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Abstract Prostate cancerantigen3 (PCA3) is aprostate-specific
long noncoding RNA (lncRNA) involved in the control of pros-
tate cancer (PCa) cell survival, throughmodulating androgen re-
ceptor(AR)signaling.Tofurthercomprehendthemechanismsby
which PCA3 modulates LNCaP cell survival, we characterized
the expression patterns of several cancer-related genes, including
those involved in epithelial-mesenchymal transition (EMT) and
AR cofactors in response to PCA3 silencing. We also aimed to
developa strategy to stably silencePCA3.Small interferingRNA
(siRNA)or shorthairpinRNA(shRNA)wasused toknockdown
PCA3inLNCaPcells.Theexpressionof84cancer-relatedgenes,
as well as those coding for AR cofactors and EMTmarkers, was
analyzed by quantitative real-time PCR (qRT-PCR). LNCaP-
PCA3 silenced cells differentially expressed 16 of the 84 cancer
genes tested, mainly those involved in gene expression control

and cell signaling. PCA3 knockdown also induced the upregula-
tionof several transcripts coding forARcofactors andmodulated
the expression of EMT markers. LNCaP cells transduced with
lentivirus vectors carrying an shRNA sequence targeting PCA3
stably downregulated PCA3 expression, causing a significant
drop (60 %) in the proportion of LNCaP cells expressing the
transgene. In conclusion, our data provide evidence that PCA3
silencing modulates the expression of key cancer-related genes,
including those coding for AR cofactors and EMT markers.
Transducing LNCaP cells with an shRNA sequence targeting
PCA3 led to loss of viability of the cells, supporting the proposal
ofPCA3knockdownasaputative therapeutic approach to inhibit
PCa growth.
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Introduction

Prostate cancer antigen 3 (PCA3) is a prostate-specific long
noncoding RNA (lncRNA) that is highly expressed in prostate
cancer (PCa) tissues compared to normal prostate specimens
[1–3]. The gene encoding PCA3 is located on chromosome
9q21-22 in antisense orientation within intron 6 of BMCC1
(prune homolog 2 (PRUNE2) gene) [3].

Although PCA3 expression is observed in PCa cells, it
seems to be restricted to cell lines that are androgen-depen-
dent, such as LNCaP cells [4]. Based on this evidence for a
link between PCA3 and androgen receptor (AR) signaling,
our group previously demonstrated that PCA3 modulates
PCa cell survival in part through the AR pathway [5].
Besides classically controlling prostate development, tumori-
genesis, and apoptosis inhibition, AR signaling represents a
key target for PCa treatment approaches. Hence, androgen
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blockade and/or androgen signaling axis impairment repre-
sents key targets for PCa treatment strategies [6]. Androgens
induce AR conformational changes, phosphorylation, dimer-
ization, and then nuclear translocation. Once in the nucleus,
AR can bind to androgen-response elements (AREs) in the
promoter regions of AR target genes. Moreover, AR cofactors
or coregulators, including coactivators and corepressors, also
bind the AR complex, facilitating or preventing, respectively,
their interaction with the general transcription apparatus.
Activation or repression of AR target genes leads to biological
responses such as cell growth and survival [7].

Recent reports have indicated that AR signaling and the
epithelial-mesenchymal transition (EMT) program can cross
talk, stimulating cancer progression [8, 9]. During the EMT
program, epithelial cells downregulate the expression of cell
adhesion molecules, such as E-cadherin, while they upregu-
late mesenchymal markers (such as N-cadherins and
vimentin). Besides mediating EMT-related embryonic devel-
opment, this program has been extensively correlated with
tumor cell survival and chemotherapeutic resistance [10, 11].
Functional changes in the components of the AR axis, espe-
cially the AR, can induce the EMT process during tumor
progression [8]. Moreover, androgens mediate β-catenin acti-
vation, which could be an alternative route by which the AR
pathway induces EMT in PCa epithelial cells [8].

Many studies have also shown that androgen-AR signaling
affects key events during prostate carcinogenesis. As a result
of AR signaling activation, the expression of several cancer-
related genes is modulated, promoting different aspects of
prostate carcinogenesis, including cell proliferation, apopto-
sis, and PCa metastasis [6].

