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Abstract

The androgen receptor (AR) plays an important role in
early prostate cancer by activating transcription of a
number of genes participating in cell proliferation and
growth and cancer progression. However, as the cancer
progresses, prostate cancer cells transform from an
androgen-dependent to an androgen-independent state.
Androgen-independent prostate cancer can manifest
itself in several forms, including a percentage of cancers
that show reduced levels of prostate-specific antigen
(PSA) and can progress without the need for the ligand
or active receptor. Therefore, our goal was to examine
the role of intracellular signaling pathways in an andro-
gen-independent prostate cancer in vitro model. Using
the cell line PC3(AR)2, we stimulated cells with 5-a-dihy-
drotestosterone (DHT) and epidermal growth factor (EGF)
and then analyzed PSA expression. We observed lower
PSA expression when cells were jointly stimulated with
DHT and EGF, and this was associated with an increase
in AKT activity. We examined the role of AKT in AR activ-
ity and PSA expression by creating stable PC3(AR)2 cell
lines transfected with a PI3K-Ras-effector loop mutant.
These cell lines showed lower DHT-stimulated PSA
expression that correlated to changes in the phospho-
rylated state of AR. Therefore, we propose an in vitro
androgen-independent model in which a PI3K/AKT activ-
ity threshold and subsequent AR transactivation regulate
PSA expression.
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Introduction

Prostate cancer is the most frequently diagnosed cancer
among men in North America and Europe. Several fac-
tors contribute the development of prostate cancer, but
one highly influential protein is the androgen receptor
(AR). The AR belongs to a superfamily of nuclear recep-

tors and mediates the action of androgens such as tes-
tosterone and 5-a-dihydrotestosterone (DHT) (Kato et al.,
2005). The AR and its activating ligands play an impor-
tant role in prostate cancer progression by mediating the
responses of androgens and activating gene transcrip-
tion. Upon binding of the androgen to the cognate recep-
tor, the receptor dimerizes and translocates into the
nucleus and binds to specific DNA cis-elements known
as androgen response elements (AREs). The RNA pol II
complex is then recruited to the androgen-responsive
gene to initiate transcription (Suzuki et al., 2003; Shand
and Gelmann, 2006).

Of the androgen-responsive genes, the one most stud-
ied and associated with prostate cancer is prostate-
specific antigen (PSA) (Pousette et al., 1999). PSA is the
most commonly used biomarker for diagnosis of prostate
cancer. Therapeutic approaches aim at reducing testo-
sterone levels or blocking testosterone signaling through
the AR, and thus blocking downstream gene activation
(Trapman and Cleutjens, 1997; Balk et al., 2003; Kim and
Coetzee, 2004). Prostate cancer can be separated into
two hormone-associated classes (Shand and Gelmann,
2006). First is early stage cancer, also known as andro-
gen-dependent cancer, in which gene expression is still
associated with sensitivity to androgens and the action
of the AR. Clinically, prostate cancer progression is asso-
ciated with the patient’s response to hormone therapy or
lack thereof. Failure of hormone therapy is a character-
istic of a more aggressive, hormone refractory stage or
androgen-independent cancer that is often associated
with loss of androgen sensitivity (Grossmann et al.,
2001). The mechanism of progression from androgen
dependence to androgen independence is poorly
understood.

Currently, there are many definitions of androgen inde-
pendence. The AR is still expressed in androgen-inde-
pendent prostate cancer cells. However, gene activation
profiles associated with loss of androgen sensitivity have
prompted different definitions to describe the transition.
The most common definition of androgen-independent
prostate cancer is the activation of androgen-sensitive
genes, such as PSA, by ligands other than testosterone
that can associate with the AR and subsequently activate
PSA. Such promiscuous, non-androgen ligand interac-
tions can also be facilitated by mutations within the AR.
Such mutations have been characterized in the most
commonly used prostate cancer cell lines (such as
LNCaP) and in patients in whom tumors can activate PSA
expression under a wide variety of stimulants, including
estrogens and anti-hormone agents (Taplin et al., 1995;
Gelmann, 1996; Van Bokhoven et al., 2003; Taplin and
Balk, 2004).

