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WNT2 is necessary for normal prostate gland  
cyto-differentiation and modulates prostate  
growth in an FGF10 dependent manner
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Abstract: Wnt proteins are highly conserved secreted morphogens that function in organ development across spe-
cies. This study investigates the role(s) of Wnt2 during prostate gland development. Wnt2 mRNA ontogeny in the rat 
ventral prostate rapidly declines in expression from peak value at post-natal day (pnd) 1 to nadir levels sustained 
through adulthood. Wnt2 mRNA is expressed in prostate mesenchymal cells and Wnt2 protein localizes to both mes-
enchymal and epithelial cells. Sustained expression of Wnt2 by adenoviral expression during rat postnatal prostate 
gland development resulted in significant reduction in gland size confirming its necessary decline to permit normal 
development. Wnt2 overexpression in a murine embryonic urogenital sinus mesenchyme cell line, UGSM2 revealed 
Wnt2 modulated several growth factors including significant down-regulation of Fgf10, an essential stimulator of 
normal prostate gland branching morphogenesis. Growth inhibitory effects of Wnt2 were reversed by exogenous 
Fgf10 addition to developing rat ventral prostates. Renal grafts of Wnt2-/- male urogenital sinus revealed that Wnt2-/- 
grafts had a disruption in normal lateral polarity, disruption in cell to cell adhesion, and a reduction in the differenti-
ated luminal cell marker, cytokeratin 8/18. Our results demonstrate that the growth inhibiting effects of sustained 
Wnt2 during prostate development are mediated, in part, by reduction in Fgf10 expression by mesenchymal cells 
and Wnt2 plays a role in normal prostate luminal cell differentiation and cell to cell integrity. These findings add to 
the body of work that highlights the unique roles of individual Wnts during prostate development and suggest that 
their deregulation may be implicated in prostate pathology.
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Introduction

Prostate gland development is an androgen-
dependent process and the complex interac-
tions necessary for normal growth involves 
multiple mesenchymal-epithelial interactions 
mediated by several signaling pathways [1-3]. 
The rodent prostate is an exocrine gland 
derived from the endodermal urogenital sinus 
(UGS). Budding of the prostate initiates late in 
fetal life when epithelial buds from the UGS 
penetrate into the surrounding urogenital mes-
enchyme in response to rising levels of tes- 
ticular androgens [4]. At birth, the rodent pros-
tate is rudimentary and branching morpho- 
genesis followed by cytological and functional 
differentiation occur during the immediate 
postnatal period [4]. Similarly to other branched 
structures, the prostate gland utilizes common 
and organ-specific morphoregulatory genes to 

pattern the gland and dictate cell differentia-
tion. Some of these genes include secreted 
paracrine factors including a member of the 
fibroblast growth factor (Fgf) family, Fgf10. 
Fgf10 is expressed by prostate mesenchymal 
cells and has previously been identified as a 
critical morphogen involved in prostate branch-
ing morphogenesis [5, 6]. Despite some evi-
dence of regulation of Fgf10 by various ste- 
roids during prostate development, the proc- 
ess is not completely understood and leaves 
the possibility of regulation by other morpho-
gens critical to prostate gland development.  
In other branched structures including the  
lung and kidney, multiple Wnt genes have been 
shown to play critical roles in gland growth  
and differentiation [7-10]. The literature, how-
ever, is lacking extensive insight into any spe-
cific role(s) of Wnt genes during prostate gland 
development.
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Wnt genes are highly conserved secreted gl- 
ycoproteins and play important roles pertain- 
ing to tissue patterning, cell fate and prolifera-
tion in both embryonic and adult contexts [11]. 
To date, there are 19 discovered vertebrate 
Wnts and they are broadly categorized into  
one of two groups based on their downstre- 
am effector. All Wnts function by using the ce- 
ll surface receptor frizzled (Fzd), however,  
the canonical Wnts also recruit a co-receptor 
low-density lipoprotein receptor-related-prote- 
in (LRP5/6) and stabilize cytoplasmic β-caten- 
in leading to its nuclear translocation and ge- 
ne activation alongside TCF/LEF transcription 
factors (Figure 1) [12-14]. The non-canonical 
Wnts do not recruit LRP5/6 or stabilize 
β-catenin and use less characterized alternate 
pathways including Ca++/PKC and RhoA/JNK 
[15, 16].