Noncoding RNAs have been broadly described as key reg-
ulators of cancer-related genes and their corresponding signal-
ing pathways [12, 13]. In the present report, we further char-
acterize gene expression patterns that may be related to PCA3
roles in modulating PCa cell survival and AR signaling in
LNCaP cells. We investigated how PCA3 downregulation
can modulate transcription levels of key cancer-related genes,
AR cofactors, and EMT markers. The LNCaP PCa cell line
was chosen as a model to study PCA3-related transcription
events, since PCA3 is expressed at higher levels in this
androgen-responsive cell [4]. We also developed a strategy
to stably silence PCA3, as a possible tool for future therapeutic
strategies aiming to decrease the survival of androgen-
dependent PCa cancer cells.

Material and methods

Cell culture

The LNCaP PCa cell line was provided by the ATCC
(Rockville, MD, USA) and maintained in RPMI-1640

medium (Sigma) supplemented with 10 % heat-
inactivated fetal bovine serum (FBS) (Invitrogen/Life
Technologies, Inc.), L-glutamine (2 mM), 100 U/mL pen-
icillin, and 100 μg/mL streptomycin. The LNCaP cell line
was chosen for this study based on our previous data
showing that it expresses higher PCA3 levels than
DU145, PC3, and even the RWPE-1 nontumoral cell line
[5]; 293T cell line was maintained in Dulbecco’s modified
Eagle’s medium (DMEM) (Invitrogen) with 10 % FBS, L-
glutamine (2 mM), 100 U/mL penicillin, and 100 μg/mL
streptomycin.

PCA3 expression knockdown by siRNA

Small interfering RNAs targeting PCA3 exon 4 (siPCA3-5′
CUAGCACACAGCAUGAUCAUUACGG 3′) and a
scramble small interfering RNA (siRNA) sequence
(siScrbl-5′ GCACGCUCCUACGAAUGCUAGUAAA 3′)
were designed and synthesized by IDT Technologies. The
siPCA3 sequence efficiently downregulates PCA3 expres-
sion, as previously demonstrated by our group [5]. Both
siRNAs were affinity-purified and annealed before use.
One day before transfection, LNCaP cells were plated into
2.0 mL of RPMI without antibiotics and supplemented with
0.5 % FBS at a density of 2.5 × 105 cells, in six-well culture
dishes. After 24 h, the RPMI medium in each well was
replaced with 1.5 mL of fresh medium. Transfections were
performed using 60 nM of each siPCA3 or siScrbl, using
Lipofectamine 2000 (Invitrogen), as described by the man-
ufacturer. Cells were then kept in culture for 36 h, and
PCA3 transcript expression was evaluated by quantitative
real-time PCR (qRT-PCR) analysis, using the following
o l i g o n u c l e o t i d e s e q u e n c e p a i r s : PCA3 F ( 5 ′
TTCAAAGACCCTTCGTGTTGCTGC 3′) and PCA3 R
(5′ ATCTTGAGATGCTTCCCAGCCTGT 3′). As a consti-
tutive gene, 18S expression was used in these assays, with
the o l i gonuc l eo t i de sequence pa i r s : 18S F (5 ′
AACCCGTTGAACCCCATT 3 ′ ) and 18S R (5 ′
CCATCCAATCGGTAGTAGCG 3′). Conditions for PCR
amplification of PCA3 transcripts were as follows: 50 °C
(2 min), 94 °C (5 min) followed by 40 cycles at 94 °C (30 s),
60 °C (30 s), and 72 °C (45 s). To evaluate the specificity of
PCR products, a melting curve analysis was performed after
each reaction.

Total RNA isolation and reverse transcription

Total RNA from LNCaP cells was purified with the RNeasy
Mini Kit (Qiagen) and treated with RNase-free DNase
(Qiagen) during the RNA purification process. One micro-
gram of RNAwas reverse-transcribed using a BSuperscript II
First-Strand Synthesis System for RT-PCR^ complementary
DNA (cDNA) Synthesis kit (Invitrogen).
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Quantitative real-time PCR

Quantitative real-time PCR (qRT-PCR) was performed using
a CFX96 Real-Time System (Bio-Rad) C1000 Thermal
Cycler, cDNA from LNCaP cells, and SYBR Green
(Applied Biosystems) as the fluorophore, following the man-
ufacturer’s instructions. Oligonucleotide primers used for
qRT-PCR expression analysis of EMTmarkers and AR cofac-
tors are listed in Online Resource 1. The expression analysis
of these gene products was normalized based on the reference
gene β-actin, using the ΔΔCT method. Conditions for PCR
amplification of EMTmarkers were as follows: 50 °C (2min),
94 °C (5 min) followed by 40 cycles at 94 °C (30 s), 60 °C
(30 s), and 72 °C (45 s). Conditions for PCR amplification of
AR-cofactors were as follows: 50 °C (2 min), 95 °C (10 min),
followed by 40 cycles at 95 °C (30 s), 60 °C (60 s), and 72 °C
(40 s). To evaluate the specificity of the PCR products, a
melting curve analysis was performed after each reaction.