Intracellular signaling pathways can also influence AR
activity. AR activation by intracellular signaling pathways
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Figure 1 Inhibition of the PI3K/AKT pathway suppresses DHT-
stimulated expression of PSA.
(A) PC3(AR)2 cells were stimulated with 10 nM DHT and 500 nM

wortmannin and PSA expression was assessed by ELISA in
tissue culture supernatants. All changes in PSA levels are
expressed as the fold change compared to unstimulated or
untreated cells. (B) RT-PCR analysis of PSA expression (30
cycles) of cells treated with DHT and wortmannin; b-actin was
used as a loading control (25 cycles).

stimulated by growth factors and cytokines wsuch as
epidermal growth factor (EGF), insulin-like growth factor
(IGF), keratinocyte growth factor (KGF), forskolin, neuro-
peptides such as bombesin, and interlukin-6 (IL-6)x has
been identified as an alternative to ligand binding and
PSA gene expression (Trapman and Cleutjens, 1997;
Grossmann et al., 2001; Yang et al., 2003; Taplin and
Balk, 2004; Huang et al., 2006). These peptide mitogens
signal through various pathways to stimulate AR phos-
phorylation. These pathways may also sensitize the mag-
nitude of the AR response under low androgen levels.
This cross-talk between AR response and cell signaling
pathways was illustrated by Bakin et al. (2003), who
showed that LNCaP cells stably transfected with a Ras-
effector loop mutant driving constitutive activity of the
MEK/extracellular signal-regulated kinase (ERK) pathway
exhibited PSA expression that was sensitized upon stim-
ulation with low androgen levels. Moreover, common
genetic mutations found in prostate cancer such as in
PTEN (phosphatase and tensin homolog deleted from
chromosome 10 gene), and RAS or EGFR overexpres-
sion can all contribute to the transition of prostate cancer
from androgen-dependent to androgen-independent (Li
et al., 1997, 2005; Wang and Hung, 2001; Bonaccorsi et
al., 2004b; Gao et al., 2006; McCubrey et al., 2006).
However, paradoxically, in approximately 22% of pros-
tate cancers exhibit another androgen-independent form,
in which, rather than observing an increase in PSA
expression, PSA levels are near normal or decreased
(Hernandez and Thompson, 2004), as well as a wild-type
form of the AR and normal circulating levels of
androgens.

Therefore, in the present study we investigated the lat-
ter PSA paradox form of androgen-independent prostate
cancer using an in vitro model. We manipulated cell sig-
naling pathways using small-molecule inhibitors and sta-
bly transfected cell lines. Our results indicate that PSA
expression is dependent on an AKT activity threshold
that marks the difference between androgen-dependent
and -independent forms of prostate cancer. Low AKT
levels are characteristic of androgen-dependent PSA
expression, whereas high levels are characteristic of
androgen-independent prostate cancer.

Results

PI3K/AKT positively regulates androgen-dependent
PSA expression

Previous work has shown that intracellular signaling
pathways play an important role in regulating the andro-
gen-dependent expression of PSA in breast cancer cell
lines. Therefore, we further examined these pathways,
with specific emphasis on the PI3K/AKT and MEK/ERK
pathways in relation to PSA regulation and expression,
using the prostate cancer cell line PC3(AR)2. We selected
PC3(AR)2 instead of more commonly used prostate can-
cer cell lines such as LNCaP or 22Rv1 to study andro-
gen-dependent PSA expression because PC3(AR)2 was
derived from PC3 cells by transfection with a wild-type
AR; thus, PSA expression is tightly regulated by andro-
gens (Heisler et al., 1997). LNCaP and 22Rv1 cell lines

harbor mutations in the AR and accumulate PSA in con-
ditioned media without the need for androgens, whereas
PSA production by PC3(AR)2 cell lines is tightly regulated,
with untreated cells expressing 1–2 ng/l PSA over the
4-day stimulation period.

PC3(AR)2 cells were stimulated with DHT and treated
with 500 nM wortmannin, a PI3K inhibitor. Addition of
wortmannin reduced the DHT-dependent stimulation of
PSA. This suggests that the PI3K/AKT pathway exerts
a positive influence on PSA expression in androgen-
sensitive prostate cancer cells (Figure 1A). The changes
in PSA expression appear to be a transcriptional event,
as RNA levels also changed upon addition of wortmannin
(Figure 1B). As PC3(AR)2 cells possess a mutant (non-
functional) PTEN protein (Li et al., 1997), we also exam-
ined whether a similar result could be obtained by stably
transfecting a wild-type copy of the PTEN gene into
these cells. PC3(AR)2-PTEN stable transgenic cells were
stimulated with DHT and PSA levels were compared
against the parental line (Figure 2A).

