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INTRODUCTION

Protein phosphorylation plays an important role in various biological processes and is regulated
by a dynamic equilibrium between the protein kinases and phosphatases. Disruption of this
balance often leads to various pathological conditions, including malignant transformation. The
overall objective of this research is to investigate the role of protein phosphatase 2A (PP2A)
signaling in human prostate cancer (PC). Supporting preliminary evidence include our
demonstration of downregulated expression of PPP2CA (PP2Acaq, catalytic subunit of PP2A) in
LNCaP-C81 (androgen independent) cells as compared to LNCaP-C33 (androgen-dependent)
cells (Singh et al.,, 2008). A similar observation was also made in clinical samples by
immunohistochemical analysis (Singh et al., 2008). Furthermore, data mining of ‘Oncomine
cancer profiling database’ (www.oncomine.org) also indicated a progressive loss
(Normal>Primary>Metastatic) of PP2Ac in prostate cancer. Another study also reported the
downregulated expression of B-isoform of PP2A catalytic subunit (PP2Acg) in PCa (Prowatke et
al., 2007). PP2Ac, and PP2Acs share 97% identity and are ubiquitously expressed; however,
PP2Ac, is about 10 times more abundant than PP2Acs (Khew-Goodall and Hemmings, 1988).
PP2Acqg is a well conserved subunit of PP2A serine/threonine phosphatases, and the in vivo
activity of PP2A is provided by related complexes that exist either as hetero-dimers or hetero-
trimers with scaffold (A) and regulatory (B) subunits (Janssens and Goris, 2001). All these
studies strongly suggested a role of PP2A in prostate cancer and led us to hypothesize that
dysreqgulation of PP2A plays an important role in the progression of prostate cancer.

To test our hypothesis, we have proposed three specific aims:

1) Investigate the biological role of PP2Ac in growth and malignant properties of the prostate
cancer cells.

2) Delineate the molecular pathways that are responsive for the changes in PP2A signaling and
establish their association with observed phenotype.

3) Determine the expression and/or activation profiles of PP2Ac, Erk and Akt in human prostate
cancer.

We expect that the proposed investigations will provide experimental evidence for a role of
PP2A signaling in PC progression and may aid in designing of novel therapeutic approach(es)
against PC to improve the patient’s survival.

BODY:

Task 1: To develop stable transfectants from the prostate cancer cell lines with knockdown or
exogenous expression of PP2Aca.

We currently are working with three prostate cancer cell lines: LNCaP (androgen-dependent;
AR positive; high PP2Aca expression), C4-2 (androgen-independent; AR positive; low PP2Aca
expression), and PC3 (androgen-independent, AR negative; low PP2Aca expression). After
confirming the efficacy of PPP2CA expression plasmid (pCMV6-PPP2CA) in transient assays,
we stably transfected the C4-2 and PC-3 cells to generate PPP2CA- overexpressing C4-2 (C4-
2-PPP2CA) and PC-3 (PC-3-PPP2CA) sub-lines (from pooled PPP2CA-overexpressing clones)
along with their control transfectants (C4-2-Neo and PC-3-Neo). These cells have been
characterized for PP2Ac, expression and PP2A activity (Figure 1). PP2Ac, expression is
upregulated in both C4-2-PPP2CA (= 3.8 fold) and PC-3-PPP2CA (= 4.2 fold) cells as compared



to their respective controls. Similarly, activity of PP2A is also increased in C4-2-PPP2CA (= 2.9

fold) and PC-3-PPP2CA (= 3.3 fold) cells as compared
to their respective controls.

We are, however, still working to generate stable
PPP2CA-knockdown clones through gene silencing in
LNCaP cells.

Task 2: To examine the effect of PP2A
overexpression/silencing on prostate cancer cell
phenotype.