PCR array

The Human Cancer Pathway Finder SuperArray (PAHS-
033A; Qiagen) was used to determine changes in the tran-
scription expression levels of several key cancer-related
genes, representing the main hallmarks of cancer in response
to PCA3 silencing in LNCaP cells. This array was chosen
because it contains genes that code for several pathways relat-
ed to cancer progression and tumor cell survival.

We analyzed the RNA expression levels of 84 genes related
to DNA damage repair, apoptosis and cell senescence, signal
transduction molecules and transcription factors, adhesion,
angiogenesis, invasion, and metastasis. The assay used five
housekeeping genes (β2 microglobulin, hypoxanthine,
phosphoribosyltransferase 1, ribosomal protein L13a,
GAPDH, and β-actin) to normalize gene expression levels.
In addition, the array contained positive, reverse transcription
and genomic DNA contamination controls. Two independent
experiments with technical triplicates of the siPCA3 and
siScrbl transfection assay were performed in order to compare
total cDNA from LNCaP siPCA3-transfected cells with that
from siScrbl-transfected cells. The PCR array plates were run
using the CFX96 Real-Time System cycler (Bio-Rad,
Hercules, CA), following a SuperArray two-step cycling pro-
tocol, in which each plate was run for 1 cycle for 10 min at
95 °C, followed by 40 cycles of 95 °C for 15 s and 60 °C for
1 min. After the Super Array protocol was run, qRT-PCR data
were analyzed using the software provided on the website, in
order to compare gene expression of LNCaP-siPCA3-
transfected cells with that of LNCaP cells transfected with
the siScrbl sequence. Total RNA quality control, cDNA syn-
thesis, and the qRT-PCR array were performed as recom-
mended by the manufacturers. Gene expression data were
analyzed using a standard Excel-based PCR Array Data

Analysis software provided by Qiagen. Fold changes in gene
expression were calculated using the ΔΔCT method. Only
genes showing a twofold or greater change in gene expression
levels, using p<0.05, were considered statistically significant
and were used for further analysis.

Generation of LNCaP cells stably silencing PCA3

PCA3-specific and scramble short hairpin RNAs (shRNAs)
were designed based on siPCA3 and siScrbl sequences as
shown in Online Resource 2. shRNA oligonucleotides were
synthesized (Invitrogen, São Paulo, Brazil), annealed, phos-
phorylated, and then cloned into ClaI andMluI restriction sites
of alkaline phosphatase-treated pLVTHM vector (http://www.
addgene.org/lentiviral/pLVTHM-guide/). Cloned shRNA
sequences were confirmed by DNA sequencing.
Recombinant plasmids were transfected by calcium
phosphate precipitation into 293T packaging cells, using a
second-generation packing system and VSV tropism, as pre-
viously described [14]. LNCaP cells were transduced by 48-h
exposure to viral vectors. After transduction, the cells obtain-
ed were termed LNCaP empty pLVTHM, LNCaP shPCA3,
and LNCaP shScrbl PCA3.

LNCaP cells transduced with the lentiviral vector contain-
ing the shPCA3 or the scrambled shRNAwere analyzed in an
Axio Observer Z1 inverted fluorescence microscope (Zeiss,
Germany). Images were acquired with AxioVision Rel 4.8
software. Total cell numbers were counted and green fluores-
cent protein (GFP)-positive (GFP+) cell numbers determined
in five different gates, using the Adobe Photoshop CS6 pro-
gram. For the long-term follow-up experiment, the percentage
of LNCaP GFP+ cells was evaluated up to 72 h after cell
transduction by microscopy and thereafter by flow cytometry
analysis (FACSCalibur™ device). Flow cytometry data were
analyzed using the software CellQuest (BD Biosciences) and
FlowJo.