Wnt signaling in the prostate is evidenced by 
work involving Wnt signaling antagonists. Cu- 
lture of prostate explants in the presence  
of Sfrps or DKKs resulted in increased grow- 
th of the gland suggesting a growth inhibi- 
tory effect for Wnts in the developing pros- 
tate [17, 18]. In addition, a screen of the de- 
veloping rat prostate showed marked exp- 
ression of Wnt2, Wnt2b, Wnt7b, Wnt10b,  
Wnt4, Wnt5a and Wnt11 [19]. In this study,  

opment, to examine its regulation of prostate 
expressed growth factors, ductal outgrowth, 
and cell differentiation. Our results reveal high 
levels of Wnt2 expression in the prostate mes-
enchyme at post-natal day (pnd) 1 with rapid 
decline through pnd 10 when the bulk of 
branching morphogenesis occurs. We provide 
evidence that Wnt2 is involved in inhibiting 
prostate gland growth through down-regulation 
of Fgf10. Furthermore, our findings suggest an 
essential role for Wnt2 in lateral cell to cell 
adhesion, cell polarity, and epithelial luminal 
cell differentiation.

Materials and methods

Animals

All animals were handled according to the prin-
ciples and procedures of the Guiding Principl- 
es for the Care and Use of Animal Research  
and the experiments were approved by the 
Institutional Animal Care Committee. Timed 
pregnant female Sprague-Dawley rats from 
Harlan (Indianapolis, IN) were monitored for 
delivery and the day of birth was designated  
as day 0. The rats were sacrificed by decapita-
tion on postnatal day (pnd) 1, 3, 6, 10, 30 or 
90, the urogenital sinus (UGS)-prostate com-
plexes were removed and the separate pros-
tate lobes were micro dissected at 4°C and 

Figure 1. Overview of Canonical Wnt Signaling. A. In the absence of Wnt li-
gand, cytoplasmic β-catenin forms a complex with Axin, APC and GSK3 where 
it is then phosphorylated and targeted by proteasome for degradation. Wnt 
target genes are then consequently repressed in the nucleus. B. In the pres-
ence of Wnt ligand, Frizzled and LRP5/6 form a receptor complex, allowing 
Dvl recruitment which in turn disrupts the destruction complex thus allowing 
accumulation and translocation of β-catenin to the nucleus where it acti-
vates Wnt responsive genes.

we examined in detail the ro- 
le of Wnt2 in prostate gland 
development.

Wnt2 is a canonical Wnt li- 
gand involved in growth of 
multiple structures during ver-
tebrate development. Target- 
ed deletion of Wnt2-/- in mice 
resulted in embryonic and 
perinatal lethality attributed 
to significant lung hypoplasia 
[10]. These findings implicate 
Wnt2 in the development of 
organs necessary for life as 
well as highlight its role in the 
outgrowth and patterning of 
another endodermally derived 
and branched structure, the 
lung. Rats and mice were 
used to identify the spatio-
temporal expression pattern 
of Wnt2 during prostate devel-
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either frozen in liquid nitrogen or fixed for 
histology.

Wnt2-/- null mutant mice on a SV129 back-
ground were generated as previously described 
[10]. Heterozygote breeders were housed 
together and the day of vaginal plug was con-
sidered gestation day 0.5. Pregnant mothers 
were anesthetized at gestation day 18.5 
(e18.5) and the embryos removed by Cesarean 
section. The UGS with rudimentary prostates 
were dissected from male pups and immedi-
ately used for renal graft studies. The Wnt2-/- 
embryos were identified visually by a reduced 
size phenotype and confirmed by PCR while the 
Wnt2+/- and Wnt2+/+ embryos were distin-
guished solely by PCR as described below. 
Wnt2-/- did not reveal a Mendelian distribution 
secondary to significant embryonic resorption 
by e18.5.

