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INTRODUCTION  
 

Prostate cancer (PCa) is one of the most commonly 

diagnosed tumors among males, especially in 

developing countries [1]. Approximately 15% of PCa 

cases are high risk and could be lethal [2]. Nowadays, 

prostate-specific antigen (PSA) is still the major 

applied detection index for PCa. Considering that PCa 

is the most curable when diagnosed at the early stage, 

novel biomarkers and several different cancer-

screening programs are under research and 

development by scientists for better sensitivity and 

specificity [3ï6]. In addition, although the success of 

radical treatments like prostatectomy and radiotherapy 

has been demonstrated in PCa, there still exist 

miscellaneous problems waiting to be solved, such as 

the identification and localization of prostate lesions 

[7]. To improve the survival level and quality, 

personalized therapies for PCa patients requires further 

study, which relies on a more explicit understanding of 

the development of prostate cancer. 

 

Currently, long non-coding RNAs (lncRNA) have 

been reported to exert multifarious impacts on the 

cancerous process of prostate cells, ranging from the 

regulation of gene expression to the changes in 

biological behaviors [8]. LncRNAs PCA3 (prostate 

cancer antigen 3) is proved to contribute to prostate 

cancer development by promoting the proliferation 

and metastasis of cancer cells [9]. Some other 

lncRNAs, such as PCGEM1 (prostate cancer gene 

expression marker 1), MALAT1 (metastasis-
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ABSTRACT 
 

Prostate cancer (PCa) is a prevalent cancer in males, with  high incidence and mortality. Recent studies have 
shown the crucial role of long non-coding RNA (lncRNA) in PCa. Here, we aimed to explore the functional 
roles and inner mechanisms of lncRNA CCAT1 in PCa cells. qRT-PCR results showed that CCAT1 was 
upregulated in PCa tissues and cells. Functional assays demonstrated that CCAT1 knockdown suppressed cell 
proliferation, migration, invasion, yet promoted apoptosis, while CCAT1 promotion showed the opposite 
results. We also found that CCAT1 negatively regulated miR-490-3p expression and subsequently regulated 
FRAT1 expression. Inhibition of miR-490-3p or up-regulation of FRAT1 reversed the suppressive effects of 
CCAT1 knockdown on the PCa cells. In conclusion, CCAT1 regulated FRAT1 expression through miR-490-3p 
and then promote the PCa cells proliferation, migration, and invasion, which reveals the oncogenic function 
of CCAT1 in PCa progress. 
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associated lung adenocarcinoma transcript1), are also 

identified as potential novel biomarkers in the 

pathogenesis of prostate cancer [10]. These oncogenic 

lncRNAs, along with their implicated networks, are 

considered of great potential as novel biomarkers and 

therapeutic targets for future treatment and prevention 

of PCa [11]. 

 

LncRNA colon cancer associated transcript 1 

(CCAT1) is first identified as an oncogene in 

colorectal cancer by Nissan [12]. Meanwhile, the 

overexpression of CCAT1 is described to contribute to 

tumor formation in several malignant cancers of the 

digestive system, including colon cancer, esophageal 

squamous cell carcinoma, and gastric cancer [13ï16]. 

However, roles of CCAT1 in other cancer categories 

and its complex correlation with numerous cancer-

related factors have not been distinct so far. In PCa, a 

recent research reported that CCAT1 could promote 

the migration and invasion of PC-3 cells [17], 

indicating its potential roles in PCa prediction or 

treatments. Besides, another study illustrated the 

CCAT1/miR-28-5p/DDX5 axis in PCa progression 

[18], which proved the regulatory roles of CCAT1 on 

gene expression via miRNAs. 

 

MicroRNAs (miRNA), another group of non-coding 

RNAs, have been proved to interact with lncRNAs in 

various diseases [19]. Besides, based on relative studies, 

CCAT1 may exert promotion effects on oncogenesis by 

regulating expression levels of specific miRNAs and 

downstream genes [20]. In this study, through 

bioinformatic analysis, miR-490-3p and a proto-

oncogene FRAT1 were implicated in the effecting 

process of CCAT1. LncRNA could influence gene 

expression by sponging miRNAs. This modulation of 

miR-490-3p has been proved in cancer development 

[21], and activation of FRAT1 contributes to several 

solid-tumor progression [22, 23]. Hence, a series of 

experiments were conducted to explain their interaction 

relationships for in-depth exploration of their functions 

on PCa. In addition, existing researches suggest that 

miR-490-3p and FRAT1 could exert impacts on the 

wnt/ɓ-catenin signaling pathway to induce the 

epithelial-mesenchymal transition (EMT) in colorectal 

cancer (CRC) [24], which helped drive CRC 

progression and aggressiveness. 