We have employed pharmacological and siRNA-
mediated approaches to manipulate PPP2CA
expression in PPP2CA-overexpressing LNCaP cells.
Our data demonstrate that PP2A activity is decreased
following treatment with fostriecin (~77.27% and
89.32% at 50nM and 100nM, respectively) or

Fig. 1: Ectopic overexpression of PPP2CA and
resulting enhanced PP2A activity in androgen-
independent C4-2 (AR positive) and PC3 (AR
negative cell lines.

transfection with PPP2CA-specific SIRNA (~74%) that resulted in over 80% reduction in gene

expression (Figure 2). In next set of experiments, we
analyzed the effect of PP2A inhibition on the growth of
LNCaP cells under steroid-depleted condition. LNCaP
cells were treated with fostriecin (100 nM) or DHT (1
nM) under steroid-reduced condition. Alternatively,
following transfection with scrambled- or PPP2CA-
specific siRNAs for 24 h, LNCaP cells were placed in
steroid-reduced growth media. Growth of the LNCaP
cells was analyzed by MTT assay after 96 h of
treatments (Figure 3). We observed that LNCaP cells
under steroid-depleted condition had -~4.3 fold
decreased cell growth as compared to the cells grown
in regular-media. The treatment with either DHT or
fostreicin had a rescue effect exhibiting ~3.83 fold and
~3.06 fold growth induction, respectively. Similarly,
siRNA-mediated silencing of PPP2CA also resulted
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Fig. 2: Downregulation of PP2A activity by
Fostriecin  (pharmacological inhibitor) and
siRNA-mediated PPP2CA silencing.

in increased growth (~2.85 fold) as

compared to the scrambled-siRNA transfected
control cells under steroid-depleted condition
(Figure 3). These findings suggest that the down-
modulation of PP2A enables androgen-dependent | =
prostate cancer cells to grow under steroid-
deprivation and thus may have an important role
in androgen-independent growth of prostate
cancer.

nt

Our subsequent studies provided evidence that

PP2A inhibition sustains growth of LNCaP cells | Fig. 3: Effect of PP2A inhibiton on androgen-
under androgen-deprived condition by preventing | independent growth of LNCaP cells. FBS: fetal bovine
steroid-depletion induced cell cycle arrest and | serum (steroid)-containing media, CSS: charcoal-

; : ; ; : stripped serum (steroid-deprived) containing media,
apopt03|s. The prollferatlon index was determined DHT: dihydro-testerone, Fos: fostriecin, Scr: scrambled

sequence.

by DHT or fostriecin treatments of synchronized
LNCaP cells followed by propidium-iodide staining
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and flow cytometry (Figure 4). In accordance with previously published reports (Eto et al., 2003;

Kazi et al., 2002), our data showed arrest of
LNCaP cells in Go/G, phase of cell cycle under
steroid-reduced condition, an effect that was
abrogated upon treatment with DHT (1 nM)
(Figure 4). Furthermore, we observed that the
inhibition of PP2A by either fostriecin or siRNA-
mediated silencing of PPP2CA also led to the
release of steroid depletion-induced cell cycle
arrest of LNCaP cells. The total percentage of
LNCaP cells that entered S-phase and then
progressed to G,/M phase was 27.78% upon
fostriecin treatment as compared to 18.22% in
CSS-only treated LNCaP cells. Similarly, 20.96
% of PPP2CA-silenced LNCaP cells were in S
and G,/M phases as compared to 15.0% in
scrambled-siRNA transfected cells (Figure 4).

FBS CSs CSS+DHT]
GG -56.65%
8/0,-56.66% 6J6,-81.78% AT 3%
S-22.48% 513.82% 6,M-25 95%
6, M-20.58% G a4.41%
- A e ~~lv_f|‘v
Css+ CSS+Scr CSS+
g 8 -85% (79.66%
hOS Gfia?rz;f * STRNA o PP::&A et
G,IM-11,08% emaza% || St G,M5.48%
SN """" =

Fig. 4: Effect of PP2A inhibition on relieving steroid-
deprivation-induced cell cycle arrest. FBS: fetal bovine
serum (steroid)-containing media, CSS: charcoal-
stripped serum (steroid-deprived) containing media,
DHT: dihydrotesterone, Fos: fostriecin, Scr: scrambled

seqguence.