Cell viability assays

LNCaP cells were sedimented by centrifugation and resus-
pended in 300 μL of phosphate-buffered saline (PBS) for cell
viability analysis. Trypan blue (0.4 % in PBS; 10 μL) was
added to a 10 μL aliquot of cell suspension, and the number
of unstained viable cells was counted.

Statistical analysis

The analyses of the EMT-related genes and AR-cofactor ex-
pression are shown as the mean± standard deviation of two
biological replicates, each with three technical replicates. The
Wilcoxon signed-rank test was used for statistical analysis of
these data. p values ≤0.05 were taken to indicate significantly
different expression of genes.
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Results

PCA3 canmodulate the expression of several genes related
to cancer hallmarks

As an approach to ascertain the cancer-related pathways that
could control the roles of PCA3 in modulating LNCaP cell
survival, AR signaling, and related phenotypes, we assessed
how PCA3 downregulation (which was validated for these
assays using qRT-PCR; Online Resource 3) could modulate
the expression of genes involved in different hallmarks of
cancer by a qRT-PCR array analysis, using the Cancer
Pathway Finder Array (Qiagen). This array consists of 84
genes representing the major biological pathways involved
in key cancer signaling pathways, as described in the
BMaterial and methods^ section. We then compared the ex-
pression levels of these genes using total RNA extracted from
LNCaP siPCA3-transfected cells and LNCaP siScrbl-
transfected cells, which were used as controls. Among the
84 cancer pathway-focused genes tested, 16 genes were dif-
ferentially expressed in LNCaP siPCA3-transfected cells
compared to controls (p<0.05 with at least 2.0-fold upregu-
lation or downregulation). Most of these genes code for signal
transduction molecules (MAP2K1, ERBB2, PIK3R1) and
transcription factors (FOS and JUN) (Fig. 1). The remaining
gene products are related to angiogenesis (IFNB1, COL18A1,
and VEGFA), apoptosis and cell senescence (TERT, BAD,
and TNFRSF25), invasion and metastasis (MTA2 and
PLAUR), cell adhesion (MTSS1 and ITGB1), and DNA dam-
age repair (BRCA1) (Fig. 1). A complete list of genes with

significant differential expression upon PCA3 silencing in
LNCaP cells is shown in Online Resource 4. The transcription
patterns observed for LNCaP siPCA3-transfected cells indi-
cated the potential role of this lncRNA in modulating the
expression of genes related to several acquired capabilities
that are required for tumor progression, mainly involving
key signal transduction molecules and transcription factors.

PCA3 silencing induces upregulation of AR cofactors

It has been shown that the activation of AR transcription is
regulated through interactions with several cofactors [15]. The
significant downregulation of androgen-responsive genes
(ARGs) in response to PCA3 silencing, as previously ob-
served by our group [5], led us to ask whether this could be
a result of a putative role of PCA3 in modulating the transcrip-
tion levels of AR cofactors or their properties to bind to AR.
We then analyzed the transcription levels of AR cofactors in
response to PCA3 silencing (PCA3 knockdown shown in
Online Resource 3) in LNCaP cells, including the AR
coactivators ARA 54, ARA 70, ARA 24, CBP, P300, β-ca-
tenin, TIF2, and SRC1 and AR corepressors SMAD 3, SMAD
4, EBP1, cyclin D1, NCoR1, and SMRT (Fig. 2). Among the
14 AR cofactor transcripts tested, nine were significantly up-
regulated in siPCA3-transfected cells in relation to those
transfected with the siScrbl sequence (ARA70, ARA54,
CBP, P300, β-catenin, TIF-2, SRC1, EBP1, and NCoR1) (p
value ≤0.05). The other five genes (ARA24, β-catenin,
SMAD 3, SMAD 4, and SMRT) were also upregulated in this
experimental condition but did not reach statistical
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significance (p value >0.05). These data suggest that the ob-
served upregulated expression of AR cofactor transcripts
could be one of the possible mechanisms by which ARGs
are negatively modulated in response to PCA3 silencing.