 

In the current study, overexpression of CCAT1 was 

found in PCa tissues and cells. Knockdown of CCAT1 

promoted the PCa cells proliferation, migration, and 

invasion, while CCAT1 overexpression inhibited the 

cell proliferation, migration, and invasion. We also 

found that CCAT1 regulated FRAT1 expression by 

miR-490-3p, which subsequently regulate the EMT 

process and led to PCa progression. 

RESULTS 
 

LncRNA CCAT1 was highly expressed in PCa 

tissues and cell lines 
 

LncRNA CCAT1 has been reported to be overexpressed 

in several malignancies of the digestive system, while 

little is known about CCAT1 in PCa. Hence, the 

expression of CCAT1 in both PCa tissues and adjacent 

normal tissues was detected using qRT PCR. The result 

showed that expression of CCAT1 was remarkably up-

regulated in PCa tissues compared with adjacent normal 

tissues (Figure 1A). Besides, the expression of CCAT1 

was also significantly up-regulated in PCa cell lines 

(including LnCaP, DU145, PC3, and 22RV1 cells) when 

compared with the normal prostate epithelial cell line 

RWPE-1 (Figure 1B). Given that LnCaP and PC3 

showed higher CCAT1 expression, they were used for 

the following experiments. LncLocator was used to 

predict the subcellular localization of CCAT1, and the 

results suggested that CCAT1 was mainly located in the 

cytosol (Figure 1C). Subcellular fractionation further 

confirmed the cytoplasm location of CCAT1 in LnCaP 

and PC3 cells (Figure 1D). 

 

CCAT1 promoted cell proliferation, migration, and 

invasion in PCa cells 
 

To explore the effect of CCAT1 in PCa cells, LnCaP and 

PC3 cell lines were firstly transfected with si-CCAT1 to 

suppress the CCAT1 expression. qRT-PCR results 

showed that si-CCAT1 transfection greatly down-

regulated the expression of CCAT1 (Figure 2A). Then, 

MTT assays and EdU staining analysis indicated that cell 

proliferation was suppressed when CCAT1 was knocked 

down (Figure 2B, 2C). Besides, the results of flow 

cytometry analysis demonstrated that the apoptosis rate of 

both LnCaP and PC3 cell lines was remarkably increased 

with the down-regulation of CCAT1 (Figure 2D). Cell 

migration and invasion in LnCaP and PC3 cell lines 

treated with si-CCAT1 were also notably decreased 

(Figure 2E, 2F). Therefore, knockdown of CCAT1 

suppressed the malignant phenotypes of PCa cells. 

Conversely, CCAT1 overexpression in LnCaP and PC3 

cell lines showed the opposite results. LnCaP and PC3 

cell lines transfected with pcDNA-CCAT1 showed a 

higher CCAT1 expression (Figure 2G), resulting in 

enhanced cell proliferation (Figure 2H, 2I) and decreased 

apoptosis rate (Figure 2J). Meanwhile, cell migration and 

invasion were promoted with the up-regulation of CCAT1 

(Figure 2K, 2L). Furthermore, as shown in Figure 3A, 

knockdown of CCAT1 significantly up-regulated the 

expression of E-cadherin, while suppressed the expression 

of N-cadherin and Vimentin. By contrast, overexpression 

of CCAT1 greatly down-regulated the expression of E-

cadherin, while up-regulated the expression of N-cadherin 
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and Vimentin (Figure 3B). Taken together, CCAT1 

promoted the proliferation, migration and invasion in PCa 

cells through regulating the EMT process. 