To analyze the apoptotic index, we stained the
cells with CaspACE FITC-VAD-FMK, a
fluorescent analog of a pan-caspase inhibitor that binds to the active caspases. As a measure of
activity of caspases or apoptosis, we counted the fluorescently-stained LNCaP cells in 10
random fields of view under a fluorescence microscope (Figure 5). Our data showed that
steroid-depletion led to enhanced apoptosis of LNCaP cells (3.34 fold), which could be
suppressed up to 1.67 and 2.35 folds by treatment with DHT and fostriecin, respectively.
Similarly, PPP2CA-silencing also led to the reduction of apoptosis (2.1 fold) under steroid-
deprdemonstrate that PP2A inhibition supports the growth of LNCaP cells under androgen-
depleted condition by preventing cell cycle arrest and apoptosis.

As C4-2 cells are androgen-independent

and possess low PP2A activity, we reslL] —@*'"‘“"]
examined if the activation of PP2A would cos[ NS — |
diminish their growth under steroid- ownfI
deprived condition. For this, we treated CESISoro A | C55Y FPPICA. rodJi -+ 2500
the C4-2 cells with ceramide, which is o e oy

o
PPP2CA 2Afold |

known to activate PP2A (Law and Rossie,
1995; Ruvolo et al., 1999) and observed
its effect on their growth. Our data
showed that ceramide treatment led to an
increase (= 2.0 fold) in the activity of
PP2A in C4-2 cells under both FBS and
CSS conditions. Furthermore, we
observed that the pretreatment of cells
with fostriecin could arrest the ceramide-induced PP2A activity (Figure 6A). Treatment of C4-2
cells with ceramide decreased their growth (~34%) in regular media, whereas in steroid-
deprived media, ceramide treatment showed even more potent effect (~ 71% decrease in
growth) (Figure 6B). To confirm that the effect of ceramide on cellular growth was mediated
through PP2A, we inhibited PP2A activity by pre-treating the C4-2 cells with fostriecin. Our data
demonstrated that the inhibition of PP2A significantly attenuated ceramide-induced growth
inhibition of C4-2 cells under steroid-depleted condition.

0 10 20
Apoptotic cells in 10 random
fields (mean £ SD)

Fig. 5: PP2A inhibition suppresses steroid-deprivation-induced
apoptosis. FBS: fetal bovine serum (steroid)-containing media,
CSS: charcoal-stripped serum (steroid-deprived) containing media,
DHT: dihydro-testerone, Fos: fostriecin, Scr: scrambled sequence.




Task 3: To investigate the effect of PP2A on androgen receptor (AR)-dependent and —
independent signaling pathways.

PP2A impacts multiple cell signaling pathways by causing dephosphorylation of the signaling
proteins (Janssens and Goris, 2001). Akt and ERK are
among the most significant signaling proteins that are
regulated by PP2A and have also been shown to be
involved in androgen-independent growth of human
prostate cancer cells (Carson et al., 1999; Grethe and
Porn-Ares, 2006; Murillo et al., 2001). To determine if e —
the sustained growth of LNCaP cells under steroid-
depleted condition was due to the activation of Akt and
ERK, we monitored the change in their phosphorylation
upon PP2A inhibition. Our immunoblot data with total
and phospho-form-specific antibodies (Figure 7)
showed an increased phosphorylation of both Akt and
ERK. Similarly, silencing of PPP2CA also resulted in an
increased Akt and ERK phosphorylation. Furthermore,
we observed that PP2A inhibition induced the
phosphorylation of BAD protein, which causes the loss
of its pro-apoptotic effect.

Fig. 6: A. Ceramide induces PP2A activity in
Androgen receptor (AR) plays important roles in both | C4-2 cells, which could be effectively
androgen—dependent and —independent growth of suppressed by qutricin. B. Ceramide-induced
prostate cancer cells (Feldman and Feldman, 2001). It g][foe"(‘:’:hofsfzzfnrssion of C4-2 cells and rescue
has been established that AR can maintain its '

transcriptional activity even under androgen-deprived condition through ligand-independent
activation (Murillo et al., 2001). Notably, it has been shown earlier that both Akt and ERK can
induce phosphorylation of AR at serine residues leading to its activation (Murillo et al., 2001;
Shigemura et al., 2009). Therefore, we examined the
effect of PP2A inhibition on the phosphorylation of AR
in LNCaP cells under steroid-depleted condition
(Figure 8A). We observed that the inhibition of PP2A
either by fostriecin or siRNA led to an increased
phosphorylation of AR at serine-81 residue, while no
change was detected at the serine-213. In contrast,
stimulation with DHT induced phosphorylation at both
the serines (81 and 213). Our immunoblotting data also
demonstrated an induced expression of AR and its

target gene, PSA/KLK3 upon treatment with DHT or
PP2A inhibition (Figure 8A). To substantiate the
activation of AR pathway, we conducted promoter-
reporter assay to measure the transcription activity of
an AR-responsive promoter. LNCaP cells were
transfected with promoter-reporter and control plasmids
(negative and positive), and 24 h post-transfection,

