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ABSTRACT

Prostate cancer(PCa)is a prevalent cancerin males,with high incidenceand mortality. Recentstudieshave
shown the crucial role of long non-coding RNA(IncRM\) in PCa.Here, we aimed to explore the functional
roles and inner mechanisns of INCRNA CCAT1in PCacells. gRFPCRresults showed that CCAT1was
upregulatedin PCatissuesand cells. Functionalassaysiemonstratedthat CCAT knockdown suppressedcell
proliferation, migration, invasion yet promoted apoptosis, while CCAT lpromotion showed the opposite
results. We also found that CCAT hegatively regulated miR-490-3p expressionand subsequentlyregulatec
FRAT lexpression.Inhibition of miR-490-3p or up-regulation of FRAT Ireversedthe suppressiveeffects of
CCATXknockdown on the PCacells. In conclusion,CCAT Iregulated FRAT lexpressionthrough miR-490-3p
and then promote the PCacellsproliferation, migration, and invasion, which revealsthe oncogenicfunction
of CCAT1n PCaprogress.

INTRODUCTION

Prostate cancer (PCa) is one tbE most commdg
diagnosed tumors among males, especially in
developing countrie§l]. Approximately 15%of PCa
cases are high risk and could be letf2dl Nowadays,
prostatespecific 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 di#at cancer
screening programs are under research and
development by scientists for better sensitivity and
specificity [316]. In addition, although the success of
radical treatments like prostatectomy and radiotherapy
has been demonstrated in PCa, ther#l sixist
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 micit understanding of
the development of prostate cancer.

Currently, long norcoding RNAs (IncRNA) 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]. LhcRNAs PCA3 (prostate
cancer atigen 3) is proved to contribute to prostate
cancer development by promoting the proliferation
and metastasis of cancer cel[®]. Some other
IncRNAs, such as PCGEM1 (prostate cancer gene
expression marker 1), MALAT1l (metastasis
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associated lung adenocarcma transcriptl), are also
identified as potential novel biomarkers in the
pathogenesis of prostate canfE0]. These oncogenic
IncRNAs, along with their implicated networks, are
considered of great potential as novel biomarkers and
therapeutic targetof future treatment and prevention
of PCa[11].

LncRNA colon cancer associated transcript 1
(CCAT1) is first identified as an oncogene in
colorectal cancer by Nissafi2]. Meanwhile, the
overexpression oECAT1 is described to contribute to
tumor formatim in several malignant cancers of the
digestive system, including colon cancer, esophageal
squamous cell carcinoma, and gastric caft&i16].
However, rols of CCATL1 in other cancer categories
and its complex correlation with numerous cancer
related factors have not been distinct so far. In RCa,
recent research reported that CCAT1 could promote
the migration and invasion of P& cells [17],
indicating its ptential 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 nerpdng
RNAs, have been proved to interact with INCRNASs in
various diseasd49]. 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, miR90-3p and a proto
oncogeneFRAT1 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], ard activation of FRAT1 contributes to several
solidtumor progressiorf22, 23] Hence,a series of
experiments we conductedo explain their interaction
relationshig for in-depth exploration of their functien
on PCa. In addition, existing reseagshsuggest that
miR-490-3p and FRAT1 could exert impacts on the
wn t-¢afenin signaling pathway to induce the
epitheliatmesenchymal transition (EMTih colorectal
cancer (CRC) [24], which helped drive CRC
progression and aggressiveness.

In the current study, verexpressionof CCAT1 was
foundin 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 redated FRAT1 expression by
miR-490-3p, which subsequently regulate the EMT
process and led to PCa progression.

RESULTS

LncRNA CCAT1 was highly expressedin PCa
tissues and cell lines

LncRNA CCAT1 has been reported to be overexpressed
in severalmalignancies of the digestive systewhile

little is known about CCAT1 in PCaHence, the
expression of CCATIn both PCa tissues and adjacent
normal tissuesasd et ect ed wusing qRT
showed that expression of CCAT1 was remarkalpy
regulatel in PCatissues compared with adjacent normal
tissues(Figure 1A). Besidesthe expression of CCAT1
was also significantly upegulated in PCa cellines
(includingLnCaP, DU145, PC3, and 22RV1 cells) when
compared with the normal prostate epithelial dieie
RWPE1 (Figure 1B). Given that LnCaP and PC3
showedhigher CCAT1 expressiorthey were usedor

the following experiments. LncLocator was used to
predict the subcellular localization of CCATand the
results suggested that CCAWAs mainly locatedin the
cytosol (Figure 1C). Subcellular fractionation further
confirmed the cytoplasm location of CCATA LnCaP

and PC3 cells (Figure 1D).

