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The Wnt/B-catenin signaling pathway controls several
biological processes throughout development and adult
life. Dysregulation of Wnt/B-catenin signaling underlies a
wide range of pathologies in animals and humans, including
cancer in different tissues. In this review, we provide an update
of the Wnt/B-catenin signaling pathway and the possible
roles of the Wnt/B-catenin signaling in the biology of testis,
epididymis and prostate. Data from our laboratory suggest
the involvement of 173-estradiol and estrogen receptors (ERs)
on the regulation of B-catenin expression in rat Sertoli cells.
We also provide emerging evidences of the involvement of
Wnt/B-catenin pathway in testis and prostate cancer. Our
understanding of the role of Wnt/B-Catenin signaling in male
reproductive tissues is still evolving, and several questions are
open to be addressed in the future.

The term Wnt derives from a contraction of the gene name
Wingless, first identified in the development of the fruit fly
Drosophila, and the proto-oncogene Int-1 (Integration 1), which
was first isolated in mammary tumor in the mouse' (for a review,
see ref. 2). Wnt/B-catenin signaling pathway controls a myriad
of biological phenomena throughout development and adult life.
In addition, aberrant Wnt signaling underlies a wide range of
pathologies in animals and human, including testis** and pros-
tate cancer (for a review, see refs. 2 and 5). The cross-regulation
of Wnt/B-catenin, kinases and transcription factors with mem-
bers of the nuclear receptor family, including androgen recep-
tor (AR) and estrogen receptors (ERs), has been reported (for a
review, see refs. 6 and 7).

Sertoli cells play a key role in the control of germ cell devel-
opment. Androgens are recognized as a major factor to support
male germ cell development, and Sertoli cells express AR and are
important targets for androgen actions (for a review, see refs. 8
and 9). Recent studies have also shown that 17B-estradiol, the
classic ERs, ESR1 (ERa) and ESR2 (ERPB) and the G-protein-

coupled estrogen receptor (GPER) are involved with proliferation,
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maintenance of homeostasis and function of Sertoli cells (for a
review, see ref. 10), and germ cells from rodents (for a review, see
ref. 11).

Post-testicular sperm maturation is regulated in the epidid-
ymis. Androgens are responsible for maintaining epididymal
structure and functions (for a review, see ref. 12), and the role of
estrogens in epididymal function remains not completely under-
stood, but ESR1, ESR2 and GPER are present in the epididymis
(for a review, see ref. 13).

Androgens are involved in every aspect of prostate develop-
ment, growth and function, not only in early male embryogen-
esis, but also in the development of prostatic hyperplasia in aging
men and dogs (for a review, see ref. 14) and prostate cancer (for
a review, see ref. 15). Several studies point out the important role

of ERs in the normal prostate growth,'

and development and
progression of prostate cancer (for a review, see refs. 17 and 18).
This review highlights the possible roles of the Wnt/B-
catenin signaling pathway in the physiological aspects of the
testis, epididymis and prostate, the cross-regulation between
Wnt/B-catenin and AR and ERs signaling and the involvement
of Wnt/B-catenin pathway in the development of testis and pros-

tate cancer.
Wnt/3-catenin Signaling Pathway

Whnt signaling is currently known to include two major pathways:
the canonical (or Wnt/B-catenin pathway), which involves the
stabilization of B-catenin protein and its nuclear accumulation,
and the noncanonical pathway, which does not involve -catenin
stabilization (for a review, see refs. 2 and 5). The Wnt proteins are
secreted cysteine-rich proteins with important roles in the devel-
oping embryo and tissue homeostasis in the adult. The effects
include cell proliferation, cell polarity, cell fate specification and
cell differentiation (for a review, see ref. 19). Dysregulation of
Whnt signals can lead to human birth defects, several types of
cancer, including prostate cancer and other diseases (for a review,
see refs. 2 and 5). In mammals, the complexity and the speci-
ficity in the signaling of Wnt are in part achieved through the
19 members of the Wnt family (for a review, see ref. 20). The
B-catenin-independent noncanonical pathways stimulate the

