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Background: Prostate cancer (PCa) is a common malignant tumor in men. IncRNA ZFAS1
plays a carcinogenic role in many types of cancer; however, its potential role in PCa remains
unclear. The current study aimed to determine the expression and function of ZFAS1 in PC.
Methods: The ZFAS1 expression in PC tissues and cells was determined by quantitative
polymerase chain reaction (QPCR). SiZFAS1, miR-135a-5p mimic and miR-135a-5p inhi-
bitor were transfected into PCa cells. The direct target of ZFAS1 was predicted by Starbase
and verified by dual-luciferase reporter. Cell viability, proliferation, apoptosis, migration and
invasion of the PCa cells were determined by cell counting kit-8, clone formation assay, flow
cytometer, scratch and Transwell assay, respectively. The expression levels of related pro-
teins and mRNAs were determined by Western blotting and qPCR.

Results: ZFAS1 expression was up-regulated in PCa cells and tissues. ZFAS1 could competi-
tively bind to miR-135a-5p in PCa cells, and down-regulation of ZFASI inhibited cell viability,
proliferation, migration, invasion of PCa cells and the occurrence of epithelial-mesenchymal
transformation (EMT) and promoted apoptosis of PCa cells and increased the miR-135a-5p
expression. Moreover, the function of miR-135a-5p mimic in PCa cells was consistent with
ZFAS1 knockdown, while the function of miR-135a-5p inhibitor was opposite to that of miR-
135a-5p mimic in PCa cells. The results showed that knocking down ZFAS1 could attenuate the
effects of miR-135a-5p inhibitor on cell proliferation, invasion and EMT of PCa cells.
Conclusion: Knocking down ZFAS1 could inhibit the proliferation, invasion and metastasis
of PCa cells through regulating miR-135a-5p expression.

Keywords: IncRNA ZFASI, prostate cancer, miR-135a-5p, epithelial-mesenchymal transition

Introduction

Morbidity and mortality of prostate cancer (PCa) are increasing'; however, obstacles
still remain in clinical diagnosis and treatment of PCa due to its unspecific early
symptoms and complex pathogenesis.”* More importantly, many patients are at
advanced PCa stage of development when diagnosed, thus resulting in poor prognosis
for patients with the disease™®; moreover, PCa patients also suffer from fractures,
severe pain and other complications.””” Thus, early diagnosis and intervention of PCa
could reduce suffering to patients and improve therapeutic effects. The discovery of
molecular biology indicators specific to PCa and possible molecular biological
mechanisms may improve the prevention and early diagnosis of PCa.'%!!

Long non-coding RNAs (IncRNAs) are RNAs with structural characteristics of

mRNAs in their cytoplasms or nuclei, but do not have protein-coding function.'*"?
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Recent studies showed that abnormally expressed IncRNAs
contribute to the pathogenesis of a variety of diseases includ-
ing cancers.'*'® Similarly, IncRNAs, such as SChLAP1,"”
NEAT1,'® and HOTTIP,'® have been found to play critical
roles in the development of PCa. Zinc finger antisense |
(ZFAS1) is a member of IncRNA family associated with
cancer,’ and IncRNA ZFASI
a tumorigenic role in stomach cancer,”' glioma,?* nasophar-

is reported to play

yngeal carcinoma® and colorectal cancer.’* At present, the
specific role of ZFAS1 in PCa is not clear, the role of ZFAS1
has been recognized. Thus, the current study investigated the
role of ZFASI in the growth and metastasis of PCa cells,
aiming to improve the current understanding and clinical
diagnosis of PCa.

Materials and Methods

Patient Samples

Cancer tissues and paired adjacent tissues were obtained
from PCa patients (n=30) who received surgical resection
at the Second Affiliated Hospital of Guilin Medical
University. All patients were diagnosed as having PCa by
postoperative pathology diagnosis. The patients did not
receive radiotherapy or chemotherapy prior to the surgery.
The collected cancer tissues and paired adjacent tissues were
immediately frozen in liquid nitrogen before use. The study
was approved by the Ethics Committee of the Second
Affiliated Hospital of Guilin Medical University, and written
informed consent was obtained from the patients.

