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Abstract: Prostate cancer (PCa) is a leading cause of cancer-related deaths in elder men. This disease has limited
therapeutic options and poor prognosis as the underlying molecular mechanisms are not clearly understood. Ln-
cRNA UCA1 functions as an oncogene in many types of cancers. However, the role of UCAL in PCa remains unclear.
In the present study, we showed that UCA1 was significantly up-regulated in PCa cell lines and tissue samples.
High UCA1 expression was positively associated with high gleason score, advanced TNM stage and shorter overall
survival of PCa patients. Inhibition of UCA1 suppressed PCa cells proliferation, migration and invasion in vitro. More-
over, UCA1 depletion inhibited the growth of PCa cells in vivo. In addition, we found that ATF2 was a direct target
gene of UCAL. UCA1 regulated ATF2 expression through functioning as a competing endogenous RNA (ceRNA).
UCA1 directly interacted with miR-204 and decreased the binding of miR-204 to ATF2 3'UTR, which suppressed the
degradation of ATF2 mRNA by miR-204. In summary, we unveil a branch of the UCA1-miR-204-ATF2 pathway that
regulates the progression of PCa. The inhibition of UCA1 expression may be a promising strategy for PCa therapy.
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Introduction

Prostate cancer (PCa) is the most commonly
diagnosed malignancy and the second leading
cause of cancer death among American men
[1]. Androgen receptor (AR) plays a critical role
in the progression of prostate cancer, and
androgen deprivation therapy (ADT) is the first
line therapy for most first time diagnostic pros-
tate cancer patients [2, 3]. However, despite
initial response rates of 80-90%, patients will
progress to castration-resistant prostate can-
cer (CRPC) and even metastatic prostate can-
cer [4]. CRPC has limited therapeutic options
and poor prognosis, and is currently the leading
cause of death among male cancer patients
[B]. Thus, a better understanding of the mecha-
nisms involved in the pathogenesis of PCa and
more effective therapeutic approaches are
instantly required.

Recent studies showed that more than 90% of
the transcripts from the human genome do not

code for proteins [6]. These non-coding tran-
scripts which contain more than 200 nucleo-
tides are called long non-coding RNAs (Inc-
RNAs) [7]. Recently, many studies showed that
IncRNAs were frequently dysregulation in vari-
ous tumors and have multiple functions in a
wide range of biological processes, such as car-
cinogenesis, metastasis and angiogenesis [8,
9]. Dysregulated expression of IncRNAs were
found in various cancers. For example, Liu et al
showed that IncRNA GAS5 was down-regulated
in stomach cancer tissues and enhanced G1
cell cycle arrest via binding to YBX1 to regulate
p21 expression in stomach cancer [10]. Qiao et
al found that IncRNA FER1L4 suppressed cell
proliferation and cell cycle by regulating PTEN
expression in endometrial carcinoma [11].

Human urothelial carcinoma associated 1
(UCA1) gene is located in chromosome 19p-
13.12, which was first identified in human blad-
der carcinoma [12]. Li et al showed that over-
expression of IncRNA UCA1 promoted osteosar-
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coma progression and correlated with poor
prognosis [13]. Zhang et al suggested that
IncRNA UCA1 overexpression predicted a poor
clinical outcome in ovarian cancer patients
receiving adjuvant chemotherapy [14]. Wang
et al revealed that IncRNA UCAZ1 inhibited
esophageal squamous cell carcinoma growth
by regulating the Wnt signaling pathway [15].
However, whether the aberrant expression of
UCA1 in PCa is associated with malignancy
remains unknown, and the mechanism through
which UCA1 exerts its oncogenic activity needs
to be illustrated.

In the present study, we showed that UCA1 was
significantly increased in PCa and associated
with high gleason score, advanced TNM stage
and shorter overall survival. Inhibition of UCA1
suppressed PCa cells proliferation, migration
and invasion both in vitro and in vivo. Furth-
ermore, we found that ATF2 was a direct tar-
get gene of UCA1. UCA1 regulated ATF2 expres-
sion by acting as a competing endogenous RNA
(ceRNA). UCA1 directly interacted with miR-204
and decreased the binding of miR-204 to ATF2
3'UTR, which suppressed the degradation of
ATF2 mRNA by miR-204. This study provided
the first evidence that UCA1 promoted PCa pro-
gression through ATF2, suggesting that UCA1
and ATF2 may be potential therapeutic targets
for PCa treatment.

