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Multifaceted Interaction Between the Androgen and
Whnt Signaling Pathways and the Implication for
Prostate Cancer

Stéphane Terry,> Xuezhen Yang,' Min-Wei Chen," Francis Vacherot,® and Ralph Buttyan'-**

'Department of Urology, Columbia University College of Physicians and Surgeons,
New York, New York 10032

“Department of Pathology, Columbia University College of Physicians and Surgeons,
New York, New York 10032

3INSERM E03-37, Université Paris XII, Centre de Recherches Chirurgicales,
Assistance Publique des Hopitaux Paris, Créteil, France

Abstract Androgen action in prostate and prostate cancer cells is dependent upon the androgen receptor (AR)
protein that transcriptionally regulates the expression of androgen-dependent genes in the presence of a steroid ligand.
Whereas the overall schema of androgen action mediated by this receptor protein appears to be relatively simple,
androgen signaling is now known to be influenced by several other cell signal transduction pathways and here we review
the evidence that the canonical Wnt signaling pathway also modulates androgen signaling at multiple levels. Wnt is a
complex signaling pathway whose endpoint involves activation of transcription from LEF-1/TCF transcription factors and
it is known to be involved in the development and progression of numerous human epithelial tumors including prostate
cancer. B-catenin protein, a particularly critical molecular component of canonical Wnt signaling is now known to
promote androgen signaling through its ability to bind to the AR protein in a ligand-dependent fashion and to enhance the
ability of liganded AR to activate transcription of androgen-regulated genes. Under certain conditions, glycogen synthase
kinase-3f (GSK-3B), a protein serine/threonine kinase that regulates B-catenin degradation within the Wnt signaling
pathway, can also phosphorylate AR and suppress its ability to activate transcription. Finally, it was recently found that the
human AR gene itself is a target of LEF-1/TCF-mediated transcription and that AR mRNA is highly upregulated by activation
of Wntssignaling in prostate cancer cells. Paradoxically, Wnt activation also appears to stimulate Akt activity promoting an
MDM-2-mediated degradation process that reduces AR protein levels in Wnt-stimulated prostate cancer cells.
Collectively, this information indicates that the multifaceted nature of the interaction between the Wnt and the androgen
signaling pathways likely has numerous consequences for the development, growth, and progression of prostate cancer.
J. Cell. Biochem. 99: 402—-410, 2006. © 2006 Wiley-Liss, Inc.
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The human prostate gland, a sexual accessory
tissue of males, is dependent on male (andro-
genic) steroid hormones for its development and
maturation. Likewise, the abnormal prostate
growth diseases that are so commonly asso-
ciated with male aging, prostate cancer and
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benign prostate hyperplasia, also develop and
progress under the influence of androgenic
steroids. Therapeutics for these disease condi-
tions often utilize medical (drug) or even
surgical procedures to reduce the levels of
circulating androgen or to block their ability to
activate the androgen-mediated cell signaling
pathway in the diseased prostate cell. The
integral relationship between androgenic ster-
oids and the prostate in normal and disease
states identifies the cellular androgen signaling
pathway as a critical mediator of the biology of
thistissue and an inviting target for therapeutic
agents to prevent or suppress major prostate
diseases. As we now understand it, the core
molecular strategy of androgen signaling is
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relatively simple, yet this signaling pathway
can be influenced and modulated by cross-talk
with other cell signaling pathways and evidence
is accumulating that these points of cross-talk
might be key determinants of the abnormal
behavior of the prostate cell in disease states.
Here, we will discuss the multifaceted manner
with which the canonical Wnt signaling path-
way influences and modulates androgenic sig-
naling and the implications of these interacting
signaling pathways for prostate cancer devel-
opment and progression.

An Overview of the Androgen Signaling Pathway
and its Action in Prostate Cancer Cells