Cell Culture

Human normal prostate epithelial cell line RWPE-1 and PC
cell lines, PC3, DU145, 22RV1 and LNCAP were purchased
from American Type Culture Collection (ATCC, http://
www.atcc.org/). The cell lines were cultured in RPMI-
1640 medium (Gibco, USA) containing 10% fetal bovine
serum (FBS, Gibco, USA) and 1% penicillin/streptomycin
solution in a humidified incubator at 37°C with 5% CO.,.

Transfection

miR-135a-5p mimic (M), miR-135a-5p inhibitor (I), miR-
135a-5p mimic control (MC) and miR-135a-5p inhibitor
control (IC) were synthesized by Ribobio (Guangzhou,
Guangdong, China). Small interfering RNA (siRNA) against
IncRNA ZFAS1 (siZFAS1) and negative control siRNA
(siNC) was synthesized by GenePharma Co., Ltd. (China).
To investigate the effects of mir-135a-5p and ZFASI on the
proliferation and metastasis of PCa cells, the cells were

divided into five groups, namely, MC group (PCa cells
transfected with MC), M group (PCa cells transfected
with M), IC group (PCa cells transfected with IC and
siNC), I group (PCa cells transfected with I and siNC),
and siZFAS1+ 1 group (PCa cells transfected with 1 and
siZFAS1). Briefly, according to the manufacturer’s protocol
of Lipofectamine 2000 Transfection Reagent (Invitrogen,
Carlsbad, CA, USA), OPTIM-MEM medium was used to
dilute the miR-135a-5p products and Lipofectamine 2000
solution, respectively. Then, diluted Lipofectamine 2000
was mixed with diluted miR-135a-5p products to generate
transfection reagent mixtures. The cells (at 5x107 cells/well)
were inoculated into a 96-well plate and, respectively, trans-
fected with M (50 nM), I (50 nM), MC (50 nM) and IC (50
nM), siZFAS1 (50 nM) and siNC (50 nM) on the next day.
The transfection reagent mixture was then added into the
cells, incubated together in an incubator at 37°C with 5%
CO, for 48 h and then collected. The sequences are listed in
Table 1.

Cell Counting Kit-8 (CCK-8)
Cell viability was determined by CCK-8. The transfected
cells were seeded into 96-well plates at 5x10° cells/well,
and incubated for 24 h, 48 h and 72 h with 5% CO, at 37°C.
Next, CCK-8 reagent was added into the wells containing
treated cells and cultured for another 2 h. The absorbance
was measured at OD 450 nm using a microplate (Model
680, Bio-Rad, Hercules, CA, USA).

Clone Formation Assay

Briefly, transfected cells were seeded into 6-well plates,
and cultured in medium containing 10% FBS for 14 days
at 37°C with 5% CO,, and the medium was refreshed
every 2-3 days. The cells were fixed by 4% methanol
and stained by 0.1% crystal violet, and stained colonies

Table |1 The Sequences Used for Transfection

Name Primer: 5'-3’
siNC AATTCACTCCAAGTCTCTTCC
siZFAS| CCCTGTGCTTTCATGAAAGTGAAGA

miR-135a-5p mimic UUUGUACUACACAAAAGUACUG
control
UAUGGCUUUUUAUUCCUAUGUGA

CAGUACUUUUGUGUAGUACAA

miR-135a-5p mimic
miR-135a-5p inhibitor
control

miR-135a-5p inhibitor UCACAUAGGAAUAAAAAGCCAUA

Abbreviations: siZFASI, small interfering RNA (siRNA) against IncRNA ZFAS|;
siNC, negative control siRNA.
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were counted under an inverted microscope (Eclipse
TS100, Nikon, Japan).

Cell Apoptosis

Transfected cells were harvested, cultured for 48 h, digested
by trypsin, and then centrifuged (at 1000xg for 5 min) and
precipitated at room temperature. After the supernatant was
discarded, the cells were suspended in binding buffer, and co-
stained by Annexin V-FITC and propidium iodide for 15 min
according to the instructions of Annexin V-FITC Apoptosis
Detection kit (KeyGEN, Shanghai, China). Next, cell apopto-
sis was detected by FACSCalibur flow cytometer of BD (BD
Biosciences, USA).

Scratch Assay

Transfected cells were seeded at a density of 5x10° (cells/
mL) into a 24-well plate, scratches were created using
a sterilized pipette tip, and the floating cells were removed
by phosphate-buffered saline (PBS). After incubation for 0
and 48 h at 37°C with 5% CO, in an incubator, the images
were captured under an inverted microscope (Eclipse TS100,
Nikon, Japan), and migrated distance was calculated using
ImageJ-1.38x software (National Institutes of Health, USA).

