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INTRODUCTION:  

First line of therapy for advanced prostate cancer (PCa) is androgen-deprivation therapy (ADT) 
through surgical or chemical castration; however, in majority of cases, tumors relapse in a 
hormone refractory or castration-resistant (CR) form (1). Once the PCa has recurred in CR 
form, it progresses to a highly aggressive disease with frequent metastasis and poses an 
increased risk of morbidity and death (1). Previously, we demonstrated that PPP2CA, which 
encodes the catalytic-subunit (alpha-isoform) of the protein phosphatase 2A (PP2ACα), is 
downregulated in CR PCa (2). The level of PP2ACα was decreased in majority of CR PCa cell 
lines and cancer lesions as compared to the adjacent normal/benign tumor tissues (2). Another 
study also reported the downregulated expression of β-isoform of PP2A catalytic subunit 
(PP2ACβ) in PCa (3). PP2ACα and PP2ACβ share 97% identity and are ubiquitously expressed; 
however, PP2ACα is about 10 times more abundant than PP2ACβ (4). PP2ACα/β 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 (5).  

Based on these supporting data, we hypothesized that dysregulation of PP2A plays an 
important role in the progression of prostate cancer. 

To test our hypothesis, we proposed three specific aims: 

Aim 1: Examine the biological role of PP2Ac in androgen-independent growth and malignant 
properties of the prostate cancer cells. 

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

Aim 3: Establish the clinical significance of the experimental findings. 

BODY: 

Task 1: To develop stable transfectants from the prostate cancer cell lines with knockdown or 
exogenous expression of PP2Acα.  

We are working with three prostate cancer cell lines: LNCaP (castration- sensitive; AR positive; 
high PP2Acα expression), C4-2 
(castration-resistant; AR positive; 
low PP2Acα expression), and 
PC3 (castration-resistant, AR 
negative; low PP2Acα 
expression). To investigate the 
role of PPP2CA downregulation 
in the castration-resistance and 
aggressive malignant 
characteristics of PCa, C4-2 and 
PC3 (low PPP2CA expressing) 
and LNCaP (high PPP2CA-
expressing) PCa cells were stably transfected to generate their respective PPP2CA- 
overexpressing and -knockdown sublines (from pooled PPP2CA-overexpressing and PPP2CA-

Fig. 1: Stable overexpression and silencing of PPP2CA in PCa cells.  (A) 
Immunoblot analysis, (B) Assay of PP2A activity. Data shown as mean ± S.D. 
(n=3); *, p< 0.05. 
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Fig. 2: Downregulation of PP2A activity by 
Fostriecin (pharmacological inhibitor) and siRNA-
mediated PPP2CA silencing. 
 

kowckdown clones, respectively) along with their respective control transfectants. Later, these 
cells were characterized for the PP2Acα expression and activity by immunoblot and malachite 
green based assay, respectively. Data demonstrate that expression and activity of PP2Acα both 
are upregulated in C4-2-PPP2CA and PC3-PPP2CA cells, whereas decreased in case of 
LNCaP-shPPP2CA cells as compared to their respective controls (Figure 1 A and B).  

Task 2: To examine the effect of PPP2CA 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 
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 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.  

Our subsequent studies provided evidence that 
PP2A inhibition sustains growth of LNCaP cells 
under androgen-deprived condition by 
preventing steroid-depletion induced cell cycle 
arrest and apoptosis. The proliferation index was 
determined by DHT or fostriecin treatments of 
synchronized LNCaP cells followed by 
propidium-iodide staining and flow cytometry 
(Figure 4). In accordance with previously published reports (6;7), our data showed arrest of 
LNCaP cells in G0/G1 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 

Fig. 3: Effect of PP2A inhibition on androgen-
independent growth of LNCaP cells. FBS: fetal bovine 
serum (steroid)-containing media, CSS: charcoal-stripped 
serum (steroid-deprived) containing media, DHT: 
dihydro-testerone, Fos: fostriecin, Scr: scrambled 
sequence. 
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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 G2/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 G2/M phases as 
compared to 15.0% in scrambled-siRNA transfected 
cells (Figure 4). 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-
depriviation. Our data thus 
demonstrate 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 examined if the activation of PP2A 
would diminish their growth under steroid-deprived 
condition. For this, we treated the C4-2 cells with 
ceramide, which is known to activate PP2A (8;9) 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.  

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 sequence. 
 

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. 
 

Fig. 6: A. Ceramide induces PP2A activity 
in C4-2 cells, which could be effectively 
suppressed by fostricin. B.  Ceramide-
induced growth suppression of C4-2 cells 
and rescue effect of fostriecin. 
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Fig. 7: PP2A downregulation enhances the growth of prostate cancer 
cells. (A) Cells (1x104) were seeded in 6-well plates and growth was monitored 
by counting the cell number upto 8 days.  (B) Doubling time (h) was calculated 
during exponential phase (96–144 h). Data shown as mean ± S.D. (n=3); *, p< 
0.05. 
 

Fig. 8. Upregulation of PP2A suppresses androgen-depletion resistance of 
prostate cancer cells. Cells were seeded at low density (1x103 cells/well) in steroid-
supplemented (FBS) and -reduced (CSS) media. After 2 weeks, colonies were 
stained with crystal violet, and visualized and photographed using imaging system. 
Bars represent mean ± S.D; n=3; *, p< 0.05. 

We also phenotypically characterized stable PCa sublines that are either overexpressed (C4-2 
or PC-3) or are silenced (LNCaP) for PPP2CA expression. For, growth kinetics, cells (1x104) 
were seeded in 6-well plates and growth was monitored by counting the cell number up to 8 
days. Our data demonstrate that 
over-expression of PPP2CA in 
C4-2 and PC3 cells significantly 
decrease their growth rate, 
whereas PPP2CA-silenced 
LNCaP cells exhibit increased 
growth as compared to their 
respective controls (Figure 7A). 
The total number of LNCaP-
shPPP2CA cells on 8th day of 
culture indicate 31.6% increase 
in growth as compared to 
LNCaP-Scr cells, whereas 
34.1% and 35.2% decrease is 
observed in the PPP2CA-
overexpressing cells (C4-2-
PPP2CA and PC3-PPP2CA, respectively) relative to their respective controls (Figure 7A). 
Growth analyses during exponential phase suggest a decrease in population doubling time of 
LNCaP-shPPP2CA (35.2 h) cells as compared with LNCaP-Scr (48.1 h) cells, whereas C4-2-
PPP2CA and PC3-PPP2CA cells exhibited an increase in  doubling time (34.7 and 38.9 h, 
respectively) compared with controls [C4-2-Neo (27.2 h) and PC3-Neo (29.1 h)] cells, 
respectively (Figure 7B). Altogether, our findings demonstrate that PP2A-downregulation 
potentiates growth of prostate cancer cells.  