Material and methods
Tissue samples

A total of 47 paired PCa tissues and adjacent
non-tumor tissues were obtained from patients
who underwent radical prostatectomies at the
Department of Urology, People’s Hospital of
Zhengzhou University, between January 2010
and December 2011. All samples were con-
firmed by pathological examination and stored
in liquid nitrogen for later total RNA extraction.
All patients recruited in this study did not
receive any preoperative treatments. The eth-
ics committees at Zhengzhou University app-
roved this protocol, and all samples were col-
lected following a written informed consent
from the patients.

Cell culture

The human prostate cancer cell lines LNCaP,
PC-3, DU145 and normal prostate epithelial
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cell line RWPE-1 were obtained from the
American Type Culture Collection (ATCC). The
four cell lines are all cultured in RPMI1640
medium supplemented with 10% fetal bovine
serum (FBS, Gibco), 100 U/ml penicillin, and
100 mg/ml streptomycin (Gibco) at 37°C in
humidified air containing 5% of CO,.

Plasmid construction and transfection

To construct UCA1 knockdown cells, PCa cells
were infected with lentivirus particles express-
ing shRNA against UCA1 (sh-UCA1) and select-
ed by puromycin (1 ug/ml) for one week. The
target sequence is as follows: GCCATATGA-
AGACACCCTA. SiRNA sequences for ATF2 (si-
ATF2), miR-204 mimics and negative controls
(Con) were purchased from GenePharma. Tra-
nsfections were carried out using Lipofectam-
ine 2000 (Invitrogen) according to the manu-
facturer’s instructions.

RNA isolation and quantitative real-time PCR
(QRT-PCR)

Total RNA was isolated using Trizol reagent
(Invitrogen). First strand cDNA was generated
using the Reverse EasyScript One Step gDNA
Removal and cDNA Synthesis SuperMix
(Trangene). QRT-PCR was performed by using
SYBR Green Master Mixture (Roche) reagent in
ABI7500 real-time PCR instrument. GAPDH
was used as an internal control. The relative
levels of gene expression were calculated by
the 224t method. qRT-PCR primers are as fol-
lows: UCA1 forward: 5-TTTATGCTTGAGCCTT-
GA-3, reverse 5-CTTGCCTGAAATACTTGC-3’;
ATF2 forward: 5-TGCCTGTTGCTATTCCTGC-3’,
reverse 5-GCTCTTCTCCGACGACCACT-3’; GAP-
DH, forward 5-GAAGGTCGGAGTCAACGGATT-3/,
reverse 5-CGCTCCTGGAAGATGGTGAT-3. All
experiments were performed in triplicate.

Cell proliferation assay

The cell proliferation was assessed using the
Cell Counting Kit-8 (Dojindo) according to the
manufacturer’s protocol. Briefly, 1x10° cells
were seeded into each well of 24-well plates.
Before proliferation assessment, 30 ul of
CCK-8 reagent with 300 pl phenol-free RPMI-
1640 medium was added to each well, and
incubated at 37°C for 2 h. Viable cells were
evaluated by absorbance measurements at
450 nm at each time point. Each experiment
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was performed in triplicate and repeated three
times.

Cell migration and invasion assays

For transwell migration assay, 1x10° transfect-
ed PCa cells were plated in the top chamber
with the non-coated membrane (24-well insert;
pore size, 8 um; BD Biosciences). For invasion
assay, matrigel (BD biosciences) was polymer-
ized in transwell inserts for 45 min at 37°C. In
both assays, cells were plated in the top cham-
ber in medium without serum; the lower cham-
ber was filled with 10% FBS and EGF (25 ng/ml)
(Sigma) was used as a chemoattractant. Cells
were incubated for 24 h and the cells that did
not migrate or invade through the pores were
removed by a cotton swab. Cells on the lower
surface of the membrane were stained with
crystal violet and counted. Each experiment
was performed in triplicate.