The most critical molecular component of the
androgen signaling pathway is the androgen
receptor (AR) protein, a unique member of the
nuclear steroid receptor gene family with a
molecular mass of approximately 110 kd in size
that preferentially utilizes dihydrotestosterone
as its natural ligand [Heinlein and Chang,
2004]. Like the other members of the nuclear
steroid receptor family, AR is a DNA-binding
transcription factor that becomes active in its
ligand-engaged form. The preferred ligand for
AR is dihydrotestosterone, however, mutations
have been frequently detected in human pros-
tate tumor cells and in prostate cancer cell lines
that alter the ligand specificity of the AR and
allow for promiscuous activity in the presence of
alternative steroid ligands that do not bind
to the wild-type receptor protein [Dehm and
Tindall, 2005; Javidan et al., 2005]. Like other
steroid receptor proteins the AR protein can be
categorically subdivided into modules of differ-
ing functional domains; whereas the N-term-
inal region contains structural information
needed to form a transcriptionally active mole-
cule (referred to as a transactivation domain),
the central region contains the DNA-binding
site, and the C-terminal region contains the
ligand-binding site [Shen and Coetzee, 2005].
Ligand binding induces a conformational tran-
sition in the AR protein that facilitates disas-
sociation of cytoplasmic AR from its chaperone,
translocation of the protein into the nucleus
where it homo-dimerizes and binds to definable
DNA response elements that are similar to DNA
response elements recognized by glucocorticoid
and progesterone receptors; being that it pre-
ferentially binds to small regions of DNA
containing palindromes of a 6-bp core sequence

[typified by 5-A-G-A-A-C-A-3'] that are sepa-
rated by a 3 nucleotide spacer [Nelson et al.,
1999]. Binding of AR dimers to these DNA
elements modifies the secondary and tertiary
structures of the proximal chromatin and
attracts other transcriptional co-factors that
further modifies the regional chromatin in a
manner conducive to the onset of transcription
of the adjoining gene unit. Whereas the spec-
trum of gene products regulated by AR-
mediated transcription is not fully character-
ized there are some very well-characterized
targets such as the human prostate-specific
antigen (PSA) gene. The promoter element of
this gene, when recombined upstream of a
standard reporter gene (most often luciferase)
in plasmid expression vectors can be used to
quantify the activity of the androgen signaling
pathway in any given cell type. Indeed, such
reporter vectors have been very useful in
identifying alternative molecular paradigms
that influence or modify the activity of the
canonical androgen signaling pathway in pros-
tate cancer cells. These alternative mechanisms
sometimes involve an interaction (of the AR)
with alternate signaling pathways (exemplified
by mitogen-activated protein kinase pathways
such as those driven by Erb and IGF receptors)
that selectively target certain amino acid
residues of the AR protein for phosphorylation
(thus modifying its transcriptional activity) or a
direct interaction between the AR protein and
other proteins (referred to as co-activators or co-
repressors, depending upon the end effect on the
androgen signaling process) [Heinlein and
Chang, 2004; Dehm and Tindall, 2005; Javidan
et al., 2005]. In this regard, it is the intent of
this review to selectively focus on the growing
awareness of the ability of the cellular Wnt
signaling pathway and its individual molecular
components to influence androgen signaling in
prostate and prostate cancer cells and to high-
light the implications of the complex interaction
between these two unique signaling pathways
for prostate cancer biology.

An Overview of the Wnt Signaling Pathway in
Normal and Malignant Cells

The Wnt signaling pathway was initially
defined through the study of unique develop-
mental aberrations in Drosophila, Xenopus,
and other organisms that were associated
with mutations in genes now known to encode
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proteins that are involved in the Wnt signaling
process [Huelsken and Behrens, 2002]. The
term Wnt was derived from the realization of
the common relationship between the droso-
phila gene wingless (otherwise known as wg)
and the mouse gene int¢-1, both of which encode
protein ligands that are capable of initiating the
Wnt signaling process. Wnt is a powerful and
complex signaling pathway that is integrally
involved in stem-cell renewal, embryonic devel-
opment, and tissue differentiation and, as is
becoming increasingly apparent, aberrant
activity of the Wnt signaling pathway is also
associated with tumorigenesis of several organ
systems [Polakis, 2000; Lustig and Behrens,
2003; Logan and Nusse, 2004; Nusse, 2005;
Reya and Clevers, 2005]. Like the androgen
signaling process, canonical Wnt signaling is a
means to control transcription of genes, parti-
cularly those that rely upon the LEF-1/TCF
family of transcription factors for their expres-
sion. This family of transcription factors repre-
sents a group of proteins with DNA-binding
activities that specifically recognize and bind to
a contiguous 6 base concensus sequence, 5'-a/t-
a/t-C-A-A-G-3' that is found within the 5’
promoter regions of Wnt target genes [Roose
and Clevers, 1999]. The known repertoire of
Wnt (LEF-1/TCF) target genes includes some
prominent gene products that regulate cellular
proliferation including c-myc, jun, and cyclin
D1; apoptotic regulators such as survivin; genes
that influence cellular migratory behavior
including uPA, MMP-7, and CD-44; genes that
play a role in differentiation including FGF2,
PPAR-6, BMP-4, and c-Ret; and genes that have
the potential to influence carcinogenesis includ-
ing endothelin-1 and COX-2 [He et al., 1998;
Mann et al., 1999; Tetsu and McCormick, 1999;
Zhang et al.,, 2001]. More relevant for this
review, it was recently shown that the human
AR is also a direct gene target of LEF-1/TCF
transcriptional activation, having at least three
functional TCF recognition elements within a
2,000-bp region of its 5’ promoter [Yang et al.,
2006]. Therefore, as will be discussed below,
regulation of AR expression mRNA expression
by TCF transcription factors identifies one of
the mechanistic processes through which Wnt
signaling is able to modulate the activity of the
androgen signaling pathway in prostate and
prostate cancer cells.