€23181-1



Proteasome

TCF/LEF

Figure 1. A new Wnt/B-catenin signaling model based on the study from Li et al.?’ (A) In the absence of Wnt protein (Off State), the destruction
complex (Axin, GSK3, CK1, APC and Dvl) resides in the cytoplasm, where it binds, phosphorylates and ubiquitinates B-catenin by B-TrCP. The protea-
some recycles the complex by degrading B-catenin. (B) In the presence of Wnt (On State), this protein induces the association of the intact complex
with phosphorylated LRP. After binding to LRP, the destruction complex stills captures and phosphorylates B-catenin, but ubiquitination by B-TrCP is
blocked. Newly synthesized 3-catenin accumulates (Adapted from Clevers and Nusse?).

planar cell polarity pathway by activating the small GTPases
Rho and Rac. These induce cytoskeletal rearrangements that
lead to the development of lateral asymmetry in epithelial sheets
and other structures. Wnt can also provoke release of calcium
from intracellular stores, probably via frizzled G-protein-coupled
receptors and heterotrimeric G-proteins.?! A less well-understood
mechanism involves activation of the Ror and Ryk tyrosine kinase
receptors, which controls the activities of the c-Jun N-terminal
kinases (JNK) and Src family of tyrosine kinase, respectively (for
a review, see refs. 20 and 22).

In some circumstances, noncanonical Wnt pathway can
inhibit canonical Wnt signaling. For example, competition for
Disheveled (Dvl) protein, which is shared by both pathways,*
and upregulation of Siah2 (siah E3 ubiquitin protein ligase 2),
induced by Wnt5a, can stimulate B-catenin degradation.?

In cells not exposed to Wnt signals (Fig. 1A), phosphoryla-
tion and degradation of cytosolic B-catenin is observed by the
action of the Axin complex. The scaffolding protein Axin has
separate domains that interact with glycogen synthase kinase 3
(GSK3), casein kinase 1 (CK1) and B-catenin, and coordinates
sequential phosphorylation of B-catenin at serine 45 by CKla,
and threonine 41, serine 37 and serine 33 by GSK3.2* The phos-
phorylation of B-catenin at serine 33 and 37 creates a binding
site for the 3-TrCP, an E3 ubiquitin ligase subunit, which leads
to B-catenin ubiquitination and degradation.” Axin also con-
tains a regulator of G protein signaling domain that interacts
with adenomatous polyposis coli tumor suppressor protein (APC).
In addition to B-catenin, GSK3 and CKI phosphorylate Axin
and APC, leading to increased association of Axin and APC with
B-catenin and, thus, enhanced phosphorylation/degradation of
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B-catenin.?* Degradation of B-catenin prevents B-catenin from
reaching the nucleus, and Wnt target genes are thereby repressed
by the DNA-bound T cell factor/lymphoid enhancer factor
(TCF/LEF) family of proteins. TCF represses gene expression by
interacting with the repressor Groucho (TLE1 in human), which
promotes histone deacetylation and chromatin compaction (for a
review, see refs. 2 and 26).

In a simplified model of the canonical Wnt/f-catenin sig-
naling pathway (Fig. 1B), Wnt proteins bind to Frizzled seven
transmembrane receptors (Fz1-Fz10), and these receptors cooper-
ate with low-density lipoprotein receptor-related proteins 5 and
6 (LRP-5 and LRP-6). The signaling by dimeric Wnt receptors
includes a ligand-induced conformational change of the recep-
tors followed by phosphorylation of key target proteins. A cru-
cial step in signaling is the binding of Axin to the cytoplasmic
tail of LRPG, after phosphorylation by GSK3 and CK1vy.” The
cytoplasmic part of Fz interacts with the cytosolic protein dishev-
eled homolog (Dvl-1-Dvl-3), facilitating interaction between the
LRP tail and Axin (for a review, see ref. 2). Recent data show
that Wnt-mediated relocation of Axin to LRP leads to inhibi-
tion of B-catenin ubiquitination that normally occurs within the
complex. The complex becomes saturated by the phosphorylated
form of B-catenin. Subsequently, newly synthesized (-catenin
accumulates in a free cytosolic form and translocates to the
nucleus to activate target genes.”” Stabilized (3-catenin associates
with TCF/LEF-1 in the nucleus, and, together with co-activators
such as B-cell lymphoma 9 protein (Bcl-9), pygopus homologs 1
and 2 and cyclic AMP response element-binding (CREB) pro-
tein-binding protein (CPB), activates transcription of genes that
contain TCF/LEF-1 binding sites, such as proto-oncogene MYC,
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matrix metallopeptidase 7 (MMP7) and vascular endothelial
growth factor (VEGF) (for a review, see ref. 2).

