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Abstract
Steroid hormones exhibit diverse biological activities. Despite intensive studies on steroid
function at the genomic level, their non-genomic action remains an enigma. In this study, we
investigated the role of reactive oxygen species (ROS) in androgen-stimulated prostate cancer
(PCa) cell proliferation. In androgen-treated PCa cells, increased cell growth and ROS production
correlated with elevated p66Shc protein, an authentic oxidase. This growth stimulation was
blocked by anti-oxidants. Further, elevated expression of p66Shc protein by cDNA transfection
encoding wild type (WT) protein, but not redox-deficient (W134F) mutant, was associated with
increased PCa cell proliferation. Conversely, knockdown p66Shc expression by shRNA resulted in
diminished cell growth. Increased p66Shc expression in PCa cells enhanced their tumorigenicity
in xenograft animals. Importantly, p66Shc protein level is higher in clinical prostate
adenocarcinomas than in adjacent non-cancerous cells. Expression of redox-deficient p66Shc
mutant protein abolished androgen-stimulated cell growth. In androgen-treated, H2O2-treated and
p66Shc cDNA-transfected PCa cells, cellular prostatic acid phosphatase (cPAcP), an authentic
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tyrosine phosphatase, was inactivated by reversible oxidation; subsequently, ErbB-2 was activated
by phosphorylation at tyrosine1221/2. These results together support the notion that androgens
induce ROS production through the elevation of p66Shc protein, which inactivates tyrosine
phosphatase activity for the activation of interacting tyrosine kinase, leading to increased cell
proliferation and enhanced tumorigenicity. Our results thus suggest that p66Shc protein functions
at the critical junction point between androgens and tyrosine phosphorylation signaling in human
PCa cells.
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Introduction
Steroid hormones including androgen DHT are involved in regulating diverse physiological
functions. While the pro-growth role of steroids via gene regulation in cells has been
intensively studied, their non-genomic action has received much less attention and requires
further investigation.

ROS, depending on its intracellular level, is proposed to mediate diverse cellular activities
[1, 2]. For example, ROS-induced protein and DNA adducts are proposed to be involved in
carcinogenesis [1, 3]. Higher intracellular ROS levels are found in various carcinomas than
corresponding non-cancerous tissues and proposed to be involved in different stages of
cancer progression, characterized by oxidative nuclear damage [2, 4-6]. Evidently, elevated
levels of intracellular H2O2 and oxidant enzymes, such as NAD(P)H oxidase 1 (Nox1),
correlate with cancerous and metastatic ability of PCa cells [4]. However, the molecular
mechanism by which ROS increase tumorigenicity is yet to be elucidated.

ROS also plays a role in growth regulation. Growth factors stimulate cell growth at least in
part by increasing ROS levels that inhibit growth-inhibitory PTPs through oxidation of its
active site cysteine residues, leading to activation of corresponding receptor tyrosine kinases
[7-10]. Recent advances reveal the existence of the histidine-dependent PTPs, a sub-group
of PTP superfamily [11]. In parallel, histidine can also be oxidized in cells forming oxo-
histidine [12]. However, the biological significance of histidine oxidation in proteins is
much less understood. While, androgenic stimulation of AS PCa cells also increases ROS
production [13]; the molecular mechanism by which ROS mediate androgen action remains
an enigma.

Human PAcP exists as cellular (cPAcP) and secretory (sPAcP) forms in differentiated
prostate epithelia [14, 15]. Different post-translational modifications attribute to the
differences in their biochemical properties [15]. A trans-membrane form of PAcP was
recently reported and could function as analgesic in mice [16]. Nevertheless, the role of this
transmembrane protein in human remains unknown. Several lines of evidence support the
notion that cPAcP functions as a tumor suppressor [14-17]. Evidently, PAcP-knockout mice
developed prostate carcinomas spontaneously [16]. Intratumoral injection of plasmid
encoding WT PAcP protein, but not inactive mutant, into xenograft prostate tumors led to
tumor suppression [17], supporting the notion that tumor suppression is dependent on its
phosphatase activity. In PCa cells, cPAcP functions as a neutral, histidine-dependent PTP
with ErbB-2 as its primary substrate [14, 15, 17-19]. Interestingly, the PTP and tumor
suppressor activities of PAcP are dependent on its active site His12, but not cysteine
residues near the active domain [17-19]. In these cells, cPAcP dephosphorylates Tyr-P of
ErbB-2 and attenuates its down-stream signaling and cell growth. Upon growth stimulation,
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e.g., DHT, cPAcP activity is inhibited by a yet unknown mechanism, which leads to ErbB-2
activation by Tyr-P and cell proliferation [14, 15, 17-19]. The mechanism of androgen-
induced cPAcP inactivation remains to be investigated.

p66Shc is predominantly expressed in epithelia and can mediate apoptotic stress signals
[20-25]. p66Shc, an oxidase, increases ROS levels by oxidizing Cyt C in mitochondria or
through SOS-mediated Rac1 activation at cell membrane [22, 26, 27]. Despite p66Shc being
a life span determinant in murine, its association with human longevity remains under
investigation [20, 28]. Rather, data from human thyroid, prostate, ovarian and colon cancer
tissues and cell lines show elevated p66Shc protein levels, implying its tumorigenic role in
human [29-32]. In parallel, p66Shc protein level is increased in breast cancer cell lines with
high metastatic ability [32], although inconsistent results were observed in primary breast
tumors [33, 34]. Collectively, p66Shc plays a critical role in steroid hormone-related
carcinogenesis, in part, by promoting cell proliferation [13, 30, 35, 36]. In sex steroid-treated
prostate, testicular and breast cancer cells, p66Shc protein levels are elevated and cell
growth is increased [30]. Accelerated PCa cell proliferation by p66Shc cDNA transfection is
preceded by increased mitochondrial ROS production [13]. However, it is not known how
steroid and p66Shc-ROS signaling promote PCa cell proliferation.

In this study, we report a novel molecular mechanism of non-genomic androgen action on
PCa cell growth stimulation. Our data, to the best of our knowledge, for the first time clearly
reveal a novel crosstalk between androgen and Tyr-P signaling connected by p66Shc via
ROS production that results in PTP inhibition and subsequently ErbB-2 activation, leading
to the enhanced tumorigenicity of PCa cells.

