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Abstract

Background—~Forkhead box, class “O” (FoxO) transcription factors are involved in multiple
signaling pathways and possess tumor suppressor functions. Loss of PTEN and activation of
PI3K/Akt is frequently observed in prostate cancer, which may potentially inactivate FoxO
activity. We therefore investigated the role of FoxO transcription factors in prostate cancer
progression, in particular FoxO3a, in transgenic adenocarcinoma of the mouse prostate (TRAMP)
mice, which mimics progressive forms of human disease.

Methods—~Prostate cancer progression in TRAMP mice was followed from 8-28 weeks.
Expression patterns of Akt, FoxO1la, FoxO3a, FoxO4 and their phosphorylated form, DNA
binding activity and downstream signaling molecules during different stages of disease
progression were examined by immunoblotting, immunoprecipitation, enzyme-linked
immunoabsorbant assay (ELISA), and immunohistochemistry. Inhibition of FoxO3a activity was
attained by using FoxO3a peptide treatment to TRAMP mice.

Results—In TRAMP mice, FoxO3a activity is negatively regulated by Akt/PKB through
posttranslational modification. Progressive increase in Akt activation during prostate cancer
progression led to increase phosphorylation of FoxO3a and binding with 14-3-3, which potentially
affected its transcriptional activity in age-specific manner. Furthermore, blocking FoxO3a activity
resulted in accelerated prostate cancer progression in these mice, which was associated with the
loss of cell cycle control and increased proliferation and survival markers.

Conclusions—Restoration of FoxO3a activity represents an attractive therapeutic target in the

chemoprevention and possibly in inhibition of progression of prostate cancer.
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INTRODUCTION

Prostate cancer remains the most common form of epithelial cancer and the second leading
cause of cancer-related death in American males [1, 2]. Prostate cancer develops from a
precursor lesion, high-grade prostatic intraepithelial neoplasia (HGPIN), usually
characterized by differentiation arrest, inappropriate proliferation and survival of the
glandular epithelial cells, progressing towards invasive carcinoma [3]. This invasive
carcinoma has a variable propensity to progress locally or to metastasize; when metastasis
occurs, the prognosis of the disease worsens. Concerted efforts are needed both to
characterize the deregulated signal transduction pathways and to develop targeted therapies
for this cancer.

The human forkhead box, class “O” (FoxO) transcription factors, which include FoxO1,
Fox03a, FoxO4 and FoxOB6, have been causally linked to multiple cellular processes and are
often deregulated in human cancers [4, 5]. Deregulation of FoxO has been observed in
several human tumor types, including glioblastoma, rhabdomyosarcoma, leukemia and
cancers of the breast, thyroid, stomach, lungs and prostate [6—13]. Essentially, FoxO family
members function as tumor suppressors by upregulating genes involved in the control of the
cell cycle or in the initiation of programmed cell death [14, 15]. The activity of the FoxO
transcription factors is mainly regulated by post-translational modifications, resulting in
changes in the sub-cellular localization of these proteins [15, 16]. Subsequently, several
kinases, including phosphatidylinositide 3-kinase (PI3K/Akt), serum and glucocorticoid
inducible kinase (SGK), casein kinase (CK)-1, dual tyrosine phosphorylated-regulated
kinase 1 (DYTK1), extra-signal regulated kinases (ERK1/2) and kB kinase (IKKB), have
been demonstrated to regulate FoxO activity through sub-cellular localization [15, 16]. In
addition, FoxO proteins can undergo further post-translational modifications, such as
acetylation and deacetylation [17].