Genotyping

To isolate DNA, a tail snip of each embryo  
was incubated for two hours at 60°C in 100  
µL of PCR digestion buffer (1X PCR buffer 
(Qiagen), 0.45% NP40 (Sigma), 0.45% Tween 
20 (Sigma), 1 mg/mL Proteinase K (Ferment- 
as)). Proteinase K was denatured by boiling at  
100°C for 15 minutes followed by 5 minute 
cooling on ice. 5 µL of digestion sample was 
used in 25 µL PCR reaction (1X PCR buffer 
(Qiagen), 1X Q mixture (Qiagen), 0.25 mM DN- 
TP, 10 µM forward and reverse primers, 1.25 U 
Taq DNA polymerase (Qiagen)). PCR was per-
formed on an iCycler (BioRad). Cycling con- 
ditions were 95°C for 3 minutes and 40 cyc- 
les of 95°C for 15 seconds and 60°C for  
30 seconds. Primer sequences are listed in 
Table 1. PCR products were separated on 1.5% 

at 2000 g and concentrated virus aliquoted 
and stored at -80°C. Viral titer is represented 
as Multiplicity Of Infection (MOI).

Prostate organ culture

To examine the effect of Wnt2 on normal rat 
prostate development, rudimentary ventral 
prostate lobes (VP) were removed on pnd 0 
(within 4 hr of birth) and paired, contralater- 
al lobes from a single pup (n = 6) were cultured 
for 6 days in either basal culture medium 
(BOCM) with 50 MOI Ad-Wnt2-GFP or 50 MOI 
Ad-GFP as controls. The BOCM consisted of 
DMEM/F-12 (Invitrogen/GIBCO, Carlsbad, CA), 
50 μg/ml Gentamycin, 1 × insulin-transferrin-
selenium and 10 nM testosterone and was 
replaced every 48 hr. Tissues were floated on 
Millicell-CM filters (Millipore Corp., Bedford, 
MA) in 2 mL medium in BD Falcon 12-well 
plates (BD Biosciences, San Jose, CA) inside a 
closed culture chamber at 37°C with ports for 
introduction and exhaust of humidified 5% CO2 
(Carl Zeiss MicroImaging, Inc., Thornwood, NY). 
The culture chamber was placed within a heat-
ed incubator attached to a Zeiss Axiovert 200 
inverted microscope with an automated X-Y-Z 
stage and Axiocam HRm digital camera. 
Movement of the automated stage to photo-
graph each cultured prostate in sequence and 
image acquisition were controlled by AxioVision 
4.7 and Zeiss Imaging 25A software. Digital 
photographs of each sample were captured at 
30 minute intervals. 

Renal grafting

The UGS-prostate complexes from e18.5  
Wnt2-/- and wild-type mice were grafted under 
the renal capsule of 7-8 week old male nude 

Table 1. Sequences for genotyping Wnt2 embryo
Genotyping primers
WT PAIR WT Forward primer TGAGTCTCACCACTAGCCGCA

WT Reverse primer TGAGTCTCACCACTAGCCGCA
KO PAIR KO Forward primer TGAGTCTCACCACTAGCCGCA

KO Reverse primer TCTCAATGGCTAAGGCGTCG

agarose gel and visualized with ethid-
ium bromide.

Adenovirus propagation

Ad-Wnt2-GFP and Ad-GFP were kind- 
ly provided by Tong-Chuan He (Uni- 
versity of Chicago) and viral stock  
was propagated in HEK293 cells. 
Cells were harvested 72 hours aft- 
er infection, pelleted, resuspended  
in PBS, and lysed by three freeze-
thaw cycles using dry ice-chilled 
methanol and 37°C water bath. Cell 
debris was removed by centrifugation 

Table 2. Sequences of primers used for real time PCR
Gene Forward Primer Reverse Primer
Rpl19 GGAAGCCTGTGACTGTCCAT GGCAGTACCCTTCCTCTTCC
Wnt2 TCCGAAGTAGCCGGGAAT GATCGCAGGAACAGGACTTTAAT
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mice as described (http://mammary.nih.gov/
tools/mousework/Cunha001/index.html). 
Wild-type and mutant tissues were grafted to 
contralateral kidneys of recipient mice which 
were supplemented with subcutaneous 0.5 cm 
silastic capsules filled with crystalline testos-
terone to maintain adequate testosterone in 
these mildly hypogonadal males. After 30 days, 
the kidneys were removed and grafts were cut 
out en masse and fixed in methacarn. A small 
piece of graft tissue was taken before fixation 
and used for genotyping.