Fig. 7: Effect of PP2A inhibition on Akt and ERK
signaling pathways and subsequent inactivating
phosphorylation of BAD. FBS: fetal bovine
serum  (steroid)-containing media, CSS:
charcoal-stripped  serum  (steroid-deprived)
containing media, DHT: dihydro-testerone, Fos:
fostriecin, Scr: scrambled sequence.

treated with either DHT or fostriecin under steroid-depleted condition for next 24 h. In parallel,
cells also co-transfected with scrambled or PPP2CA-specific sSiRNAs for 48 h. Transcriptional
activity of AR is presented as the relative luciferase units (RLUs), which is the ratio between
firefly (for AR activity) and renilla (transfection efficiency control) luciferase activity (Figure 8B).
Our data show a limited induction of AR activity in LNCaP cells treated with fostriecin (1.57 fold)
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or silenced for PPP2CA expression (1.64 fold) under steroid-depleted condition as compared to
the cells grown in normal FBS (2.02 fold) or cells treated with DHT (2.2 fold). Altogether, our
findings suggest that the inhibition of PP2A partially sustains AR activity by inducing AR
expression and ligand-independent phosphorylation.

Having evaluated the impact of PP2A inhibition on
Akt, ERK and AR signaling pathways, we next
evaluated the cross-talk of these signaling nodes and
their involvement in androgen-independent growth of
LNCaP cells. To examine this, we used
pharmacological inhibitors of Akt (LY294002) and
ERK (PD98059) and anti-androgen (Casodex) to
obstruct their activation prior to PP2A inhibition under
steroid-deprived condition (data not shown, see
appendix). Evaluation of LNCaP cell growth upon
repression of Akt, ERK and AR prior to PP2A
inhibition suggested a major role of Akt and ERK
signaling pathways in supporting the androgen-
independent growth of LNCaP cells. Nonetheless,
downregulation of AR also had a significant negative
impact on the fostriecin-induced growth of LNCaP
cells under androgen-deprived condition. These
findings suggest that the inhibition of PP2A leads to
the activation of Akt and ERK, which supports
androgen-independent growth of LNCaP cells in AR- | Fig. 8: A. PP2A inhibition in LNCaP cells leads to
dependent (through partial activation) and — | enhanced AR phosphorylation (at Serine-81) and

|ndependent manners (data not Shown, see overexpression of AR and PSA. B. AR activity is
: partially sustained in PP2A inhibited LNCaP cells.
appendix).

FBS: fetal bovine serum (steroid)-containing

. . . media, CSS: charcoal-stripped serum (steroid-
Our signaling data also demonstrated that ceramide | deprived) containing media, DHT: dihydro-

treatment decreased the phosphorylation of Akt and | testerone, Fos: fostriecin, Scr: scrambled
ERK, which could be reversed by pre-treatment with | seauence.

fostriecin (data not shown, see appendix). It was also observed that the expression of cyclins
(D1 and Al), AR, pS81-AR and PSA was downregulated, whereas, the expression of p27 was
upregulated upon treatment of C4-2 cells with ceramide (see appendix). Downregulation of
PP2A with fostriecin abrogated ceramide-induced effect on cyclin A1, D1, p27, AR and PSA.

KEY RESEARCH ACCOMPLISHMENTS:

e We have established C4-2 and PC3 sublines exhibiting stable ectopic PPP2CA
overexpression and enhanced PP2A activity.

¢ We have provided experimental evidence (in vitro) for a role of PP2A downregulation in
androgen-independent growth of prostate cancer cells.

e We have developed mechanistic insight into the PP2A-mediated growth effects in
prostate cancer cells. Our data indicate that PP2A downregulation facilitates androgen-
independent growth of prostate cancer cells in both androgen receptor (AR)- dependent
and —independent manners in AR expressing (LNCaP and C4-2) cells.