Above, we showed that downregulation of PP2A (by transient silencing or pharmological 
inhibition) in castration-sensitive LNCaP prostate cancer cells promotes their growth under 
androgen-deprived condition. Next, we examined the effect of PPP2CA-overexpression on the 
growth of C4-2 and PC3 cells under androgen-depleted condition. For this, we performed 
plating efficiency assay, an 
ideal test to monitor growth 
in long-term, under steroid-
supplemented and –reduced 
conditions. Cells were 
seeded at low density (1x103 

cells/well) in steroid-
supplemented (FBS) and -
reduced (CSS) media. After 
2 weeks, colonies were 
stained with crystal violet, 
visualized, photographed, 
and counted using Image 
analysis software (Gene 
Tools, Syngene, Frederick, 
MD). Our data demonstrate 
that plating efficiency of 
PPP2CA-overexpressing C4-2 and PC-3 cells is decreased (53.4% and 43.3%, respectively), as 
compared to their respective controls under steroid-supplemented condition (Figure 8). 
Interestingly, plating efficiency is decreased further (~72.3% and 59.8% in C4-2-PPP2CA and 
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Fig. 9. Effects of PPP2CA modulation on motility and invasion of prostate cancer 
cells: Cells were seeded in a transwell chamber (8µ pore size, non-coated or Matrigel-
coated) and allowed to migrate or invade through Matrigel under chemotactic drive for 
overnight. Next day, the cells that did not migrate or invade through were removed and 
migrated cells were stained using a commercial kit. Images were taken in 10 random 
fields (magnificationx100) and cell number counted. The data is presented as the mean + 
S.D, (n=3). *, p<0.05.  
 

Fig. 10. Effect of 
PP2A modulation of 
cell- cell interaction:  
Cells (20x103) in a 
20µL media were 
dropped on to inner 
surface of Petri-dish lid 
and allowed to hang 
overnight. Next 
morning, lid was open 
and cells were 
observed under micro-
scope and picture 
taken (magnification x 
100). Data show that 
less cell-cell interaction 
in PP2Ac-down-
regulating PCa cells as 
compared to their 
respective controls. 
 

PC-3-PPP2CA, respectively) under steroid-deprived condition (Figure 8). Thus, our data provide 
additional in vitro support for an inhibitory role of PP2A in castration-resistant growth of prostate 
cancer cells.  

Since castration-resistant stage of PCa is associated with increased aggressiveness (10), we 
next investigated the association of PP2A downregulation with malignant behavior of prostate 
cancer cells. We first 
examined the effect of 
PP2A activity modulation 
on cell migration (by 
trans-well chamber 
assays) and invasion 
(migration through a 
Matrigel-coated porous 
membrane). Data show 
that number of migrating 
cells are decreased in 
PPP2CA-overexpressing 
C4-2 (2.3 fold) and PC-3 
(2.2 fold) cells as 
compared to their 
respective controls, 
whereas a 2.4 fold 
increase is observed in 
PPP2CA-knockdown 
LNCaP cells (Figure 9). Similarly, we observe a decrease in invasiveness of PPP2CA 
overexpressing C4-2 (2.7 fold) and PC-3 (2.8 fold) cells as compared to their respective control 
cells, whereas it is increased (3.0 fold) in PPP2CA silenced LNCaP cells (Figure 9). Another 
behavioral property associated with tumor cells is decreased cell-cell adhesion that is required 
to facilitate its dissemination. Therefore, we next examined the effect of PPP2CA-
overexpression on homotypic interaction of prostate cancer cells in a cell aggregation assay. 
Our data show an increased cell-cell interaction in PPP2CA overexpressing C4-2 and PC-3 
cells as compared to their respective 
controls (Figure 10). Likewise, we also 
observe decreased cell-cell interaction in 
PPP2CA silenced LNCaP cells as compared 
to the control cells (Figure 10). Altogether, 
our data indicate that PP2A downregulation 
is associated with aggressive behavior of 
the prostate cancer cells.  

Several lines of evidence indicate that 
increased malignant potential of cancer cells 
is associated with their transition from 
epithelial to mesenchymal phenotype, a 
process referred as epithelial-to-
mesenchymal transition (EMT) (11). Thus, to 
investigate whether these effects are 
associated with PPP2CA downregulation-induced EMT, we examined actin-organization, a 
critical determinant of mesenchymal transition (12), in PPP2CA-overexpressing or -knockdown 
PCa cells. Staining of filamentous-actin with FITC–conjugated phalloidin revealed the presence 
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Fig. 11: Effect of PPP2CA 
on actin organization in 
PC cells: PPP2CA-
overexpressing or -silenced 
prostate cancer cells were 
grown on fluorodish, fixed 
and stained with Alexa 
Fluor 488–conjugated 
phalloidin. Thereafter, effect 
of the modulation of PP2A 
activity on actin 
organization was analyzed 
and photographed using 
confocal microscope. Data 
show that low PPP2CA-
expressing (C4-2 and PC3 -
Neo and LNCaP-
shPPP2CA) cells exhibited 
several filopodial and 
lamellipodia-like projections 
(white arrows) as compared 
with PPP2CA-
overexpressing (PC3 and 
C4-2 -PPP2CA and 
LNCaP-Scr) cells. 