Materials and Methods
Materials

RPMI 1640 medium, gentamicin and L-glutamine were obtained from Invitrogen (Carlsbad,
CA, USA). FBS and charcoal/dextran-treated FBS were from Atlanta Biologicals
(Lawrenceville, GA, USA). Polyclonal Abs recognizing ErbB-2 and GPx1, and horseradish
peroxidase-conjugated anti-mouse and anti-rabbit IgG Abs were all from Santa Cruz
Biotechnology Ltd (Santa Cruz, CA, USA). Anti-pTyr (clone 4G10) was obtained from
Millipore (USA). Anti-pY1221/2 of ErbB-2 Ab was obtained from Cell Signaling (USA).
Polyclonal Abs recognizing all three isoforms of Shc protein, the Ab specifically
recognizing p66Shc protein and anti-pY 1248 of ErbB-2 Ab were obtained from Upstate
(Upstate, USA). Anti-β-actin Ab, mouse anti-human PAcP Ab, DHT, NAC and Vitamin E
succinate (VES) were from Sigma (St. Louis, MO). Rabbit anti-human PAcP Ab (ATM-3)
has been described previously [14, 37-39]. Plasmids encoding Myc-tagged wild-type,
W134F mutant and S36A mutant of p66Shc cDNAs are described in previous publications
[13]. The p66Shc cDNA plasmid was originally provided by Dr. Pier Giuseppe Pelicci at
European Institute of Oncology (Milan, Italy) and Dr. A Raymond Frackelton Jr at Brown
University (Providence, RI, USA) [36]. Full-length GPx1 cDNA was from OriGene
Technologies (Rockville, MD, USA). All other reagents were as described previously [13,
36-38].

Cell lines, hormone treatment and plasmid transfection
Source and DHT treatment of AS LNCaP-FGC, MDA PCa2b and VCaP cells and AI PC-3
human PCa cell lines were described previously [14, 17, 37]. Briefly, LNCaP-FGC, MDA
PCa2b, VCaP and PC-3 were originally purchased from the American Type Culture
Collection (ATCC, Rockville, MD) and routinely maintained in the respective regular

Veeramani et al. Page 3

Free Radic Biol Med. Author manuscript; available in PMC 2013 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



medium [18, 40]. LNCaP C-33 cells are androgen sensitive; while C-81 cells exhibit the
androgen independent phenotype [14, 17, 18].

For DHT treatment, cells were seeded in regular medium for 3 days, and then steroid-
starved for 48 hr in a SR medium, i.e., phenol red-free RPMI 1640 medium containing 5%
charcoal/dextran-treated FBS (v/v), 2 mM glutamine and 50 μg/ml gentamicin. After fed
with fresh SR medium, experimental PCa cells were exposed to 10 nM DHT, and controls
cells received the solvent ethanol alone for various periods of time as indicated in each
experiment.

For cell growth experiments, cells were counted in a Cellometer (Nexcelom, MA, USA).
cDNA and shRNA transfection were done as described previously [13, 14, 36]. Stable
subclones S-31, S-32 & S-36 of LNCaP C-33 cells overexpressing p66Shc were established
after p66Shc cDNA transfection [13, 36].

AcP Assay
AcP assay was performed as described previously with pNPP as the substrate in citrate
buffer, pH 5.5 [37, 38]. In LNCaP C-33 cells, L(+)-tartrate-sensitive AcP (TSP) activity is
routinely used to represent PAcP activity because over 90% of TSP activity in these cells is
represented by cPAcP [37, 38]. PAcP-specific AcP activity was analyzed in the
immunocomplex by anti-PAcP Ab [37, 38]. Reversible oxidation of PAcP was analyzed by
incubating the total lysate or immunoprecipitated PAcP with or without 10 mM DTT for 10
min at room temperature and then analyzed for AcP activity.

Immunoprecipitation and immunoblotting
For immunoblotting, subconfluent cells were harvested and the immunoblotting was
performed as described in previous reports [13, 18, 39]. For rehybridization, the membranes
were stripped as described previously [13, 18, 39], blocked and re-probed with specific Abs.
β-actin protein level was used as a loading control. All western blot experiments were
repeated at least in two sets of independent experiments. The protein level was
semiquantified by densitometric analyses of autoradiograms using ImageJ.exe program
(http://rsb.info.nih.gov/). The relative protein level was then normalized to the
corresponding loading control protein level.

For immunoprecipitation, cells were harvested and lysed in ice-cold cell lysis buffer [18, 30,
39]. An aliquot of 250 μg of lysate protein was incubated with primary Ab at 4°C overnight,
then added Protein A agarose beads (20 μl of 50% bead slurry) for 3 hr at 4°C. Normal
corresponding animal serum was used as a negative control. The immunocomplexes were
spun at 700 × g for 1 min, washed three times with ice-cold lysis buffer, and analyzed by
immunoblotting.

Xenograft animal experiments
Animal maintenance and tumor development and measurement were done according to NIH
guidelines and the specific guidelines at our medical center. The protocol was approved by
the University of Nebraska Medical Center Institutional Animal Care and Use Committee
prior to the initiation of experiments. To compare the tumorigenicity of p66Shc cDNA-
transfected stable sublines, 1×106 and 2×106 cells at the exponential growth phase were
suspended in 0.1 ml medium, mixed with 0.1 ml Matrigel (BD Biosciences, Bedford,
Massachusetts) and injected subcutaneously in the hind flank of male and female nude mice,
respectively (National Institutes of Health) [14, 17, 18]. The animals were monitored daily
and the tumor size was measured weekly with a caliper. The comparison of tumor volume
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induced by p66Shc-transfected stable subclones vs. vector alone subclone was analyzed by
the two-tailed Student’s t-test. p< 0.05 was considered statistically significant.

Immunohistochemistry
The protocol for the usage of human prostate archival specimens was approved by the
Institutional Review Board at UNMC. According to tissue availability, we obtained 78
human prostate cancer archival specimens for analyzing p66Shc expression.
Immunohistochemical staining was carried out as described previously [14, 30]. Due to the
heterogenicity of prostate carcinomas, each sample was given a composite score based on
the intensity and the extent of tissue staining, which were evaluated by a clinical pathologist
(S.M.L.). The comparison of expression level of p66Shc protein in paired samples (benign
and malignant) on the same tissue section was analyzed using the one population Student’s
t-test

Statistical analyses
Each set of experiments was performed in duplicates or triplicates, specified in each figure
legend or experimental designs, repeated at least 2-3 times of independent experiments and
the mean and standard error values of experimental results were calculated. In general,
paired two-tailed Student’s t-tests were used for comparison between each group. p <0.05
was considered statistically significant [14].