PCA3 downregulation is correlated with a partial
reversion in the expression of EMT markers

While it is an essential process of cellular plasticity for
normal tissue and organ development, EMT is also in-
volved in typical features of cancer cell resistance and
survival to chemoradiotherapeutic agents [11] and
counteracting anoikis [16]. Based on the known AR sig-
naling and EMT cross talks and the involvement of EMT
in mediating pro-survival features [9], we investigated
how PCA3 downregulation could modulate the expression
of EMT markers, in order to provide evidence of involve-
ment of the EMT program in mediating LNCaP cell sur-
vival in response to PCA3 silencing. We then tested the
transcription levels of EMT epithelial and mesenchymal
markers in PCA3-silenced cells. Again, PCA3 silencing
for these assays has been validated (Online Resource 3).
In response to PCA3 silencing in LNCaP cells, we ob-
served upregulation of the epithelial markers E-cadherin,
Claudin-3, and Cytokeratin-18, while Claudin-4 and
Cytokeratin-8 were downregulated, compared to control
cells transfected with siScrbl (Fig. 3a). Conversely, anal-
ysis of the transcription level of the mesenchymal markers
showed that Snail, Twist, and Slug were upregulated,
while vimentin was downregulated upon PCA3 silencing
(Fig. 3b). Upregulation of E-cadherin, Claudin-3, and
Cytokeratin-18 markers and downregulation of Vimentin
are characteristics of cells that have lost their survival
features, as observed for PCA3-silenced cells. However,
this same expression profile was not observed for all epi-
thelial and mesenchymal markers that were tested. For

some of these EMT markers, their upregulation or down-
regulation did not reach statistical significance. Taken to-
gether, these analyses of the transcription levels of EMT
markers indicated that PCA3 silencing can modulate the
expression of some of these EMT markers. PCA3 knock-
down does not induce a complete reversion in the ex-
pression pattern of epithelial and mesenchymal markers
compatible with an involvement of the classical EMT
program in mediating the decrease in cell survival in
response to PCA3 silencing, as previously observed by
our group [5].

Stable PCA3 downregulation in LNCaP cells

All previously observed phenotypes and gene expression data
related to PCA3 silencing were obtained using transient
siRNA-based PCA3 downregulation (Figs. 1, 2, and 3).
Based on the PCA3 prostate-specific expression and the sig-
nificant effect of PCA3 transient silencing in negatively mod-
ulating LNCaP cell survival [5], we further aimed to develop a
strategy to stably downregulate PCA3 and evaluate the effects
of this approach on LNCaP viability in a long-term analysis.
LNCaP cells were stably transduced with lentiviral vectors
and observed over time (116 days) by inverted fluorescence
microscopy, as represented in Fig. 4a and FACS at each cell
passage (Fig. 4b). Representative FACS dot plots of GFP ex-
pression 82 days after LNCaP cell transduction are shown in
Online Resource 5. The percentage of GFP+ LNCaP cells
72 h after cell transduction was evaluated using an inverted
fluorescence microscope, in order to avoid disturbing the
cells. For this purpose, we counted the total and the GFP+ cell
numbers in five different gates using the Adobe Photoshop
CS6 program and then calculated the percentage of GFP+
LNCaP cells (Online Resource 6).

The analysis of GFP+ cells indicated that a significant per-
centage of cell transduction was obtained for all constructs
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used. A reduction of about 60 % of LNCaP GFP+ cells was
observed when transduction was carried out with the shPCA3
sequence (Fig. 4b). The reduction in GFP+ cell ratios was far
less pronounced when transductions were performed with the
shScrbl PCA3 construct or the empty vector (8.6 and 1 %,
respectively, Fig. 4b). In addition, to further validate the ef-
fects of PCA3 stable silencing on LNCaP cell survival, we
checked the PCA3 expression levels after cell transduction
by qRT-PCR (Fig. 4c). LNCaP cells transduced with lentiviral
vectors carrying an shPCA3 showed a 2.74- and 3.61-fold
decrease in PCA3 expression levels at 48 and 96 h after cell
transduction, respectively. The number of viable cells was also

progressively reduced 48 to 144 h post-transduction after
PCA3 stable silencing, but not in control scramble or empty
vector conditions (Fig. 4d). These results corroborate the data
obtained in the transient silencing with siPCA3, showing a
decrease in cell viability after stable PCA3 silencing using
lentivirus-based shRNAs.