Fig. 12: Loss of PPP2CA 
favors epithelial to 
mesenchymal transition in 
prostate cancer cells. 
Expression of various epithelial 
(E-cadherin and cytokeratin-18) 
and mesenchymal (N-cadherin, 
Vimentin, Slug and Twist) 
markers at (A) protein and (B) 
transcript level was examined by 
immunoblot and real-time qRT-
PCR assay, respectively. Data 
presented as fold change in 
expression in PPP2CA-
overexpressing (C4-2- and PC3 
-PPP2CA) and silenced 
(LNCaP-shMyb) cells as 
compared with their respective 
controls. Bars represents mean 
±S.D, (n=3). Data show that 
downregulation of PPP2CA was 
associated with loss of epithelial 
and gain of mesenchymal 
markers, indicating its role in 
EMT. 
 

of many filopodial structures in PPP2CA-knowckdown (C4-2-, PC3-Neo and LNCaP-
shPPP2CA) cells, while they were absent or less obvious in the low PPP2CA-expressing (C4-2-
, PC3-PPP2CA and LNCaP-Scr) cells 
(Figure 11). We next examined the 
expression of markers specifically 
associated with epithelial (E-cadherin and 
cytokeratin-18) and mesenchymal (N-
cadherin, Vimentin, Twist and Slug) 
phenotypes of a cell by immunoblot and 
real-time qRT-PCR assays at protein and 
transcriptional levels, respectively. Our 
data show an increased expression of 
epithelial and decreased expression of 
mesenchymal markers at protein as well 
as transcriptional level (Figure 12A and B, 
respectively) in PPP2CA-overexpressing 
C4-2 and PC3 cells as compared to 
respective controls and vice versa 
observed upon silencing of PPP2CA in 
LNCaP cells (Figure 12A and B).  

In next set of experiments, we examined the role of PP2A downregulation on the tumorigenesis 
and metastatic property of prostate cancer (PC3) cells in an orthotopic mouse model of prostate 
cancer. For this, PPP2CA overexpressing (PC3-PPP2CA) or control (PC3-Neo) cells were 
injected into the dorsal prostatic lobe of immunodeficient male mice (4 to 6-week old). Our data 
demonstrated 100% tumor incidence in the mice of both the groups, however, tumors form PC3-
PPP2CA group are 
significantly smaller 
as compared to mice 
group injected with 
the control (PC3-
Neo) cells (Figure 13 
A). Average volume 
and weight of tumors 
in PC3-PPP2CA 
group were 317.1 
mm3 (range from 
171.5 to 490.8 mm3) 
and 0.31 g (range 
from 0.13 to 0.46 g), 
respectively, as 
compared to 1803.98 
mm3 (range from 
1369.9 to 2254.0 
mm3) and 1.56 g; 
range from 1.1 to 
2.11 g in PC3–Neo group (Figure 13 B and C). Next, we per-formed immunohistochemistry 
(IHC) analysis on paraffin-embedded tissue sections to examine PP2Acα expression and 
proliferative and apoptotic markers. Our IHC data show intense PP2Ac staining in tissue section 
of PC3-PPP2CA group, while very low staining is observed in control group (Figure 14). 
Moreover, our data show that the average number of proliferating cells i.e. Ki67 positive-cells 



8 

 

Fig. 13: PPP2CA overexpression 
decreases tumorigenicity of 
prostate cancer cells. PC3 cells 
(PPP2CA-overexpressing and 
control) were injected in mouse 
prostate and their growth in vivo was 
monitored. (A) Mouse carrying tumors 
generated from control (PC3-Neo) or 
PPP2CA-overexpressing PC3 cells 
(upper panel) and representative 
excised tumors (lower panel). (B) 
Average volume and (C) weight of the 
tumors from control and PP2A 
overexpressing group. Data is 
presented as mean±SD (n=7). 

Fig. 14: PPP2CA overexpression is associated with decreased proliferation and  
induction of apoptosis in prostate cancer cells: (A) Immunohistological analysis of 
paraffin embedded prostate tumors for PP2Acα expression (left panel), Ki67 
expression (a proliferative marker; middle panel) and Tunnel assay (right panel). (B) 
Number of proliferating and (C) apoptotic cells were counted in 10 random view fields 
(magnification 200x) in a double-blinded manner and expressed as mean ± SD (n=3), 
per field view. *, p < 0.01, significantly different from control group.  
 

were decreased (>40%) in tumors generated from PC3-PPP2CA cells as compared with tumors 
of PC3-Neo 
cells (Figure 
14 B). For the 
apoptosis 
index analysis, 
TUNEL assay 
was 
performed. 
Tumors from 
PC3-PPP2CA 
cells had 
significantly 
more TUNEL-positive cells (> 50%) as compared with control tumors (Figure 14C).  

To analyze the effects of 
PPP2CA downregulation 
on prostate cancer 
metastasis, distinct organs 
(liver, lungs, lumber lymph 
nodes and bone) from both 
the groups were collected 
and fixed in Bouin's 
solution. Thereafter, visible 
metastatic nodules were 
quantified. Data 
demonstrate high 
metastases in lungs and 
livers (evident by the 
presence of multiple large 
metastatic nodules) and in 
lymph nodes (evident by 
large and indurate lymph 
nodes), in case of PC3-Neo 
mice, whereas no 
metastasis was observed in 
PC3-PPP2CA group 
(Figure 15). Metastasis in 
distinct organs was further 
confirmed by the presence 
of tumor-cell nests in the 
specific tissue sections 
(Figure 16). Altogether, our 
data provide strong 
evidence of role of PP2A 
downregulation in the 
progression and metastasis 
of prostate cancer.  

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

Fig. 15: Enforced 
PPP2CA expression 
decreases incidence of 
metastasis. Liver (upper), 
lungs (middle) and lumber 
lymph nodes (lower) from 
mice were excised out 
and fixed in Bouin`s 
solution and number of 
metastatic colonies were 
counted (in case of liver 
and lungs) and total mass 
of all the lumber lymph 
nodes was taken. Data 
presented as number of 
metastatic colonies per 
mouse in case of liver and 
lungs and, total weight of 
the lumber lymph nodes 
per mouse. Dark line 
indicates the median 
value of the group.  
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Fig. 16: Histological 
examination of 
metastatic tumor 
cells in different 
organs. H&E 
staining of liver, 
lungs, lymph nodes 
and bone section 
from control and 
PPP2CA overexp-
ressing group. Mice 
group injected with 
PC3-Neo cells show 
metastatic deposits 
of cancer cells in 
liver, lungs and 
lymph nodes, while 
PPP2CA-
overexpressing 
group had no gross 
evidence of deposits 
of cancer cells. T= 
tumor; N= normal. 

Fig. 17: 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. 