Western blot analysis

Cells were washed once with cold PBS and lysis
in RIPA buffer containing protease inhibitors.
Approximately 30 ug of protein was separated
with 10% SDS-PAGE gel and blotted onto nitro-
cellulose membranes. Then membranes were
blocked with 5% skim milk at room temperature
for 1 h and then incubated with primary anti-
bodies (Abcam) at 4°C overnight, followed by
TBST wash and 1 h incubation with horseradish
peroxidase conjugated secondary antibodies at
room temperature. Protein bands were visual-
ized by a Molecular Imager ChemiDoc XRS
System (Bio-Rad Laboratories).

Luciferase assay

Cells grown in the 96-well plate were co-trans-
fected with either empty vector (pmirGLO) or
miR-204 and luciferase reporter comprising
3'UTR of ATF2, wild type (Wt-UCA1) or mutant
UCA1 (Mut-UCA1) fragment, using Lipofectamie
2000 (Invitrogen). Cells were harvested 48 h
after transfection and luciferase activity was
measured as chemiluminescence in a lumi-
nometer (PerkinElmer Life Sciences) using the
Dual-Luciferase reporter assay system (Pro-
mega) according to the manufacturer’s pro-
tocol.

Xenograft mouse model

PC-3 cells (1x10°) stably expressing sh-UCA1
were subcutaneously injected into either side
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of the flank area of 4-week-old male athymic
nude mice. Tumor size was measured (0.5%
length x width?) in mice on a weekly basis.
After 6 weeks, the nude mice were sacrificed
and the tumor tissues were excised and fixed
in 4% paraformaldehyde solution for further
study. All animal studies were performed under
the supervision and guidelines of the Institu-
tional Animal Care and Use Committee of
Zhengzhou University.

RNA immunoprecipitation (RIP)

Anti-MS2 RIP and anti-AGO2 RIP was perform-
ed as previously describe by using the EZ4ma-
gna RNA Immunoprecipitation Kit (Millipore)
[16].

Statistical analysis

All the statistical analyses were performed
using SPSS 17.0 software. Data was presented
as mean = SD from at least three separate
experiments. Overall survival rates were calcu-
lated according to the Kaplan-Meier method
and survival curves were plotted. For compari-
sons, Student’s t test was used when two
groups comparison. A P value less than 0.05
was considered significant.

Results

Expression of UCA1 was increased in PCa and
associated with poor prognosis

To determine whether UCA1 was involved in the
tumorigenesis of PCa, gRT-PCR was used to
detect the expression of UCA1 in PCa cell lines
and tissue samples. Our results showed that
UCA1 expression was significantly increased in
all three PCa cell lines (LNCaP, PC-3 and
DU145) compared with that in normal prostate
epithelial cell line RWPE-1 (Figure 1A, P<0.05).
In addition, we explored the expression levels
of UCAL in 47 paired PCa tissues and adjacent
non-tumor tissues. QRT-PCR showed that UCA1
expression was significantly up-regulated in
PCa tissues compared with adjacent non-tumor
tissues (Figure 1B, P<0.05). Examination of the
association between UCA1 expression and clin-
ical pathological features showed that UCA1
up-regulation was correlated with high gleason
score and advanced TNM stage (Figure 1C,
1D, P<0.05). Furthermore, Kaplan-Meier analy-
sis showed that overall survival of PCa patients
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Figure 1. LncRNA UCA1 expression and its clinical significance in PCa. (A) Relative expression of UCA1 in PCa cells (LNCaP, PC-3 and DU145) and normal prostate
epithelial cell line RWPE-1. (B) Relative expression of UCA in pair 47 PCa tissue samples and adjacent non-tumor tissue samples. (C, D) UCA1 expression correlated
positively with high gleason score (C) and advanced TNM stage (D). (E) The Kaplan-Meier overall survival curves by UCA1 levels. Patients with elevated UCA1 expres-
sion showed reduced survival times compared with patients with low levels of UCA1 expression (log-rank test, P<0.05). *P<0.05.
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with high UCA1 expression had a significantly
poorer prognosis than those with low UCA1
expression (Figure 1E, P<0.05). These results
suggested that UCA1 is involved in PCa aggres-
siveness and progression.