RESULTS
Androgens up regulate ROS, p66Shc protein and PCa cell proliferation

To investigate a molecular mechanism of non-genomic androgen action on upregulating cell
proliferation, we analyzed androgen effect on ROS production in AS PCa cells. In 10 nM
DHT-treated AS LNCaP C-33 cells, ROS production was increased (Fig. 1A), as seen in
EGF-treated cells (Fig. 1A) [7-9], correlating with cell growth induction (data not shown).
In DHT and EGF-treated C-33 cells, ROS production was associated with elevated p66Shc
protein levels (Fig. 1A, right panel). Further, the cell growth and ROS production in DHT-
treated cells were abolished by NAC (Fig. 1B, left panel). In NAC-treated slow growing
cells, p66Shc protein was reduced (right panel). Additionally, NAC abolished the growth of
DHT-stimulated VCaP and MDA PCa2b cells, another two AS PCa cells (data not shown).
Similarly, VES could block DHT-stimulated proliferation of MDA PCa2b cells (Fig. 1C)
and LNCaP C-33 cells (data not shown) [13]. The direct ROS effect on C-33 cell growth
was shown by H2O2 treatment (Fig. 1D). These data together showed a positive association
between androgen-stimulated proliferation, ROS production and p66Shc protein elevation in
AS PCa cells.

We first determined the role of p66Shc protein in growth regulation since it is associated
with DHT-stimulated PCa cell growth (Fig. 1). cDNA transfection experiments revealed that
elevated expression of WT p66Shc, but not the redox-defective p66Shc W134F mutant [26],
correlated with increased cell growth, about 30% increase in cell number of the transiently
transfected cell population in SR medium after 48 hr (Fig. 2A) [13]. Similarly, WT p66Shc
cDNA transfection increased the growth of MDA PCa2b cells in SR condition (Fig. 2B).
Thus, the ROS-producing ability of p66Shc protein is mitogenic activity to PCa cell growth.

We established p66Shc WT cDNA stable transfectants in LNCaP C-33 cells that express a
low level of endogenous p66Shc protein (Fig. 2A) [30, 36]. Elevated WT p66Shc protein
levels in S-31 and S-32 stable subclone cells were associated with increased cell growth,
significantly higher than V-1 cells transfected with the control vector alone in regular culture
medium (Fig. 2C). The increased cell growth was validated by cell cycle analyses on these
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stable subclone cells that in average, approximately 23% of p66Shc stable subclone cells
were in the S-phase of cell cycle, significantly higher than C-33 parental cells (17%) and
V-1 control cells (18%) (p<0.05, data not shown, and [36]). Interestingly, p66Shc effect on
cell growth was much distinctly seen in a SR condition where p66Shc subclones exhibited a
growth rate about 2-fold of that of V-1 control cells (Fig. 2D). We quantified ROS level in
p66Shc stable subclone cells vs. V-1 control cells in a SR condition. Elevated p66Shc
protein levels correlated with increased ROS production in these subclone cells, which is
significantly higher than that of V-1 control cells (Fig. 2D). Further, NAC treatment
effectively reduced the growth of p66Shc subclone cells by approximately 35%, much more
potent than on V-1 control cells (6%) in SR condition (data not shown).

To validate p66Shc role in PCa cell growth, we performed knockdown experiments in
LNCaP C-81 and PC-3 cells because these cells express higher levels of p66Shc protein and
ROS production than that of LNCaP C-33 cells, which correlates with rapid growth rates
with reduced doubling time [36] and ERK activation (Fig. 3A). Conversely, NAC treatment
decreased C-81 cell growth by 32% vs. C-33 cells by 4% (data not shown). Further, reduced
expression of p66Shc protein by shRNA was associated with decreased growth rates of
LNCaP C-81 (Fig. 3B) and PC-3 cells (Fig. 3C) [36]. In p66Shc shRNA-transfected cells,
ERK1/2 activation was also decreased, lower than that in vector alone-transfected control
cells (Fig. 3B & 3C). These data together suggest that WT p66Shc via ROS production is
involved in regulating PCa cell growth which is in part via ERK pathway.

Elevated p66Shc expression enhances the tumorigenicity of PCa cells
We explored the biological significance of elevated p66Shc proteins in prostate
carcinogenesis utilizing xenograft animal models. As shown in Fig. 4A, in male athymic
mice, three p66Shc stable subclone cells developed measurable xenograft tumors two weeks
after inoculation; while control V-1 cells developed measurable tumors after 4 weeks.
Furthermore, over 80% of animals (13/15) inoculated with p66Shc subclone cells developed
xenograft tumors by week 6, and 60% of animals (3/5) inoculated with control V-1 cells
developed xenograft tumors through the entire experiment, similar to parental C-33 cells
[17]. The average size of xenograft tumors by p66Shc subclones was about 4-fold of that by
control V-1 cells (data not shown). Similarly, these p66Shc subclone cells developed tumors
more rapidly with higher incidence than V-1 control cells in low androgenic female animals
(data not shown). At 7, 8 and 9 week time points, the tumor size of p66Shc S-31 and S-36
subclone cells was significantly different from that of corresponding V-1 subclone cells
(p<0.05). Further, at 9-week time point, the average tumor size of p66Shc subclone cells
was approximately 10-fold of that from V-1 subclone cells (Fig. 4B), supporting that p66Shc
subclone cells obtain proliferation ability under androgen-reduced condition (Fig. 2D) with
enhanced tumorigenicity (Fig. 4A & 4B). To corroborate clinical relevance, we conducted
immunohistochemistry staining of p66Shc protein in PCa archival specimens that contain
both cancerous and non-cancerous cells. As shown in Fig. 4C, immunohistochemical
staining showed that the prostatic adenocarcinoma (bottom) had increased p66Shc protein
level as compared to benign prostatic acini (top). In a total of 78 clinical specimens, p66Shc
protein levels in cancerous cells were in general elevated with an average of about 50%
higher level of staining index than that in non-cancerous acini cells (p<0.05). Nevertheless,
there was no correlation between p66Shc protein level and the Gleason grade or the
Pathological stage (data not shown). These data collectively supports the notion that
elevated p66Shc protein can increase the tumorigenicity of PCa cells.

p66Shc via ROS mediates DHT-stimulated cell proliferation
To establish the requirement of ROS production by p66Shc protein in DHT-induced PCa
cell proliferation, AS LNCaP C-33 cells that were transiently transfected with cDNA
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encoding WT p66Shc, W134F redox mutant or S36A mutant proteins or empty vector alone
were cultured with or without DHT. While W134F p66Shc mutant can translocate to
mitochondria, it cannot induce ROS production [13, 26]. On the contrary, S36A p66Shc
mutant is retained in cytosol and cannot translocate into mitochondria [13]. Fig. 5A (column
#3, 5, 7) showed that, in the absence of DHT, elevated expression of WT p66Shc protein,
but not W134F or S36A mutant, correlated with increased cell growth as seen in Fig. 2A.
DHT significantly stimulated the proliferation of control cells transfected with vector alone
(p<0.05; column #2 vs. #1, Fig. 5A), but not the WT p66Shc cDNA-transfected cell with
rapid basal cell growth (column #4 vs. #3, Fig. 5A). Further, expression of p66Shc W134F
mutant (column #6), but not S36A mutant (column #8), significantly abolished DHT-
stimulated cell proliferation (Fig. 5A). Similar results were observed in MDA PCa2b cells
that DHT-induced cell proliferation was significantly blocked by p66Shc W134F mutant
(data not shown). Thus, ROS production by p66Shc in mitochondria is involved in DHT-
stimulated PCa cell growth.