 

MiR -490-3p was directly targeted by CCAT1 and 

down-regulated in PCa tissues and cell lines 

 

To explore the downstream targets of CCAT1, 

GSE60117 was analyzed. 14 differentially expressed 

miRNAs were screened out (Supplementary Table 1), 

and miR-490-3p was the only miRNA that predicted to 

be the CCAT1 target (Figure 4A, 4B). The potential 

binding site was illustrated in Figure 4C. Dual-

luciferase reporter assay results confirmed the targeting 

relationship between CCAT1 and miR-490-3p in LnCaP 

and PC3 cell lines (Figure 4D). Besides, miR-490-3p 

was down-regulated in PCa tissues and cell lines, and its 

expression was negatively correlated with CCAT1 

expression in PCa tissues (Figure 4Eï4G). 

 

MiR -490-3p inhibited cell proliferation, migration, 

and invasion of PCa cells 

 

To explore the function of miR-490-3p in PCa cells, 

miR-490-3p expression was promoted or suppressed via 

miR-mimics or miR-inhibitor, respectively (Figure 5A). 

Subsequent determination of cell behaviors was 

respectively conducted through MTT detection, EdU 

staining, flow cytometry analysis, and Transwell assays. 

Results of above experiments demonstrated that up-

regulation of miR-490-3p suppressed cell proliferation, 

migration, invasion, and promoted apoptosis rate in PCa 

cells, while miR-inhibitor transfection exerted opposite 

effects (Figure 5Bï5F). As shown in Figure 5G, miR-

490-3p overexpression up-regulated the protein 

expression of E-cadherin yet decreased the protein 

expression of N-cadherin and Vimentin, which was 

quite the opposite with miR-inhibitor transfection. In 

summary, miR-490-3p could suppress malignant cell 

survival in PCa. 

 

MiR -490-3p inhibition reversed the effects of 

CCAT1 suppression in PCa cells 

 

To investigate the interaction between CCAT1 and 

miR-490-3p, LnCaP and PC3 cells were transfected 

with si-CCAT1 or si-CCAT1+miR-inhibitor. As a 

result, miR-490-3p expression was notably enhanced in 

si-CCAT1-treated PCa cells and reversed with 

additional miR-inhibitor transfection (Figure 6A). MTT 

 

 
 

Figure 1. LncRNA CCAT1 was up-regulated in PCa tissues and cell lines. (A) Scatter diagram of CCAT1 expression in PCa tissues and 
adjacent tissues of 10 clinical samples. CCAT1 expression was generally higher in PCa tissues compared with adjacent normal tissues.  
(B) CCAT1 expression in human normal prostate epithelial cell line and four human PCa cell lines (LnCaP, DU145, PC3, and 22RV1). CCAT1 
expression level was remarkably increased in PCa cell lines compared with the RWPE-1 cell line. (C) lncLocator 
(http://www.csbio.sjtu.edu.cn/bioinf/lncLocator/) prediction results of CCAT1. CCAT1 was predicted to mainly exist in the cytosol.  
(D) Subcellular location analysis of CCAT1 in LnCaP and PC3 cells. CCAT1 was distributed in the cytoplasm of LnCaP and PC3 cells. ** P < 0.01, 
compared with the normal tissues or cells. 

http://www.csbio.sjtu.edu.cn/bioinf/lncLocator/
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Figure 2. CCAT1 promoted cell proliferation, migration, and invasion in PCa cells. (A) CCAT1 expression in LnCaP and PC3 cell lines. 
Transfection of si-CCAT1 successfully decreased CCAT1 expression in PCa cells. (B) Cell viability of LnCaP and PC3 cells treated with si-NC or si-
CCAT1. CCAT1 inhibition suppressed PCa cells viability. (C) EdU staining in LnCaP and PC3 cells treated with si-NC or si-CCAT1. CCAT1 
inhibition suppressed cell proliferation in PCa cells. (D) Cell apoptosis of LnCaP and PC3 cells by flow cytometry detection. PCa cells with lower 
CCAT1 expression had higher apoptosis rate. (E, F) Cell migration and invasion of LnCaP and PC3 cells in Transwell assays. With si-CCAT1 
transfection, cell migration and invasion in PCa cells were both blocked. (G) CCAT1 expression in LnCaP and PC3 cell lines. Transfection of 
pcDNA-CCAT1 successfully increased CCAT1 expression in PCa cells. (H) Cell viability of LnCaP and PC3 cells treated with empty vector or 
pcDNA-CCAT1. CCAT1 overexpression enhanced PCa cell viability. (I) EdU staining in LnCaP and PC3 cells treated with empty vector or pcDNA-
//!¢мΦ //!¢м ƻǾŜǊŜȄǇǊŜǎǎƛƻƴ ǇǊƻƳƻǘŜŘ ŎŜƭƭ ǇǊƻƭƛŦŜǊŀǘƛƻƴ ƛƴ t/ŀ ŎŜƭƭǎΦ {ŎŀƭŜ ōŀǊΥ рл ˃ƳΦ (J) Cell apoptosis of LnCaP and PC3 cells by flow 
cytometry detection. PCa cells with higher CCAT1 expression level indicated lower apoptosis rate. (K, L) Cell migration and invasion of LnCaP 
and PC3 cells in Transwell assays. With pcDNA-CCAT1 transfection, cell migration and invasion in PCa cells were both enhanced. *P < 0.05, 
** P < 0.01, compared with the si-NC group or the empty vector group. 
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assays illustrated that PCa cell viability was suppressed 