CCAT1 promoted cell proliferation, migration, and
invasion in PCa cells

To explore the effect of CCAT1 in PQalls LnCaP and
PC3 cell lines were firstly transfectedth si-CCAT1 to
suppress the CCAT1 expressionRTgPCR results
showed that si-CCAT1 transfedon greatly down
regulated the expression of CCATRigure 2A) Then,
MTT assays and EdU staining analyisidicated that cell
proliferation was suppressed when CCAT1 was knocked
down (Figure 2B 2C). Besides, the resultef flow
cytometryanalysisdemonstrated that the apoptosis rate of
both LnCaP and PC3 cell lines was remarkably increased
with the downregulaton of CCAT1 (Figure D). Cell
migration and invasion in LnCaP and PC3 cell lines
treated with sCCAT1 were also notably decreased
(Figure 2E 2F). Therefore, knockdown of CCAT1
suppressed the malignant phenotypes of PCa cells.
Conversely, CCAT1 overexpression linCaP and PC3
cell lines showed the opposite results. LnCaP and PC3
cell lines transfected with pcDNBCAT1 showed a
higher CCAT1 expression (Figur@G), resulting in
enhanced cell proliferation (Figu#, 2) and decrased
apoptosis rate (Figur@l). Meanwhile, cell migration and
invasion were promotedith the up-regulation ofCCAT1
(Figure 2K, 2L). Furthermore, as shown iRigure 3A,
knockdown of CCAT1 significantly upegulated the
expression of Eadherin, whilesugpressedhe expression

of N-cadherin and/imentin. By contrast, overexpression
of CCAT1 greatly dowsregulated the expression of E
cadherinwhile upregulated the expression ofdddherin
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and Vimentin (Figure 3B). Taken together, CCAT1
promoted the prolération, migration and invasion in PCa
cells through regulating the EMT process.

MiR -490-3p was directly targeted by CCAT1 and
down-regulated in PCatissues and cell lines

To explore the downstreamargets of CCATL,
GSE60117 s analyzed 14 differentialy expressed
mMiRNAs were sreenedout (Supplementary Table 1),
andmiR-490-3p was the only miRNA that predicted to
be the CCAT1 target (FiguréA, 4B). The potential
binding site was illustrated in FigurdC. Duat
luciferase reporter assay results confidntiee targeting
relationship between CCAT1 and mi®0-3p in LnCaP
and PC3 cell lines (FiguréD). Besides, miFRi90-3p
wasdownregulatedn PCa tissues and cell lines, and its
expression was negatively correlated with CCAT1
expression in PCa tissues (RigdEi 4G).

MiR -490-3p inhibited cell proliferation, migration,
and invasion of PCa cells

To explore the function of miR90-3p in PCa cells,
mMiR-490-3p expression aspromoted or suppresseh
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miR-mimics or miRinhibitor, respectively(Figure5A).
Subsequent determination of cebehaviors was
respectively conducted through MTT detection, EdU
staining, flow cytometrynalysis and Transwell assays.
Results of above experiments demonstrated that up
regulationof miR-490-3p suppressed cell prolifation,
migration, invasion, andromotedapoptosis rate in PCa
cells, while miRinhibitor transfectionexerted opposite
effects (FigurebBi 5F). As shown inFigure 5G miR-
4903p overexpressn upregulated the protein
expression of Eadherin yet decreagethe protein
expression of Ncadherin and Vimentin, which was
quite the opposite withmiR-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 CCAT1l and
miR-490-3p, LnCaP and PC3 cells were transfected
with siCCAT1 or siCCAT1+miRinhibitor. As a
result, miR490-3p expression was notigtenhanced in
si-CCATl-treated PCa cells and reversed with
additional miRinhibitor transfection (FiguréA). MTT
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Figure 1.LncRNA CCAT1 was-tggulated in PCa tissues and cell lings). Scatter diagram of CCAT1 expression intR€zesand
adjacent tissues of 10 clinical samples. CCAT1 expression was generally highetissue€eomparedwith adjacent normal tissues.
(B) CCAT1 expression in human normal prostate epithelial cell line and four human PCa cell lines (LnCaP, Ddid®2aRv3). CCAT1

expression level was remarkably increased in

PCa cell

lines compared with the-1RWEE line. (Q IncLocator

(http://www.csbio.sjtu.edu.cn/bioinf/incLocatoly 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 *Aam<RC31cells.