Along with the reduced expression of PSA, the
PC3(AR)2-PTEN cell line also acquired other character-
istics (see below) suggesting that the addition of wild-
type PTEN could potentially target AKT activity. First, the
PTEN transgenic cells showed reduced AKT activity
compared to the parental cell line (Figure 2B). Second,
since AKT is critical for cell survival through regulation of
translation and apoptotic pathways, we used an MTT
assay to analyze changes in cell survival between paren-
tal and PC3(AR)2-PTEN lines (Figure 2C). In turn, we
observed an earlier decrease in PC3(AR)2-PTEN prolifer-
ation compared to the parental cells, which we have
interpreted as a decrease in cell survival as a result of
the addition of wild-type PTEN to PC3(AR)2 cells. Since
we did not observe any significant differences between
vector-alone transfections and the PC3(AR)2 parental line,
data are expressed compared to the parental line. Similar
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Figure 2 Characterization of PC3(AR)2-PTEN versus the parental PC3(AR)2 cell line.
(A) PSA expression profiles of DHT-stimulated parental versus PC3(AR)2-PTEN transgenic cell lines. (B) Differences in AKT activity,
shown by marked band intensity between the two cell lines PC3(AR)2 and PC3(AR)2-PTEN upon EGF stimulation. (C) MTT assay of
the PC3(AR)2-PTEN line versus parental cells. As described in the materials and methods section, the MTT assay represents the
average of eight biological replicates of seeded unstimulated cells.

Figure 3 EGF stimulation of AKT suppresses PSA expression.
(A) PSA expression profile of EGF- and DHT-stimulated PC3(AR)2
cells as measured by ELISA and expressed as fold changes.
(B) RT-PCR analysis of PSA (30 cycles) expression and b-actin
(25 cycles).

non-significant differences were also observed with
vector-alone transfections used in Ras-effector loop
transfection experiments.

EGF represses androgen-dependent PSA expression

To further assess the role of intracellular signaling path-
ways in PSA expression, PC3(AR)2 cells were stimulated
with DHT and EGF and PSA expression was analyzed
by ELISA. The stimulation of PC3(AR)2 cells with EGF
reduced the DHT-dependent expression of PSA protein
by 40% (Figure 3A). Cell stimulation with EGF alone did
not alter PSA expression in PC3(AR)2 cells (data not
shown). The lower PSA expression induced by EGF in
DHT-stimulated PC3(AR)2 cells may be a transcriptional
event, as demonstrated by RT-PCR (Figure 3B). As a

mitogen, EGF is capable of activating both PI3K/AKT and
MEK/ERK pathways (McCubrey et al., 2006; Rajalingam
et al., 2007). Therefore, we checked the activation of
these pathways in PC3(AR)2 cells using Western blotting.
We found that EGF was able to activate AKT, but not
ERK1/2 (Figures 2B and 4A).

Characterization of PC3(AR)2-Y40C stable
transgenic cell lines

Since activation of the PI3K/AKT pathway by EGF
reduced the PSA expression of DHT-stimulated PC3(AR)2
cells, we followed a genetic approach to further confirm
the negative regulation of PSA via activation of the PI3K/
AKT pathway. The RAS oncoprotein is capable of binding
to numerous effectors to trigger various signaling
cascades. We created stable transgenic PC3(AR)2 cells
expressing the RAS-effector loop mutant-Y40C, which
results in constitutive activity of the PI3K/AKT pathway
(Rajalingam et al., 2007). Before analyzing PSA expres-
sion, we characterized some properties of the transfect-
ed and non-transfected cell lines. First, we stimulated
both parental and transgenic Y40C cell lines with 10
ng/ml EGF for 10 min to identify differences in activity of
the PI3K/AKT pathway (Figure 4A). PC3(AR)2-Y40C cell
lines exhibited higher AKT activation (based on our phos-
pho-AKT Thr308 Western blots) compared to the parental
line, indicating that the Ras-effector loop mutant confers
increased sensitivity of the transgenic cell line to PI3K
activation.