FoxO proteins are important targets of the PI3K/Akt pathway [16]. Hyperactive Akt as a
result of reduced phosphatase and tensin homolog (PTEN) expression or loss of
heterozygosity is commonly observed in human prostate cancer [18, 19]. Studies using a
mouse model revealed that targeted deletion of PTEN in prostate gland increases oncogenic
activity of PI3K/Akt, which leads to development of PIN, and rapidly progresses to invasive
carcinoma [20]. Our laboratory studies have demonstrated that the PI3K/Akt signaling
pathway is activated in human prostate cancer and promotes tumor cell invasion through
upregulation of urokinase-type plasminogen activator (UPA) and matrix metalloproteinases
(MMP)-9 [21]. Akt/PKB kinase phosphorylates FoxO proteins at various phosphorylation
sites (Thr32, Ser253 and Ser315 of FoxO3a; Ser256 of FoxOZla) which creates a binding site
for the chaperone protein 14-3-3 [15, 16]. Furthermore, 14-3-3 binding to FoxO factors in
the nucleus results in their nuclear exclusion and inability to bind DNA. These steps are
critical to the specificity of FoxO protein activation of the downstream target genes.

In prostate cancer, FoxO family proteins are often deregulated [22, 23]. Loss of FoxOla
through chromosomal deletion (13g14) has been shown to promote androgen independence
in prostate cancer cells [24]. Prostate cancer progression from androgen dependence to
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androgen independence is associated with decreased FoxO3a expression and reduced p27/
Kipl promoter transactivation [25]. Over-expression of FoxO3a and FoxO1 in prostate
cancer cells causes apoptosis and induction of genes that affect cell proliferation. Expression
of FoxO1 (FKHR) and its phosphorylated form p-FKHR has been demonstrated in clinical
prostate cancer specimens [22]. A previous study from our laboratory showed deregulation
of FoxO3a in human prostate cancer, facilitating prostate cancer progression [23]. However,
despite the central role of FoxO transcription factors as tumor suppressors and PI3K/Akt as
effectors, there is still incomplete understanding about the role of FoxO transcription factors
in prostate cancer progression. Prostate tumorigenesis is difficult to document in humans,
since these studies may require decades of observation and involve problems in obtaining
repeat biopsies from subjects. In contrast, relevant animal models can facilitate identification
of potential molecular target(s) involved in cancer development and progression.

TRansgenic Adenocarcinoma of the Mouse Prostate (TRAMP) has been established as an
excellent mouse model of prostate cancer [26, 27]. TRAMP males spontaneously develop
prostatic adenocarcinoma that progresses through multiple stages and that exhibits both
histological and molecular features similar to that of human prostate cancer [26]. Male
TRAMP mice express a PB-Tag transgene consisting of the minimal —-426/+28 bp
regulatory element of the rat probasin promoter directing prostate-specific epithelial
expression of the simian virus 40 early genes to abrogate the activity of p53 and Rb tumor
suppressor genes [28]. Loss of functional p53 and Rb predisposes epithelial cells to
enhanced survival signals and allows investigation of molecular pathways and targets.
Prostate cancer progresses in this model in an androgen-dependent fashion and is highly
reproducible. By approximately 6 weeks, TRAMP mice exhibit low-grade PIN, which
progresses to HGPIN by 12 weeks. Focal adenocarcinoma develops between 12 and 18
weeks, and progresses to poorly differentiated carcinoma within 24 weeks. By 28 weeks of
age, 100% of these transgenic mice, without any treatment, harbor metastatic prostate cancer
in liver, lymph nodes, lungs, and occasionally in bone [26, 27]. Our previous report
demonstrates constitutive activation of PI3K/Akt signaling in the prostates of TRAMP mice
[29], we further evaluated expression of FoxO family members of various ages which is
constantly expressed in the prostate of these mice. Nuclear exclusion of FoxO3a was due to
deregulation of the PI3K/Akt pathway. Furthermore, blocking FoxO3a activity with its
specific peptide accelerated prostate cancer progression and aggressiveness in TRAMP
mice.

MATERIALS AND METHODS

Animals

Male and female heterozygous C57BL/TGN TRAMP mice, Line PB Tag 8247NG were
purchased as breeding pairs from The Jackson Laboratory (Ann Arbor, MI). The animals
were bred and maintained at the AAALAC-accredited Animal Resource Facility of Case
Western Reserve University. Housing and care of the animals was in accordance with the
guidelines established by the University’s Animal Research Committee and with the NIH
Guidelines for the Care and Use of Laboratory Animals. Transgenic males for these studies
were routinely obtained as [TRAMP X C57BL/6] F1 or as [TRAMP X C57BL/6] F2
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offspring. Identity of transgenic mice was established by PCR based DNA-screening as
previously described [30]. To assess the expression of FoxO1la, FoxO3a and FoxO4, thirty
two male TRAMP and 24 male non-transgenic littermates were sacrificed at approximately
8, 14, 20, and 28 weeks, dorso-lateral and ventral lobes of the prostate were dissected and
fixed for immunohistochemistry and/or snap frozen for further molecular studies.