In addition to its function in the Wnt signaling pathway,
B-catenin also binds tightly to the cytoplasmic domain of type I
cadherins, and plays an essential role in the structural organiza-
tion and function of cadherins, by linking cadherins to the actin
cytoskeleton through a-catenin. Another catenin, p120, binds to
the membrane proximal domain of cadherin, and regulates the
structural integrity and function of the cadherin complex?® (for
a review, see ref. 29). Although the function of B-catenin in Wnt
signaling involves a dynamic cytoplasmic pool of the protein that
is responsive to Wnt signals, its adhesion function is mediated
by a relatively stable pool at cell membrane. However, disruption
of cadherin-mediated cell adhesion can lead to B-catenin release
and activation of the Wnt signaling (for a review, see ref. 30).
Furthermore, transcription factors such as Twist-related proteins
1 and 2 and zinc finger proteins SNAII, which inhibit E-cadherin
gene expression, are target genes of Wnt/[3-catenin (for a review,
see refs. 29 and 31).

Whnt antagonists and agonists. Wnt/B-catenin signaling is
regulated at many levels. The secreted Frizzled-related proteins
(Sfrps) and Wnt inhibitory protein (WIF) bind to Wnts and
inhibit the interaction between Wnt and Wnt receptors.*> Other
Whnt inhibitors include proteins of the Dickkopf (DKK)* and
the WISE/SOST families, which antagonize signaling by bind-
ing LRP5/6.%*% Two types of proteins, Norrin and R-spondins,
are unrelated to Wnts but act through the Fz/LRP complex as
Whnt agonists (for a review, see refs. 2 and 26).

Cross-regulation between Wnt/B-catenin
and Androgen Receptor (AR) and
Estrogen Receptors (ERs) Signaling Pathways

Wht and AR signaling pathways. A crosstalk between Wnt
and AR signaling pathways seems to be involved in the devel-
opment of normal prostate, and in development, growth and
progression of prostate cancer (for a review, see refs. 6 and
36). B-catenin regulates AR function or vice versa, and these
mechanisms occur in several levels: (1) B-catenin binds directly
to the complex ligand-AR as a co-activator of AR transcrip-
tion; (2) GSK-3B phosphorylates AR and modulates its ability
to activate transcription; (3) the transcription of AR gene is
upregulated by TCF transcription factors in a process that is
activated through the canonical Whnt signaling pathway; (4) the
expression of AR protein is downregulated through a serine/
threonine protein kinase (Akt) and p53 E3 ubiquitin protein
ligase homolog (mouse) (MDM2)-mediated degradation pro-
cess that is activated by Wnt signaling; (5) the AR competes
with TCF/LEF for B-catenin (for a review, see refs. 5, 6 and
36). Furthermore, AR plays a role in the regulation of Wnt
expression, for example Wntll.*” The interactions between
Wnt/B-catenin signaling and the AR are complex and highly
dependent on the cellular context.

Whnt and ER interaction. During the early development of
the rat prostate the neonatal treatment with estrogen upregu-
lates Wnt5a protein.?® Nevertheless, this estrogen action may be

www.landesbioscience.com

Spermatogenesis

indirect because estrogen response elements are not detected in
the promoter region of the Want54 gene.”

Dehydroepiandrosterone (DHEA), which can be metabolized
to androgens and estrogens in humans, induces 3-Catenin/T-cell
factor signaling (3-CTYS) in DU145 cells via increasing associa-
tion of ESR2 with Dvl2, mediated by Gag-subunits. In PC-3
cells, DHEA does not induce an effect because these cells have
low expression of Gaq. However, overexpression of Gaq in PC-3
cells increases the associations of Gaq/Dvl2 and ESR2/Dvl2,
B-CTS, and c-Myc and Cyclin D1 protein expression.“

The collaboration between Wnt/f-Catenin signaling and
estrogen receptors in prostate is emerging and its possible signifi-
cance to prostate cancer remains to be elucidated.

Wnt/3-catenin Signaling in Testis

The expression of several Whnts, including Wntl,* Wnt3,
Wnt4," Wnt5a* and Wnt7a,” has been reported in the devel-
oping testis or in the testis of adult rodents and human. Several
other components of the canonical Wnt signaling pathway, such
as Fz9, B-catenin and Nkdl, an antagonist of this signaling
pathway,” have also been detected in the testis.