Immunohistochemistry (IHC)

Proteins of interest were localized by IHC in 
fixed, dehydrated, and paraffin-embedded tis-
sues. Tissues were fixed in methacarn over-
night followed by another 24 hours in 70% etha-
nol. Fixed tissues were then dehydrated in 
gradient ethanol 70-100% and paraffin embed-
ded. Paraffin-embedded tissue sections were 
heat treated in a Decloaker pressure cooker 
(Biocare Medical, Walnut Creek, CA) in Tris. 
EDTA pH 9.0. Sections were next blocked with 
SuperBlock PBS (Thermo-Fisher Scientific, 
Waltham, MA) and incubated overnight at 4°C 
with rabbit anti-Wnt2 antibody (1:200, Santa 
Cruz), guinea pig anti-CK8/18 (1:800, American 
Research Products 03-GP11, Belmont, MA), 
rabbit anti-E cadherin (1:200, Santa Cruz), rab-
bit anti-Ki67 (1:200, Abcam). The sections were 
reacted with biotinlyated anti-IgG (Vector 
Laboratories, Inc., Burlingame, CA) and detect-

ed with avidin-biotin peroxidase (ABC-Elite, 
Vector Laboratories) using diaminobenzidine 
tetrachloride (DAB) as chromagen. For controls, 
normal rabbit, or guinea pig IgG was substitut-
ed for primary antibody. The sections were 
counterstained with Gill’s #3 hematoxylin (1:4). 

Whole mount in situ hybridization (wmISH)

The rat Wnt2 plasmid was kindly provided by 
Dr. Terry Yamaguchi at the National Institutes of 
Health. The plasmid was linearized by Hind III 
and XbaI after which a 600 bp anti-sense 
digoxigenin-labeled RNA probe was prepared 
by in vitro transcription with T7 RNA polymerase 
(Roche). WmISH was performed as previously 
described using 0.2 μg/ml digoxigenin-labeled 
RNA probe [6]. Following overnight incubation 
with anti-digoxigenin alkaline phosphatase-
conjugated antiserum (Roche, Indianapolis, IN), 
the samples were color reacted with NBT and 
BCIP (Roche). Pnd 1, 3, 6 prostatic complexes 
were processed together within each assay to 
permit direct comparisons of signal intensity 
for temporal analysis. To identify cellular local-
ization of gene expression, wmISH-stained tis-
sues were then cross-sectioned at 10 μm.

Culture of cell lines

UGSM2 cells were obtained from Dr. Wade 
Bushman (University of Wisconsin, Madison) 
and cultured in DMEM/F12 media (Gibco) sup-
plemented with 10% FBS, 1% penicillin/strepto-
mycin, 1% insulin transferrin selenium (ITS) 
(Gibco), and 10-8 M dihydrotestosterone (DHT). 
All cells were cultured at 37°C, 5% CO2, and 
passaged at sub-confluence.

Real-time PCR

Total RNA was extracted using RNeasy Kit 
(Qiagen, Valencia, CA) with on-column DNase I 
digestion. 1 µg of RNA was reverse transcrib- 
ed with RNase H+ MMLV reverse transcripta- 
se at 42°C for 30 minutes using iScriptTM  
cDNA synthesis kit (Bio-Rad). A blend of oligo 
(dT) and random primers were used for reverse 
transcription.

Real-time PCR in SsoAdvancedTM SYBR green 
master mix (Bio-Rad) was carried out using 
CFX96 TouchTM Real-time PCR Detection Sy- 
stem (Bio-Rad). Cycling conditions were 95°C 
for 3 minutes and 40 cycles of 95°C for 15  
seconds and 60°C for 30 seconds. Primer 
sequences are listed in Table 2. Ribosomal 

Figure 2. Ontogeny of Wnt2 mRNA expression in the 
rat ventral prostate lobes as quantified by real-time 
RT-PCR. Wnt2 expression in the VP was high at birth 
and rapidly declined through pnd 10. The expres-
sion level increased at pnd 30 and fell to nadir levels 
maintained through adulthood.
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Protein L13 (Rpl13) was quantitated and 
served as an internal housekeeping gene con-

An organ culture system that permits prostate 
morphogenesis development ex vivo was used 

Figure 3. Localization of Wnt2 transcript (A) and Wnt2 protein (B) in the de-
veloping rat prostate gland. Wnt2 mRNA expression was examined by wmISH 
and exhibited a periductal pattern typical for mesenchyme-expressed genes. 
(A) Cross-section of pnd 6 VP from wmISH confirms strong Wnt2 expression 
in the mesenchymal (M) cells but not in the epithelial (E) cells. (B) Wnt2 
protein was localized by immunohistochemistry in pnd 6 VP to both the mes-
enchymal and epithelial cells. The tissue sections were counterstained with 
hematoxylin. Bar = 50 µM.