compared with the normal tissues or cells.
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Figure 2. CCAT1 promoted cell proliferation, migration, and invasion in PCa @¢kSCAT1 expression in LnCaP and PC3 cell lines.
Transfection of sSCCAT1 successfully decreased CCAT1 expression in P(&) Cellsviability of LnCaP and PC3 cells treated witCsor si
CCAT1. CCAT1 inhibition suppressed PCa cells vi&gjlisdU staining in LnCaP and PC3 cells treated witfC sbr sSiCCAT1. CCAT1
inhibition suppressed cell proliferation in PCa c€¥ Cell apoptosis of LnCaP and PC3 cells by flow cytometry detection. PCa cells with lower
CCAT1 expression had higher apoptosis i@&eF) Cell migration and invasion of LnCaP and PC3 cells in Transwell assaysCW@WAR ki
transfection, cell migrationrad invasion in PCa cells were both blockg). CCAT1 expression in LnCaP and PC3 cell lines. Transfection of
pcDNACCAT1 successfully increased CCAT1 expression in PQH)dg#d. viability of LnCaP and PC3 cells treated with empty vector or
pcDNACCA1. CCAT1 overexpression enhanced PCa cell vighilgU staining in LnCaP and PC3 cells treated with empty vector or pcDNA

I 11 emd [/ /1 ¢em 2FSNBELINB&AAZY LINEY2(GSR (JOCR dpopthdNBILACES &dl FCB 28y flowk y  t / |
cytometry detection. PCa cells with higher CCAT1 expression level indicated lower apoptodfs lde€ell migration and invasion of LnCaP

and PC3 cells in Transwell assays. With peDNAT1 transfection, cell migration and invasion in PlGaweere both enhanced.P< 0.05,

**P< .01, compared with the-8IC group or the empty vector group.
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assays illustrated that PCa cell viabilitsas suppressed
by downregulaton of CCAT1, which was recued to

an almost normal exgssion levein siCCAT1+miR-
inhibitor group (FigureeB). Similarly, the inhibition of
cell proliferation induced by CCAT1 knockdown was
alleviated by miRinhibitor (Figure 6C). Flow
cytometry results also indicated that the apoptosis rate
of PCa cellswas increased with dowregulation of
CCAT1 and reactivated after mi#00-3p inhibition
(Figure 6D). Cell migration and invasion in the-si
CCAT1 group were both suppressed, which was
retrieved in the sCCAT1+miRinhibitor group (Figure
6E, 6F). Furtherm@ CCAT1l downregulation
increasd the expression of fadherin yet decrease N
cadherin andVimentin expression, which could be
retrieved inthe stCCAT1+miRinhibitor group(Figure
6G). Therefore, miR490-3p inhibition could recover
the effects of CCAT1lwgppression 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 rRiB0-3p using
TargetScan and miRanda databaSéwere were 3790
potential taget genepredicted by TargetScan and 1913