B-catenin is highly expressed in fetal Sertoli cells and germ
cells of mice. It has been shown that perturbation of B-catenin
signaling in embryonic Sertoli cells results in testicular degenera-
tion, testicular cord disruption and Mullerian duct regression. 4’
Similarly, aberrant activation of B-catenin leads to impaired
development of primordial germ cells.”

The role of Wnt/B-catenin signaling in the post-natal testis
has not been so well studied, but it has been suggested that it
affects normal spermatogenesis. The expression of 3-catenin per-
sists in Sertoli and germ cells in the testis of the adult rodents.”
B-catenin is found in the ectoplasmic specialization (ES), a tes-
tis-specific adherens junction formed between Sertoli cells at the
basal compartment (basal ES), site of the blood-testis barrier, as
well as between Sertoli and germ cells at the adluminal compart-
ment (apical ES) of the seminiferous epithelium (for a review, see
ref. 53).

Spermatid-specific deletion of B-catenin in mice results in
an increase of germ cell apoptosis, acrosomal defects, abnormal
chromatin compaction and loss of Sertoli cell-germ cell adhesion
at the apical ectoplasmic specialization, leading to impaired fer-
tility.* These defects are likely due to alteration of several genes
involved in Sertoli cell-germ cell adhesion and germ cell differ-
entiation.”” Wnt3a, which activates 3-catenin signaling, stimu-
lates proliferation of a spermatogonial cell line in vitro.”® Wntl, a
potent activator of Wnt/fB-catenin pathway, is secreted by sper-
matids,’® which represent 70% of the cells in the seminiferous
epithelium. Wnt5a has been shown to promote spermatogonial
stem cells activity through B-catenin-independent mechanisms.
This effect was abolished by inhibiting the JNK pathway.*

The constitutive activation of Wnt/B-catenin in mice Sertoli
cells induces testicular atrophy associated with degeneration of
the seminiferous epithelium, starting by 5 wk of age and result-
ing in a complete loss of germ cells before 4 mo.”” Furthermore,
this constitutive activation maintains Sertoli cells in post-natal
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testis in an immature state, with overexpression of glial cell-
derived neurotrophic factor (GDNF), leading to disruption of
the germ cell microenvironment and, subsequently, infertility.?
A recent study has also shown that mutant mice with overex-
pression and sustained activation of (-catenin in Sertoli cells
have reduced spermatogonial stem cell activity. Sercoli cells
from these animals present a granulosa cell phenotype and
start to express markers of female sex differentiation, includ-
ing Wnt4. This same study also showed that in vitro treatment
of cells with recombinant Wnt4 reduces spermatogonial stem
cell activity, which would suggest that Wnt4 secreted by Sertoli
cells is the downstream factor responsible for germ cell loss.’®
Taken together, these results suggest that Wnt4 and GDNF are
involved in germ cells apoptosis. However, since gene expres-
sion of Wnt4 is undetectable in normal testis*® and mutant male
mice for Wnt4 are fertile and have normal spermatogenesis, the
Wnt4/B-catenin pathway is probably not a physiological regula-
tor of spermatogenesis.’®

In the NkdI’" mice, in which the Nkdl protein lacks the
EF-hand motif essential for inhibition of the canonical Wnt/[3-
catenin pathway, the testis has lower numbers of haploid sperma-
tids.”” Thus, the role of each Wnt and their mechanisms involved
in opposite biological effects in germ cells must be elucidated.

Wnt/B-catenin signaling also plays a role in Sertoli cells. The
activation of Wnt/f-catenin signaling in cultured adult human
Sertoli cells by GSK-3( inhibitors, SB216763 and lithium chlo-
ride, induces an increase in ¢-Myc expression and cell prolifera-
tion.” Mutant mice that express constitutively active forms of
B-catenin specifically in Sertoli cells develop testicular Sertoli cell
tumor at 8 mo of age.® Furthermore, concomitant dysregulation
of Wnt/B-catenin signaling and phosphatidylinositol 3-kinase
(PI3K)/Akt pathway in Sertoli cells also lead to testicular tumors
with histological and ultrastructural characteristics of granulosa
cell tumors.® It is important to emphasize that Akt can activate
Wnt/B-catenin signaling by inactivating GSK3f and thereby
cause the hypophosphorylation, stabilization and accumulation
of B-catenin, which translocates to the nucleus and modulates
the transcriptional activity of specific target genes, including
Cyclin D2.%°