Fig. 18: PP2A decreases phosphorylation of Akt and ERK. Total 
protein was isolated and effect of PP2A modulation on Akt and ERK 
activation was examined by immunoblot assay. β-actin was used as 
internal control.  

PP2A impacts multiple cell signaling 
pathways by causing dephosphorylation of 
the signaling proteins (5). 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 (13-15). To determine if the 
sustained growth of PCa 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 17) 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. Similarly, we examined the activation of ERK 
and Akt in our stable transfectants. As expected, our 
data showed a decreased phosphorylation of Akt and 
ERK in PPP2CA-overexpressing C4-2 and PC-3 cells 
as compared to their respective controls or vice versa 
in PPP2CA silenced LNCaP cells (Figure 18).  

Androgen receptor (AR) plays important roles in both 
androgen-dependent and –independent growth of 
prostate cancer cells (1). It has been established that 
AR can maintain its transcriptional activity even under 
androgen-deprived condition through ligand-
independent activation (15). Notably, it has been 
shown earlier that both Akt and ERK can induce 
phosphorylation of AR at serine residues leading to its 
activation (15;16). Therefore, we 
examined the effect of PP2A inhibition 
on the phosphorylation of AR in LNCaP 
cells under steroid-depleted condition 
(Figure 19A). 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 immunoblot data also 
demonstrated an induced expression of 
AR and its target gene, PSA/KLK3 upon treatment with DHT or PP2A inhibition (Figure 19A). To 
substantiate the activation of AR pathway, we conducted promoter-reporter assay to measure 
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Fig. 19: Effect of 
PPP2CA on androgen 
receptor signaling. A. 
PP2A inhibition in 
LNCaP cells leads to 
enhanced AR 
phosphorylation (at 
Serine-81) and 
overexpression of AR 
and PSA. B. AR 
activity is partially 
sustained in PP2A 
inhibited LNCaP cells. 
FBS: fetal bovine 
serum (steroid)-
containing media, 
CSS: charcoal-stripped 
serum (steroid-
deprived) containing 
media, DHT: dihydro-
testerone, Fos: 
fostriecin, Scr: 
scrambled sequence. 
. 

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, 
treated with either DHT or fostriecin under steroid-depleted condition for next 24 h. In parallel, 
cells were also co-transfected with scrambled or PPP2CA-specific siRNAs 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 19B). Our data show a limited induction of AR activity in LNCaP cells treated with 
fostriecin (1.57 fold) 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 (Figure 
19B).  

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-dependent (through 
partial activation) and –
independent manners (data not shown, see appendix). Our signaling data also demonstrated 
that ceramide treatment decreased the phosphorylation of Akt and ERK, which could be 
reversed by pre-treatment with fostriecin (data not shown, see appendix). It was also observed 
that the expression of cyclins (D1 and A1), 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 (see appendix).  

Fig. 20: PPP2CA downregulation enhances activity of β-catenin and NF-κB. Cells 
were grown in six well plate and transiently cotransfected with the luciferase promoter-
reporter constructs (TOPflash or FOPflash, or pGL4.32[luc2P/NF-kB-RE/Hygro]) and pRL-
TK construct (transfection efficiency control) for 24h. Thereafter, total protein was collected 
in passive lysis buffer and firefly and Renilla luciferase activities were measured using a 
dual-luciferase assay system. Data presented as fold change in normalized luciferase 
activity. Bars represent mean ± S.D. (n=3); *, p < 0.05.  
 



11 

 

Fig. 22: Suppression of β-catenin and NF-κB is responsible for PPP2CA-
mediated reversal of EMT and reduced aggressiveness. (A) Cells were grown 
in six well plate and transiently transfected with constitutively active β-catenin 
(pcDNA-S33Y) and IKKβ (pCMV-IKKβ-SSEE) mutants (to activate β-catenin and 
NF-κB, respectively). 24 h post-transfection, cells were again transfected with 
TOPflash-/ FOPflash- and NF-κB -luciferase promoter-reporter constructs to 
examine LEF/ TCF and NF-κB activity as described previously. Bars represent 
mean ± S.D. (n=3); *, p < 0.05. (B) Cells were transfected with constitutive active 
β-catenin and IKKβ mutants or their respective control plasmids. Thereafter, 
nuclear (Nuc) and total protein lysates were prepared after 24 h and 48 h of 
transfection and expression level of β-catenin and NF-κB (after 24 h in nuclear 
lysate) and E-cadherin and Twist (after 48 h in total lysate) were examined by 
immunoblot analysis. Laminin (for nuclear fraction) and β-actin (for total protein) 
were used as loading controls. (C) Cells were transiently transfected with 
constitutive active β-catenin and IKKβ mutants. After 48 h of transfection cells 
were trypsinized, counted and equal number of cells were seeded in a transwell 
chambers and number of migrated/invaded cells were examined as described 
previously. Bars represent mean ± S.D. (n=3); *, p < 0.05. 
 

To explore 
mechanistic basis 
of altered 
expression of 
EMT markers, we 
focused on β-
catenin and NF-
κB, which have 
earlier been 
shown to be 
aberrantly 
activated in PCa 
and implicated in 
transcriptional 
regulation of EMT 
markers (17-19). 
Our data from 
luciferase-based promoter 
reporter assays show 
increased transcriptional 
activities of both TCF/LEF/β-
catenin and NF-κB responsive 
promoters (>60 %) in PCa 
cells having low PPP2CA 
expression (PC3-Neo and 
LNCaP-shPPP2CA) as 
compared to high PPP2CA 
expressing cells (PC3-
PPP2CA and LNCaP-Scr) 
(Figure 20). In accordance to 
these findings, our immunoblot 
analysis revealed enhanced 
nuclear accumulation of β-
catenin as well as NF-κB that 
correlated with their decreased 
cytoplasmic level in PPP2CA-
silenced (PC3-Neo and 
LNCaP-shPPP2CA) cells in 
contrast to their respective 
PPP2CA-overexpressing sub 
lines  (PC3-PPP2CA and 
LNCaP-Scr) (Figure 21A). To 
further confirm these findings 
and to visualize the precise 
sub cellular localization of β-
catenin and NF-κB, we 
performed 
immunofluorescence assay. 
Similar to immunoblot data, our 
immunofluorescence data also 
revealed the association of PPP2CA downregulation with increased β-catenin and NF-κB 