Discussion

In order to better comprehend the roles of PCA3 lncRNA in
PCa cell survival and in modulating androgen-related

a

b

c d

Fig. 4 Evaluation of GFP-positive LNCaP cells over time after cell
transduction with lentivirus vector-based shRNAs. a Images (×10) of
LNCaP cells acquired by inverted fluorescence microscopy 72 h after
transduction with a lentiviral vector containing the shPCA3 sequence.
Left panel: light-field image; middle panel: dark-field fluorescence
image; right panel: merge image of dark- and light-field captures. b
The % LNCaP GFP+ cells after transduction with lentivirus vector-
based shRNA were monitored over 116 days and are represented on the
graph. Data for day 3 after transduction were obtained by microscopy. All
other time points were evaluated by FACS, as shown in Online Resource 5.
LNCaP transduced with empty vector (transduction control); LNCaP

shScrbl PCA3 (scramble control) and LNCaP shPCA3 cell (LNCaP cell
transduced with lentiviral vector containing a specific shRNA sequence
for PCA3). c Relative PCA3 expression was analyzed by qRT-PCR after
cell transduction with lentivirus vector-based shPCA3 (48 and 96 h) and
is represented on the bar graphs. Data shown represent biological
replicates. A representative experiment is shown. d The number of
viable cells was analyzed by trypan blue staining exclusion assay,
which was evaluated 48, 96, and 144 h after transduction of LNCaP
cells with lentivirus vector-based shPCA3. Data represent biological
replicates. A representative experiment is shown
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signaling, we investigated the expression pattern of several
cancer-related genes, including those involved in the EMT
program and coding for AR cofactors in response to PCA3
silencing. In addition, based on the known role of PCA3 in
modulating PCa cell survival and its possible therapeutic im-
plications [5], we also intended to develop an in vitro strategy
to stably silence PCA3 expression.

Our findings revealed that several key cancer-related genes
are differentially expressed in LNCaP cells after PCA3 silenc-
ing, mainly those that code for gene products mediating tran-
scription control and cell signaling. Notably, we also demon-
strated that in response to PCA3 silencing, transcripts coding
for AR cofactors are mainly upregulated, while EMT tran-
scription levels are differentially modulated in these condi-
tions. Furthermore, we were able to develop an efficient
in vitro system in which stable silencing of PCA3 was
achieved by transducing LNCaP cells with a lentiviral vector
containing an shRNA specifically targeting PCA3, also
resulting in a significant and long-term decrease in LNCaP
cell survival.

In addition to providing data regarding the transcription
patterns associated with PCA3 silencing in the androgen-
responsive LNCaP PCa cells, our results may indicate addi-
tional mechanisms by which this and other prostate lncRNAs
may modulate the survival of prostate tumor cells and tumor
progression. Recently, other PCa lncRNAs have been corre-
lated with AR signaling, such as PCGEM1 [17], PRNCR1
[18], growth-arrest-specific five (GAS5) [19], PCAT29 [20],
and Linc00963 [21]. The present report and a previous publi-
cation from our group [5] have expanded the available infor-
mation on the mechanisms that possibly modulate the expres-
sion of AR and androgen-responsive genes (ARGs), mediated
by an lncRNA that is specifically expressed in PCa cells.

As one of the approaches to further understand the different
cellular pathways by which PCA3 can affect cell survival, we
surveyed the gene expression patterns related to PCA3 silenc-
ing. Of the 84 key cancer-related genes tested, 16 were signif-
icantly differentially expressed in LNCaP cells in which
PCA3 had been silenced. Notably, most of these differentially
expressed transcripts correspond to gene products involved in
the control of gene expression. Other noncoding RNAs
(ncRNAs), especially long ncRNA molecules, are also in-
volved in controlling gene expression, especially in cancer
cells [12, 13]. Our data suggest that the lncRNA PCA3 can
also behave as a modulator of transcription control. In agree-
ment with our hypothesis, a recent report described PCA3 as a
dominant-negative oncogene, controlling PRUNE2 levels
through a regulatory mechanism involving the formation of
a PRUNE2/PCA3 double-stranded RNA that undergoes aden-
osine deaminase acting on RNA (ADAR)-dependent
adenosine-to-inosine RNA editing [22]. Other lncRNAs, such
as HOTAIR, PRNCR1, and PCGEM1, have also been report-
ed to be involved in the control of cancer-related gene

expression [23] and in regulating the expression of AR target
genes and cancer cell proliferation [13]. The differentially
expressed genes reported here have known roles as modula-
tors of cell survival, especially ERRB2 [23], PI3K [24],
VEGF [25], and TERT [26]. Furthermore, some of these
genes can regulate AR signaling, such as BRCA [27],
ERBB2 [28], FOS [29], PI3K [30], BAD [31], TERT [32],
and PLAUR [33]. A similar approach demonstrated a
PCGEM1-associated gene expression signature that was sig-
nificantly repressed in response to androgen ablation therapy
and in hormone-refractory versus hormone-naive PCa patients
[17]. Another recent report investigating a metabolic gene-
related pathway showed that PCGEM1 reprograms the andro-
gen network in a tumor-specific way [34]. Further experimen-
tal validation should be conducted to explore the role of these
differentially expressed genes and their PCA3-related roles in
modulating LNCaP cell survival and AR signaling.