Sertoli cells are constantly exposed to the modulators of
Wnt/B-catenin signaling, such as androgen (for review, see
refs. 8 and 9) and estrogen (for review, see ref. 10). Furthermore,
17B-estradiol-ESR1, through activation of epidermal growth
factor receptor (EGFR)/mitogen-activated protein kinase 3/1
(MAPK3/1) and PIK3/Akt pathways, upregulates Cyclin D1.%
Akt can promote Wnt/B-catenin signaling by inactivating
GSK3 in different cells.®® We now report that 173-estradiol
induces an increase in 3-catenin expression in Sertoli cells from
20-d-old rats. Intense B-catenin immunostaining is found near
the plasma membrane and in the cytoplasm of Sertoli cells
(Fig. 2A). Western blot assays confirmed this result (Fig. 2B).
In Sertoli cells, the regulation of B-catenin by 17B-estradiol
may play a role in Sertoli cell-germ cell adhesion at the apical
ectoplasmic specialization and/or in the stabilization and accu-
mulation of B-catenin in the cytosol, which translocates to the
nucleus and modulates the transcriptional activity of specific
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target genes. Considering the fundamental role of Sertoli cells for
spermatogenesis, it is now important to elucidate the interplay of
the several signaling networks activated by steroid hormones and
paracrine factors in these cells, and components of the Wnt-f3
catenin pathway certainly play an important role mediating the
interaction between somatic and germ cells.

Wnt/3-catenin Signaling in Epididymis

In the epididymis of the adult rat, immunostaining for three
catenins (o, 3 and p120) has been detected along the lateral
plasma membrane between adjacent epithelial cells, suggesting
their role as part of the adhering junctions.®® Although B-catenin
is present in initial segment, caput, corpus and cauda of the
epididymis, the highest expression is observed in corpus and
cauda regions. Orchidectomy of adult rats decreases -catenin
expression in the lateral plasma membrane, with a concomitant
increase in cytoplasmic expression in each epididymal region.
Testosterone replacement blocks the effect of orchidectomy,
suggesting that expression and localization of the B-catenin are
regulated by androgens. Modulation of B-catenin expression
is confirmed during postnatal development, and the maximal
expression of B-catenin at the lateral plasma membrane occurs in
42-d-old rats,*> when the androgen levels increase. Furthermore,
all three catenins interact with E-cadherin and form part of the
adhering junctions in the epididymis.*

Although the epididymis is an androgen-dependent tissue,*
testosterone replacement following rete testis ligation or castra-
tion restores epithelial morphology in most, but not in all epi-
didymal regions.®® Furthermore, differential gene expression
among the proximal segments of the rat epididymis is lost after
efferent duct ligation.”® Thus, other factors such as estrogens have
been suspected to play a role in epididymal function.®®®” Recent
studies have shown that estrogen receptors ESR1 and ESR2 are
present in all regions of the rat epididymis.”® Treatment with the
estrogen receptor antagonist ICI 182,780 (fulvestrant) induces
downregulation of Wnt4 expression in the cauda of the epididy-
mis from bonnet monkey, and reduces Wnt4 mRNA levels in the
caput of the epididymis from rats, indicating that estrogen may
regulate this protein.®®

The formation of the blood-epididymal barrier involves both
adhering junctions, which are necessary for cell adhesion and
intercellular signaling, and tight junctions, which form the seal
between adjacent epithelial cells. This barrier creates a microen-
vironment essential for sperm maturation and for protection of
the sperm from the immune system (for a review, see ref. 69).
Therefore, there is a need to better understand the expression
and regulation of several components of these barriers, including
the B-catenin signaling. Research is also being conducted in our
laboratory to further understand the cross-regulation between
Wnt/B-catenin and ER signaling pathways.