We further performed p66Shc knock-in experiments in p66Shc-knocked-down LNCaP C-33
cells and analyzed its effect on cell growth by DHT. The shRNA to endogenous p66Shc
(pSUP-p66En) knockdown endogenous p66Shc alone and allows the expression of
exogenous p66Shc driven by the CMV promoter (pcDNA-p66) (lane #5 vs #2, Fig. 5B;
[13]); while shRNA to N-terminal coding region (pSUP-p66Shc) can knockdown both
endogenous and exogenous p66Shc (lane #6, Fig. 5B). DHT-stimulated cell proliferation
was significantly reduced in endogenous p66Shc knocked-down cells (lane #2, Fig. 5B and
column #2 vs. #4, Fig. 5C). Elevated expression of exogenous WT p66Shc in endogenous
p66Shc-knocked-down cells (lane #5, Fig. 5B) restored their rapid basal cell proliferation,
similar to DHT-treated control cells (column #2 vs. #5, Fig. 5C), and DHT could no longer
significantly stimulate the growth of these cells (column #5 vs. #6, Fig. 5C). Ectopic
expression of W134F mutant in these endogenous p66Shc-knocked-down cells failed to
increase either the basal or the DHT-induced cell proliferation (column #7 & #8, Fig. 5C).
These p66Shc effects on cell growth were closely associated with the corresponding ROS
production (Fig. 5C, right panel). These data together indicate that the ROS production
ability of WT p66Shc plays a critical role in mediating DHT-stimulated PCa cell
proliferation.

Androgens, p66Shc and ROS signaling activate ErbB-2 tyrosine phosphorylation for cell
proliferation

In pursuit of a common downstream signaling molecule that couples androgens with ROS
towards cell proliferation, we analyzed Tyr-P profile in C-33 cells upon various
stimulations. In DHT- and H2O2-treated C-33 cells, there was a consistent increase in Tyr-P
of proteins with molecular weights between ~100 kDa and ~250 kDa (Upper panels, Figs.
6A & 6B). The 185 kDa phosphoprotein with a consistent increase in Tyr-P reacted with
anti-ErbB-2 Ab, indicating it to be the ErbB-2 kinase (Lower panels, Figs. 6A & 6B).

Similarly, increased p66Shc expression by transient transfection with WT cDNA in LNCaP
C-33 cells (Fig. 6C) and its stable subclone S-31 and S-32 cells (Fig. 6D), ErbB-2 Tyr-P
level was elevated (Left panels, Figs. 6C & 6D). On the other hand, expression of p66Shc
W134F redox-defective mutant only had a marginal effect on the increase of overall ErbB-2
tyrosine phosphorylation level (Fig. 6C, left panel). Further, in p66Shc WT cDNA
transiently transfected cells (Fig. 6C) and its S-31 & S-32 stable subclones (Fig. 6D),
ErbB-2 exhibited higher phosphorylation levels at Y1221/2, but not Y1248, than vector-
alone (V-1) or redox inactive W134F mutant-transfected control cells (Fig. 6C & 6D, right
panels). In p66Shc subclone cells, ERK and AKT were also activated by phosphorylation,
correlating with cyclin D1 elevation (Fig. 6D). Thus, ErbB-2 functions as a downstream of
steroid-p66Shc-ROS signaling in growth stimulation.
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Growth stimuli inactivate the phosphatase activity in cells
In growth factor-treated cells, ROS is produced that inhibit the PTP activity by reversible
oxidation resulting in the activation of its corresponding tyrosine kinase(s) [7-10]. We
analyzed androgen effect on PTP activity by quantifying intracellular phosphatase activity
with a traditional AcP assay using pNPP as a substrate in the presence or absence of L(+)-
tartrate, a classical phosphatase inhibitor [37, 38]. As shown in Fig. 7A, DHT treatment of
LNCaP C-33 cells led to an average of about 35% decrease in intracellular TSP activity, but
not TRP activity. H2O2 treatment also decreased TSP activity, but not TRP activity, in a
dose-dependent manner with about 30% inhibition by 20 μM H2O2 (Fig. 7B). Increased
expression of p66Shc in S-31 and S-32 stable subclone cells was also associated with down-
regulation of approximately 40% TSP, but not TRP activity (Fig. 7C).

While ROS can inactivate several tyrosine phosphatases in different cells; in LNCaP C-33
cells, cPAcP represents more than 90% of total TSP as well as protein tyrosine phosphatase
activity [37, 38, 42]. In these cells, cPAcP functions as a neutral PTP and dephosphorylates
ErbB-2 at its tyrosyl residues [15, 18, 39]. Further, our preliminary results revealed that
cPAcP activity is the most sensitive phosphatase activity to DHT (data not shown). Hence,
we focused our efforts on investigating the effect of p66Shc-ROS on cPAcP activity in
LNCaP C-33 cells. The TSP and the cPAcP-specific activity in the anti-PAcP
immunocomplex were similarly down-regulated by approximately 40% in WT p66Shc
cDNA transiently transfected cells, but not in W134F mutant cDNA transfected cells (Fig.
7D). Thus, in androgen- as well as H2O2-treated and p66Shc-transfected cells, cPAcP, but
not TRP, activity is decreased, and importantly, p66Shc-induced down-regulation of cPAcP
activity requires its redox property.

p66Shc down regulates cPAcP activity by reversible oxidation
We explored the regulatory mechanism of p66Shc on cPAcP activity after
immunoprecipitating from S-31 and S-32 cells. Fig. 8A showed that increased expression of
p66Shc protein in S-31 and S-32 subclone cells led to the down-regulation of cPAcP
activity, as seen for TSP activity in those same cells (Fig. 7C). Importantly, incubation of
these cell lysate proteins with 10 mM DTT significantly restored PAcP activity (Fig. 8A).
Further, co-transfection of antioxidant enzyme glutathione peroxidase (GPx1) cDNA with
WT p66Shc cDNA blocked the inhibitory effect of p66Shc protein on TSP activity (Fig.
8B). Similarly, in H2O2-treated C-33 cells, cPAcP specific activity was decreased,
following the H2O2 dose response fashion, with about 40% inhibition by 20 μM H2O2;
while the 50 kDa cPAcP protein level was not decreased in H2O2-treated cells after
normalizing to β-actin as a loading control (Fig. 8C).