When knocking down PCA3 using a specific siRNA mol-
ecule that specifically targets PCA3, we observed the upreg-
ulation of several transcripts that code for AR cofactors. We
hypothesized that one of the molecular mechanisms by which
PCA3 could modulate the expression of ARGs, as we dem-
onstrated previously [5], may be by controlling the expression
levels of AR cofactors. Our data supported our hypothesis,
suggesting that PCA3 could be a negative modulator of the
transcription levels of AR cofactors. If it suppresses the ex-
pression of AR cofactors, PCA3 could be a key element in the
transcription apparatus that regulates the expression of the
ARGs. However, the precise molecular mechanism by which
PCA3 could perform this role needs further investigation.
Moreover, the protein expression levels of AR cofactors
should be determined. Several studies have indicated that the
transcription activity of AR itself is modulated by AR cofac-
tors that promote or suppress AR transactivation [35]. Of the
AR cofactors tested here, ARA 54, ARA 70, ARA 24, CBP,
P300, β-catenin, TIF2, and SRC1 are AR coactivators. It
seems paradoxical in our data that AR coactivators are also
upregulated upon PCA3 silencing, while ARGs are downreg-
ulated in this experimental condition [5]. Similar conflicting
data have been reported previously, in which overexpression
of two AR corepressors, NCoR and SMRT, did not inhibit
AR-dependent gene expression in PCa cell lines but rather
activated the expression of ARGs [36]. A recent report dem-
onstrated that changes in the expression levels or cellular lo-
cation of specific AR cofactors may play a crucial role in the
switch between their roles as activators or repressors of AR
target gene programs, such as cell proliferation [37]. Since, in
our model, both coactivators and corepressors are
overexpressed in response to PCA3 knockdown, it is also
possible that this expression pattern could affect the appropri-
ate binding activities between AR and their corresponding AR
cofactors, triggering the downregulation of ARGs. In accor-
dance with this hypothesis, it has been suggested that aberrant
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cofactor activity due to mutations or altered expression levels
may be a contributing factor to PCa progression. In this situ-
ation, we speculate whether PCA3 could behave as an AR
modulator, by affecting AR activity, AR and their cofactor
interactions, or the expression patterns of AR cofactors, as
has been proposed for the CTBP1-AS lncRNAs [38]. In sup-
port of our proposals, other authors have reported that
ncRNAs are able to modulate AR signaling through their co-
factors, such as miR-125b [39]. Further studies should func-
tionally demonstrate whether PCA3 can modulate the binding
activities of AR and AR cofactors and their corresponding
molecular mechanisms.

In the present study, we also aimed to test whether the
classical EMT program could be among the mechanisms by
which PCA3modulates PCa cell survival. Upon PCA3 silenc-
ing, we did not observe a classical reversion in the expression
of EMT markers, with a corresponding upregulation of EMT
epithelial markers and downregulation of EMT mesenchymal
markers, compatible with cell phenotypes losing their survival
features [9]. In our experimental model, the EMT epithelial
markers E-cadherin, Claudin-3, and Cytokeratin-18 were upreg-
ulated, but not Claudin-4 and Cytokeratin-8, which were down-
regulated in this experimental condition. Correspondingly, the
EMTmesenchymal markers Snail, Twist, and Slug were upreg-
ulated, while only vimentin was downregulated. Based on these
results, we speculate that our data are in accordance with the
putative role of PCA3 as a modulator of LNCaP cell survival,
by a partial contribution toEMTsignaling. Inmanydevelopment
or disease processes, including cancer, cells do not acquire all the
features associated with EMT, leading to what we refer to as
partialEMT(pEMT)[39]. Insomemetastatic tissues, tumorswith
decreased levels of vimentin expression have been observed, al-
though this has been generally described as an overexpressed
mesenchymal marker in metastatic tissues [9]. Metastatic PCa
tissues that overexpress E-cadherin, compared to nontumor pri-
mary specimens, have also been reported. Similarly, a partial re-
versionof classicalEMT, also termedmesenchymal-to-epithelial
reverting transition (MErT), has also been described. MErT has
been characterized by the persistence in the expression ofmesen-
chymalmarkers and the de novo expression of only some epithe-
lial markers [40]. In PCA3-silenced cells, our data accord with a
pattern similar to aMErT process. The differential expression of
these different EMTmarkers observed in the present study could
also individually regulate survival. Aberrant expression of E-
cadherin and Snail, for instance, has been correlated with tumor
cell survival [5, 41]. Hence, we propose that PCA3 couldmodu-
late the expression of some EMT markers, possibly through a
mechanism similar to pEMT/MErTor alternatively by modulat-
ing theexpressionof individualEMTmarkers,whichpersecould
control cell survival. The protein expression of these EMT
markers should be further investigated to better determine the
putative involvement of these markers in LNCaP cell survival
and the role of PCA3 in this process.