Wnt/3-catenin Signaling in Prostate

Whnt and prostate development. Prostate gland development
is an androgen-dependent process regulated through AR in
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Figure 2. Expression of 3-catenin in a primary culture of Sertoli cells from 20-d-old rats. (A) Detection of -catenin in Sertoli cells by immunofluo-
rescence. Specificimmunostaining for B-catenin using rabbit polyclonal antibody generated against the amino acid sequence 680-781 from the
C-terminal of human B-catenin (red) under basal conditions (C, control) and after incubation with 173-estradiol (E2, 0.1 nM) for 24 h. Negative control
was performed using normal rabbit serum at the same dilution of the antibody. Nuclei were stained with 4', 6-diamidino-2-phenylindole (blue). Bar =
100 wm. The data shown are representative of three independent experiments. (B) Detection of 3-catenin in Sertoli cells by western blot. Cells were
incubated in the absence (C, control) and presence of E2 (0.1 nM) for 6 and 24 h. Total cell lysates (40 g protein/lane) were resolved on 7.5% SDS-
PAGE. Immunoblotting using the anti-B-catenin antibody revealed specific bands (top panel) or with antibody that recognizes actin (bottom panel).
The data shown are representative of six independent experiments. Bars represent the densitometric analysis of the western blot assays. Results were
normalized to actin expression in each sample and plotted (mean + SEM) in relation to control (C = 1). * 3-catenin expression significantly different
from control (p < 0.05, Student’s t-test).

mesenchymal cells (for a review, see refs. 70 and 71). Other ste-
roid receptors, including ERs and retinoid receptors (RARs and
RXRs), are expressed in a cell-specific manner during early devel-
opment, and contribute to prostate morphogenesis and differen-
tiation.”>”®> Wnt signaling may also be involved in these processes,
regulating prostatic epithelial branching morphogenesis, luminal
epithelial cell differentiation and proliferation of prostate epithe-
lial progenitor cells (for a review, see ref. 22).
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Several Wnts, Fz and Dvl are expressed in the developing rat
ventral prostate. The Wnt signaling components, which include
two canonical Wnts (Wnt2, Wnt2b), three non-canonical Wnts
(Wnt4, Wnt5a and Wntll), Fz2 and 4 and Dvl, are highly
expressed during early development, and expression declines
during and after the completion of morphogenesis. Only Wnt7b
presents opposite profile, with low levels at birth and an increase
of expression upon functional cytodifferentiation.”
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Table 1. Possible roles of Wnt-3 catenin signaling in the male reproductive system

Tissue Possible roles Refs.
Fetal:
- Differentiation of Mullerian duct, organization of testicular cords, development of primordial germ cells
Postnatal: 48-50
. - Blood testis barrier (basal ES) and adherens junctions between Sertoli and germ cells (apical ES) 53
Testis . . 54
- Germ cell differentiation
- Proliferation of spermatogonia 44,55
- Germ cell apoptosis 57,58
- Sertoli cell proliferation, testicular tumors 34,59
Epididymis - Adherens juctions and formation of blood epididymal barrier 62
- Epithelial branching morphogenesis 22,75,38
- Luminal epithelial cell differentiation 22,76,38
Prostate ) ) . . .
- Proliferation and epithelial progenitor cells 22,76
- Cancer 5,22,77-84

The Sfrpl acts by binding Wnt ligands and/or Frizzled recep-
tors to modulate signaling. Sfrp! is relatively high during pros-
tatic development and low in the adult prostate from mice.”
Prostate of Sfrpl-null mutant mice exhibits reduced branching
morphogenesis, delayed proliferation and an increase in the
expression of genes encoding prostate-specific secretory proteins,
while overexpression of Sfrp! in the adult prostates of transgenic
mice yields opposite effects, including prolonged epithelial prolif-
eration and decreased expression of genes encoding secretory pro-
teins. Furthermore, Sf7p!l acts through the non-canonical Wnt/
JNK pathway in the prostate.”

Organ cultures of ventral prostates from 2-d-old rat treated
with Wnt3a, a canonical Wnt, present enlarged ductal tips and
reduced number of tertiary ducts at seventh day. On the other
hand, prostates treated with the Wnt signaling inhibitor DKKI1
show a decrease in size, fewer epithelial branches and lack of
enlarged ductal tips. Wnt3a treatment enhances cell prolifera-
tion and reduces luminal epithelial cell differentiation, whereas
DKKI treatment reduces cell proliferation and enhances cell dif-
ferentiation.”® Furthermore, immunohistochemical analysis of rat
prostate organ cultures using basal (p63) and luminal (CK8) cell
markers, show that modulation of Wnt signaling can influence
differentiation of progenitor cells into luminal cells, suggesting
that Wnt signaling regulates the terminal differentiation of basal
cells into luminal cells by controlling the proliferation and/or
maintenance of epithelial progenitor cells.”