Knockdown of UCA1 suppressed cell prolifera-
tion and metastasis in vitro and in vivo

To investigated the role of UCA1 in PCa progres-
sion, we stably inhibited UCA1 in two PCa cell
lines (LNCaP and PC-3) with lentiviruses carry-
ing shRNA for UCA1 (sh-UCA1) and a control
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as detected by Transwell invasion
assay. *P<0.05.

sh-UCA1

Con

Figure 3. Knockdown of IncRNA UCA1 inhibits tumor
growth in vivo. A. Tumor growth curves measured after
injection of PC-3 cells stably transfected with sh-UCAL1
or Con. The tumor size was calculated every 7 days
from 2 to 6 weeks. B. Photographs of tumors excised 6
weeks after inoculation of stably sh-UCA1 transfected
PC-3 cells into nude mice. *P<0.05.

nonspecific shRNA (Con) (Figure 2A, P<0.05).
CCK8 assay showed that inhibition of UCA1
suppressed PCa cell proliferation (Figure 2B,
P<0.05). Transwell assay showed that knock-
down UCA1 inhibited PCa cell migration and
invasion ability (Figure 2C, 2D, P<0.05). Furth-
ermore, effects of PCa cells treatment with
sh-UCA1 on the growth were also evaluated in
vivo. During the whole tumor growth period,
tumors from the sh-UCA1 transfected PCa cells
grew lower than that of control nonspecific
shRNA (Con) transfected groups (Figure 3A,
P<0.05). After a 6-week inoculation, the aver-
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age weight of tumors developed from sh-UCA1
transfected cells was obviously larger than th-
ose of Con treated group (Figure 3B, P<0.05).
These results reported that UCA1 could pro-
mote the proliferation and metastasis of PCa
cells both in vitro and in vivo.

MiR-204 bind to and suppressed UCA1 expres-
sion

Recently, mounting evidence showed that
IncRNAs contain motif with sequence comple-
mentary to miRNAs and have an inhibition
effect on miRNAs expression and activity [17].
A recent study reported that UCAL could spo-
nge endogenous miR-204 and inhibited its
activity in colorectal cancer [18]. However, the
direct interaction of UCA1 and miR-204 in PCa
remains unclear. To confirm the direct binding
between UCA1l and miR-204, we performed
RIP assay to pull-down miRNAs interacted with
UCA1. The results showed that UCA1 was sig-
nificantly enriched for miR-204 compared to
the empty vector (MS2) and UCA1 with muta-
tions in miR-204 targeting sites (mut-UCA1)
(Figure 4A, P<0.05). In addition, we construct-
ed luciferase reporter plasmid containing the
wild-type UCA1 (Wt-UCA1l) or mutant UCA1
(Mut-UCA1) with mutated miR-204 binding
sites. We found that miR-204 overexpression
decreased the luciferase activities of the
Wt-UCA1 reporter vector but not empty vector
or Mut-UCA1 reporter vector (Figure 4B, P<
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0.05). Finally, we performed anti-AGO2 RIP to
detect whether UCA1 was regulated by miR-
204 in an AGO2 dependent manner. Endo-
genous UCAL pull-down by AGO2 was signifi-
cantly enriched in miR-204 overexpressed
cells (Figure 4C, P<0.05), indicating that miR-
204 is a bonafide UCA1 targeting miRNA.

UCA1 functioned as a ceRNA of ATF2

Recent studies showed that ATF2 is a target
gene of miR-204 [19]. Thus, we suspected that
UCA1 may regulate ATF2 expression through
functioning as a ceRNA. To confirm this hypoth-
esis, we detected the mRNA and protein level
of ATF2 in UCA1 overexpression PCa cells.
Surprisedly, we found that up-regulated expres-
sion of UCAL1 promoted ATF2 expression both
in mMRNA and protein levels (Figure 5A, 5B,
P<0.05). For rescue experiment, we transiently
transfected with miR-204 in Wt-UCA1 or Mut-
UCA1 overexpressed cells. Overexpression of
Wt-UCA1, but not the Mut-UCA1, increased
ATF2 expression. Furthermore, Overexpression
of miR-204 abolished the increase of ATF2
induced by UCA1 (Figure 5C, 5D, P<0.05).