In this study, we also constructed a lentivirus vector that
efficiently silenced PCA3 in a long-term analysis and led to
the decrease in viability of cells transduced with the transgene.
These results concord with previous data from our group in
which PCA3 transient knockdown also decreased cell survival
[5]. These data indicate a potential application of PCA3 as a
therapeutic target in PCa, especially for castration-resistant
prostate cancer (CRPC), for which no effective treatment is
available. In CRPC, several mechanisms contribute to resis-
tance to androgen deprivation therapy, such as AR gene am-
plifications and mutations, alternative signaling pathways that
can activate the expression of ARGs irrespective of AR acti-
vation, and also androgen synthesis by PCa cells [6]. As pre-
viously observed by our group [5], PCA3 knockdown
inhibited the expression of all ARGs tested, even under
5α-dihydrotestosterone (DHT) treatment, indicating that the
final effect of PCA3 downregulation may be stronger than the
effect of DHT stimulation in modulating the expression of
these target genes. On the other hand, we also have shown
that Akt and ERK protein phosphorylation levels remained
unchanged in siPCA3-transfected cells, indicating that at least
these alternative pathways that are also able to activate AR,
irrespective of ligand activation, were not altered after PCA3
knockdown [5]. Taken together, these data provide evidence
that a role of PCA3 in modulating the expression of these
ARGs may function downstream from and irrespectively of
AR activation. Also supporting this hypothesis, we observed
that the downregulation of these ARGs occurred even in
LNCaP cells that were not DHT-activated. In view of our data
and based on our previous report, we propose that silencing
PCA3 could be an alternative approach to inhibit some of
these knownmechanisms related to CRPC. Some reports have
also shown that stable AR silencing led to a significant de-
crease in serum PSA and in tumor growth. These authors also
observed a delay in the progression of a PCa tumor from a
primary prostate tumor to a CRPC disease and tumor regres-
sion [44]. Considering several molecular mechanisms that can
provide resistance of CRPC to anti-androgenic treatment ap-
proaches, we propose strategies aiming to stably silence PCA3
in order to maintain ARG downregulation, which might in-
crease the efficacy of CRPC treatment approaches. Some re-
ports have also shown that stable AR silencing led to a signif-
icant decrease in serum PSA and in tumor growth. These
authors also observed a delay in the progression of a PCa
tumor from a primary prostate tumor to a CRPC disease and
tumor regression [44]. Considering several molecular mecha-
nisms that can provide resistance of CRPC to several anti-
androgenic treatment approaches, we propose strategies
aiming to stably silence PCA3 in order to maintain ARG
downregulation, which might increase the efficacy of CRPC
growth inhibition. Moreover, the construction of this shPCA3
cassette incorporated into this lentivirus vector opens possibil-
ities for targeting PCA3 in vivo in animal models. Overall, our
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data indicated that gene expression patterns in response to
PCA3 silencing provide evidence that this lncRNA could
modulate the expression of several key cancer-related genes,
especially those modulating the control of gene expression, as
well as AR cofactors and individual EMTmarkers. These data
could contribute to a better understanding, not only of the role
of PCA3 in PCa cells, but also of additional and still-unknown
mechanisms by which lncRNAs can control cell survival and
tumor progression. By developing an in vitro system to stably
downregulate PCA3, we can propose an experimental model
to further test PCA3 silencing as a possible therapeutic ap-
proach to control the survival of PCa cells.
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