Animal Studies with Foxo3a peptide

FoxO3a peptide (GAKQASSQSWVPG) was procured from Bio Basic Inc., Markham,
Ontario, Canada and prepared in physiological buffered saline (PBS) stored as aliquots in
-20°C. Sixteen week old TRAMP mice were divided into two equal groups of 6 mice each.
The first group (control) of animals received 100ul PBS only through intra-peritoneal route,
whereas the second group received 200ug Foxo3a peptide through the same route, every
alternate day till the animals reached 24 weeks of age. Mice were weighed weekly to
observe for any weight loss or for any signs of distress during the experiment. At 24 weeks
of age, animals were sacrificed and their dorso-lateral and ventral prostate were weighed and
a portion was fixed immediately in 10% buffered para-formaldehyde, whereas the rest of the
tissue was snap frozen for later protein analysis.

FoxO3A DNA binding activity

Prostate tissue was processed for isolation of nuclear fraction and was evaluated for
FoxO3A DNA binding by using FoxO3a EZ-TFA Transcription Factor Assay
Chemiluminescent Kit (70-653; Upstate Biotechnology) according to the manufacturer’s
protocol.

Tissue lysate preparation

Prostate tissues of non-transgenic and TRAMP mice were excised and minced in small
pieces and homogenized with a tissue homogenizer to process for total, cytosolic, and
nuclear lysates. Briefly, total tissue lysates were prepared in cold RIPA buffer [50 mM Tris-
HCI (pH 7.4), 150 mM NacCl, 1% Triton X-100, 1% sodium deoxycholate]. Cytosolic and
nuclear lysate were prepared from the minced prostate tissue and suspended in ice cold
hypotonic buffer [25mMTris-HCI (pH 7.4), ImM MgCI2, 5 mM KCI and protease inhibitor
mixture (Roche Molecular Biochemicals)] incubated on ice for 30 min; mixed with 0.5%
NP-40 containing 100 mM NazgVO,4 and 1mM PMSF. The lysate was centrifuged at 5009
for 10 min; the supernatant constitutes the cytosolic fraction. The pelleted nuclei were
extracted in solution containing 10 mM Tris-HCI (pH 7.0), 250mM NacCl, 30mM sodium
pyrophosphate, 50 mM NaF, 0.05% NP-40, and inhibitors at 4°C for 20 min with agitation.
The extract was centrifuged at 12,0009 for 20 min at 4°C; the supernatant constitutes the
nuclear extract. The protein content was determined using the DC Bio-Rad protein assay kit
as previously described [29, 30].

Immunoblotting

Western blot analysis was performed using 25ug protein resolved on 4-20% polyacrylamide
gels (Novex, Carlsbad, CA) under reducing conditions and then transferred to 0.2um pore
size nitrocellulose membranes by electroblotting. The membranes were blocked with 5%
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nonfat powdered milk in TBS and then probed with primary antibodies at a 1:1000 dilution
in TBS containing 0.2% Tween 20 (TBST) with 5% milk. The membranes were then
washed extensively with TBST three times and probed with HRP-conjugated secondary
antibodies at 1:2000 dilutions in TBST with 5% milk) for 2 h at room temperature or
overnight at 4°C followed by incubation with anti-mouse IgG secondary or anti-rabbit 1gG
secondary antibody conjugated with horseradish peroxidase. After further washing in TBST,
the membranes were developed with chemiluminescence using Western blotting detection
system (ECL™ from GE HealthCare) and autoradiographed using XAR-5 film (Eastman
Kodak, Rochester, NY). To quantify protein band densities on immunoblots band were
normalized to B-actin and expressed as relative density. The antibodies used were anti-
FoxOla (Q12778) from Millipore, Danvers, MA; anti-p-Akt-Ser473 (SC-7985), anti-BIM
(SC-11425) and anti-14-3-3 (SC-629) from Santa Cruz Biotechnology, Santa Cruz, CA;
anti-histone H4 (06-598), anti-p-Fox03a-Ser253; anti-p-Fox03a-Ser32 (06-953), and anti-
FoxOla-Thr24 (06-953) from Upstate Biotechnology, Danvers, MA; anti-FoxO3a (9467)
anti-Fox04 (9472) from Cell Signaling Technology, Danvers, MA and anti-p27/Kip1 (clone
DCS-72.F6) from Neomarkers, Fremont, CA. Densitometric measurements of the bands in
Western blot analysis were performed using digitalized scientific Kodak 2000 software
program.