ErbB-2 is shown as an in vivo substrate of cPAcP [14, 18, 39], and its Tyr-P inversely
correlates with cPAcP activity upon various treatments (Fig. 6 vs. Figs. 7D, 8A & 8C). We
analyzed H2O2 effect on the interaction of cPAcP with ErbB-2. In a non-permissive SR
growth condition, in the absence of H2O2, cPAcP and ErbB-2 were co-immunoprecipitated
by anti-PAcP Ab (upper panel, Fig. 8D). Treatment with H2O2 reduced the amount of
interaction between cPAcP and ErbB-2 for about 60% by 20 μM H2O2 (upper panel, Fig.
8D). It should be noted that the 50 kDa protein is the mature glycosylated PAcP protein;
while the 42 kDa protein is an intermediate form during biosynthesis [15, 37]. The
reciprocal co-immunoprecipitation with anti-ErbB-2 Ab showed that only the mature 50 kDa
PAcP binds to ErbB-2 in PCa cells (lower panel, Fig. 8D). The other forms did not appear
even after a prolonged period of exposure of the X-ray film to the western blot (data not
shown). The ErbB-2 dephosphorylation by cPAcP was further shown that in cPAcP-
knocked down C-33 cells by shRNA, ErbB-2 was activated by increased Tyr-P at Y1221/2
and also Y1248, and ERK activation by phosphorylation, correlating with increased cell
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proliferation shown by cyclin D1 and PCNA elevation (Fig. 8E) [15]. The data collectively
indicated that ROS generated by p66Shc down regulates cPAcP specific activity by
reversible oxidation and dissociates it from interacting with ErbB-2; subsequently, ErbB-2 is
activated by increasing Tyr-P, which results in activating of downstream signaling and
increased PCa cell proliferation.

DISCUSSION
In this communication, our results reveal a novel ROS-Tyr-P pathway in transducing non-
genomic androgen action on cell growth regulation. While p66Shc can be involved in
androgen action, the molecular mechanisms require further investigations [13]. Our data first
showed p66Shc via ERK1/2 signaling in regulating cell proliferation (Fig. 3). Our data
further revealed that androgens, via elevated p66Shc [41], induce oxidation-inactivation of
PTPs to mediate PCa cell proliferation (Fig. 8). In PCa cells, p66Shc-ROS signaling down-
regulates cPAcP specific activity (Figs. 7D, 8A, 8C), which reduces its interaction with
ErbB-2 (Fig. 8D), and subsequently ErbB-2 is activated by Tyr-P (Fig. 6), leading to cell
proliferation. Similarly, knockdown cPAcP expression by shRNA resulted in ErbB-2
activation, and increased cell growth (Fig. 8E). Inhibition of cPAcP activity by oxidation is
confirmed by GPx1 co-expression with p66Shc or by incubating cell lysate proteins of WT
p66Shc cDNA-transfected cells with 10 mM DTT in that both these reducing environments
restore cPAcP activity (Fig. 8A & 8B). Furthermore, p66Shc (W134F) redox-defective
mutant has no effect on inactivating cPAcP (Fig. 7D) or activating ErbB-2 (Fig. 6C).
Collectively, our study, for the first time, reveals a novel molecular mechanism by which
androgens via reversible oxidation of PTPs transduce their non-genomic signaling to up-
regulate cell proliferation. Our study also sheds light on the importance of p66Shc and
ErbB-2 as critical signaling molecules in this process, and provides a mechanistic
explanation of observations on clinical specimens that p66Shc protein level is higher in
prostate carcinomas than in respective non-cancerous cells (Fig. 4C).

We would like to point it out that the lack of significant difference in the xenograft tumor
size between S-32 subclone vs. V-1 subclone is at least in part due to the variation in S-32-
induced tumor sizes (Fig. 4B). While, it is known that elevated p66Shc protein can
translocate into mitochondria and interact with Cyt c for ROS production [13, 22, 26];
p66Shc can interact with Rac1 at plasma membrane for ROS production [27]. Further
experiments are required to determine the mechanism of p66Shc-induced tyrosine
phosphorylation signaling for cell proliferation.

While inactivation of PTPs by growth factors through oxidation has been reported [7-10],
steroid action via redox to Tyr-P signaling on cell proliferation remains unknown. In PCa
cells, TSP but not TRP activity is sensitive to both steroid-induced and ROS-mediated
inactivation (Fig. 7 and [37, 38]). Since cPAcP represents the major TSP as well as PTP
activity in differentiated prostate epithelia and its activity is sensitive to DHT treatment [37,
38, 42], and also since cPAcP can interact with ErbB-2 in PCa cells [17-19], we explored the
role of cPAcP in DHT-p66Shc-ROS-mediated proliferation of PCa cells. Treatment of PCa
cells with androgens results in increased ROS production and cell proliferation (Figs. 1A,
1B & 1C and [13]) and down regulation of cPAcP activity [18, 37-39]. Recent studies have
shed light on the role of ROS in the inactivation of cysteine-dependent PTPs in the process
of growth stimulation by growth factors [7, 9]. While oxidation of histidine residue in
superoxide dismutase has been reported, its biological significance in growth regulation is
not known [12]. cPAcP is an excellent candidate to explore this mode of regulation because
cPAcP is a histidine-dependent, but cysteine-independent, PTP and regulates growth
signaling in PCa cells [11, 19]. Nevertheless, in cells, there are many PTPs that are sensitive
to ROS. It is thus possible that ROS may inactivate other tyrosine phosphatases leading to
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the activation of kinase signaling. Since our studies involved the cross-talk between
androgen, ROS and tyrosine phosphorylation, we initially analyzed DHT effect on other
PTP activities. Our preliminary data showed that while cPAcP activity is very sensitive to
DHT treatment; Shp1 and Shp2 activities are only marginally affected upon DHT treatment
(data not shown). In parallel, PTP1B is up-regulated by DHT (data not shown) [43]. Further
experiments are required to clarify if ROS and/or DHT inactivates other tyrosine
phosphatases, leading to the activation of tyrosine kinase signaling for cell proliferation. In
summary, our study clearly reveals a novel role of a histidine-dependent PTP, such as
cPAcP, that responds to ROS signals, which resulted in the activation of tyrosine kinase, i.e.,
ErbB-2, by phosphorylation and cell proliferation.