The PI3K/AKT pathway is a key survival pathway;
therefore, we examined differences in either cell prolif-
eration or survival between the two cell lines using the
MTT assay over a 12-day period (Figure 4B). Although
there was little difference initially in proliferation rates
between the two cell lines, by days 9 and 12 the
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Figure 4 Characterization of the Ras-Y40C effector-loop mutant.
(A) Western blot analysis of AKT and ERK1/2 activity between parental and Ras-Y40C cell lines. (B) MTT proliferation assays of
the PC3(AR)2 parental line versus the PC3(AR)2-Y40C transgenic line, averaged for eight biological replicates of unstimulated cells.
(C) Morphological differences between parental and PC3(AR)2-Y40C cell lines. (D) Western blot analysis of E-cadherin (E-CAD) and
N-cadherin (N-CAD), markers for AKT-related EMT shift.

Figure 5 PC3(AR)2-Y40 expression of PSA.
(A) PSA expression profiles of DHT-stimulated PC3(AR)2 and PC3(AR)2-Y40 cell lines. (B) PSA expression profiles of PC3(AR)2-Y40
cells treated with DHT and wortmannin.

PC3(AR)2 parental cell line started to die, as shown by a
decrease in MTT absorbance. The PC3(AR)2-Y40C stable
cell line exhibited an increased survival rate.

There was a clear difference in overall morphology
between the two cell lines. The PC3(AR)2-Y40C stable
cell line appeared to have undergone epithelial-mesen-
chymal transition (EMT) (Figure 4C). It has been reported
that activation of AKT can promote EMT (Bakin et al.,
2000; Boyer et al., 2000; Grille et al., 2003; Larue and
Bellacosa, 2005; Lee et al., 2006; Pienta and Bradley,
2006). We confirmed the EMT shift in PC3(AR)2-Y40C cell
lines by Western blot analysis for E-cadherin and N-cad-
herin, two proteins that differentially change their expres-
sion patterns upon EMT (Figure 4D). PC3(AR)2-Y40C
cells showed a decrease in E-cadherin and subsequent
increase in N-cadherin expression compared to the
parental cell line. Such changes in E- and N-cadherin
expression are indicative of AKT-dependent EMT.

Constitutive AKT activity results in reduced PSA
expression

We compared the androgen-dependent expression of
PSA between parental and PC3(AR)2-Y40C cells. The cell
lines were stimulated with 10 nM DHT for 3 days and PSA
levels were measured by ELISA in the supernatants (Fig-
ure 5A). PSA levels were approximately 50% lower in
PC3(AR)2-Y40C cells than in the parental cell line upon
DHT stimulation, a similar PSA expression pattern to that
observed upon EGF stimulation of the PC3(AR)2 parental
line (as noted previously). We then examined whether
blocking of the PI3K/AKT pathway can restore the andro-
gen-dependent expression of PSA. Thus, PC3(AR)2-
Y40C cells were stimulated with DHT with or without
500 nM wortmannin. Indeed, inhibition of AKT by wort-
mannin did restore PSA expression to levels comparable
to those in DHT-stimulated parental cells. Therefore,
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Figure 6 Differential AKT-dependent phosphorylation of the
androgen receptor.
Phospho-specific AR Western blots of PC3(AR)2 and PC3(AR)2-
Y40C cell lines from immunoprecipitated androgen receptor.
Ser210 phosphorylation between the two cell lines is marked by
differential band intensities. There were no overall changes in
AR expression levels upon any of the stimulations or inhibitor
treatments, as shown in the bottom panel.

Figure 7 Schematic diagram of the putative relationship
between AKT activity and androgen-dependent and -independ-
ent PSA expression.

increased activation of the PI3K/AKT pathway exerts a
negative influence on PSA expression.