REPORTABLE OUTCOMES

We submitted two abstracts and presented our findings in US Army/PCRP-sponsored IMPaCT-
2011 (Innovative Minds in Prostate Cancer Today, March 2011) and AACR (American
Association for Cancer Research, April 2011) meetings.

Our research findings have also been accepted for publication in “Molecular Cancer
Therapeutics” journal:

CONCLUSION

Our research findings provide in vitro evidence and mechanistic insight into the role of PP2A in
androgen-independent growth of prostate cancer cells. Subsequent in vivo studies and
correlation of experimental findings in clinical specimen will further validate the functional and
clinical significance of PP2A in prostate cancer progression and support its translational
potential. Altogether, our data identify a novel mechanism underlying the androgen-independent
progression of prostate cancer.
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Downregulation of Protein phosphatase 2A enables androgen-dependent prostate cancer
cells to grow under steroid-depleted condition: role of Erk, Akt and androgen-receptor
signaling pathways

Ajay Pratap Singh, Arun Bhardwaj, Seema Singh, and Sanjeev Srivastava

Background and objectives: Clinical progression of prostate cancer is characterized by a
transition from an androgen-dependent to an androgen-independent phenotype. Once the
prostate cancer has recurred in androgen-independent form, it progresses to a highly
aggressive disease with frequent metastasis and poses an increased risk of morbidity and
death. Therefore, significant research has been carried out to identify novel targets in androgen-
independent prostate cancer and understand the disease mechanisms. In an earlier study, we
identified PPP2CA, which encodes for alpha-isoform of the protein phosphatase 2A (PP2A)
catalytic subunit (PP2Ac), as one of the downregulated genes in androgen-independent
prostate cancer cells. PP2A is a serine/threonine phosphatase and a potent tumor suppressor;
however, its role in prostate cancer has not yet been determined. Our objective under this
project is to demonstrate functional significance of downregulated PPP2CA expression in
prostate cancer. We hypothesize that downregulated PPP2CA expression causes loss of PP2A
activity, which, in turn, impacts multiple cell signaling pathways associated with prostate cancer
proliferation, survival, aggressiveness and metastatic behavior.

Methods: To investigate the role of PP2A in prostate cancer, we inhibited its activity by utilizing
specific pharmacological inhibitor and/or by silencing the expression of PPP2CA in androgen-
dependent (AD) LNCaP cells. Cell growth was assessed by MTT assay. Apoptosis was
determined by staining of the apoptotic cells by a fluorescently-labeled pan-caspase inhibitor.
Expression and activation of Akt, ERK and androgen receptor (AR) was examined by
immunoblotting with their normal and phospho-form specific antibodies. AR transcriptional
activity was determined by promoter-reporter (luciferase) assay and by analyzing its target gene
(KLK3) expression.

Results to date: An elevated expression of PPP2CA was observed in androgen-dependent
LNCaP cells as compared to its androgen-independent derivative cell line, C4-2, that correlated
with increased serine/threonine phosphatase activity. Downregulation of PPP2CA by siRNA-
mediated silencing or treatment with fostriecin (a poent inhibitor of PP2A) sustained the growth
of androgen-dependent LNCaP prostate cancer cells under androgen-deprived condition by
potentiating survival. Immunoblot analysis revealed enhanced phosphorylation of ERK and Akt
upon PP2A downregulation and an increased expression of androgen-receptor (AR) and its
target gene, KLK3, encoding for prostate-specific antigen(PSA)/kallikrein-3. Enhanced
transcriptional activity of AR-responsive promoter was confirmed by luciferase reporter assay.

Conclusions: Downregulation of PP2A permits prostate cancer cell growth under androgen-
deprivation by promoting survival signaling plausibly through activation of Akt and Erk, and
partially sustained androgen receptor signaling.

Impact: Elucidation of mechanism(s) underlying androgen-independent progression of prostate
cancer will aid in the development of novel therapeutic strategies and/or better treatment
planning.