Transwell Assay

Transfected cells (5x10° cells/mL) suspended in proper
free-serum RPMI-1640 medium were seeded into upper
chambers (8 wm pore size, Millipore, Billerica, MA, USA)
coated with Matrigel, while in the lower chambers, the
medium containing 10% FBS served as a chemotaxis fac-
tor. After incubation for 48 h, unmigrated cells were
removed using wet cotton swabs, while invaded cells
were fixed by methanol and stained by 0.2% crystal violet
and air-dried. Invaded cells were calculated under an
inverted microscope (Eclipse TS100, Nikon, Japan).

Dual-Luciferase Reporter Assay
miRNAs targeted by ZFAS1 and their binding regions
were predicted by StarBase (http://starbase.sysu.edu.cn/

index.php). The luciferase reporter vectors containing the

Table 2 The Primers Used for qPCR

3'-UTR sequences of ZFASI1, wild-type ZFAS1 3'-UTR
(ZFAS1-WT) and the mutant 3'-UTR (ZFAS1-MUT) were
synthesized by Shanghai GenePharma Co., Ltd., China).
ZFAS1-WT and ZFAS1-MUT were inserted into pMIR-
(AMS5795,
Waltham, MA, USA) containing a firefly luciferase gene.
pRL-TK (E2241, Promega, Fitchburg, WI, USA), which
contains a renilla luciferase gene, served as an internal

report miRNA plasmid ThermoFisher,

control. The cells were co-transfected with miR-135a-5p
mimic control (20 nM), miR-135a-5p mimic (20 nM) and
reporter plasmids ZFAS1-WT (50 ng) and ZFAS1-MUT
(50 ng) using Lipofectamine 2000 Transfection Reagent
(Invitrogen). Next, 48 h after the transfection, the cells
were harvested for luciferase detection, and the luciferase
activities were measured by dual-luciferase reporter assay
system (Promega Corp) following the manufacturer’
instructions. The firefly luciferase activity was normalized
against renilla luciferase activity.

Quantitative Polymerase Chain Reaction
(qPCR)

Total RNAs from PC tissues and cells were extracted using
Trizol reagent (Invitrogen). NanoDrop 2000 (Thermo Fisher
Scientific, USA) was used to determine the purity and con-
centration of RNAs. CDNAs were obtained by reverse tran-
scription from RNAs (2 pg) using a PrimeScript RT Master
Mix kit (Takara, China). PCR reaction was performed in an
Mx3005P QPCR System (Stratagene, USA) using SYBR
miRNA detection assay (Takara, China). The reaction was
set at 94°C for 5 min, at 94°C for 15 s, at 60°C for 60 s for
40 cycles. The expression level of each gene was calculated by
the 2 24T method.”> U6 and GAPDH served reference genes
and the sequences of primers are listed in Table 2.

Western Blot

Total proteins were extracted from the cells using RIPA
buffer (Beyotime, China) and protein concentration was
determined using a Bio-rad DC Assay kit (Hercules, USA).
Equal amounts of protein (20 pg) were separated on 10%
SDS-PAGE (Invitrogen) and electroblotted onto a PVDF

Name Forward Primer: 5'-3' Reverse Primer: 5'-3'

ZFAS| ACGTGCAGACATCTACAACCT TACTTCCAACACCCGCAT

miR-135a-5p TGTGAGTCGTATCCAGTGCAA GTATCCAGTGCGTGTCGTGG

(0] CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

GAPDH GGGAGCCAAAAGGGTCAT GAGTCCTTCCACGATACCAA
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membrane (Merck, Germany), which was then blocked by
5% mnon-fat milk for 1 h and further incubated with
E-cadherin (E-Cad, Cat#14472, 1:1000, CST, USA),
N-Cadherin (N-Cad, Cat #14215, 1:1000, CST, USA),
Snail (ab53519, 1:1000, Abcam, Cambridge, MA, USA),
and GAPDH (ab8245, 1:2000, Cambridge, MA, Abcam)
overnight at 4°C. Secondary antibodies (donkey anti-goat
IgG H&L (HRP) (ab205723, 1:2000, Cambridge, MA,
Abcam) or goat anti-mouse IgG H&L (HRP) (ab205719,
1:2000, Cambridge, MA, Abcam)) were incubated with the
membrane for 2 h. The membrane was developed by ECL
chemiluminescence (Thermo Scientific, USA) and Band
Scan 5.0 system (Bio-Rad). GAPDH served as an internal
reference.