Differential AKT-dependent phosphorylation
of the AR

It has been shown that the AR can be phosphorylated
at several residues. These phosphorylation events are
regulated by several signaling pathways, including
MEK/ERK, PKA, c-SRC and AKT. In particular, AKT can
phosphorylate the AR at two serine residues, Ser210 and
Ser790 (Gioeli et al., 2002; Xin et al., 2006). Since our
results indicated that PI3K/AKT signaling is a key path-
way for the regulation of PSA expression, we investigated
differences in AR phosphorylation between the parental
and PC3(AR)2-Y40C cell lines. PC3(AR)2 and PC3(AR)2-
Y40C cells were stimulated with EGF or DHT with and
without wortmannin treatment. Cells were lysed and the
AR was immunoprecipitated for Western blot analysis
using a phospho-specific-Ser210 androgen receptor
antibody (Figure 6). The AR of the PC3(AR)2 parental cell
line exhibited very little phosphorylation, with no appar-
ent differences between any of the stimulations or wort-
mannin treatments. However, the basal level of Ser210
specific phosphorylation of the AR was much higher in
PC3(AR)2-Y40C than in parental cells, which we attribute
to higher AKT activity. The PC3(AR)2-Y40C line also
showed sensitivity to wortmannin treatment, resulting in
a decrease in Ser210 phosphorylation. These AKT-
dependent phosphorylation patterns of the AR are con-
sistent with our observations of a reduction in Ser210
phosphorylation of the AR in PC3(AR)2-Y40C cells and
restoration of PSA expression after wortmannin treat-
ment. Thus, we speculate that above an AKT activity
threshold, the PI3K/AKT pathway negatively regulates
PSA expression via phosphorylation of the AR.

Discussion

In the present study we used a prostatic carcinoma cell
line to show that PSA expression is regulated by an AKT
activity threshold. This work addresses several previous

suggestions and controversies indicating that AKT can
both positively and negatively regulate PSA expression
(Lin et al., 2001, 2003; Bonaccorsi et al., 2004a; Hakariya
et al., 2006), and proposes a candidate model (Figure 7).
Cell line selection is a critical issue for studying the role
of PI3K/AKT in the regulation of AR activity and PSA
expression. We were able to use a single cell line and a
myriad of stimulations, inhibitor treatments, and genetics
to reveal and explain both positive and negative influ-
ences of AKT activity.

We selected the cell line PC3(AR)2, which was derived
from PC3 cells, after stable transfection with wild-type
AR. This cell line readily expresses PSA after stimulation
with DHT. Addition of the PI3K inhibitor wortmannin to
DHT-stimulated cells can block the expression of PSA
(Figure 1). We further expanded on this observation by
stably transfecting a wild-type copy of PTEN into
PC3(AR)2 cells. PTEN is a negative regulator of AKT activ-
ity. Since PC3(AR)2 has a mutant form of PTEN, trans-
fection of wild-type PTEN into these cells similarly
induced a reduction in PSA expression (Figure 2). These
results indicate that AKT activity positively influences
DHT-dependent PSA expression. However, when cells
were simultaneously stimulated with EGF and DHT, we
also observed a decrease in PSA expression (Figure 3).
Although the mitogen EGF can stimulate the activity of
several intracellular pathways, we particularly observed
activation of AKT rather than ERK upon EGF stimulation
of PC3(AR)2 cells. These results suggest that in this con-
text, an increase in AKT activity could negatively regulate
PSA expression.

To further characterize the role of increased AKT activ-
ity in the negative regulation of PSA, we created a trans-
genic cell line stably expressing a RAS-effector loop
mutant that would constitutively drive PI3K activity. This
PC3(AR)2-Y40C stable cell line expresses PSA at much
lower levels than the parental cell line upon DHT stimu-
lation (Figure 5). This is consistent with the observation
that EGF activation of AKT also results in reduced
expression of PSA upon joint stimulation with DHT. Since
an increase in AKT activity can negatively regulate PSA
expression, we also showed that inhibition of this path-
way by wortmannin could restore PSA expression. The
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changes in PSA expression as a result of the treatments
were attributed to AR activity. We have shown that the
increase in AKT activity in PC3(AR)2-Y40C cells was
associated with an increase in Ser210 phosphorylation
of the AR. Decreased Ser210 phosphorylation in
PC3(AR)2-Y40C cells also correlated with an increase in
PSA expression upon wortmannin treatment (Figure 6).
Therefore, AKT-dependent phosphorylation of the AR
negatively regulates the activity of the receptor and PSA
transcription.