Fig. 21: PPP2CA downregulation 
enhances nuclear accumulation 
of of β-catenin and NF-κB. (A) 
Immunoblot analysis of β-catenin 
and NF-κB in different cellular 
compartment. β-actin, α-tubulin 
and laminin  were used as loading 
controls for total, cytoplasmic and 
nuclear protein, respectively. (C) 
Immuno-fluorescence analysis of 
β-catenin and NF-κB in PPP2CA-
overexpressing (PC3-PPP2CA 
and LNCaP-Scr) and PPP2CA-
silenced (PC3-Neo and LNCaP-
shPPP2CA) prostate cancer cells. 
Data show that PPP2CA-silenced 
cells exhibit higher levels of both 
β-catenin and NF-κB in nucleus as 
compared to PPP2CA-
overexpressing cells.  
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Figure 23: Role of Akt in PPP2CA overexpression–mediated 
suppression of β-catenin and NF-κB. (A) PC3-PPP2CA cells were 
transiently transfected with constitutively active PKB mutant (to activate 
Akt) or control plasmid for 24 h, and LNCaP-shPPP2CA cells were 
treated with PI3K/Akt inhibitor (LY294002; to inhibit Akt) for 1 h. After 
respective transfection or treatment, cells were co-transfected with 
TOPflash/ FOPflash/ NF-κB luciferase promoter-reporter constructs 
along with control plasmids for 24 h and luciferase activities were 
measured as described previously. Bars represents mean ± SD (n=3), * 
p < 0.05. (B) PC3-PPP2CA cells were transiently transfected with 
constitutively active PKB mutant or control plasmid for 24 h, and 
LNCaP-shPPP2CA cells were treated with PI3K/Akt inhibitor for 12 h. 
Thereafter, nuclear and total proteins were prepared and effect on 
localization of β-catenin and NF-κB (in nuclear protein; upper panel) and 
on p-Gsk3-β/Gsk3-β and p-IκB-α/IκB-α (in total protein; lower panel) 
was examined by immunoblot analysis. Laminin (for nuclear protein) 
and β-actin (for total protein) were used as loading controls.  
 

localization in PCa cells (Figure 21B). Next, to confirm the role of β-catenin and NF-κB in PP2A 
downregulation-induced EMT. PC-3-PPP2CA cells (with decreased β-catenin and NF-κB 
activity) were transfected with constitutive active β-catenin and IKKβ mutants (to activate β-
catenin and NF-κB, respectively). Thereafter, effect on transcriptional activity of TCF/LEF/β-
catenin and NF-κB responsive promoters, EMT markers and aggressive behavior of PCa cells 
was examined. Our data show that 
transfection of active β-catenin and 
IKKβ mutants specifically block the 
inhibitory effect of PPP2CA on β-
catenin and NF-κB, respectively, 
which was depicted by increased 
transcriptional activities of their 
respective responsive promoters 
(Figure 22A) and enhanced their 
nuclear accumulation in PC3-
PPP2CA cells (Figure 22B, upper 
panel). Furthermore, we observed 
that activation of either β-catenin or 
NF-κB alone, in part, led to regain of 
mesenchymal markers (Figure 22B, 
lower panel) and increased migration 
and invasive potential (Figure 22C), 
whereas their combined activation 
have more potent effect. Together, 
these findings indicate that both the 
β-catenin and NF-κB are 
cooperatively involved in PPP2CA-
mediated inhibition of malignant 
properties in PCa cells.  

As we observed that PPP2CA inhibits 
malignant properties of PCa via 
inactivation of β-catenin or NF-κB. In 
addition negative regulation of Akt, an 
upstream regulator of both β-catenin 
and NF-κB pathway; by PPP2CA in 
PCa cells was also observed. Next, 
we investigated whether PPP2CA-
mediated Akt inhibition has any role 
in the suppression of β-catenin and NF-κB. For this, we activated Akt in PC3-PPP2CA cells 
(exhibiting decreased activated Akt) and inhibited its activation in LNCaP-shPPP2CA cells 
(having enhanced activated Akt). Thereafter, transcriptional activity of TCF/LEF/β-catenin and 
NF-κB was examined. Our data show that inhibitory effect of PPP2CA overexpression on 
transcriptional activity of TCF/LEF/β-catenin and NF-κB was diminished after re-activation of Akt 
in PC3-PPP2CA cells (Figure 23A). Whereas, vice versa was observed in LNCaP-shPPP2CA 
cells upon Akt inhibition (Figure 23A). In accordance to this, our immunoblot data show an 
enhanced nuclear localization of both β-catenin and NF-κB in PC3-PPP2CA cells upon Akt 
activation and opposite was observed upon Akt inhibition in LNCaP-shPPP2CA cells (Figure 
23B; upper panel). Altogether, our findings clearly suggest that Akt is the key intermediate 
signaling molecule which is involved in the PPP2CA-mediated decreased activation of β-catenin 
and NF-κB in PCa cells. To delineate the mechanism(s) involved in the Akt-mediated regulation 
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of β-catenin and NF-κB in PCa cells, we analyzed effect on their biological inhibitors i.e. Gsk3-β 
and IκB-α, respectively. We observed that PPP2CA expression is inversely associated with 
phosphorylated/inactive Gsk3-β in PCa cells (Figure 23B; lower panel). Furthermore, we also 
observed that PPP2CA overexpression led to a drastic increase in IκB-α level, which was 
associated with a concomitant decrease in its phosphorylation, thus indicating the stabilization 
of IκB-α after PPP2CA overexpression (Figure 23B; lower panel). Moreover, our data show that 
effects of PPP2CA alteration on Gsk3-β and IκB-α were reversed upon activation (by PKB-
mutant; in PC3-PPP2CA) and inhibition (by LY294002; in LNCaP-shPPP2CA) of Akt (Figure 
23B; lower panel). Together, our data clearly suggest the role of PP2A/Akt axis regulates 
nuclear accumulation of β-catenin and NF-κB through Gsk3-β and IκB-α, respectively. 

Task 4: To examine the expression, localization and/or activation profiles of PP2Ac, AR, Akt 
and ERK in human prostate cancer. 