Immunoprecipitation assay

Excised mouse prostate tissues were homogenized and lysate fractions were prepared as
previously described [29, 30]. Equal amount of protein (100ug) from tissue lysate was
incubated with 5pl anti-14-3-3 and Akt antibodies at 4°C for 2 h. 20ul of protein A/G-
agarose (SC-2003; Santa Cruz Biotechnology) beads were then added to each sample,
incubated overnight at 4°C, and centrifuged the next day at 3,000 rpm for 10 min.
Supernatant was aspirated from each sample and the immunoprecipitates were washed four
times with appropriate buffer and subjected to SDS-PAGE followed by immunoblotting
with anti-FoxO3a and anti-p-FoxO3a (Ser253) antibody.

Immunohistochemistry

Four-micrometer sections from paraffin embedded tissue blocks were deparaffinized,
rehydrated, and underwent antigen retrieval by using Reveal™ solution (Biocare Medical,
Concord, CA) in a presser cooker chamber. Immunohistochemical staining for FoxO3a and
Ki-67 was performed using reagents and protocols from Biocare Medical (Concord, CA).
The sections were blocked with PEROXIdazed 1 for endogenous peroxidase activity and
Background sniper (both from Biocare Medical) to reduce nonspecific background staining,
and incubated in primary monoclonal antibodies for 1 hr at room temperature. Control
sections were incubated with antisera in the presence of tenfold excess of these antibodies or
with isotype matched IgG normal goat serum. After washing three times in TBS, sections
were incubated for 30 min at room temperature with biotinylated secondary antibody.
Immunoreactive complexes were detected using 3, 3’-diaminobenzidine and slides were
then counterstained in Gill’s#3 hematoxylin mounted in crystal mount media, and dried
overnight.
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Statistical analysis

The significance between the TRAMP mice and male non-transgenic littermates of various
age groups was performed by the Student’s t-test and P-values less than 0.05 were taken as
significant in the experiments.

FoxO1a, FoxO3a and FoxO4 protein levels were measured in the tissue lysates obtained
from the dorsolateral prostates of TRAMP mice and non-transgenic littermates. As shown in
figure 1A&B, a progressive increase in the protein levels of FoxOla and FoxO3a was
observed with increasing age from 8-28 weeks. The levels of FoxO3a were considerably
higher in TRAMP mice, compared to non-transgenic mice. Similarly, marked differences in
FoxOla protein expression were noted at 14 and 20 weeks of age in TRAMP mice; such
differences were not noted between the two groups at 28 weeks. No age specific changes
were observed in the FoxO4 protein levels between the two groups (Figure 1 A&B).

Since it has been demonstrated that Akt/PKB and related kinases phosphorylate FoxO
proteins [16], we measured the levels of FoxOla and FoxO3a protein in the nucleus and
cytoplasm along with Akt phosphorylation. For these studies we analyzed mice at 20 and 28
weeks of age. Compared to non-transgenic mice, both cytoplasmic and nuclear levels of
FoxO1la were higher at 20 and 28 weeks in TRAMP mice. Similarly, the levels of 14-3-3
were higher in both fractions of TRAMP mice. In contrast, the nuclear levels of FoxO3a
were markedly decreased in the prostate of TRAMP mice at 20 and 28 weeks. An interesting
observation was a marked increase in the levels of phosphorylated Akt at Ser473 in the
nuclear fractions of TRAMP mice compared to non-transgenic mice (Figure 2 A&B).