Figure 4. Sustained expression of Wnt2 in the developing rat ventral prostate 
gland. A. Wnt2 protein was expressed continually in pnd 0 VP explant for 6 
days in organ culture using adenovirus containing Wnt2 expression vector. 
Red outline denotes glandular portion of gland that is measured for growth. 
B. Growth index of the VP exposed to sustained Wnt2 protein expression 
was significantly reduced compared to their contralateral counterpart. N = 
3, P < 0.05.

trol for normalization. Optical 
data obtained by real-time 
PCR were analyzed with the 
manufacturer’s software (CF- 
X96 ManagerTM Software ver. 
3.0). Each assay was inde-
pendently repeated at least 3 
times using different cells or 
tissue.

Statistical analysis

Data were analyzed using 
Instat ver. 3 (GraphPad Sof- 
tware, Inc., San Diego, CA) us- 
ing Student’s t test or ANOVA 
as appropriate, followed by 
post hoc tests. Values are 
expressed as mean ± SEM, 
and P < 0.05 were considered 
significant.

Results

Ontogeny and localization of 
Wnt2 in the developing rat 
prostate gland

The temporal and spatial pat-
tern of Wnt2 expression was 
followed in the ventral lobe of 
the developing rat prostate. 
Expression levels of Wnt2 
mRNA were high at pnd 1 and 
decreased precipitously to 
nadir levels by pnd 10 (Figure 
2). There was a slight but 
insignificant increase at pnd 
30 and nadir levels were ma- 
intained through adulthood  
by pnd 90 (Figure 2). During 
morphogenesis Wnt2 mRNA 
localized to the mesenchyme 
which was confirmed by cross 
sectional analysis of wmISH 
pnd 3 rat VP (Figure 3). In con-
trast, Wnt2 protein localized 
to both the mesenchyme and 
epithelial cells documenting 
its secretion by stromal cells 
(Figure 3).

Role of Wnt2 in prostate 
growth
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to examine the role(s) of Wnt2 during prostate 
development. Ontogeny of the rat VP showed 
rapid decrease of Wnt2 during prostate mor-
phogenesis (Figure 2) suggesting that a 
decrease in Wnt2 levels might be necessary to 
permit normal prostate gland growth. To inves-
tigate whether this decrease was necessary, 
contralateral rat VP lobes were cultured in nor-
mal organ culture conditions or in the presence 
of sustained Wnt2 expression. A convenient 
method of increasing protein levels in this 
organ culture system is by adding exogenous 
protein, however, Wnt2 protein is not commer-
cially available thus rendering this option null. 
As an alternate approach, Wnt2 protein was 
sustained by successful infection of the devel-
oping gland with GFP-tagged Wnt2 expressing 
adenovirus. Empty GFP-tagged adenoviral vec-
tors were used as control. In the empty vector 
controls, the VP lobe grew to its normal overall 
size after 6 days. In contrast, contralateral 
lobes infected with Ad-Wnt2-GFP showed a 
marked reduction in overall gland size after 6 
days (Figure 4).

To investigate whether the growth suppressive 
effects of Wnt2 were mediated through regula-

tion of growth factors within the stromal cells 
that express Wnt2, Wnt2 message was overex-
pressed in a mouse E16 mesenchymal cell line, 
UGSM2, for 48 hours and secretory gene prod-
ucts were assessed by real-time RT-PCR (Table 
3). Results showed differential regulation of 
several genes including down-regulation of 
Fgf10. Fgf10 was further investigated because 
previous work from our laboratory has shown 
Fgf10 to be a critical morphogen for stimulating 
normal prostate gland branching and ductal 
elongation. When newborn rat ventral pros-
tates were cultured in sustained Wnt2 expres-
sion but with exogenous addition of Fgf10, the 
growth suppressive effects of Wnt2 were 
reversed suggesting that Wnt2’s inhibitory 
effects are mediated in part through downregu-
lation of Fgf10 (Figure 5).