To determine the clinical significance of our 
experimental findings, we proposed to 
examine the expression and localization of 
PP2Ac and its targets such as Akt, Erk1/2 
and AR in clinical specimens of normal, 
primary and metastatic PCa by 
immunohistochemical (IHC) analysis. We 
have standardized IHC protocol for PP2ACα 
and examined its expression in clinical 
samples using PCa tissue microarray 
[containing cancerous tissues (n=32) along 
with corresponding normal (n=32) tissues]. 
Our analysis showed an overall 
downregulation of PP2ACα in cancer tissues 
as compared to the normal/benign tumor 
tissues (Figure 24).  
 

KEY RESEARCH ACCOMPLISHMENTS: 

 We have established C4-2 and PC3 sublines exhibiting stable PPP2CA overexpression 
and enhanced PP2A activity and LNCaP sublines exhibiting stable PPP2CA 
downregulation and decreased PP2A activity. 

 We have obtained experimental evidence (in vitro) for the role of PP2A downregulation 
in growth, androgen depletion-resistance and aggressive behavior of prostate cancer 
cells. 

 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. 

 We have delineated the mechanism involved in the PPP2CA downregulation-mediated 
epithelial-mesenchymal transition (EMT), migration and invasion of PCa cells. Our data 
show that PPP2CA downregulation favors EMT, migration and invasion of PCa cells 
through Akt-dependent activation of β-catenin and NF-κB pathway. 

 We have also developed in vivo experimental support for a suppressor role of PP2A in 
prostate cancer progression using orthotopic mouse model. 

Fig. 24: Immunohistochemical analysis of PPP2Cα 
expression on a prostate cancer tissue array.  A 
decreased expression of PPP2Cα is observed in prostate 
cancer tissues as compared to normal/benign tissues. 
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REPORTABLE OUTCOMES (during this funding period) 

2011: 
 We presented a poster entitled “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” by Singh AP, Bhardwaj A, Singh 
S, and Srivastava SK. in “Innovative Minds in Prostate Cancer today (IMPaCT) meeting”, 
Orlando, Florida, March 9th-12th (2011). 

 We presented a poster entitled “Inhibition of protein phosphatase 2A supports androgen-
independent growth of prostate cancer cells” by Bhardwaj A, Singh S, Srivastava SK, 
Honkanen RE, and Singh AP in “American Association for Cancer Research (AACR) 
102nd Annual Meeting”, Orlando, Florida, April 2nd-6th (2011). 

 We published a manuscript “Modulation of protein phosphatase 2A (PP2A) activity alters 
androgen-independent growth of prostate cancer cells: therapeutic implications” by 
Bhardwaj A, Singh S, Srivastava SK, Honkanen RE, Reed E, and Singh AP, in  Mol 
Cancer Ther 10(5):720-731, (2011).  (featured in highlights of the issue, p709). 

2012: 
 We presented a poster entitled “Protein phosphatase 2A (PP2A) downregulation is 

associated with aggressive and castration-resistant phenotypes in prostate cancer” by 
Bhardwaj A, Srivastava SK, Singh S, Arora A, Honkanen RE, Grizzle WE, Reed E and 
Singh AP, in 103rd Annual Meeting of American Association for Cancer Research 
(AACR), held at Chicago, Illinois, March 31st-April 4th (2012).  

 We presented a poster entitled “PP2A downregulation induces epithelial to 
mesenchymal transition, and promotes prostate cancer progression and metastasis” by 
Bhardwaj A, Singh S, Srivastava SK, Arora A, Hyde SJ, Grizzle WE, and Singh AP, in 
2012 SBUR (Society For Basic Urologic Research) Fall Symposium held at Miami, FL 
November 15 – 18, 2012.  (Post-Doctoral Fellow received “Travel Award” to attend 
the Fall Symposium of SBUR). 

2013: 
 We presented a poster entitled “Downregulation of protein phosphatase 2A promotes 

prostate cancer progression and metastasis” by Bhardwaj A, Singh S, Srivastava SK, 
Arora A, Hyde SJ, Honkanen RE, Grizzle WE, and Singh AP, in 104th Annual Meeting of 
American Association for Cancer Research (AACR), held at Washington, DC, April 6th – 
April 10th (2013). (Manuscript near submission). 
 

CONCLUSION 
Downregulation of PP2A is associated with progression and metastasis of human prostate 
cancer. Thus, restoration of PP2A activity could serve as an effective preventive and /or 
therapeutic approach against the advanced disease. 
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ONGOING WORK: 

1) Finalizing the manuscript for submission. 

2) Conducting in situ expression analysis of pAkt, Akt, p-ERK, ERK, p-AR and AR in 
prostate cancer tissues through immunohistochemical (IHC) assay. 

3) Pathological examination of the stained sections for assessment of staining intensity and 
incidence (extent of tissue stained). 

4) Statistical analysis of the data obtained from IHC study for the comparison of expression 
of different proteins in paired tissue samples (benign and malignant tissue) and their 
correlation with different TNM stages (I-IV) and Gleason grades of prostate cancer. 

5) Writing another manuscript for publication of IHC data.  
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C ftnical prog.r:ss~r. oi pr~ut: cmc:r (PC.a) IS ctwsct~rit~ by a trar.si~r. irom ar.drcg:r~p=-r.O~ru 