To further confirm whether UCA1 influenced
ATF2 expression depends on the regulation of
ATF2 3’UTR, we constructed luciferase report-
ers containing ATF2 3'UTR (pmirGLO-ATF2). The
luciferase plasmid (pmirGLO-ATF2) was trans-
fected into the Wt-=UCA1 or Mut-UCA1 overex-
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Figure 5. LncRNA UCA1 functions as a ceRNA of ATF2. A. The mRNA levels of ATF2 in control (Con) and UCA1
overexpression (UCA1) PCa cells were determined by qRT-PCR. B. The protein levels of ATF2 in Con and UCA1 PCa
cells were determined by western blot. C. The relative mRNA levels of ATF2 in Wt or Mut UCA1 overexpressed cells
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overexpressed cells with or without overexpression of miR-204. F. The correlation analysis between UCA1 and ATF2

expression in 47 paired PCa tissue samples. *P<0.05.

pressed cells with or without miR-204. We
found that Overexpression of Wt-UCA1, but not
the Mut-UCA1, increased the luciferase activity
of ATF2 3'UTR, while miR-204 abolished this
effect (Figure 5E, P<0.05). We next detected
the expression levels of ATF2 in 47 PCa tiss-
ues. We found that IncRNA UCA1 expression
was significantly correlated with ATF2 mRNA
expression (Figure 5F, P<0.05). All these results
suggested an important role of UCAL in regulat-
ing ATF2 expression by competitively binding
miR-204.

LncRNA UCA1 promoted cell proliferation and
metastasis through regulation of ATF2

Finally, we detected whether UCA1 promoted
cell proliferation and metastasis through regu-
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lation with ATF2 expression. We transfected si-
ATF2 in UCA1 overexpression PCa cells (Figure
6A, P<0.05). We found that decreased expres-
sion of ATF2 abolished the promotion of cell
proliferation mediated by UCA1 overexpression
(Figure 6B, P<0.05). Furthermore, our data
showed that inhibition of ATF2 abolished the
promotion of cell migration and invasion medi-
ated by UCA1 overexpression (Figure 6C, 6D,
P<0.05). These results suggested that UCA1
promotes cell progression through regulation
of ATF2 (Figure 7).

Discussion

LncRNAs are transcribed RNA molecules >200
nucleotides in length that lack significant pro-

Am J Transl Res 2017;9(2):366-375



UCA1-miR-204-ATF2 pathway in PCa

8- B 14-

—=— UCA1+si-ATF2

-
o
1

—— Con

£ —— UCA1
é = UCAT1+si-ATF2 *
I 1.04
<} *
= *
3 0.5 :
-]
=
]
3]

0.0

A I Con =33 UCA1 i 83’;1
s B UCA1+si-ATF2 E 1.2
§ 6 - 2 1.0]
2 . X
2L 4] o]
i £ 0.6
> * 2
% 2 * g 0.4
o 3 0.2
I I (%]
0 0.0 ;
LNCaP PC-3 24h

C 500 [ Con =1 UCAT
2 B UCA1+si-ATF2

- *
8 400 LNCaP
g’ %
T 300
o
t
%5 2004
.

PC-3

-E 100
£ 3
=z

0 Con
D 490-
@ 4007 con = ucA1
3 B UCA1+si-ATF2
2 3001 ®
w
u
£ 2004
]
=
2 100
E
2

0_

IncRNA

UCA1 —— miR-204—— ATFX

Cell migration|
Cell invasion

Figure 7. Schematic model of INcRNA UCA1 functions as a ceRNA to regulate

ATF2 expression by sponging miR-204 in PCa.

tein-coding potential, however, they can regu-
late protein-coding genes at epigenetic, tran-
scriptional and post-transcriptional levels and
play central roles in physiological processes
[2]. Increasing evidence suggests that a variety
of IncRNAs are frequently aberrantly expressed
in cancers, exhibiting spatially and temporally
regulated expression patterns. These differen-
tial expression IncRNAs are closely related to
tumorigenesis, metastasis, prognosis or diag-
nosis, serving as roles of oncogenes or tumor
suppressor genes [20]. Thus, more efforts
should be made to deeply clarify the biological
and molecular mechanisms of IncRNAs in
cancer.

In this study, we detected the expression of
INcRNA UCA1 in PCa. Our data showed that
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Cell proliferatiol

48 h

LNCaP

72h 96 h

Figure 6. LncRNA UCA1 pro-
motes cell proliferation and
metastasis through regula-
tion of ATF2. (A) The relative
expression of ATF2 in UCA1
overexpression cells with or
without siRNA against ATF2
(si-ATF2). (B-D) Decreased
expression of ATF2 abol-
ished the promotion of pro-
liferation (B), migration (C)
and invasion (D) by UCA1
overexpression. *P<0.05.