PAcP has a key histidine residue (His12) at its active site that serves as a phosphate acceptor
[19, 44], and thus cPAcP functions as a neutral histidine-dependent PTP inside PCa cells
[14, 17-19]. While His12 is critical for both its AcP and PTP activities of PAcP [19, 44, 45];
one cysteine residue (Cys183) within the close proximity of the active domain is not critical
for its activity [17, 19]. In fact, several prokaryotic and eukaryotic histidine-dependent PTPs
have inactive cysteine near their active sites and share a sequence similarity with cPAcP
[11]. Apparently, due to their close functional and active site sequence homology with
PAcP, we faced the difficulty to express cPAcP in prokaryotes with high copy number
plasmids in our preliminary studies (Zelivianski S. and Lin M.F., unpublished data). Thus,
PAcP can serve as a prototype model for studying the regulation of histidine-dependent PTP
activity.

Formation of oxo-histidine from histidine has been shown to occur under oxidative stress
conditions in cells [12]. Thus, we hypothesize that ROS converts the active site histidine
residue (His12) of PAcP into oxo-histidine that inhibits its phosphate acceptor function and
down regulates PAcP activity. Nevertheless, due to the reversibility of cPAcP activity by
DTT (Fig. 8A), despite the fact that the active site cysteine residue (e.g. Cys183) is not a
critical determinant for PTP activity of PAcP; oxidation of cysteine residue leading to
conformational changes in active site of PAcP resulting in its inability to bind and/or
dephosphorylate ErbB-2 could not be overruled currently. Direct biochemical studies are
required for addressing the reversible formation of oxo-histidine in cPAcP.

In human PCa cells, while different post-translationally modified PAcP forms are seen in the
immunoblots of total cell lysate (Fig. 8D), only the 50 kDa mature form of PAcP protein
interacts with ErbB-2 (Fig. 8D) [18, 39]. In parallel, ErbB-2 can be activated by
phosphorylation at multi tyrosine residues, including Y1221/2 and Y1248 [18, 46], and
human and rat PAcP preferentially dephosphorylate ErbB-2 at pY1221/2 and also pY1248
[18, 19, 39, 45]. In p66Shc-elevated cells, where cPAcP is inactivated by ROS (Figs. 7 & 8),
ErbB-2 is activated by phosphorylation at Y1221/2, but not Y1248 (Fig. 6C & 6D). Kinetic
analyses revealed that knockdown cPAcP correlates with ErbB-2 activation initially at
Y1221/2 phosphorylation and followed by Y1248 phosphorylation [18]. Activation of
ErbB-2 at these tyrosine residues can lead to ERK-MAPK (Figs. 6D & 8E, and [18, 46]) and
AKT activation (Fig. 6D and [18]). In fact, p66Shc also mediates growth stimulation
through activation of ERK1/2 in PCa cells (Fig. 3 and [36]), and ERK1/2 are activated in
some CR PCa clinical specimens [47]. While the biological significance of signal activation
by each individual residue of ErbB-2 in PCa growth stimulation is not known, it is clinically
important to elucidate whether p66Shc-ROS-cPAcP signaling selectively favors pY1221/2-
mediated signaling in PCa cells cultured under SR growth conditions, as p66Shc
overexpression and tyrosine phosphorylation experiments in the current study were
performed in a SR condition, mimicking androgen ablation practiced in clinics.
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In conclusion, our study reveals a novel molecular mechanism by which androgens up-
regulate PCa cell proliferation at least in part by stabilizing p66Shc protein [41] to increase
intracellular ROS production, which can reversibly oxidize PTPs and subsequently can
activate ErbB-2 signaling (Fig. 9). This non-genomic growth signaling by androgens
depends on p66Shc and its redox property. Our data further point towards the possibility of
ROS being a critical mediator of androgen-induced carcinogenesis in prostate cells.
Evidently, elevated p66Shc protein in PCa cells enhances their tumorigenicity in xenograft
animal models. Our data also provide a mechanistic explanation of the biological
significance in the observation that p66Shc protein level is elevated in several steroid
hormone-related clinical carcinomas and correlates with their tumor progression.
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AI androgen-independent

AR androgen receptor

AS androgen sensitive

cPAcP cellular prostatic acid phosphatase

Cyt C Cytochrome C

DHT 5α-dihydrotestosterone

EGF epidermal growth factor

EGFR EGF receptor

ErbB-2 human epidermal growth factor receptor-2

FBS fetal bovine serum

MEF mouse embryo fibroblast

NAC N-acetyl cysteine

PCa prostate cancer

pNPP para-nitrophenyl phosphate

PTP protein tyrosine phosphatase

pTyr phosphotyrosine

ROS Reactive oxygen species

Shc Src homolog and collagen homolog protein

SR steroid-reduced

Tyr-P tyrosine phosphorylation

TSP L(+)-tartrate-sensitive acid phosphatase

TRP L(+)-tartrate-resistant acid phosphatase

VES vitamin E succinate

WT wild type
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Highlights

1. A novel p66Shc-ROS-Tyr-P pathway mediates androgen action in PCa cells.

2. Elevated p66Shc protein in PCa cells increases cell growth and tumorigenicity.

3. p66Shc-ROS signaling down-regulates PTP activity and activates Tyr-P
pathway.
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Fig. 1.
Androgens upregulate ROS, p66Shc protein and PCa cell proliferation. (A) DHT and EGF
increased ROS production in LNCaP C-33 cells. Cells were plated at a density of 5×103