Statistical Analysis

The experiments were conducted in triplicate. The data
were shown as mean #standard deviation (SD), and the
differences were evaluated by student’s tests or one-way
ANOVA and processed by SPSS 20.0 system (SPSS Inc.,
USA). A P value less than 0.05 was considered as statis-
tically significant.

Results
ZFAS| Was Increased in PCa Tissues and
Cell Lines

The results of qPCR showed increased expression of
ZFAS1 in PC tissues (Figure 1A, P<0.05). Expression of
ZFAS1 was also determined by qPCR in RWPE-1 cell line
and four PC cell lines, compared with RWPE-1 cells, it
was found that the expression of ZFAS1 in PC cell lines
was greatly up-regulated (Figure 1B, P<0.05). In PC cell
lines, ZFAS1 was high-expressed in PC3 and DU145 cells,
therefore PC3 and DU145 cells were selected to be used in

later experiments.

Proliferation, Migration, Invasion and

Epithelial-Mesenchymal Transformation
(EMT) of PCa Cells Were Inhibited by

siZFASI, While Apoptosis Was Increased
To study the biological role of ZFAS1 in PCa cells, the
ZFAS1 siRNA was transfected into PC3 and DU145 cells,
and the transfection efficiency of siZFAS1 was determined
by qPCR. The data revealed that the ZFASI levels in PC3
(Figure 1C) and DU145 (Figure 1D) cells were reduced

(P<0.05), suggesting that the ZFAS1 expression was suc-
cessfully down-regulated in PC3 and DU145 cells.

Furthermore, functional experiments were performed to
investigate the role of ZFASI1 in proliferation and invasion
of PCa cells. CCK-8 analysis demonstrated that the cell
viabilities of PC3 (Figure 1E) and DU145 (Figure 1F)
transfected with siZFAS1 were lower than that of cells
without siZFAS1 transfection (P<0.05). Moreover, com-
pared with blank, the results of clone formation assay
revealed that the colony numbers of PC3 (Figure 1G) and
DU145 (Figure 1H) cells were significantly reduced after
knocking down ZFAS1 (P<0.05).

Subsequently, apoptosis was determined by flow cyto-
metry to investigate whether ZFAS1 affects cell apoptosis,
and we found that apoptosis rates of PC3 (Figure 2A) and
DU145 (Figure 2B) cells were increased in siZFAS1 group
as compared with blank group (P<0.05). Furthermore, the
results from scratch assay and Transwell assay showed
that knocking down ZFAS1 in PC3 and DU145 cells
significantly shortened the migration distance (Figure 2C
and D) and reduced invasion (Figure 3A and B) of PCa
cells compared with blank group (P<0.05).

To determine the EMT transformation of PCa cancer
cells, Western blotting was performed. The data demon-
strated that compared with blank group, the E-cad level
was increased significantly in PC3 (Figure 3C) and DU145
(Figure 3D) cells transfected with siZFAS1 (P<0.05),
whereas the levels of N-Cad and Snail were reduced in
the cells transfected with siZFAS1 (P<0.05).

The above results indicated that knocking down
ZFAS]1 expression could inhibit the proliferation, migra-
tion and invasion of PCa cells and EMT, whereas knock-
ing down ZFAS1 expression promotes cell apoptosis.