The resulting higher basal AKT activity induced EMT in
PC3(AR)2-Y40C cells, which exhibited increased cell sur-
vival in comparison to parental cells (Figure 4). The exact
activity level of AKT that is required to cause this tran-
sition is unknown, and could be a result of amplification
of the activity by other downstream factors. However,
such phenomena are commonly observed in more
aggressive forms of prostate cancer. An association
between AKT activation and EMT has been described in
model organisms such as Xenopus, Caenorhabditis
elegans, and Drosophila; however, it is only recently that
attempts have been made to understand the mechanism
in mammals (Gioeli et al., 2002; Larue and Bellacosa,
2005). AKT is frequently activated in human epithelial
cancers. However, the observation that EMT was
induced by AKT was recently demonstrated by Grille et
al. (2003), who showed that squamous carcinoma cell
lines overexpressing activated mutants of AKT under-
went EMT with morphological changes and downregu-
lation of E-cadherin. A decrease in E-cadherin is often
associated with EMT and is accompanied by upregula-
tion of N-cadherin, similar to our observations for
PC3(AR)2 and transgenic PC3(AR)2-Y40C cells. It has
been hypothesized that the early steps of increased
motility and cell invasiveness are associated with EMT
and an overall more aggressive cancer.

Materials and methods

Cell line

The PC3(AR)2 cell line was used for all experiments, including
the development of stably transfected cell lines. The cell line
was a gift from Dr. T.J. Brown (Mount Sinai Hospital, Toronto,
Canada), and was developed as described elsewhere (Heisler
et al., 1997).

Steroids and inhibitor compounds

DHT and EGF were obtained from Sigma Chemical Co. (St.
Louis, MO, USA). The inhibitor wortmannin was purchased from
EMD Biosciences (San Diego, CA, USA).

Stable cell lines

Y40-Ras-effector loop mutants PC3(AR)2 cells were seeded
onto 10-cm dishes and transfected with 3 mg of pCMV-
RasY40C using Fugene (Roche Diagnostics, Indianapolis, IN,
USA). Stable clones were selected using G418 (Invitrogen,
Carlsbad, CA, USA). Colonies were picked and screened by
Western blot analysis using anti-Ras (Upstate, Charlottesville,
VA, USA). The pCMV-RasY40C plasmid was a gift from Dr. M.
White, University of Texas-Southwestern, Dallas, TX. Ras-Y40C

stable cells are referred to as PC3(AR)2-Y40C throughout the
manuscript.

PTEN stable cell lines pOB7-PTEN cDNA was obtained
from The American Type Culture Collection (ATCC, Rockville,
MD, USA) and subcloned into the pMX-PIE expression vector.
PC3(AR)2 cells were seeded onto 10-cm dishes and transfected
with 3 mg of pMX-PIE-PTEN construct using Fugene. Stable cell
lines were screened using puromycin and screened for PTEN
expression by Western blotting using anti-PTEN (Cell Signaling
Technologies, Davers, MA, USA). PTEN-transfected stable cells
are referred to as PC3(AR)2-PTEN throughout the manuscript.

Cell culture: hormone stimulation, blocking studies,
and determination of PSA concentrations

PC3(AR)2, PC(AR)2-Y40C and PC3(AR)2-PTEN stable cell lines
were cultured in phenol-red-free RPMI 1640 media supple-
mented with charcoal-dextran stripped fetal bovine serum (FBS)
(11%) and 100 mg/ml hygromycin wplus 300 mg/ml G418 for
PC(AR)2-Y40 and 0.7 mg/ml puromycin for PC3(AR)2-PTEN sta-
ble cell linesx at 378C in 5% CO2 in plastic culture flasks. Once
confluent, 1=106 cells were seeded into 6-well plates with the
same medium to allow the cells to adhere. The medium was
changed 24 h after plating to RMPI supplemented with 10%
charcoal-dextran stripped FBS and incubated for an additional
24 h. The following day, the medium was changed to fresh
RMPI/charcoal-dextran stripped FBS for stimulation and inhibi-
tor studies.

Stimulation experiments Cells were incubated with DHT
(final concentration 10-8 M) for 24 h for RNA analysis and for
4 days for measurement of secreted PSA protein in cell super-
natants (conditioned media). All stimulations were performed in
triplicate. Cells were similarly stimulated with a final concentra-
tion of 10 ng/ml EGF.

Inhibitor studies Cells were cultured as described for the
stimulation experiments. Selective inhibitors were added, either
as a single dose for RNA and lysate analysis, or daily for 3 days
and conditioned media were collected on the fourth day for PSA
protein analysis.