UCA1

UCA1  UCA1+si-ATF2
IncRNA UCA1 was significant-
ly increased in PCa cell lines
and tissues, high expression
of UCA1 was closely associ-

ated with high gleason score
and advanced TNM stage.
Moreover, we demonstrated
that high IncRNA UCA1 ex-
pression was correlated with
poorer overall survival of PCa
patients. In function assay,
we showed that inhibition
IncRNA UCA1 expression suppressed prostate
cell proliferation and metastasis both in vitro
and in vivo. Therefore, our findings suggested
that IncRNA UCA1 could act as an oncogene
and a potential therapeutic target for PCa.

Increasing evidences demonstrated that Inc-
RNAs play critical roles in PCa progression. For
example, Jia et al showed that IncRNA DANCR
promoted prostate cancer invasion and metas-
tasis through repressing the expression of
TIMP2/3, and suggested that IncRNA DANCR
could be a potential target for preventing pros-
tate cancer metastasis [21]. Wang et al showed
that IncRNA MALAT1 bind to EZH2 and
enhanced oncogenic activities of EZH2 in cas-
tration-resistant prostate cancer [22]. Misawa
et al suggested that androgen-induced IncRNA
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SOCS2-AS1 promoted cell growth and inhibit-
ed apoptosis by regulating tumor necrosis fac-
tor superfamily 10 (TNFSF10) in prostate can-
cer cells [23].

However, to our knowledge, the mechanism
related to ceRNA in PCa is still poorly. In this
study, we demonstrated that IncRNA UCA1 pro-
moted cell proliferation and metastasis by
functioning as a ceRNA of ATF2. UCA1 complet-
ed with ATF2 for common miR-204 which was
an important tumor suppressor miRNA in vari-
ous cancers. UCA1 directly interacted with miR-
204 and decreased the binding of miR-204 to
ATF2 3'UTR, which suppressed the degrada-
tion of ATF2 mRNA by miR-204. Previous stud-
ies showed that IncRNA UCAZ1 could function
as ceRNAs of other mRNAs in other cancers.
For example, Nie et al showed that IncRNA
UCA1 functioned as an oncogene in NSCLC,
acting mechanistically by up-regulating ERBB4
in part through ‘sponging’ miR-193a-3p [24].
Wang indicated that up-regulated IncRNA UCA1
contributed to the progression of hepatocellu-
lar carcinoma through inhibition of miR-216b
and activation of FGFR1/ERK signaling path-
way [25]. Our study enriched the ceRNA net-
work regulated by UCAL.

Activating transcription factor 2 (ATF2) is a
member of the basic helix-loop-helix (b-ZIP)
transcription factor family, whose transcription-
al activities are mediated by stress-activated
kinases JNK/p38 and activated by phosphory-
lation on threonine residues [26, 27]. Recent
studies indicated that ATF2 play an important
role in tumor progression. For example, Wu et al
showed that ATF2 exerted an oncogenic role in
renal cell progression and correlated with
aggressive clinico-pathological characteristics
and poor prognosis of renal cancer patients
[28]. Zhang et al showed that miR-622 sup-
pressed proliferation, invasion and migration
by directly targeting ATF2 in glioma cells [29].
Lacono et al suggested that ATF2 contributed
to cisplatin resistance in non-small cell lung
cancer and celastrol induceds cisplatin resen-
sitization through inhibition of JNK/ATF2 path-
way [30]. However, whether ATF2 expression is
regulated by IncCRNA remains unclear. In the
present study, we showed that ATF2 was regu-
lated by IncRNA UCA1 via a ceRNA mechanism.
Our data indicated that overexpression of Inc-
RNA UCA1 promoted ATF2 expression. More-
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over, INcRNA UCA1 expression was positively
correlated with ATF2 expression in PCa tissues.
These data strongly demonstrated that ATF2 is
a direct target gene of IncRNA UCA1.

In summary, our study demonstrated that
IncRNA UCA1 could function as a ceRNA to pro-
mote ATF2 expression by sponging miR-204.
Therefore, INcRNA UCAL1 might serve as a thera-
peutic target as well as prognostic biomarker in
PCa.
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