INHIBITION OF PROTEIN PHOSPHATASE 2A SUPPORTS ANDROGEN-INDEPENDENT
GROWTH OF PROSTATE CANCER CELLS

Bhardwaj A, Singh S, Srivastava SK, Honkanen RE, and Singh AP

Dept. of Oncologic Sciences, USA Mitchell Cancer Institute

Clinical progression of prostate cancer (PCa) is characterized by a transition from
androgen-dependent (AD) to androgen-independent (Al) stage. Once the PCa has recurred in
Al form, it progresses to a highly aggressive disease and poses an increased risk of morbidity
and death. Therefore, understanding the mechanisms involved in Al progression of PCa is a
significant area of research. Earlier, we identified PPP2CA, which encodes for alpha-isoform of
the protein phosphatase 2A (PP2A) catalytic subunit, as one of the downregulated genes in Al
PCa cells. PP2A is a ser/thr phosphatase and a potent tumor suppressor involved in broad
cellular functions; however, its role in PCa has not yet been determined. Here, we have
investigated the effect of PP2A downregulation on the growth of AD PCa (LNCaP) cells under
steroid-deprived condition. Furthermore, we have examined the effect of PP2A inhibition on the
signaling pathways and delineated their role in Al growth of LNCaP cells. Our data show that
the downregulation of PP2A activity by pharmacological inhibition or siRNA-mediated PPP2CA
silencing sustains the growth of AD PCa cells under androgen-deprived condition by relieving
the androgen-deprivation-induced cell cycle arrest and preventing apoptosis. Immunoblot
analysis revealed enhanced phosphorylation of Akt, ERK, BAD, increased expression of cyclins
(cyclin A1l and cyclin D1) and decreased expression of cyclin inhibitor (p27) upon PP2A
downregulation. Furthermore, our data show that PP2A inhibition partially maintains AR
signaling through its increased expression and ligand-independent phosphorylation, which is
also supported by AR transcriptional activity assay and its target gene, KLK3, expression.
Pharmacological inhibition of Akt, ERK and AR confirmed a role of these signaling pathways in
facilitating the Al growth of LNCaP cells. Altogether, our findings suggest that restoration of
PP2A activity may represent an alternative therapeutic approach for the treatment of advanced
androgen-independent prostate cancer.



PP2A: A Novel Therapeutic
Target in Prostate Cancer
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PP2A is a major serine/threonine
phosphatase and a potent tumor
suppressor; however, its role in
prostate cancer has remained
underexplored. Bhardwaj and
colleagues have now shown that
PP2A activity is inversely associated
with androgen-independent growth
of prostate cancer cells. Their data
reveal a novel mechanism, whereby
loss of PP2A-mediated checkpoints
leads to the activation of Akt and
ERK and partially sustains androgen-
receptor signaling under steroid-
deprived condition. Their findings
offer potential therapeutic
implications for targeting PP2A in
castration-resistant prostate cancer.
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Chemical Modulation of the
Mitotic Checkpoint

Riffell et al. Page 839

Exposure of cells to microtubule-
targeting cancer drugs such as
paclitaxel causes mitotic arrest by
activation of the mitotic checkpoint.
Some cells can escape mitotic arrest
by entering interphase without
dividing, a process termed mitotic
slippage. Riffell and colleagues
examine mechanisms underlying
mitotic slippage using two chemicals
found to induce slippage. SU6656 and
geraldol induced mitotic slippage
through caspase-3-dependent
degradation of the checkpoint kinase
BubR1, thus permitting proteasome-
dependent degradation of cyclin Bl
and escape from drug-induced
mitotic arrest. The identification of
this pathway linking apoptosis with
mitotic control may have implications
for cancer therapy.

709

Page 711

Despite satisfactory remission rates, resistance to imatinib is
an important issue for therapy of chronic myeloid leukemia.
Deville and colleagues showed that the emergence of
resistance occurred faster in cells overexpressing the catalytic
subunit of the telomerase, showing that this enzyme
represents an additional factor in the development of
imatinib resistance. Furthermore, strategies targeting either
telomerase expression or activity restored imatinib sensitivity
in the resistant cells. Therefore, combining antitelomerase
strategies to imatinib treatment represents an attractive
approach to prevent the emergence of imatinib-resistant
clones and increase the probability to eradicate the disease.