by down-regulation of CCAT1, which was rescued to 

an almost normal expression level in si-CCAT1+miR-

inhibitor group (Figure 6B). Similarly, the inhibition of 

cell proliferation induced by CCAT1 knockdown was 

alleviated by miR-inhibitor (Figure 6C). Flow 

cytometry results also indicated that the apoptosis rate 

of PCa cells was increased with down-regulation of 

CCAT1 and reactivated after miR-490-3p inhibition 

(Figure 6D). Cell migration and invasion in the si-

CCAT1 group were both suppressed, which was 

retrieved in the si-CCAT1+miR-inhibitor group (Figure 

6E, 6F). Furthermore, CCAT1 down-regulation 

increased the expression of E-cadherin yet decrease N-

cadherin and Vimentin expression, which could be 

retrieved in the si-CCAT1+miR-inhibitor group (Figure 

6G). Therefore, miR-490-3p inhibition could recover 

the effects of CCAT1 suppression in PCa cells. 

 

FRAT1 was directly targeted by miR-490-3p and up-

regulated in PCa tissues and cell lines 
 

Next, we predicted target genes of miR-490-3p using 

TargetScan and miRanda databases. There were 3790 

potential target genes predicted by TargetScan and 1913 

potential target genes predicted by miRanda. 

Furthermore, GSE69223 was employed to analyze the 

differentially expressed genes in PCa, and 208 up-

regulated genes were screened out (Supplementary 

Table 2). Combing the above results, we obtained 7 

potential targets of miR-490-3p, including HMGA2, 

SHANK2, SAMD5, STEAP4, FRAT1, MYO6, and 

KCNC2 (Figure 7A). By detecting their expression in 

the clinical tissue samples, we found that HMGA2, 

SAMD5, FRAT1, and MYO6 were significantly up-

regulated in PCa tissues compared with adjacent normal 

tissues (Figure 7B). Further analysis showed that the 

mRNA expression of HMGA2, SAMD5, and FRAT1 

was significantly down-regulated in PCa cell lines 

transfected with si-CCAT1, whereas MYO6 was not 

affected by the CCAT1 knockdown (Figure 7C, 7D). 

Among the 3 significantly down-regulated genes, 

FRAT1 with the highest change in expression was 

selected as the downstream target of miR-490-3p 

(Figure 7E). Correlation analysis showed that FRAT1 

expression was positively correlated with CCAT1 

expression and negatively correlated with miR-490-3p 

expression (Figure 7F, 7G). Dual-luciferase reporter 

assay verified the targeting relationship between 

CCAT1 and miR-490-3p in both LnCaP and PC3 cell 

 

 
 

Figure 3. Knockdown of CCAT1 up-regulated the expression of E-cadherin, while down-regulated the expression of N-
cadherin and Vimentin. (A) The protein levels of E-cadherin, N-cadherin, and Vimentin in LnCaP and PC3 cells after si-CCAT1 transfection. 
(B) The protein levels of E-cadherin, N-cadherin, and Vimentin in LnCaP and PC3 cells after pcDNA-CCAT1 transfection. *P < 0.05, ** P < 0.01, 
compared with the si-NC group or the empty vector group. 
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lines (Figure 7H). Besides, the results of qRT-PCR and 

western blot analysis showed that mRNA and protein 

expression of FRAT1 were both up-regulated in the two 

PCa cell lines (Figure 7I, 7J). miR-490-3p 

overexpression greatly down-regulated the mRNA and 

protein expression of FRAT1, while down-regulation of 

miR-490-3p resulted in the quite opposite trend (Figure 

7K, 7L). 

