 2018;26:173- 183.

 20. Liu D, Li W, Zhong F, et al. METTL7B is required for cancer cell 
proliferation and tumorigenesis in non- small cell lung cancer. Front 
Pharmacol. 2020;11:178.

 21. Li W, Yu KN, Bao L, Shen J, Cheng C, Han W. Non- thermal plasma 
inhibits human cervical cancer HeLa cells invasiveness by suppress-
ing the MAPK pathway and decreasing matrix metalloproteinase- 9 
expression. Sci Rep. 2016;6:19720.

 22. Chan JJ, Tay Y. Noncoding RNA:RNA Regulatory networks in can-
cer. Int J Mol Sci. 2018;19:1310.

 23. Ma Y, Zhang J, Wen L, Lin A. Membrane- lipid associated lncRNA: a 
new regulator in cancer signaling. Cancer Lett. 2018;419:27- 29.

 24. Ferrè F, Colantoni A, Helmer- Citterich M. Revealing protein- 
lncRNA interaction. Brief Bioinform. 2016;17:106- 116.

 25. Saha S, Kiran M, Kuscu C, et al. Long noncoding RNA DRAIC inhib-
its prostate cancer progression by interacting with IKK to inhibit 
NF- κB activation. Can Res. 2020;80:950- 963.

 26. Haffner MC, Zwart W, Roudier MP, et al. Genomic and phenotypic 
heterogeneity in prostate cancer. Nat Rev Urol. 2021;18:79- 92.

 27. Sack LM, Davoli T, Li MZ, et al. Profound tissue specificity in pro-
liferation control underlies cancer drivers and aneuploidy patterns. 
Cell. 2018;173:499- 514.e23.

 28. Deng JH, Zheng GY, Li HZ, Ji ZG. MiR- 212- 5p inhibits the malignant 
behavior of clear cell renal cell carcinoma cells by targeting TBX15. 
Eur Rev Med Pharmacol Sci. 2019;23:10699- 10707.

 29. Chen FF, Sun N, Wang Y, et al. miR- 212- 5p exerts tumor promoter 
function by regulating the Id3/PI3K/Akt axis in lung adenocarci-
noma cells. J Cell Physiol. 2020;235:7273- 7282.

 30. Lv ZD, Yang DX, Liu XP, et al. MiR- 212- 5p suppresses the epithelial- 
mesenchymal transition in triple- negative breast cancer by target-
ing Prrx2. Cell Physiol Biochem. 2017;44:1785- 1795.

 31. Zhang X, Mo Q- W. Role and action mechanisms of FZD5 in 
prostate cancer bone metastasis in mice. Zhonghua Nan Ke Xue. 
2016;22(2):128- 132.

 32. Yang Y, Mlodzik M. Wnt- Frizzled/planar cell polarity signaling: cel-
lular orientation by facing the wind (Wnt). Annu Rev Cell Dev Biol. 
2015;31:623- 646.

 33. Tsutsumi N, Mukherjee S, Waghray D, et al. Structure of human 
Frizzled5 by fiducial- assisted cryo- EM supports a heterodimeric 
mechanism of canonical Wnt signaling. eLife. 2020;9:e58464.

 34. Harada S, Mabuchi Y, Kohyama J, et al. FZD5 regulates cellular 
senescence in human mesenchymal stem/stromal cells. Stem Cells 
(Dayton, Ohio). 2021;39:318- 330.

 35. Zhu Q, Lu G, Luo Z, et al. CircRNA circ_0067934 promotes tumor 
growth and metastasis in hepatocellular carcinoma through regu-
lation of miR- 1324/FZD5/Wnt/β- catenin axis. Biochem Biophys Res 
Comm. 2018;497:626- 632.

 36. Gao Y, Chen Z, Wang R, et al. LXRα promotes the differentiation of 
human gastric cancer cells through inactivation of Wnt/β- catenin 
signaling. J Cancer. 2019;10:156- 167.

 37. Yeh Y, Guo Q, Connelly Z, et al. Wnt/Beta- catenin signal-
ing and prostate cancer therapy resistance. Adv Exp Med Biol. 
2019;1210:351- 378.

How to cite this article: Peng N, Zhang Z, Wang Y, et al. 
Down- regulated LINC00115 inhibits prostate cancer cell 
proliferation and invasion via targeting miR- 212- 5p/FZD5/
Wnt/β- catenin axis. J Cell Mol Med. 2021;25:10627– 10637. 
https://doi.org/10.1111/jcmm.17000

https://doi.org/10.1111/jcmm.17000