ZFAS| Bound to miR-135a-5p in PC Cell

Lines

The interaction of ZFAS1 with miR-135a-5p in nasopharyn-
geal carcinoma has been reported.® As shown in Figure 4A,
StarBase predicted that there were potential binding sites
between ZFAS1 and miR-135a-5p, suggesting that miR-
135a-5p may be a potential target of ZFASI. Next, miR-
135a-5p mimic, ZFAS1-WT and ZFAS1-MUT were, respec-
tively, transfected into PC3 and DU145 cells. Dual-luciferase
assay showed that the luciferase activity of ZFASI-WT in
PC3 (Figure 4B) and DU145 (Figure 4C) cells was signifi-
cantly inhibited by miR-135a-5p mimic (P<0.05), while that
of ZFAS1-MUT was not affected (P>0.05). In addition, the
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Figure | Expression and effect of long non-coding RNA zinc finger antisense | (IncRNA ZFASI) in prostate cancer (PCa) tissues and cell lines. (A) Expression of ZFASI in
tissues from patients with PCa, quantitative polymerase chain reaction (QPCR) was performed. (B) Expression of ZFASI in RWPE-| cells and different PCa cell lines (PC3,
DUI145, 22RVI and LNCAP) was detected by qPCR. (C) The siRNA (siZFASI) was used to construct ZFAS| knockdown PC3 cells, and the knockdown efficiency was
detected by qPCR. (D) The siRNA was used to construct ZFAS| knockdown DU145 cells, and the knockdown efficiency was detected by qPCR. (E) Cell counting kit-8 kit
(CCK-8) assay showed that siZFASI inhibited cell viability of PC3 cells. (F) CCK-8 assay showed that siZFAS| inhibited cell viability of DU145 cells. (G) Clone formation
assay showed that siZFAS| decreased colony number of PC3 cells. (H) Clone formation assay showed that siZFAS| decreased colony number of DU145 cells. *P<0.01 vs
RWPE-|; *P<0.05 vs siNC, **P<0.01 vs siNC.
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Figure 2 siZFAS| regulated apoptosis and migration of PCa cells. (A) Flow cytometry showed that PC3 cells transfected with siZFASI increased apoptosis rate. (B) Flow
cytometry showed that DU45 cells transfected with siZFAS| increased apoptosis rate. (C) Inhibition of siZFAS| on the migration of PC3 cells was observed by scratch

assay. (D) Inhibition of siZFAS| on the migration of DU145 cells was observed by scratch assay. **P<0.01 vs siNC.
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Figure 3 siZFAS| regulated invasion of PCa cells and expressions of epithelial-mesenchymal transformation (EMT)-related proteins. (A) Inhibition of siZFASI on the
invasion of PC3 cells was observed by Transwell assay. (B) Inhibition of siZFAS| on the invasion of DUI45 cells was observed by Transwell assay. (C) Western blotting
results indicated that siZFAS| down-regulated the expressions of N-cadherin and Snail, and up-regulated the E-cadherin expression of PC3 cells. (D) Western blotting
results indicated that siZFAS| down-regulated the N-cadherin and Snail expressions, and up-regulated the E-cadherin expression of DU145 cells. **P<0.01 vs siNC.
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Figure 4 The relationship between ZFAS| and miR-135a-5p. (A) StarBase predicted that ZFASI could bind to miR-135a-5p. (B) Dual-luciferase assay on PC3 cells co-
transfected with ZFASI-WT and miR-135a-5p mimic. (C) Dual-luciferase assay on DU145 cells co-transfected with ZFASI-WT and miR-135a-5p mimic. (D) Expression of
miR-135a-5p in tissues from patients with PC, quantitative polymerase chain reaction (qQPCR) was performed. (E) Expression of miR-135a-5p in RWPE-| cells and different
PCa cell lines (PC3, DU145, 22RVI and LNCAP) was detected by qPCR. (F) siZFAS| up-regulated the miR-135a-5p expression of PC3 cells, as detected by qPCR. (G)
SiZFAS| up-regulated the miR-135a-5p expression of DU145 cells, as detected by qPCR. *P<0.01 vs Blank; **P<0.01 vs siNC; “"P<0.01 vs RWPE-I.
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expression of miR-135a-5p in PCa tissues and cell lines were
detected by qRT-PCR. The result showed that miR-135a-5p
expression was lower in PCa tissues than that in normal
tissues, and miR-135a-5p was low-expressed in PCa cell
lines (Figure 4D and E, P<0.01). We also measured the
miR-135a-5p expression in PCa cell lines after the transfec-
tion with siZFAS1, the results from qPCR showed that miR-
135a-5p level was up-regulated in siZFAS1 group compared
with blank group (Figure 4F and G, P<0.01). Thus, these data
indicated that miR-135a-5p could specifically bind to
ZFAS1.