Next we addressed the role of Akt/PKB in deregulation of FoxOZla and FoxO3a, which
seems to occur through posttranslational modification. It is possible that phosphorylated
Ser473 Akt induces phosphorylation of FoxO1la (Thr24) and FoxO3a (Ser253 and Thr32),
facilitating its binding with 14-3-3 chaperone protein. Immunoprecipitation was performed
with Akt and 14-3-3 from the tissue lysate of TRAMP and non-transgenic mice at 20 and 28
weeks and probed with total and phosphorylated FoxO1 and FoxO3a antibodies. As shown
in figure 3A, increased association and phosphorylation of FoxOla at Thr24 was noted in
the TRAMP mice prostate, compared to non-transgenic mice at 20 weeks of age, after
immunoprecipitation with Akt and 14-3-3, however, this association was decreased along
with tumor progression in these mice. Furthermore, increased association and
phosphorylation of FoxO3a at Ser253 was observed in an age-dependent manner in the
prostates of TRAMP mice, compared to non-transgenic mice (Figure 3B). These results
suggest that the Akt/PKB and 14-3-3 are involved in FoxO3a phosphorylation and its
nuclear exclusion.

We next evaluated FoxO3a expression by immunohistochemical staining of paraffin-
embedded tissue sections of the dorso-lateral prostates of various age groups of TRAMP and
non-transgenic mice. As shown in figure 4A, FoxO3a expression was observed in either the
nucleus or the cytoplasm or both in non-transgenic mice of 8-28 weeks, but was
predominantly observed in the cytoplasm of 20 and 28 week-old TRAMP mice. Compared
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to non-transgenic mice, a progressive increase in FoxO3a expression was observed in the
cytoplasm with increasing age in TRAMP mice. Overall, FoxO3a expression was higher in
the cytoplasm of the dorso-lateral prostates of TRAMP mice than in non-transgenic mice, a
finding that was previously observed in clinical prostate cancer specimens and matched
benign counterparts obtained from the same patients [23]. To further evaluate the functional
role of FoxO3a as a transcription factor and its nuclear presence, we performed FoxO3a
DNA binding assay in the nuclear lysates isolated from the dorso-lateral prostates between
8-28 weeks from non-transgenic and TRAMP mice. As shown in figure 4B, a significant
decrease in FoxO3a DNA binding was observed in the prostates obtained at 20 and 28 week-
old TRAMP mice compared to their non-transgenic littermates. No significant difference in
FoxO3a DNA binding activity was noted at 8 and 14 weeks of age between these groups.
This decrease in FoxO3a DNA binding activity suggests that the transcriptional activity in
TRAMP mice might be compromised.

To investigate the involvement of FoxO3a in prostate carcinogenesis, we designed a peptide
which specifically binds to FoxO3a and blocks its activity. These studies were performed
using 16 week-old TRAMP and non-transgenic mice. TRAMP mice received intraperitoneal
injection of peptide in phosphate-buffered saline (PBS) every week, whereas a control group
of animals received only intraperitoneal PBS. As shown in figure 5A, treatment with
FoxO3a peptide to TRAMP mice resulted in a decrease in FoxO3a protein levels and its
phosphorylation at Ser253 in the dorso-lateral prostate, compared to the control group. An
increase in p-Akt level was noted after peptide treatment in TRAMP mice, which correlated
with decrease in the level of cyclin kinase inhibitor p27/Kipl and pro-apoptotic BIM
protein. Since reports suggest that increased p-Akt expression results in increased survival of
prostate cancer cells, we next evaluated the distribution of 14-3-3, p-Akt and FoxO3a and its
phosphorylation in the cytoplasmic and nuclear fractions after treatment with FoxO3a
peptide. As shown in figure 5B, a decrease in the nuclear level of 14-3-3, FoxO3a, p-
FoxO3a Ser253, and p-Akt was noted in the dorso-lateral prostates of TRAMP mice after
peptide treatment. These results suggest that FoxO3a peptide efficiently blocked FoxO3a
activity, which resulted in downregulation of these proteins.