(AD) to .l!\dro-r~:p:n.d.:nt (AI) : Ia:?-- :~ tte PCa ha:s re-curred in AI form. it prog.r:=-Ms to -=- highly 
:-;-;r*:-iv~ di:.:n: md po-:.:: -.m 00: -ll:d ri:."k oi (l".otf»ii~r -:.n:d' >!tH tto. Tt.: r: ffor: . uOO~rsta.nffif\9 th: 
m: chan.i: ms involv : d an AI pro;r~=-sjc.n of ?"'.....;. z: -s -: .ig:BifJCanl arH of tHH.rch. Eaf(~r. "''= id: ntif t:-d 
FFP2CA. wt.Y.....h ~r.ood:s ior $t"la.o~:.oiorrr. oi th..: protSn pT.ospbc?.~.:.: 2A c ::.Wytic -su.bur.it {??2~) . . =.:. 
on.: oi tit: doa·n.r:-;ut:t~ g=-nc-s io AI PC: c:11: . P??A is a Mtltl\.r pho=-pr..:n:.: and a pot~nt w-mor 
st!"~_pr~sror invo1v:<J ir. btoo.d: c: :IIItW hmctior<:.: no ... ·.:.v~r. its r~ lf'l PCa nas not y~t bH:r. tt: l*rnin-*. 
P,.c:r.:. "''= ru.v~ iov~s~:t~ th efiect of FP2A downre-JUhtic-n oo tti: growth of AD ?"'.....;. (lNCaP) o:!ls 
u:r.c:r st:rOO-J'~priv:--j oottdition. Funh=.rtr.or: . w~ h:v~ =x.atnin:j It: :H~t oi PP2A inhibition or. th.: 
:->g~ p: thv.•ay s a.nd d: W ;.t: d !M-il tol: io AI gro'Ntb of l NCaP C?tl: -. OUt d-1U -: bow.· that th 
eo-Nt~cr~ul:tioo oi FF2A : ctivsty by pha.r~ical .r.hibit;c.r; or :-iRNA-.m:o:fu.t:O FFP2CA -s~r.oinq 
sus tains tli--: growth oi AD ?C1 ~=- I.IOO.:r a.ndro;:.n--:t: priv:-3 ot.OOffic.n- by r: lievinQ 1M a.r.dto-?---11'
C~p.riv.a:.tion-ll'i;i~ o=J eye\:> arr:st .an:J pr: v: ntir,g O,J:-opt~is. lnt~·r,unoblot amly: is r:v:~ ~:j 

pho: phoryGtion of Akt, ERK. 3.40, incr:rM-d :xpr:=-sm of cyclin-: - {cyc:lio A l a.n'\i cyclin 0 1) a.oo 
c : cr:a:.:-1 :x.,cr:ss;or, oi cyclin ir.hibhor {~27) u:por, PP2A Cov.·rn-:qul:tior •. Fvrtt.:rrr.or: , cur da.U show tm:t 
'P?2A in..i .ib itic-n p.:rti:.lty maintam AR s)gr--31in9 th.toogh it: -ir.crH : .:d &p.r:-s:ion and ig-SJT~p..!Ki-:.ra 
pho-sp.lloryl:tion. which is -!.l:.o -s tl"f•pott:d by AR trartS-CrlptioruJ activ ity n:.:y ar.d JtS tar~:t g~n~. Kl.J<3, 
:x~r::-sjon. Ft .:rtl'l-l.x-h:;ica1 inhibition of Akt. ERK .and AR oonfirm:d a rol: oi Iii~:.: s=qru.firi:9 p:itlw.•: y s 
ir. h-ciliutir.Q th: AI growt1i oi tNcaP o:-0:.. Altog.: th.:r, our f ir>d'u-.g.s S U>}l n t OUt moo\llu ion oj FP2A 
activity m:y r: pr:-M-r t an a.Jt:erru.tiv: tM-t : p.:utic a.pproacil fot th: tr:stm: nt of ~vl.f\.c:.3 andto-;:n
ird:~nd:=nt pro: ut: ar..o::r 
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Poster Presentations - Cytoplasmic Oncogenes and Tumor 
Suppressors 

Abstract 3991: Protein phosphatase 2A (PP2A) 
down regulation is associated with androgen
independent and aggressive phenotypes in prostate 
cancer 
Arun Bh.ardw aj 1, Sanj eev K. Sriv astav a1, Seema Singh1, Sumit A rora1, Richa rd 
E. Honkanen2, William E. Griz.zle3, Eddie Reed1, and Aj ay P. Singh1 

1oep.ar-~;z 01 0:'»:1»;~ sea~ w:~ ca:-,::er i.'"l¢.:::.r.e. U:;J.aar.;' « so-.r.'l A~m.fl.ol)IJe. At 

-:;~"tio!~:ry a.."ll fl.o~JW 5»):1gf. \kll.lmr;otso-.mA~"1'13.fl...:o»e. N.. 

~·Depar'~;zct.Pa:""~f. ~f01A~m a: 5ltr'rlb;!a.'11. ~!'11"1\A!.. 

First line o f therapy for advanced prostate cancer {PCs) is androgen-deprivation 
tht ough ~utgie~a l ~ eho:omie~a l ~:;U~tion: howo:ov o:a. i n m~jotity o f e~a:; o;,;:;, tu~ 

relapse in an androgen-independent {AI) form. Once the PCa has recurred in A I 

form, i t ptogresses to a highly aggressive d isease with frequent metastasis and 

poses an increased risl: o f morbidi ty and d eath. Previously. we d emonstrated that 

PPP2CA. which encodes for alpha-isoform o f the protein phosphatase 2A {PP2A) 

cstalytic subuni t. is dO'Ivnregulated in prostate cancer. Furthermore. we shO'IVed 

that PP2A activi ty is inversely S$$Ociated wi th A I g rowth o f PCs cells through a 

nov·el mechanism. whereby loss o f PP2A-mediated che6:points leads to the 

activation o f Akt and ERK and partially sustains androgen receptor {AR) signaling 

under steroid-deprived condi tion. Since A I phenotype o f PCs is S$$Ociated wi th 

enhanced metastatic potential. we have investigated. in this study. a role o f 

PPP2CA in the aggressive behavior o f the PCs cells. For this. we ov·erexpressed 

PPP2CA in A I {C4-2 and PC-3) PCs cells. while silenced i ts expression in AD 

{LNCaP) PCs cells. We obset\"ed that ov·erexpression o f PPP2CA in C4-2 and PC-3 

cells not only d ecreased their A I g rowth and d onogenic ability. but also led to 

reduced motility and invasion and enhanced cell-cell interaction. Conversely. we 

obset\<"ed increased cell motility and invasion and d ecreased cell-cell interaction 

upon PPP2CA silencing in LNCaP cells. lmmunoblot analyses d emonstrated g ain 

o f epi thelial and loss o f mesenchymal rnsrters in PPP2CA-m.·erexpressing PCs 

cells or v ice versa indicating a role o f PP2A in opposing epi thelial to 

mesenchymal transi tion {EMT). Altogether. these studies provide ev idence for a 

functional role o f PPP2CA in aggressive behavior o f A I PCs cells. 

Citation Forma t: {Authors}. {Abstract ti tle} (abstract). In: Proceedings o f the 103td 

Annual Meeting o f the American Association for Cancer Research; 2012 Mar 31· 

Apr 4: Chicago. IL. Philadelphia {PA ): AACR: Cancer Res 2012:72{8 

Suppi):Abstract nr 3991 . doi:1538-7445.AM2012-3991 
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.A.rtm Sf..ard'l.•1j1, ~.JT.a S4ng'll1• Sln~v K. Sriv1s tava 1, St~mit Arora1, Stept;o=._.n. J. Hyde1. Rlcfr.ud E. 