Under Wnt-unstimulated conditions, TCF-
family transcription factors are generally found

within the nucleus bound to their DNA recogni-
tion elements but they are transcriptionally
inactive due to their association with a member
of the groucho protein family that blocks their
ability to capture the other chromatin-modify-
ing proteins necessary for formation of an active
transcription complex. The switch to a tran-
scriptionally active complex requires nuclear
entry and binding of the protein that is most
integrally associated with the canonical Wnt
signaling pathway, B-catenin. The 92 kd pB-
catenin protein is a critical co-factor in LEF-1/
TCF-mediated transcription as its binding to
the N-terminal domain of these transcription
factors induces a conformational change that
releases the groucho suppressor from the DNA-
bound complex and facilitates recruitment of
other proteins required for the formation of an
active transcription complex and this activity
represents the endpoint of Wnt signaling. A
schematic presentation summarizing the var-
ious molecular components involved in LEF-1/
TCF activation by the Wnt signaling pathway is
presented in Figure 1.

The molecular components of the Wnt signal-
ing pathway upstream of this endpoint function
mainly to regulate the stability and nuclear
penetrance of B-catenin. This activity involves a
large repertoire of proteins that interact in a
complex fashion, parts of which are still not
thoroughly understood. In epithelial cells, B-
catenin protein is stable when bound to the
cytoplasmic domain of a classical cadherin (E-,
N-, and P-cadherin), but it is rapidly degraded
in the cytoplasm (in Wnt-unstimulated cells) by
a multiprotein degradation complex anchored
on an Axin-bound protein scaffold that contains
a critical pB-catenin-binding protein, adenoma-
tous polyposis coli (APC), and multiple regula-
tory protein kinases including serine/threonine
glycogen synthase kinase-3p (GSK-3p) and casein
kinase Io.. Under Wnt-unstimulated conditions,
free B-catenin is captured by this complex where
it is sequentially phosphorylated at multiple
serine/threonineresidues within its N-terminal
domain by the kinases of the degradation
complex. Phosphorylated p-catenin attracts
the B-tranducine repeat containing protein (j3-
TrCP), an F-box subunit of an ubiquitin ligase
complex that then promotes ubiquitinylation of
B-catenin rendering it an avid target for proteo-
lysis by proteasomes. Thus, in Wnt-unstimu-
lated cells, free B-catenin is rapidly degraded
before it can enter the nucleus.
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Fig. 1. Graphical depiction of the schema of the canonical Wnt
signaling pathway. (Left panel) In the “Wnt-Off” state, TCF
transcription factors are inert due to their association with a
repressor (groucho protein) on their nuclear DNA binding sites.
B-catenin, which is needed for release of the repressor protein, is
captured by a degradation complex before it can enter the
nucleus and is phosphorylated and subsequently ubiquitinylated

Wnt signaling in normal (non-malignant)
cells is generally initiated by any of a family of
secreted glycoprotein ligands, now referred to
as Wnts, through their binding to cell surface
receptor proteins which are members of the
cysteine-rich, seven transmembrane domain
frizzled (fzd) family. In human, the family of
secreted Wnt glycoproteins includes 19 mem-
bers varying from 350 to 400 amino acids in
length [Miller, 2002]. There are 10 known
human frizzled genes but only a subset of these
are active in the transmission of canonical Wnt
signaling activity [Huang and Klein, 2004].
Various combinations of Wnt ligand-fzd recep-
tor complexes may result in a cascade of varia-
ble intracellular signaling allowing information
transfer from extracellular signals into intra-
cellular responses. When productively engaged
in canonical Wnt signaling activation, the Wnt
ligand-fzd receptor complex abrogates the
activity of the B-catenin degradation complex
by suppressing the activity of GSK-3p through a
process that appears to require its sequestra-
tion into an alternate multiprotein complex
containing the dishevelled (dsh) protein that
itself phosphorylates GSK-3p rendering it inac-
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MBP-7, D44,
COX-2, BMP4