SiZFAS| May Regulate Progression of
PCa Cells Through Mediating miR-135a-

5p Expression

To better understand the regulatory relationship between
ZFAS1 and miR-135a-5p in PCa cell lines, PC3 and
DU145 cells were transfected with siZFAS1 and miR-135a-
5p mimic/inhibitor, and qPCR was performed to detect the
miR-135a-5p expression. As shown in Figure 5A and B,
miR-135a-5p level was increased in PC3 and DU145 cells
transfected with miR-135a-5p mimic (P<0.05), while the
level of miR-135a-5p was reduced in cells transfected with
miR-135a-5p inhibitor (P<0.05). Moreover, the level of miR-
135a-5p was higher in cells transfected with siZFAS1 and
miR-135a-5p inhibitor than that in I group (P<0.05).
Therefore, these results suggested that miR-135a-5p expres-
sion has been successfully regulated in PCa cells.

The data from CCK-8 and clone formation assay showed
that compared with the cells treated by miR-135a-5p mimic/
inhibitor control, miR-135a-5p mimic inhibited cell viability
(Figure 5C and D) and reduced colony numbers (Figure SE-H)
of PC3 and DU14S5 cells (P<0.05), while miR-135a-5p inhi-
bitor increased the cell viability and colony numbers (P<0.05).
However, silencing ZFAS1 reduced the viability and colony
numbers of PC3 and DU145 cells previously increased by
miR-135a-5p inhibitor (P<0.05).

Flow cytometry was performed to detect cell apoptosis,
and we found that the apoptosis rates of PC3 (Figure 6A) and
DU145 (Figure 6B) cells were increased by miR-135a-5p
mimic but reduced by miR-135a-5p inhibitor (P<0.05). In
the siZFAS1+I group, the apoptosis rates were higher than
that in I group (P<0.05). Scratch assay and Transwell assay
were carried out for the detection of migration and invasion,
and migration distance (Figure 6C and D) and invasion rates
(Figure 7A and B) were obviously reduced in the cells treated
by miR-135a-5p mimic as compared with MC group

(P<0.05). However, compared with IC group, the cell migra-
tion distance (Figure 6C and D) and invasion rates (Figure 7A
and B) of the cells treated by miR-135a-5p inhibitor were up-
regulated, while siZFAS1 partially reversed the effects of miR-
135a-5p inhibitor on the migration and invasion (P<0.05).

Expressions of EMT-related marks were detected by
Western blotting in PC3 and DU145 cells, and we found
increased E-cad expression (Figure 7C and D) and decreased
N-Cad (Figure 7C and D) and Snail (Figure 7C and D)
expressions in the cells transfected with miR-135a-5p
mimic (P<0.05). Moreover, the results showed that the
E-cad level was down-regulated and the levels of N-Cad
and Snail were up-regulated in I group compared with IC
group (P<0.05), moreover, knocking down ZFAS1 expres-
sion significantly reversed the role of miR-135a-5p inhibitor
in the expressions of EMT-related marks.

It could be concluded that miR-135a-5p mimic inhib-
ited proliferation, invasion and EMT transformation of
PCa cancer cells and promoted apoptosis, and the effects
of miR-135a-5p mimic were similar to those of siZFASI.
Moreover, the effect of miR-135a-5p inhibitor on PCa
cancer cells was the opposite from those of miR-135a-5p
mimic. It was also predicted that miR-135a-5p was the
target gene of ZFASI, and siZFASI partially reversed the
role of miR-135a-5p inhibitor in PCa cells.

Discussion

PCa s one of the most common malignant tumors in the male
reproductive and urinary system.”® A recent study demon-
strated that IncRNAs are also involved in the occurrence of
PCa, and Zhu et al*’ found that IncRNA H19 inhibits the
metastasis of PCa through targeting miR-675 and TGFBL
Moreover, Shi et al suggested that IncRNA APP promotes
PCa development through competitively binding to miR-
218.2% A study has reported that ZFASI and GASS5 are the
prognostic markers involved in translation targeted by miR-
940 in PCa.?® In the current study, we detected ZFASI
expression in clinical PCa samples, and found that the
ZFAS]1 expression level was increased in PCa tissues and
its level was also increased in PCa cell lines, including in
22RV1, DUI145, LNCAP and PC3, suggesting that ZFASI
functioned in PCa.