Honbr-=r.P. Wlllilm E. G!ill1:~. Ajay P. S;ngt\1 • 
1Vitch-:!l Car.o:_r lnslituu . UMv~· oi Sc11th .toht<.3ft"~. 

J.'.(.bil:, AL: ::D:pmn;~t of 3-iocM.mistry a.n:t J,to1:wtar 3-iolo; y . Univ~.r:rty of Sotlth Ah bama., Uc·bt.1:. 

Al : :.Departm-ent oi Patt.oklgy , Univ~rsity of A~W!I1.3 at B1rrr.irt.J h:am, 8\rrrJrlgham, ,.e.,t 

ainics.l prodr::.:ic·n ot pr0$tat: car.o:r (:PC.a) is ct w sct:ro:-:J by a ttmsffic.o i rom castratk-n-::.:r~:itiv-: 
(CS) to A.stratiorw::is tant (CR) pit.:..ooty~:-. Th: rH tllfing: CR rumors ar: ~ ag.-gJ: ssiv: .l!\d 
m:tastatic, 1nd ttus pos: lllCr:r:-:d fi:~ of nteofbi!f.rry and b-ath to PCa ;nt~ts. TM,reior: , .~~tlf.c;.tic-n 

oi nov:-1 g : n: targ.Hs a:-scrclat:o with CR grO'.vth .and m.:t::s tatic O:'hav ior ~.rrtaln a pr~rity ar: -:o in PCa 
r:-: .H rch. Pr:\• ;ou.:~'· w: ido:ntifo:-d th;.t FPF2C4, which : noo::l:-: -ior th:- o- isoiorm of catalytic subuni t oi 
FP2A {a -*Jlr,:/th.reor.ir~ pt..osph;ata:.:), is dowl\l':o;!tl:ot:d .,., CR?Ca. In -add:ition.al faDdir,-:s. we t: l))(t:d 
that ?P2A d0¥1'r.J:yllt:ition su:suiri :d tM ~l'O'Y.'th oi PCa c:.\ls un-d=.r st:ro)j-if:_ptiv~ CC•OOi tJO!irs . In tt: 
pr::.-:r.t n u-ly , w.: :xamir.:d th: ~ (li PP2A in m;.iQ.nant b:havior oi PCa c :!ls usir..g jn v#ro ar.d jn vi~ 
iur.ctic·nil .;.s:ay s. Ftutf,~m«:, .,.~ -AlSO d~ir,-:at:-6 tr.: un..:io=.rtying mo!:-cuhr O*Chanisrr.s . cur d;.u 
d-:rr.ortsttat~ thst Oowr.r:-~-u.l;.t~n of FFP2C4 (n CS LNC=P c:-lls} prom.ot:d, 'llt~:ss i ts cv~r:xp;-:-.s:-0\ 

(10 CR C4-2 ar.d PC.~ c:fls) d:-cr:r~ tit: ntigration .;.nd inv a:ic.n oi h-um-ar, p!",_;. ~=-. Simi't;.Jly, v.•: 
ob--~:rv:d a loss o: homotypic ir.t::ractkm-s in FPP20l·si:i:-oo:c~ lNCaP .o:fls, •lfn.il.: it IF'ICJ'::.:.:o in PFP2CA· 
ov: r:xpr:s:.irrg C4· 2 ar.d ?C3 o:.!ls. Tt?H clul;.g::-v.~re -=-s-roci~t:d witt. : pitit:f!SJ to ~=-:oohymal 
tr.;.:n:.itior. (EMn or v ic:- v s-.r:.a in FFF2CA,.s~.no:d or ov =-r:xpr:ssing PC.a o:lls, r:sP'="ctiv~. wr..:n 
~ m ~YO ir; an orthotopic rnou:.: mo*l, PFP2C4.~v:(:xpr:-s:.in-6 ~ ~=- :xhibi1-:.:i aramatic 
d: cr: a-:.:o ir. tttmort;: n.H !S du: to <fltllinish~ prolif::ration and ::r..rta.nc:d :.pop !c-5!S a : -oompa:r:.<t 10 tt.: 
0.."\1\ttol o=fls. IAc.r:ov::r, sjgri.lfiCa!lt r:d"!J--ctic-n in !l*ta:sW.tic ir..cid:r.c: v:a: -.a!ro ob:.::rvd . fl..:-cft.:_nis tic 
:.ttt~s r::v~ tr..at FPP2CA C~II'M~UtatOr. ioor-:a.:.:s wcl:l! -accu:mu:latior. c i ~!:.nin a.:r.d NF·xB and 
:.utr:.:qu.::nt ac tivationt oi tt-m:-cnptic<MJ .;.ctivity oi tit: rs ponsiv:-~>en: pro.mot:-r:-. We .;.!s-o ob:: tv: d 
ooo-po=ra ti'W '? irl-volv:m.~ra oi both 3-c:.t: nin a!t,j NF-KB ir. th~ FFP20l Oetlfru-=aul:.tiorHndu-c:d EMT .:.no 
m\'a: i v : r. : : :. oi p!".....;. ~.ll:-. l n tty, our d-:oto. ~~n-:-tr-at-:.:i a ro~ oi F'nA/AAt axis io :rthanorl nucJ:ar 
accum.ub:tior, of 3-c:ot: r.in -l!ld NF·K8- mrou-;ll pho-:.phoryUtion-indu:c:d ir»ctiv:.tion of G: -k:?..S m-d l l<.M , 
r: : p.:-cti\•:¥. Afto.;c:tMt, oor G-ala ~=:-t &rat bs:. of PFP'2C4 1s .n:.ocilt~d .,,.itt; p!",_;. pro;r:ssle>n and 
rr.;.n ; tn i; , .lf-3 rH !6r-ltir.n -of PP1A 10tivtty oot~ s~v~ .:.;. M ;.H;.etiv~ l)r;.v;..r.tiv;. .;.MJ6t th;.r~.~utie 
approach a p.inst tM .;.>JV.;.nc:.-:i disa::. 