Monitoring Drug Efficacy in
Hepatocellular Carcinoma

van Zijl et al. Page 850

The epithelial to mesenchymal
transition (EMT) of malignant
hepatocytes is a crucial event in
hepatocellular carcinoma (HCC)
progression and recurrence. In this
study, van Zijl and colleagues
established a novel and unique
cellular EMT model of human HCC
to identify molecular mechanisms
and to assess therapeutic drug
efficacy during liver carcinoma
progression. Most remarkably, they
found that the combined treatment
with doxorubicin and sorafenib
caused increased susceptibility of
HCC cell types before and after EMT,
resulting in enhanced drug efficacy.
This model of EMT that reliably
reflects human HCC progression is an
invaluable tool in preclinical studies
for the identification of molecular
mechanisms underlying HCC
progression, the pharmacological
determination of dose-effect
relationships and thus the efficacy
of single and combined treatments
with novel and currently used anti-
cancer drugs, and the (re)-evaluation
of drug target specificity and
pleiotropic effects.

www.aacrjournals.org

Downloaded from mct.aacrjournals.org on May 11, 2011
Copyright © 2011 American Association for Cancer Research


http://mct.aacrjournals.org/
http://www.aacr.org/

Published OnlineFirst March 10, 2011; DOI:10.1158/1535-7163.MCT-10-1096

Molecular

Cancer

Therapeutic Discovery Therapeutics

Modulation of Protein Phosphatase 2A Activity Alters
Androgen-Independent Growth of Prostate Cancer Cells:
Therapeutic Implications

Arun Bhardwaj', Seema Singh’, Sanjeev K. Srivastava', Richard E. Honkanen'?,
Eddie Reed', and Ajay P. Singh'?

Abstract

Earlier we identified PPP2CA, which encodes for the a-isoform of protein phosphatase 2A (PP2A) catalytic
subunit, as one of the downregulated genes in androgen-independent prostate cancer. PP2A is a serine/
threonine phosphatase and a potent tumor suppressor involved in broad cellular functions; however, its role
in prostate cancer has not yet been determined. Here, we have investigated the effect of PP2A activity
modulation on the androgen-independent growth of prostate cancer cells. Our data show that the PPP2CA
expression and PP2A activity is downregulated in androgen-independent (C4-2) prostate cancer cells as
compared with androgen-dependent (LNCaP) cells. Downregulation of PP2A activity by pharmacologic
inhibition or short interfering RNA-mediated PPP2CA silencing sustains the growth of LNCaP cells under an
androgen-deprived condition by relieving the androgen deprivation-induced cell-cycle arrest and preventing
apoptosis. Immunoblot analyses reveal enhanced phosphorylation of Akt, extracellular signal-regulated
kinase (ERK), BAD, increased expression of cyclins (A1/D1), and decreased expression of cyclin inhibitor
(p27) on PP2A downregulation. Furthermore, our data show that androgen receptor (AR) signaling is partially
maintained in PP2A-inhibited cells through increased AR expression and ligand-independent phosphoryla-
tion. Pharmacologic inhibition of Akt, ERK, and AR suggest a role of these signaling pathways in facilitating
the androgen-independent growth of LNCaP cells. These observations are supported by the effect of
ceramide, a PP2A activator, on androgen-independent C4-2 cells. Ceramide inhibited the growth of C4-2
cells on androgen deprivation, an effect that could be abrogated by PP2A downregulation. Altogether, our
findings suggest that modulation of PP2A activity may represent an alternative therapeutic approach for the
treatment of advanced androgen-independent prostate cancer. Mol Cancer Ther; 10(5); 720-31. ©2011 AACR.
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Introduction

Prostate cancer is the most common malignancy in men
and the second leading cause of male cancer deaths in the
United States (1). According to the estimate by the Amer-
ican Cancer Society, nearly 192,280 patients were diag-
nosed with prostate cancer and approximately 27,360
died due to this malignancy in the year 2009 (2). Consider-
ing the central role of androgen receptor (AR) signaling in
prostate cancer, surgical or medical castration [referred as
androgen deprivation therapy (ADT)] is the first line of
trea