Nucleus

and degraded by the proteasome. (Right panel) In the “Wnt-On”’
state, the binding of an activational Wnt to its Frizzled receptor
enablesthe capture, phosphorylation and inactivation of GSK-3p
by an alternative complex containing dishevelled protein and
free B-catenin is able to enter the nucleus to complex with TCF,
displacing groucho and enabling formation of an active
transcription complex.

tive. In malignant cells, Wnt signaling can also
be abnormally activated through mechanisms
that involve mutations of key components of the
pathway and this is best exemplified in colon
cancer wherein mutations in the APC protein
that binds B-catenin to the degradation complex
or mutations of serine/threonine residues with-
in the N-terminal domain of B-catenin itself, can
suppress p-catenin degradation leading to con-
stitutive activation of Wnt signaling even in the
absence of Wnt ligand. Other human tumor
systems that are associated with abnormal Wnt
signaling include breast, head, and neck and
oral cancers as well as melanoma.

Whnt Signaling and
Prostate Cancer

In concordance with the evidence for the
participation of canonical Wnt signaling in
numerous human solid tumors mentioned
above, evidence is also accumulating to indicate
the involvement of abnormal Wnt signaling in
prostate cancer development and/or progres-
sion [Yardy and Brewster, 2005]. Several
different studies evaluating expression of Wnt
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effectors in human prostate tumor specimens
have reported an upregulation in the expression
of Wnt ligands (Wnt—1, —2, and —5a) in cancer
cells compared to normal prostate cells [Katoh,
2001; Chen et al., 2004; Glinsky et al., 2004]
whereas another immunohistochemical study
reported that expression of WIF1, an inhibitor
of Wnt signaling was consistently downregu-
lated in prostate tumor cells compared to
normal [Wissmann et al., 2003]. Other immu-
nohistochemical surveys have also found that
the critical Wnt activator protein B-catenin is
upregulated in expression or abnormally loca-
lized (in the cytoplasm or nucleus) of human
prostate cancer cells indicating the likelihood of
a “Wnt-On” state in such tumor cells [Chesire
et al., 2002; de la Taille et al., 2003; Chen et al.,
2004]. With regards to the specific cause for
abnormal Wnt activation in prostate cancers,
mutationsin the APC or B-catenin genes similar
to those found in colon cancer have also been
detected in prostate cancers [Voeller et al., 1998;
Chesire et al., 2000; Gerstein et al., 2002],
although at a frequency that is relatively low
(approximately 5%) compared to relatively high
rate with which these types of mutations are
found in colon cancer cells. Additionally, thereis
reason to believe that the high rate of PTEN
deletion that is associated with prostate cancer
development and progression might promote
Wnt activation in prostate cancer cells. Loss of
PTEN promotes the downstream activity of Akt
and increases the ability of this conditional
protein kinase to phosphorylate GSK-3p, effec-
tively suppressing GSK-3p role in regulating
the degradation of B-catenin [Mulholland et al.,
2006]. Finally, there is evidence for at least one
novel mechanism leading to Wnt activation in
prostate cancer; specifically in association with
the expression of an unusual Y-chromosome-
linked member of the cadherin family, proto-
cadherin-PC (PCDH-PC) (also referred to as
PCDHY) that appears to endogenously upregu-
late Wnt signaling when expressed [Yang et al.,
2005] though the precise mechanism of this
effect has yet to be determined. Whereas
abnormal activation of Wnt in adult cells has
some very significant consequences related to
the development of malignancy based upon the
repertoire of growth-promoting and apoptosis-
suppressing genes that are upregulated by this
signaling pathway, the consequences are espe-
cially pertinent to prostate cancer because of the
seemingly multiple nodes through which Wnt

and its molecular components can influence
androgenic signaling in these cells and these are
described below.