cells/cm2 in duplicates for 3 days in regular RPMI medium. Cells were steroid starved for 48
h in steroid-reduced (SR) medium, and then treated with 10 nM DHT or 10 ng/ml EGF for
the indicated time periods. Cells were then incubated with 20 μM dichlorofluorescein
diacetate (DCF-DA) for 15 min and ROS levels were measured by flow cytometry. Median
fluorescence was calculated and normalized to the control values and expressed as Relative
fluorescence units (RFU). (left panel, *p<0.05; **p<0.01). Total cell lysate proteins from 48
h DHT or EGF treatments were analyzed for Shc protein. β-actin protein level was used as a
loading control (right panel). (B) LNCaP C-33 cells were seeded and followed by steroid
starvation as described above. Cells were then treated with 10 nM DHT in the presence or
absence of 10 mM NAC for 48 h. The cell growth was determined by cell counting and ROS
levels were measured as described above. The data shown is an average of three sets of
independent experiments in duplicates (left panel, n=2×3, *p<0.01). Total cell lysate protein
was analyzed for Shc protein. β-actin protein level was used as a loading control (right
panel). (C) MDA PCa2b cells were plated at a density of 1×104 cells/cm2 in duplicates for 3
days in regular medium. Cells were steroid starved for 48 h in SR medium and then treated
with 10 nM DHT in the presence or absence of 5 μM VES for 48 h. The cell growth was
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determined by cell counting. The data shown is one set of representative results from two
sets of independent experiments (*p<0.05). (D) LNCaP C-33 cells were seeded and
followed by steroid starvation as described above. Cells were then treated with 10 μM
H2O2 in the presence or absence of 10 mM NAC for 48 h. The cell growth was determined
by cell counting (*p<0.05).
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Fig. 2.
Effect of elevated p66Shc protein expression on PCa cell proliferation. (A) LNCaP C-33
cells were plated in duplicates for 48 h and then transfected with WT p66Shc cDNA (WT).
Control cells were transfected with empty vector (Vec) or the redox-defective mutant
W134F. After transfection, cells were fed with regular medium for overnight, then steroid-
starved for 48 h, and cell growth was analyzed by cell counting (n=2×3, *p<0.01). The data
shown is one set of representative results. Immunoblot analysis was performed for p66Shc
level in respective cells (right panel). β-actin protein level was used as a loading control. (B)
MDA PCa2b cells were transfected with WT p66Shc cDNA (WT) or empty vector (Vec).
Cells were maintained in regular medium for overnight, steroid-starved for 48 h, and cell
growth was analyzed by cell counting (n=2×3, *p<0.01). Immunoblot analysis was
performed for p66Shc level in respective MDA PCa2b cells (right panel). β-actin protein
level was used as a loading control. (C) LNCaP C-33 stable subclones of WT p66Shc cDNA
(S-31 and S-32) and vector-alone (V-1) control cells were plated at a density of 8×103 cells/
cm2 in regular medium for 3 days, replenished with fresh regular medium, and cell growth
was analyzed by cell counting after 2 days (n=2×3, *p<0.01). The total cell lysates were
analyzed for p66Shc protein levels by immunoblotting (right panel). β-actin protein level
was used as a loading control. (D) As described above in (C), WT p66Shc cDNA stable
subclones (S-31, S-32 and S-36) and control vector-alone (V-1) cells were plated in regular
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medium for 3 days. Cells were steroid-starved for 48 h, replenished with fresh SR medium
for 3 days. Cells were then incubated with 20 μM DCF-DA for 30 min, and trypsinized for
counting cell number or measuring ROS levels by flow cytometry (n=2×3; *p<0.01). Total
cell lysates were analyzed for p66Shc protein levels by immunoblotting (right panel). β-
actin protein level was used as a loading control.
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Fig. 3.
Effect of p66Shc expression on PCa cell growth and ROS production. (A) LNCaP C-33,
C-81 and PC-3 cells were labeled with 10 μM DCF-DA for 30 min. The labeled cells were
subjected to flow cytometric analysis for quantitative estimation of ROS production (left
panel). Cell lysates were analyzed for p66Shc protein and ERK1/2 phosphorylation (right
panel). The data shown is a representative of four sets of independent experiments. (B) Cell
growth and western blot analyses of p66Shc knock-down LNCaP C-81 cells. LNCaP C-81
cells were plated at a density of 1×105 cells/well of six-well plates in duplicates for 48 h.
The cells were transiently transfected with shRNA to p66Shc (pSUP-p66). Control cells
were transfected with pSUPER vector alone (Vec). 3 days after transfection, cells were
harvested and counted (left panel). Cell lysates from other set of cells transfected with
different amounts of pSUP-p66 were analyzed for p66Shc protein and ERK1/2
phosphorylation (right panel). (C) As described in (B), PC-3 cells were transfected with
pSUP-p66. Cell growth, p66Shc protein and ERK2 phosphorylation were analyzed 3 days
post-transfection. The data shown is the average of two sets of independent experiments.
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Fig. 4.
Effect of elevated p66Shc protein expression on PCa tumorigenicity. (A) p66Shc cDNA
transfected stable subclone cells (S-31, S-32 and S-36) and control V-1 cells with 1×106