 

Suppression of FRAT1 inhibited cell proliferation, 

migration, and invasion in PCa cells 
 

LnCaP and PC3 cells were treated with si-FRAT1 and 

pcDNA-FRAT1 to explore the effects of FRAT1 on 

PCa cells. qRT-PCR and western blot results showed 

that FRAT1 expression was suppressed after 

transfection with si-FRAT1, while up-regulated after 

pcDNA-FRAT1 transfection (Figure 8A). Further 

verification indicated that knockdown of FRAT1 

greatly suppressed cell proliferation, migration and 

invasion, and promoted apoptosis in PCa cell lines 

(Figure 8Bï8F). Conversely, up-regulation of FRAT1 

greatly enhanced cell proliferation, migration, and 

invasion, and inhibited cell apoptosis in PCa cell lines. 

Western blot analysis of the EMT-related proteins 

showed that si-FRAT1 transfection enhanced E-

cadherin expression yet declined N-cadherin and 

Vimentin expression in PCa cells, which was  

quite the opposite with pcDNA-FRAT1 transfection 

(Figure 8G). 

 

 
 

Figure 4. miR-490-3p is directly targeted by CCAT1. (A) Heatmap of the 14 differentially expressed miRNAs between PCa tissues 
and adjacent normal tissues in GSE60117. (B) miR-490-3p was both down-regulated in PCa and targeted by CCAT1. (C) Binding sites of 
CCAT1 and miR-490-3p. (D) Dual-luciferase reporter assay detection of the interaction between CCAT1 and miR-490-3p in LnCaP and 
PC3 cells. (E) miR-490-3p expression in PCa tissues and adjacent normal tissues of 10 clinical samples. miR-490-3p was decreased in 
PCa cells compared to that in the normal prostate tissues. (F) Correlation analysis of CCAT1 expression and miR-490-3p expression in 
PCa tissues. miR-490-3p expression was negatively correlated with CCAT1 level. (G) miR-490-3p expression in RWPE-1, LnCaP, and PC3 
cells. miR-490-3p expression was suppressed in PCa cell lines. *P < 0.05, **P < 0.01, compared with NC mimics group or RWPE-1 
group. 
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Figure 5. miR-490-3p inhibited cell proliferation, migration, and invasion in PCa cells. (A) Transfection efficiency of miR-490-3p 
mimics and inhibitor in LnCaP and PC3 cells. Compared to the NC group, PCa cells treated with miR-mimics had higher miR-490-3p 
expression, while those treated with miR-inhibitor had lower miR-490-3p expression. (B) Cell viability of LnCaP and PC3 cells with different 
treatments. Cell viability was suppressed in miR-mimics group and promoted in the miR-inhibitor group. (C) EdU staining of LnCaP and PC3 
cells with different treatments. Overexpression of miR-490-3p suppressed cell proliferation, while the down-regulation of miR-490-3p 
ǇǊƻƳƻǘŜŘ ŎŜƭƭ ǇǊƻƭƛŦŜǊŀǘƛƻƴ ƛƴ t/ŀ ŎŜƭƭǎΦ {ŎŀƭŜ ōŀǊΥ рл ˃ƳΦ (D) Cell apoptosis detection of LnCaP and PC3 cells with different treatments. 
Overexpression of miR-490-3p induced cell apoptosis in PCa cells, while the down-regulation of miR-490-3p suppressed the cell apoptosis.  
(E, F) Cell migration and invasion of LnCaP and PC3 cells in Transwell assays. miR-490-3p mimics treatment suppressed cell migration and 
invasion while the miR-490-3p inhibitor treatment activated these cell behaviors in PCa cells. (G) miR-490-3p overexpression up-regulated the 
protein expression of E-cadherin yet decreased the protein expression of N-cadherin and Vimentin, while miR-490-3p inhibition showed the 
opposite results. *P < 0.05, **P < 0.01, compared with the NC mimics group; #P < 0.05, ##P < 0.01, compared with the NC inhibitor group. 