The noncanonical Wnt5a is essential for normal prostate
development. This protein is involved in initial bud position-
ing, regulation of ductal outgrowth along the proximal-distal
axis, branchpoint formation, luminal cell polarity and lumen
formation within the prostatic ducts. Wnt5a may interact with
other morphoregulatory genes to control branching morpho-
genesis and glandular maturation.?® In rat prostate during the
early development, the expression of Wnt5a is downregulated
by testosterone and neonatal estrogen treatment upregulates this
protein.*®

The role of Wnt/B-catenin signaling in the normal adult
prostate is poorly known. The knowledge about Wnt signaling
involvement in the regulatory mechanisms controlling prostate
gland development and normal adult prostate homeostasis is
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important to understand the genesis of abnormal growth pro-
cesses associated with aging and cancer.

Whnt and prostate cancer. Aberrant expression and localiza-
tion of B-catenin in prostate cancer are more common than pre-
dicted by Wnt pathway mutation (for a review, see refs. 5 and
22). In prostate cancer, mutation in exon 3 of -catenin gene is
reported in 5% of tumors and it is thought to prevent degrada-
tion of B-catenin.”” Abnormal (-catenin expression was found
in 23% of tumor samples from radical prostatectomy, and in
38% of castration-resistant prostate cancer (CRPC) samples,
and correlates with high Gleason score.”® The localization and
the level of B-catenin in the nuclei of prostate cancer cells and
its clinical relevance are inconsistent in different studies (for a
review, see ref. 5). However, the detection of nuclear (3-catenin
in hyperplasia and in advanced tumors suggests that activation of
Wnt/B-catenin signaling has a role in the premalignant stages of
the disease and in the progression to CRPC.

Alteration in the expression of Wnt proteins and endogenous
Wnt/B-catenin signaling may occur. Several Wnt proteins, such
as Wntl, Wnt5a, Wnt7b and Wntll, are upregulated in pros-
tate cancer cell lines, relative to benign prostate epithelial cells®””
(for a review, see ref. 5). High levels of Wntl and B-catenin are
detected in patients with late-stage tumors and in human pros-
tate carcinoma cell lines (DU-145, LNCaP and PC-3), whereas
low levels of Wntl and (-catenin are present in normal human
prostate cells (PrEC). The high levels of Wntl and B-catenin
expression were associated with advanced, metastatic and hor-
mone-refractory prostate carcinoma.®

There are conflicting data in the literature between stud-
ies conducted with human tissues and human cell lines.?"? In
503 patients with localized prostate cancer, significantly higher
Wnt5a expression was detected in tumors compared with benign
cores from the same patients, and predicts a favorable outcome
after surgery.®! Furthermore, treatment with recombinant Wnt5a
(rWnt5a) decreases the invasive behavior of the prostate cancer
cell lines 22Rvl and DU145. Neither the LNCaP nor the PC3
cells respond to r'Wnt5a with a change in their invasive behav-
ior. However, when Wnt5a expression in LNCal cells was
knocked-down using siRNAs, their invasiveness was significantly
increased.®" In contrast, association between high levels of Wnt5a
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and prostate cancer relapse after prostatectomy has been shown.
Knockdown of Wnt5a in human prostate cancer cell lines reduces
their invasiveness, whereas overexpression stimulates their inva-
sion activities.’?

The increase of Wntll level in prostate cancer has been
demonstrated to contribute to tumor progression by promoting
neuroendocrine-like differentiation, tumor cell survival and cell
migration/invasion.*> Moreover, an autocrine regulatory loop
involving transcriptional upregulation of Wntl1 by the estrogen-
related receptor o (ERRat) and B-catenin seems to influence the
migratory capacity of prostate cancer cells.**

In summary, although the expression of Wnt proteins is
increased in prostate cancer, their relevance to the activation of
Wnt/B-catenin signaling is not clear.

Concluding Remarks and Future Perspectives

Our understanding on the role of Wnt/f-Catenin signaling in
male reproductive tissues is still evolving. Table 1 summarizes
the possible roles of the Wnt/B-Catenin signaling in testis epi-
didymis and prostate, and several of these possible functions
result from interactions with steroid hormone receptors signal-
ing. Although the androgens are clearly involved in the normal
development and function of Sertoli and germ cells, epididymis

and prostate, and also in the progression of prostate cancer, the
estrogens have been recently pointed out as potential agents in
the development and function of these tissues. The interaction
of AR, ERs and Wnt/B-Catenin signaling pathways is probably
complex and multifactorial, incorporating more than one of the
mechanisms already described. Elucidation of these important
interactions may help clarify mechanisms that lead to male infer-
tility and/or to cancer.
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