Cell growth and apoptosis are important biological pro-
cesses for tissues and cells to maintain stability and balance
of internal environment.**>! However, once the stability and
balance are disrupted, the proliferation ability and growth
rate of tumor cells will be greatly increased, leading to the
occurrence of malignant tumors.**** For in vitro experiment,
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Figure 5 Effects of miR-135a-5p and siZFAS| on PCa cells. (A) PC3 cells were transfected with miR-135a-5p mimic (M), miR-135a-5p mimic control (MC), miR-135a-5p
inhibitor (I), miR-135a-5p inhibitor control (IC) or siZFASI, transfection efficiency was detected by qPCR. (B) DU145 cells were transfected with miR-135a-5p mimic (M),
miR-135a-5p mimic control (MC), miR-135a-5p inhibitor (), miR-135a-5p inhibitor control (IC) or siZFASI, transfection efficiency was detected by qPCR. (C) CCK-8 assay
showed that miR-135a-5p mimic decreased cell viability of PC3 cells, miR-135a-5p inhibitor increased cell viability, and siZFAS| partially reversed the miR-135a-5p inhibitor
effect. (D) CCK-8 assay showed that miR-135a-5p mimic decreased cell viability of DU 145 cells, miR-135a-5p inhibitor increased cell viability, and siZFAS| partially reversed
the miR-135a-5p inhibitor effect. (E) The images of the clone formation assay of PC3 cell. (F) The images of the clone formation assay of DU 145 cell. (G) Clone formation
assay showed that miR-135a-5p mimic decreased colony number of PC3 cells, miR-135a-5p inhibitor increased colony number, and siZFAS| partially reversed the miR-135a-
5p inhibitor effect. (H) Clone formation assay showed that miR-135a-5p mimic decreased colony number of DU145 cells, miR-135a-5p inhibitor increased colony number,
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Figure 6 Effects of miR-135a-5p and siZFAS| on PCa cell apoptosis and migration. (A) Flow cytometry showed that miR- | 35a-5p mimic promoted apoptosis of PC3 cells, miR-135a-5p
inhibitor inhibited apoptosis, and siZFAS| partially reversed the effect by miR-135a-5p inhibitor. (B) Flow cytometry showed that miR-|35a-5p mimic promoted apoptosis of DU 145 cells,
miR- 35a-5p inhibitor inhibited apoptosis, and siZFAS| partially reversed the effect by miR- I 35a-5p inhibitor: (C) Scratch assay showed that miR-135a-5p mimic decreased migration of PC3
cells, miR-135a-5p inhibitor increased migration, and siZFAS| partially reversed the effect by miR-135a-5p inhibitor. (D) Scratch assay showed that miR-135a-5p mimic decreased migration
of DU145 cells, miR-|35a-5p inhibitor increased migration, and siZFAS| partially reversed the effect by miR-135a-5p inhibitor. #P<0.01 vs MC; #P<0.05 vs IC, #P<0.01 vs IC; "P<0.01 vs .

the present study successfully established the PC3 and
DU145 cell lines with ZFAS1 knockdown using siRNA,
and among the four PCa cell lines, ZFAS1 had the highest
level in PC3 and DU145 cells. On such a basis, experiments

on tumor biological phenotypes confirmed that the down-
regulation of ZFASI had significant effects on DU145 and
PC3 cell lines, as it inhibited the proliferation and invasion of
PCa cells and promoted cell apoptosis. Such findings suggest
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Figure 7 Effects of miR-135a-5p and siZFAS| on PCa cell invasion and the EMT-related protein expressions. (A) Inhibition of miR-135a-5p mimic on the invasion of PC3
cells was observed by Transwell assay, and miR-135a-5p inhibitor promoted invasion, siZFAS| partially reversed the effect by miR-135a-5p inhibitor. (B) Inhibition of miR-
135a-5p mimic on the invasion of DU145 cells was observed by Transwell assay, and miR-135a-5p inhibitor promoted invasion, siZFAS| partially reversed the effect by miR-
135a-5p inhibitor. (C) Western blotting results indicated that miR-135a-5p mimic inhibited the occurrence of EMT on PC3 cells, miR-135a-5p inhibitor promoted EMT, and
siZFAS| partially reversed the effect by miR-135a-5p inhibitor. (D) Western blotting results indicated that miR-135a-5p mimic inhibited the occurrence of EMT on DU145
cells, miR-135a-5p inhibitor promoted EMT, and siZFAS| partially reversed the effect by miR-135a-5p inhibitor. **P<0.01 vs MC; #P<0.01 vs IC; “"P<0.01 vs I.
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that high expression of ZFAS] in PCa cells may promote the
growth of PCa cells.