Next, we determined the levels of FoxO3a and p-FoxO3a Ser253 after peptide treatment in
the prostates of TRAMP mice. For these studies, total tissue lysate, its cytoplasmic and
nuclear fractions were obtained from peptide treated and control groups and subjected to
immunoprecipitation with 14-3-3 and Akt. As shown in figure 6A, a decreased association
of Foxo3a with 14-3-3 chaperone protein was observed after FoxO3a peptide treatment in
TRAMP mice, compared to control mice; similarly a decrease in the p-FoxO3a (Ser253)
was noted in the nuclear fraction after peptide treatment. Immunoprecipitation with Akt
resulted in a decrease in nuclear levels of FoxO3a and p-FoxO3a after peptide treatment
(Figure 6B). These results suggest that blocking peptide disrupts FoxO3a signaling by
reducing Akt-mediated phosphorylation, leading to decreased binding ability with 14-3-3 in
the nucleus, whereas hyperphosphorylated Akt in absence of Foxo3a increased survival of
tumor cells in the dorso-lateral prostate of TRAMP mice after peptide treatment.

Lastly, we evaluated the effect of blocking FoxO3a activity in prostate cancer progression in
TRAMP mice. Indeed, FoxO3a peptide treatment resulted in accelerated progression and
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increased invasiveness of prostate adenocarcinoma in TRAMP mice, which correlated with
inhibition of FoxO3a expression in the dorso-lateral prostate of TRAMP mice and increase
in the proliferation as determine by Ki-67 staining after peptide treatment (Figure 7).

DISCUSSION

The forkhead box subgroup “O” of forkhead transcription factor plays a central role in cell
cycle control, differentiation, metabolism, stress response and apoptosis [13—16]. Loss of
FoxO functions due to genetic defects including chromosome deletion or translocation or
altered post-translational modifications has been observed in a variety of human tumors [6—
12]. Characterization of their biology has led to their recognition as tumor suppressors, as
deletion of these transcription factors alleles generates thymic lymphomas and hemangiomas
in knockout mice [31]. Here we show for the first time that loss of FoxO3a transcriptional
activity accelerates prostate cancer progression in TRAMP mice.

Several murine models generated by disruption or overexpression of genes in the prostate
develop pre-malignant and malignant lesions [32, 33]. The best characterized and most
widely studied TRAMP mouse prostatic neoplasm recapitulates many of the features of
prostate cancer in humans. TRAMP mice exhibit progressive stages of prostate cancer
ranging from mild to severe hyperplasia with cribiform structures and focal
adenocarcinoma, seminal vesicle invasion to occasional metastatic spread to lymph nodes,
lungs and bone [26, 27]. In our present study, we first showed that FoxO3a is inactive and
remains phosphorylated in tumor cells which results in its cytoplasmic retention in TRAMP
mice. Further inhibition of FoxO3a activity resulted in a rapid increase in tumor progression
in these mice.

The lipid phosphatase PTEN, acts as a tumor suppressor gene by acting as a negative
regulator of the PI3K/Akt pathway [13-15]. Approximately, 70% of primary prostate cancer
exhibits a loss of at least one PTEN allele and loss of both alleles is associated with
advanced disease [18-20]. In TRAMP mice, loss of PTEN due to haploinsufficiency is
associated with invasive prostate cancer [34]. A previous report from our group showed
constitutive activation of the PI3K/Akt signaling pathway during prostate cancer progression
in TRAMP mice [29]. Here we further address the role of PI3K/Akt in the cytoplasmic
retention of FoxO3a in the prostate of TRAMP mice. The Akt mediated phosphorylation of
FoxO3a on different residues is known to facilitate its association with 14-3-3 protein,
thereby leading to the transport of FoxO3a out of the nucleus and its retention in the
cytoplasm. Our present study demonstrates that FoxO3a protein is phosphorylated by Akt, at
least on Ser253, which could potentially affect the transcriptional activity of FoxO3a. Thus,
increasing the activity of FoxO3a could be potentially achieved through different
mechanisms. The results reported herein demonstrate that inhibition of Akt/PKB activity is
one plausible approach. However, the potential role of other oncogenic kinases such as IKK
and ERK in the regulation of FoxO3a transcriptional activity in the nucleus cannot be
discounted, and warrants further investigation.