Determination of PSA The concentration of PSA was meas-
ured using a quantitative specific immunofluorometric ELISA
assay as described previously (Ferguson et al., 1996). The
detection limit was 1 ng/l. Changes in PSA levels were calcu-
lated as the fold change compared to unstimulated or untreated
parental cells.

RNA extraction and RT-PCR Total RNA was extracted from
prostate cancer cells using TRIZOL reagent (Invitrogen) following
the manufacturer’s instructions. The RNA concentration was
determined spectrophotometrically and 5 mg of total RNA was
reverse-transcribed into first-strand cDNA using a Superscript�
First Strand Synthesis kit (Invitrogen) with an Oligo(dT) primer.
PCR was carried out using Qiagen HotStar Taq Polymerase (Qia-
gen, Valencia, CA, USA) on first-strand cDNA. Primers used for
RT-PCR analysis were: PSA, forward 59-CCC ACT GCA TCA
GGA ACA AAA GCG-39 and reverse 59-GGT GCT CAG GGG
TGG CCA C-39; and b-actin, forward 59-ATC TGG CAC CAC
ACC TTC TA-39 and reverse 59-CGT CAT ACT CCT GCT TGC
TG-39. An equal amount of each PCR product was run on 0.9%
agarose gel and visualized by ethidium bromide staining.

MTT proliferation assays PC3(AR)2, PC3(AR)2-PTEN, and
PC3(AR)2-Y40 cells (4000 cells) were seeded into 24-well plates
with 8 wells per cell line over the noted time course. A 5 mg/ml
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stock of MTT (3-w4,5-dimethyltiazol-2-ylx-2,5-diphenyltetra-
zolium bromide; Sigma) was prepared in 1= PBS, pH 7.8 and
added at 1:10 dilution to cells. Cells were incubated with MTT
for 2 h and developed with acidic isopropanol (0.1 M HCl in
absolute isopropanol). The absorbance was read using a Wallac-
Victor 1420 Multilable Counter (Perkin Elmer, Waltham, MA,
USA).

Western blot analysis Cells were treated as described, then
washed twice with 1= PBS and lysed using 1= cell lysis buffer
supplemented with 1= complete protease inhibitor cocktail
(Roche Diagnostics, Mannheim, Germany). Protein concentra-
tion was determined using a BCA protein assay kit (Pierce Bio-
technology, Rockford, IL, USA). Samples of 20 mg of cleared
cell lysate were used for Western blot analysis. Antibodies used
for Western blotting according to the manufacturers’ protocols
included b-actin (C4) and AR (N-20) from Santa Cruz Biotech-
nology (Santa Cruz, CA, USA), E-cadherin and N-cadherin from
BD Biosciences (San Jose, CA, USA), and phospho-Thr308-AKT
and phospho-p44/42 (Thr202/Tyr204) ERK1/2 (E10), along with
a-AKT (pan-11E7) and p44/42 ERK1/2 loading controls, from
Cell Signaling Technologies. Immunoprecipitations of phospho-
rylated AR were carried out with PC3(AR)2 cells pre-treated with
10 nM DHT and/or 200 nM wortmannin for 30 min, then stimu-
lated for 10 min with 10 ng/ml EGF and lysed in immunopreci-
pitation lysis buffer (0.1 M Tris-HCl, pH 7.4, 150 mM NaCl, 1 mM

EDTA, 1% Nonidet P-40, 1= complete protease inhibitors). A
sample of 200 mg of cleared cell lysate was used per AR immu-
noprecipitation assay. AR immunoprecipitations were carried out
overnight at 48C. An 8% protein A Sepharose slurry was added
to each sample and incubated at room temperature for 90 min.
Beads were then washed three times with wash buffer (50 mM

Tris-HCl, pH 8.0, 150 mM NaCl, 1% Tween 20) and resuspended
in 100 ml of 1= SDS gel loading buffer. Samples were denatured
by boiling, resolved on a 4–12% SDS acrylamide gel, and trans-
ferred to nitrocellulose membranes for Western blot analysis. A
phosphoserine-specific AR antibody (p-AR 156C135.2, Santa
Cruz Biotechnology) was used to determine the phosphorylated
state of AR.
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