Malignant progression and distant metastasis of tumor
are a complex process during which multiple factors and
biological changes are involved. Epithelial-mesenchymal
transformation (EMT) is considered as a prerequisite for
distant metastasis of tumor,** and through EMT, cancer
cells become more aggressive and gain greater metastasis
ability.*>>7 Previous studies suggested that ZFASI is
involved in EMT and plays a critical role during distant
metastasis of cancer.*®>° Here, we found that silencing of
ZFAS]1 up-regulated the E-cad level and down-regulated
the levels of N-cad and Snail. E-cad is a marker related to
epithelial cells, and its reduction and loss indicate changes
in EMT. Meanwhile, Snail could suppress the E-cad level,
and high expressions of Snail and N-cad are often predic-
tive of the occurrence of EMT.***' This study further
verified the effect of high-expressed ZFAS1 on promoting
malignant progression and distant metastasis of PCa.

Though the specific mechanisms through which IncRNAs
realize their functions in cells and tissues are different, it
involves the interaction with their target proteins, DNA, and
sometimes other IncRNAs.** In addition, IncRNAs can act as
cRNAs to function as miRNA sponges and inhibit the degra-
dation effect of miRNAs on their target gene RNAs.* In
rheumatoid arthritis-fibroblast-like synoviocytes, research
found that ZFAS1 could directly interact with miR-27a and
reduce the expression of miR-27a, thereby regulating cell
migration and invasion.** ZFAS1 is considered as an oncogene
in colorectal cancer occurrence, and it interacts with miR-484
as a sponge.”* Cui et al reported that ZFAS1 promoted the
tumorigenesis of PCa by regulating c-Myc expression via
a regulatory network of competing endogenous RNAs.*> To
further explore the mechanism of ZFASI in PCa cells, we
found that there were binding sites between ZFAS1 and miR-
135a-5p, and ZFAS| directly bound to miR-135a-5p and acted
as sponge for miR-135a-5p in PCa cells to inhibit miR-135a-5p
expression. The interaction of ZFAS1 with miR-135a-5p has
already been shown in other studies, for example, Wang et al
found that silencing ZFAS1 could inhibit proliferation, migra-
tion and invasion by sponging miR-135a in nasopharyngeal
carcinoma cells;23 Cui et al also revealed that miR-27a/15a/16
are targeted by ZFAS1 in PCa. Moreover, our results are
similar with those of Cui et al’s.*’

miRNAs are a class of non-coding small RNAs with
17-25 nucleotides.*® miR-135a-5p is involved in a series of
cell biological processes.*” Zhou et al** showed that miR-
135a-5p inhibits the proliferation of gallbladder cancer cells

in vitro and in vivo. Muller et al*’ demonstrated that miR-
135a-5p is down-regulated in renal clear cell carcinoma
tissue, and it acts as an inhibitory factor. In this study, the
results showed that miR-135a-5p overexpression inhibited
the PCa cell migration and invasion, promoted cell apoptosis
and regulated the level of EMT-related markers, thereby
inhibiting the occurrence of EMT; however, low-expressed
miR-135a-5p in PCa cells showed completely opposite
results. In addition, it was found that down-regulating
ZFASI could partially reverse the increase of PCa cell inva-
sion and metastasis induced by miR-135a-5p inhibitor, sug-
gesting that ZFAS1 may promote malignant progression and
distant metastasis of PCa cells by competitively binding to
miR-135a-5p and inhibiting activity of PCa cells. Previous
studies have shown that miR-135a-5p can regulate the pro-
liferation and apoptosis of cancer cells through targeted
mRNA, for example, miR-135a-5p could repress head and
neck squamous cell carcinoma cell proliferation and enhance
apoptosis by targeting HOXA10;°° miR-135a-5p could inhi-
bit malignancy of glioblastoma by targeting syndecan bind-
ing protein.’’ Thus, the mRNA targeted by miR-135a-5p in
regulating the proliferation, invasion and migration of PCa
cells remains to be determined.

Conclusions

In conclusion, we preliminarily found that ZFAS1 was
high-expressed in PCa tissues and cells, and ZFAS1 directly
bound to miR-135a-5p. Through overexpression of ZFASI
in PCa cells, the results showed that miR-135a-5p expres-
sion was increased, while PCa cell proliferation, invasion
and metastasis were suppressed, suggesting that the up-
regulation of ZFAS1 could promote the proliferation and
metastasis of PCa cells by competitively binding to miR-
135a-5p, thereby contributing to the development of PCa.
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