potential target genespredicted 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). Combinghe above results, we obtained 7
potential targets of mi90-3p, including HMGA2,
SHANK2, SAMD5, STEAP4, FRAT1l, MYO6, and
KCNC2 (Figure 7A). By detecting their expression in
the clinical tissue samples, we found that HMGAZ2,
SAMD5, FRAT1, and MYO6 were sigicantly up
regulated in PCa tissues compared with adjacent normal
tissues (Figure 7B). Further analysis showed that the
mMRNA expression of HMGA2, SAMD5, and FRAT1
was significantly dowsregulated in PCa cell lines
transfected with sCCAT1, whereas MYO6wvas not
affected by the CCAT1 knockdown (Figure 7C, 7D).
Among the 3 significantly downregulated genes,
FRAT1 with the highest change in expression was
selected as the downstreatarget of miR490-3p
(Figure 7B. Correlation analysis showed that FRAT1
expession was positively correlated with CCAT1
expression and negatively correlated with #i80-3p
expression (Figure/F, 7G) Duakluciferase reporter
assay verified the targeting relationship between
CCAT1 and miR490-3p in both LnCaP and PC3 cell
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Figure 3. Knockdown of CCAT1 wpegulated the expression of -BEadherin, while downregulated the expression of N
cadherin and Vimentin(A) Theprotein levels of Ecadherin, Ncadherin andVimentinin LnCaP and PC3 celfter st=CCAT1 transfection.
(B) Theprotein levels of Ecadherin, Ncadherin and Vimentinin LnCaP and PC3 celfter pcDNACCAT1 transfectioiP < 0.05* P< 0.01,

compared with the sNC group or the empty vector group.
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lines (Figure7H). Besidesthe resuts of gRFPCR and that FRAT1 expression was suppressed after

western blot analysis showed thaRNA and protein transfection with sFRAT1, while up-regulated after
expression of FRAT1 were both-upgulated in the two pcDNA-FRAT1 transfection (Figure8A). Further
PCa cell lines (Figure 71, 7J). miR-490-3p verification indicated that knockdowrof FRAT1
overexpressiomgreatly downregulated the mRNA and greatly suppressedell proliferation, migration and
protein expression of FRAT1, while doweagulation of invasion and promoted apoptosis in PCa cell lines
miR-490-3p resulted inthe quite opposite tren@Figure (Figure 8Bi 8F). Converselyup-regulation of FRAT1
7K, 7). greatly enhanceccell proliferation, migration, and
invasion and inhibited cell apoptosis in PCa ceatlds
Suppression of FRAT1 inhibited cell proliferation, Western blotanalysis of the EMTrelated proteins
migration, and invasion in PCa cells showed thatsi-FRAT1 transfection enhanced E
cadherin expressionyet declined Ncadherin and
LnCaP and PC3 cells were treated wittFRIAT1 and Vimentin expression in PCa cells which was
pcDNA-FRAT1 to explore the effestof FRAT1 on quite the opposite with pcDNARAT1 transfection
PCa cells. gRIPCR and western blaoesuls showed (Figure8G).
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Figured. miR-490-3p is directly targeted by CCAT{A) Heatmap of the 14 differentially expressed miRNAs between PCa tissues
and adjacent normal tissues GSE60117B) miR490-3p was both dowrregulated in PCa and targeted by CCAT/LBinding sites of
CCAT1 and miR90-3p. (D) Duatuciferase reporter assay detection of the interaction between CCAT1 andl®@Rp in LnCaP and
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Figure 5.miR-490-3p inhibited cell proliferation, migration, and invasion in PCa cell8) Transfection efficiency of mi&90-3p
mimics and inhibitor in LnCaP and PC3 cells. Compared to the NC group, PCa cells treated-mithianiRad higher mi890-3p
expression, whilehose treated with miRnhibitor had lower miRI90-3p expression(B) Cell viability of LnCaP and PC3 cells with different
treatments. Cell viability was suppressed in fmiRnics group and promoted in the miBhibitor group.(Q EdU staining of LnCaP aR@€3
cells with different treatments. Overexpression of riB0-3p suppressed cell proliferation, while the dowegulation of miRI90-3p
LINEY2GSR OSfft LINRfATSNI G IDpeel dpoptosis MdétectiGhSf LinGa® anfl PE3fcdls Vildralitifeatments. > Y ®
Overexpression of mi&30-3p induced cell apoptosis in PCa cells, while the dmgulation of miRI90-3p suppressed the cell apoptosis.
(E B Cell migration and invasion of LnCaP and PC3 cells in Transwell assa&0-BpiRnimics teatment suppressed cell migration and
invasion while the miR90-3p inhibitor treatment activated these cell behaviors in PCa ¢&JsniR490-3p overexpression upegulated the
protein expression of Eadherin yet decreased the protein expression efddherin and Vimentin, while m#90-3p inhibition showed the
opposite results. P< 0.05, *P< 0.01, compared with the NC mimics group<#0.05, ##< 0.01, compared with the NC inhibitor group.
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