Wnt and AR Interaction I: B-Catenin Is a
Ligand-Dependent Co-Activator of AR

B-catenin binding is obligatory for activation
of the transcriptional potential of the TCF
family transcription factors. As is now demon-
strated by numerous experimental paradigms
involving co-immunoprecipitation or yeast-2-
hybrid assays, B-catenin can also directly bind
to the (steroid) ligand-engaged AR protein
[Truica et al., 2000; Pawlowski et al., 2002;
Yang et al., 2002; Song et al., 2003; Masiello
et al.,, 2004] and this binding has a strong
promoting effect on the ability of the AR to
induce transcription of androgen-sensitive gene
products. In this sense, -catenin (wild-type or
mutated) is considered to be a ligand-dependent
co-activator of AR transcription. The binding of
B-catenin to ligand-engaged AR facilitates
the movement of B-catenin into the nucleus
[Mulholland et al., 2002; Pawlowski et al., 2002]
and B-catenin protein remains complexed to AR
protein at its binding site on chromatin where it
has been shown to be associated with the
androgen-regulated element within the promo-
ter region of the human PSA gene [Li et al,,
2004]. Evaluation of other members of the
steroid receptor family (specifically ER, PR,
and GR) has not identified a similar interaction
with B-catenin so this phenomenon is likely
restricted to AR [Pawlowski et al., 2002]. B-
catenin binds to the C-terminal end (within the
activator function 2 region of the ligand-binding
domain) of AR and, although this interaction is
dependent upon steroid ligand engagement, it
appears to be able to modify the ligand require-
ment of AR [Songet al., 2003]. B-catenin binding
enables more efficient utilization of androste-
nedione or estradiol as agonists of androgen
signaling and reduces the ability of bicaluta-
mide to serve as an antagonist of the AR. It is of
further interest that a truncated peptide of -
catenin (the C-terminal region) inhibits AR-
mediated transcription suggesting a novel
means through which one might exploit this
interaction to suppress androgen signaling in a
prostate cancer cell [Song and Gelmann, 2005].
Given that two types of transcription factors
(TCF and AR) can bind to f-catenin it should not
be surprising that there might be competition
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for available B-catenin between these two
proteins and, in this regards, high-level expres-
sion of AR has been shown to suppress activa-
tion of transcription by TCFs [Mulholland et al.,
2003; Cronauer et al., 2005]. Thus, even though
here we focus on the actions of Wnt on AR
signaling, it is important to remember that
there is mutual cross-talk between both of these
signaling pathways that has important conse-
quences for the human prostate cancer cell.
Indeed, this mutual cross-talk is also apparent
in the next node of interaction between Wnt and
ARthatinvolves another critical molecule in the
Wnt signaling pathway, GSK-3p.

Wnt and AR Interaction Il: GSK-3$
Phosphorylates AR and Modulates its Activity

GSK-3p regulates B-catenin degradation and
this function alone places it in the category of a
tumor suppressor gene. More recently, GSK-3f3
was shown to be an AR-interacting protein and
a (negative) regulator of AR-mediated tran-
scription [Sharma et al., 2002; Salas et al., 2004;
Wang et al.,, 2004]. This effect was first
described in studies wherein overexpression of
GSK-3B was linked to reduced expression of
PSA in prostate cancer cells (LNCaP) as well as
reduced ability of AR to activate expression of a
luciferase reporter driven by an AR-dependent
promoter. Secondly, it was demonstrated that
exposure of prostate cancer cells to LiCl, a
known GSK-3p inhibitor, abrogated the inhibi-
tory effect of GSK3p expression. Further work
from the same lab demonstrated that GSK-3p
interacts with and phosphorylates AR in a
manner that appears to impair the interaction
between the NH2- and COOH-terminus of the
protein that is essential for transcriptional
activity. Subsequently, it was confirmed that
LiCl can also increase AR-mediated transcrip-
tion in the human CWR22rv-1 cell line that also
endogenously expresses AR [Cronauer et al.,
2005] although it should be noted that all of the
above findings remain controversial given con-
tradictory reports that GSK-3p has the ability to
enhance AR function [Liao et al., 2004; Mazor
et al., 2004], at least in some instances. Whereas
all of this work suggests that GSK-3p influences
AR activity, clearly more work is needed in this
area to address the contradictory results.
Certainly one aspect that might confuse the
issue is the functional state of GSK-3 in the
prostate cancer cell being evaluated. GSK-3f3

can itself be phosphorylated and inactivated
either through the endogenous activity of the
canonical Wnt signaling pathway or through
the activity of Akt that also phosphorylates and
inactivates GSK-3p (32). Both of these signaling
pathways (Wnt and Akt) might be active in any
given prostate cancer cell and they are certainly
associated with more aggressive states of pro-
state cancer suggesting that the effects of endo-
genous GSK-3f might decrease in relevance for
regulation of androgen signaling as the prostate
cancer progresses to a more advanced stage.