Our immunohistochemical studies of the prostates from TRAMP mice demonstrate
cytoplasmic retention of FoxO3a in invasive tumor cells. Notably, blocking FoxO3a activity
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with peptide treatment leads to accelerated disease progression in these mice. Furthermore,
decreased Foxo3a nuclear DNA binding suggests that low transcriptional activity of FoxO3a
is associated with more biologically aggressive prostate cancer. Reactivation of FoxO3a and
its nuclear localization represents a potential therapeutic strategy for prostate cancer.

In summary, our findings in this study demonstrate that the tumor suppressor functions of
FoxO3a are compromised by its post-translational modification leading to its cytoplasmic
retention in prostate cancer due to PI3K/Akt activation. We propose that Akt controls the
cytoplasmic distribution of FoxO3a through its phosphorylation at Ser253 in the TRAMP
mice prostate. We also demonstrate the critical role of FoxO3a inactivation on the
proliferation and survival of prostate tumor in TRAMP mice. Restoring FoxO3a activity
represents an attractive therapeutic target in the prevention and/or therapy of prostate cancer.
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Abbreviations

FoxO forkhead box, class “O”
PTEN phosphatase and tensin homolog
TRAMP transgenic adenocarcinoma of the mouse prostate
PI3K phosphoinositide 3-kinase
ELISA enzyme-linked immunoabsorbant assay
SGK serum and glucocorticoid inducible kinase
CK1 casein kinasel
DYTK1 dual tyrosine phosphorylated-regulated kinase 1
ERK extra-signal regulated kinases
IKKB IxB Kkinase
HGPIN high-grade prostatic intraepithelial neoplasia
uPA urokinase-type plasminogen activator
MMP matrix metalloproteinases
PBS phosphate-buffered saline
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Protein expression of FoxOla, FoxO3a and FoxO4 in the dorso-lateral prostate of TRAMP
mice and male non-transgenic littermate. (A) Tissue lysates from prostates were prepared
and electrophorsed by SDS-PAGE followed by Western blotting. A progressive increase in
the protein expression of FoxOla and FoxO3a was observed in the prostates of TRAMP
mice compared to non-transgenic mice. No changes were observed in FoxO4 protein. The
details are described in material and methods. (B) Relative density of these proteins in
TRAMP mice and non-transgenic. Quantitation of bands was done by densitometric analysis
normalized to actin. NT, non-transgenic mice; TG, transgenic TRAMP mice.
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Protein expression of FoxO1la, FoxO3a, p-Akt and 14-3-3 in the dorso-lateral prostate of
TRAMP mice and male non-transgenic littermates. (A) Cytosolic and nuclear extracts from
prostate were processed and electrophorsed by SDS-PAGE followed by Western blotting.
Cytoplasmic and nuclear levels of FoxOla was higher in TRAMP mice, whereas decreased
FoxO3a nuclear levels were observed in TRAMP mice at 20 and 28 weeks of age, compared
to non-transgenic mice. The details are described in material and methods. C, cytoplasmic,
N, nuclear lysates (B) Relative density of these proteins in TRAMP mice and non-
transgenic. Quantitation of bands was done by densitometric analysis. A typical blot for
histone H4 is shown as loading control. NT, non-transgenic mice; TG, transgenic TRAMP

mice.
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Binding of FoxO1la, FoxO3a and their phosphorylated forms with Akt and 14-3-3 in the
dorso-lateral prostate of TRAMP mice and male non-transgenic littermates. Equal amount of
protein (100ug) from tissue lysate was incubated with anti-Akt and anti-14-3-3 antibodies
followed by addition of protein A/G-agarose beads and electrophorsed by SDS-PAGE
followed by Western blotting. (A) Increased association and phosphorylation of FoxO1la at
Thr24 was observed in 20 weeks old TRAMP mice after immunprecipitation with Akt and
14-3-3, compared to non-transgenic littermates. (B) A marked increase in association and
phosphorylation of FoxO3a at Ser253 was observed in age-dependent manner in the prostate
of TRAMP mice, compared to non-transgenic. IP, immunoprecipitation. The details are
described in material and methods.
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Figure4.
Expression of FoxO3a and its binding in TRAMP mice and non-transgenic littermates. (A)