cells each in 0.1 ml medium plus 0.1 ml Matrigel were injected into 5 male nude mice per
group. (B) 2×106 cells each in 0.1 ml medium plus 0.1 ml Matrigel were injected into 5
female nude mice per group. The tumor growth was monitored by a caliper weekly. Tumor
volume was shown as Mean ± S.E. (S-31: 8 & 9 weeks; S-36: 7, 8 & 9 weeks vs. V-1,
*p<0.05) (C) Immunohistochemical staining for p66Shc protein in human prostate tissue
archival specimen using anti-p66Shc antibody. Note the prostatic adenocarcinoma (bottom)
with higher levels of p66Shc protein as compared to benign prostatic acini (top). Original
magnification x200.
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Fig. 5.
p66Shc via ROS mediates DHT-stimulated cell proliferation. (A) LNCaP C-33 cells were
plated at a density of 1×104 cells/cm2 in duplicates. Cells were transfected with either WT,
W134F mutant or S36A mutant cDNA of p66Shc. Control cells were transfected with
pcDNA 3.1 alone. Cells were then steroid-starved for 48 h and treated with either ethanol or
10 nM DHT. Cell numbers were analyzed after 48 h of treatment. Data shown is the
representative of two sets of independent experiments (*p<0.05). (B) Immunoblot analyses
were performed for p66Shc protein levels in LNCaP C-33 cells transiently transfected with
either shRNA against endogenous p66Shc (pSUP-p66En), p66Shc-specific shRNA (pSUP-
p66) or p66Shc cDNA (pcDNA-p66). (C) As described as (A), LNCaP C-33 cells in
duplicates were co-transfected with shRNA against endogenous p66Shc (pSUP-p66En) and
WT or W134F mutant of p66Shc cDNA. Control cells were transfected with pSUP or pSUP-
p66En alone. All cells were further co-transfected with pECFP cDNA to normalize the
transfection efficiency. Cells were then steroid-starved for 48 h and subsequently treated
with ethanol or 10 nM DHT. Cell proliferation was performed by counting the cells. Results
were normalized to the control pSUP vector-transfected cells treated with ethanol. (left
panel). ROS was measured after 48 h of DHT treatment using DCF-DA assay. Relative
fluorescence units (RFU) were normalized to pECFP fluorescence to nullify the differences
in the transfection efficiency (right panel). Data shown is the Mean ± S.E. of one set of
representative results from two sets of independent experiments (*p<0.05).
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Fig. 6.
DHT, H2O2 and p66Shc activate ErbB-2 tyrosine phosphorylation in AS PCa cells. (A)
LNCaP C-33 cells of 8×103 cells/cm2 were seeded in regular medium for 48 h. After steroid
starved for 48 h, cells were treated with 10 nM DHT and harvested after 24 h.
Immunoblotting analyses were performed on the total lysate with anti-Tyr(P) antibody
(4G10). After stripping, the membrane was re-hybridized with anti-ErbB-2 protein Ab
(lower panel). Arrow marks the position of ErbB-2 protein. (B) LNCaP cells were seeded in
regular culture medium and then maintained in a SR condition for 48 h. Cells were fed with
fresh SR medium and exposed to 10 μM H2O2 for 16 h. Total cell lysate proteins were
analyzed for the total tyrosine phosphorylation profile. The membrane was stripped and then
re-hybridized for anti-ErbB-2 Ab (lower panel). Arrow points out ErbB-2 position. (C)
LNCaP C-33 cells were transiently transfected with WT p66Shc or its W134F redox-
defective mutant cDNA. Control cells were transfected with vector alone (Vec). Cells were
steroid starved for 48 h and then harvested. The total tyrosine phosphorylation profile (left
panel) and the ErbB-2 site-specific phosphorylation (right panel) were analyzed by anti-p-
Tyr Ab (4G10) or Ab to the site-specific ErbB-2 phosphorylation. Arrow (left panel)
indicates the position of ErbB-2. The ErbB-2 protein was analyzed by immunoblotting after
stripping the membrane (lower panel). (D) p66Shc cDNA-transfected LNCaP C-33 stable
subclone cells (S-32 and S-31) and vector-alone transfected control cells (V-1) were plated
at a density of 8×103 cells/cm2 in regular medium for 48 h. Cells were harvested and the
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total cell lysate proteins were analyzed for (left panel) the total tyrosine phosphorylation
profile, and (right panel) Shc, cyclin D1 protein, the site-specific phosphorylation levels of
ErbB-2, ERK and Akt proteins. Arrow (left panel) marks the position of ErbB-2 protein.
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Fig. 7.
Acid phosphatase activities in steroid- and H2O2-treated and p66Shc cDNA-transfected
C-33 cells. (A) LNCaP C-33 cells were seeded in regular medium for 3 days and then
steroid-starved for 2 days. Cells were fed with fresh SR medium and treated with 10 nM
DHT for 2 days. Total cell lysate proteins were used to analyze L-(+)-tartrate-sensitive
(TSP) and tartrate-resistant AcP (TRP) activities in each cell lysate. Similar results were
obtained from at least three sets of independent experiments. (n=2×3, *p<0.05). (B) LNCaP
C-33 cells were seeded in regular medium for 3 days and then steroid-starved for 2 days.
Cells were fed with fresh SR medium and treated with H2O2 for 24 h. Total cell lysate
proteins were used to analyze H2O2 effect on TSP and TRP activities. Similar results were
obtained from 3 sets of independent experiments. (*p<0.05). (C) Total cell lysate proteins of
p66Shc stable subclone S-31 and S-32 cells plus control V-1 cells were analyzed for TSP
and TRP phosphatase activity. Similar results were obtained from at least three sets of
independent experiments. (*p<0.05). (D) LNCaP C-33 cells were transiently transfected
with WT p66Shc (WT) or its W134F redox-defective mutant cDNA (W134F). Another
control cells were transfected with vector alone (Vec). After 48 h, cells were harvested for
analyzing TSP and TRP activities. An aliquot of each cell lysate proteins was
immunoprecipitaed by anti-PAcP Ab and the immunocomplexes were analyzed for cPAcP
specific phosphatase activity. Similar results were obtained from at least three sets of
independent experiments. (*p<0.01).
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Fig. 8.
Oxidation-induced inactivation of cPAcP in p66Shc cDNA-transfected PCa cells. (A) The
total cell lysate proteins from S-31, S-32 and V-1 cells were prepared for
immunoprecipitation of cPAcP. The immunocomplexes was then incubated with or without
10 mM DTT for 10 min at room temperature. The cPAcP-specific activity in the
immunocomplexes was quantified. Similar results were obtained from at least three sets of
independent experiments. The data shown is one set of representative results. (*p<0.05). (B)
LNCaP C-33 cells were transiently co-transfected with WT p66Shc (WT) cDNA plus
glutathione peroxidase 1 (GPx1) cDNA. Control cells were transfected with p66Shc cDNA,
GPx1 cDNA or the vector alone. After 48 h, cells were harvested for analyzing TSP activity.
Similar results were obtained from two sets of independent experiments. (*p<0.05). (C)
LNCaP C-33 cells were seeded in regular medium and then maintained in SR medium for 2
days. After being treated with 0, 10 and 20 μM H2O2 for 24 h, total cell lysate proteins
were used to immunoprecipitate cPAcP by anti-PAcP Ab. Normal IgG was used as a control
for immunoprecipitation. The AcP activity in the immunocomplex was quantified (left
panel, n=2×3; *p<0.05; **p<0.01). The total cell lysate proteins were analyzed for cPAcP
protein levels. β-actin protein level was used as a loading control. (D) Interaction of cPAcP
and ErbB-2 in LNCaP C-33 cells. (Upper panel) After attachments for 3 days in regular
medium, LNCaP C-33 cells were maintained in a SR medium for 48 h and exposed to 0, 10
and 20 μM H2O2. Cells were then harvested, lysed and immunoprecipitated by anti-PAcP
Ab (#ATM-3) or normal IgG as a control. The immunoprecipitate was used for western
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blotting with anti-PAcP Ab (Sigma #P-9808) and anti-ErbB-2 Ab (C-18). Similar results
were obtained from three sets of independent experiments. (Lower panel) ErbB-2 was
immunoprecipitated from steroid-starved LNCaP C-33 cell lysate proteins using anti-ErbB-2
mouse IgG (9G6 Ab) coupled to protein G-Sepharose beads. The immunoprecipitate
complexes were analyzed by western blotting with anti-ErbB-2 rabbit IgG (C-18 Ab) and
anti-PAcP mouse Ab (Sigma, USA). Only the 50 kD form of PAcP was seen to be co-
immunoprecipitated with ErbB-2 even after prolonged exposure. The data is the
representative of five sets of independent experiments. (E) Effect of transient knockdown of
cPAcP by shRNA in LNCaP C-33 cells on tyrosine phosphorylation of ErbB-2. LNCaP
C-33 cells were transiently transfected with different amounts of PAcP shRNA-126
plasmids. Control cells were transfected with vector containing scrambled oligonucleotides
(pcDNA). Total lysate proteins were analyzed for cPAcP protein levels, the site-specific
ErbB-2 phosphorylation, ERK phosphorylation, cyclin D1 and PCNA protein levels.
Tubulin was used as a loading control.
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Fig. 9.
A schematic representation of androgens up-regulating PCa cell proliferation via p66Shc-
ROS signal pathway. Androgen-stimulated PCa cell proliferation occurs at least in part
through stabilization of p66Shc protein that results in increased ROS production, which
leads to reversible cPAcP inactivation and ErbB-2 activation, followed by increased cell
growth, survival and tumorigenicity.
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