Whnt and AR Interaction Ill: LEF-1/TCF Regulates
Expression of AR mRNA and Protein

As was described in detail above, the canoni-
cal Wnt signaling pathway regulates the ex-
pression of genes that are targets of the LEF-1/
TCF family of transcription factors. Recently,
it was reported that there are at least 8 core’
TCF-binding sites within a 2,000 basepair
region of DNA immediately upstream of the
transcription start site of the human AR gene
[Yang et al., 2006]. A chromatin immunopreci-
pitation assay showed that three of these
potential TCF-binding sites were apparently
associated with B-catenin protein only under
conditions when Wnt signaling was activated
in LNCaP cells (following transduction with
recombinant Wnt-1 expressing adenovirus or
transfection with mutated B-catenin or PCDH-
PC). This effect was consistent with the ability
to show that luciferase expression from re-
combinant hAR promoter/luciferase reporter
vectors containing these three B-catenin/TCF-
binding sites was highly upregulated by Wnt
activation and that site-specific mutations
within the dominant TCF-binding site abro-
gated this upregulation following Wnt sti-
mulation. Indeed, semi-quantitative RT-PCR
measurements showed that hAR expression is
upregulated from 12- to 16-fold by Wnt stimula-
tion of LNCaP or CWR22rv-1 cells that endo-
genous expression hAR. This evidence now
supports the idea that the human AR gene is a
direct target of the Wnt signaling pathway and
that Wnt activation in prostate cancer cells has
the potential of strongly upreguating hAR
mRNA expression.

Paradoxically, this same experimental study
[Yang et al., 2006] showed that even though
Wnt signaling upregulated AR mRNA, AR
protein levels were reduced by up to 90% when
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compared to control (non-Wnt activated) pros-
tate cancer cells. Further study of this see-
mingly contradictory phenomenon supports the
idea that Wnt signaling also upregulates an AR
degradation pathway in the prostate cancer cell
that appears to be mediated by and dependent
upon the MDM2 protein that can bind to AR (as
well as p53) in the phosphorylated state leading
to its ubiquitinylation and degradation by the
proteasome. Indeed, the application of protea-
some inhibitors or an siRNA against MDM2 in
Wnt-stimulated LNCaP cells increased AR
protein levels to a range commensurate with
the (12- to 16-fold) elevated level of AR mRNA in
these cells.

Whnt and Androgen Signaling Cross-Talk:
The Implications for Prostate Cancer

We have described above four major nodes
through which the Wnt signaling pathway
influences the activity of the androgen signaling
pathway in the prostate cancer cell: (1) the -
catenin protein that is a key regulator of TCF-
mediated transcription in the Wnt signaling
pathway also promotes transcriptional activity
ofthe AR protein in a ligand-dependent fashion;
(2) GSK-3B, a serine/threonine protein kinase
that is a critical regulator of B-catenin degrada-
tion in Wnt signaling can suppresses AR
transcriptional activity, apparently through
process that requires phosphorylation of the
AR protein; (3) transcription of the human AR
gene is upregulated by TCF-family transcrip-
tion factors in a process that is activated
through the canonical Wnt signaling pathway;
and (4) expression of the human AR protein is
downregulated through an AKT- and MDM2-
mediated degradation process that is also
apparently activated by Wnt signaling in pros-
tate cancer cells. We have not even yet men-
tioned the evidence that at least one member of
the TCF family (TCF4) has also been shown to
bind to AR within its DNA-binding domain
[Amir et al., 2003], though the effects of this
binding on AR activity seemed to be, at least,
less prominent than the other effects described
above. For the most part, the interacting nodes
of these two very dissimilar signaling pathways
have differing effects; some potentiating andro-
gen action whereas others are more likely to
suppress androgen action and this implies the
possibility that these multiply interacting
nodes provide a means to increase or decrease

androgen signaling as a function of controlled
cell growth that may become unbalanced in the
malignant prostate cell. While the importance
of the androgen signaling pathway for prostate
oncogenesis has long been known, its extensive
and multifaceted interaction with the poten-
tially oncogenic Wnt signaling pathway cer-
tainly suggests that this latter pathway may be
more important to the natural history of
prostate cancer development and progression
that had previously been supposed.
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