Paraffin-embedded (4.0um) sections from 8, 14, 20 and 28 weeks old mice prostate were
used for FoxO3a expression by immunohistochemistry. A strong nuclear and cytoplasmic
staining was observed in TRAMP mouse prostate with progressive increase in disease
progression where as strong nuclear FoxO3a expression was observed in non-transgenic
mice. Magnified at x20 (B) FoxO3a nuclear DNA binding in the dorso-lateral prostates of
TRAMP mice and non-transgenic from 8-28 weeks. A progressive decrease in FoxO3a
DNA binding was observed in TRAMP mice at 20 and 28 weeks of age. **P<0.001;
compared to non-transgenic littermate. Con, Control; Comp, Competitor. Details are
described in materials and methods.
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Figure5.
Protein expression of FoxO3a and its phosphorylation, p-Akt, 14-3-3, p27/Kipl and BIM in

the dorso-lateral prostate of TRAMP mice after treatment with FoxO3a peptide. Sixteen
weeks old TRAMP mice were treated with FoxO3a peptide in phosphate buffered saline,
PBS every alternate day until 24 weeks of age whereas animals receiving PBS served as
control. (A) Tissue lysates from prostates were prepared and electrophorsed by SDS-PAGE
followed by Western blotting. Increase in p-Akt level was noted whereas decrease in the
level of cyclin kinase inhibitor p27/Kipl and pro-apoptotic BIM protein was observed after
peptide treatment. (B) Cytoplasmic and nuclear fractions showed a decrease in the nuclear
level of 14-3-3, FoxO3a, p-FoxO3a Ser253, and p-Akt in the dorso-lateral prostate of
TRAMP mice after peptide treatment. The details are described in materials and methods. A
typical blot for actin and histone H4 are shown as loading control. NT, non-transgenic, TG,
transgenic TRAMP, TG-Fxp, TRAMP treated with FoxO3a peptide.
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Figure®6.
Binding of FoxO3a and its phosphorylated form with 14-3-3 and Akt in the dorso-lateral

prostate of TRAMP mice after peptide treatment. Equal amount of protein (100ug) from
tissue lysates were incubated with anti-14-3-3 and anti-Akt antibodies followed by addition
of protein A/G-agarose beads and electrophorsed by SDS-PAGE followed by Western
blotting. (A) Decrease association of FoxO3a with 14-3-3 chaperone protein was observed
compared to control; similarly a decrease in the p-FoxO3a was noted in the nuclear fraction
after peptide treatment. (B) Immunoprecipitation (IP) with Akt resulted in decrease nuclear
levels of FoxO3a and p-FoxO3a (Ser253) after peptide treatment, compared to control
group. NT, non-transgenic, TG, transgenic TRAMP, TG-Fxp, TRAMP treated with FoxO3a
peptide; C, cytoplasmic, N, nuclear lysate. The details are described in material and
methods.
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Figure7.
Histological analysis and immunohistochemical staining for FoxO3a and Ki-67 in the dorso-

lateral prostate of non-transgenic and TRAMP prostate after FoxO3a peptide treatment. A
typical dorsolateral prostate from a non-transgenic mouse exhibited acini with abundant
eosinophilic intralumenal secretions. TRAMP mice (control) exhibited well-differentiated
cancer with extensive epithelial stratification, crowded cribriform structures accompanied
with marked thickening, remodeling, and hypercellularity of the fibromuscular stroma.
FoxO3a peptide (Fxp) treatment to TRAMP mice accelerated cancer progression in these
mice which correlated with loss of FoxO3a expression and marked increase in proliferation
assessed by Ki-67, a marker of cellular proliferation. The details are described in material
and methods.
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