Role of Wnt2 in prostate cell differentiation

The role of Wnt2 on prostate determination and 
initiation, as well as functional and cyto-differ-
entiation, was examined in Wnt2-/- mouse pros-
tates. Although Wnt2-/- mice are embryonic and 
perinatal lethal, the prostates can be rescued 
by UGS removal prior to birth and engraftment 
under the renal capsule for 4 weeks. Due to 
space constraints, this graft system does not 
permit for proper assessment of branching pat-
terns and ductal elongation. However, the renal 
graft permits full assessment of prostate iden-
tity and cellular cyto-functional differentiation. 
Loss of prostatic Wnt2 did not interfere with the 
ability of the UGS to be determined with a pros-
tate identity or consequently commence bud 
initiation. This is evidenced by the growth of the 
Wnt2-/- grafts with a prostate phenotype. 
Furthermore, grafts were positive for the andro-
gen receptor, basal cell marker p63, and the 
secretory gene product dorsolateral protein 
which are specific markers for a prostate phe-
notype (Figure 6B). However, Wnt2-/- prostate 
grafts consistently exhibited loss of lateral epi-
thelial cell to cell connections with apparent 
loss of epithelial surface marker, e-cadherin. 
Wnt2-/- grafts also exhibited defective luminal 
cell differentiation as evidenced by marked 
reduction of the differentiated luminal cell 
marker, CK8/18 (Figure 6A).

Discussion

This study establishes an important role for 
canonical Wnt2 in prostate gland development. 
Wnt2 is expressed by prostatic mesenchyme 

Table 3. Mouse growth factor array results de-
picting gene expression following 48 hr Wnt2 
overexpression in UGSM2 cells compared to 
control treated UGSM2 cells

Gene Name Fold 
Change

Anti-Mullerian Hormone -1.97
Brain-derived neurotrophic factor 2.06
Chemokine (C-X-C motif) ligand 12 -2.29
Fibroblast growth factor-2 2.20
Fibroblast growth factor-7 -2.45
Fibroblast growth factor-10 -1.58
Fibroblast growth factor-18 -2.12
Interleukin-7 -1.66
Interleukin-11 2.18
Interleukin-18 -1.61
Kit ligand -1.90
Nerve growth factor 1.80
Platelet derived growth factor, alpha 1.63
Secreted phosphoprotein 1 4.64
Teratocarcinoma-derived growth factor 1 2.02
Transforming growth factor alpha 2.24
Note: Table depicts only genes significant across arrays 
(N = 3) with red showing fold decrease and blue showing 
fold increase. P < 0.05.
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which is similar to localization in other devel- 
oping structures including the fetal lung [8,  
10]. Evidence for Wnt2 secretion is document-
ed by immunohistochemistry which localiz- 
es Wnt2 protein to the mesenchymal cells, 
extracellular matrix, and epithelial cells. This 
implicates Wnt2 as an important morphogen  
in mesenchymal-to-epithelial interactions that 
contributes to the morphoregulatory gene net-
work that coordinates normal development of 
the prostate.

In vivo studies of rat prostates revealed that 
Wnt2 expression is highest at birth but decreas-
es precipitously to a maintained nadir through 
adulthood. Concomitant with this drop in Wnt2 
expression is rapid proliferation and growth of 
the prostate gland suggesting a growth inhibi-
tory role for Wnt2. Ex vivo cultures of newborn 
rat prostates confirmed that sustained high 
Wnt2 expression markedly reduced prostate 
gland size. Together these findings indicate that 
Wnt2 has a growth suppressive effect on the 
prostate and that its rapid decline postnatally 
is necessary for normal branching and elonga-

ferences exist as well. Unlike the growth sup-
pressive role discovered for Wnt2 in the pros-
tate, mesenchymal Wnt2 in the lung is growth 
stimulatory with germline deletion of Wnt2 
resulting in significant lung hypoplasia. This 
underscores the importance of tissue speci- 
fic morphoregulatory networks and suggests 
that differences in Wnt2 action across tissu- 
es and with other Wnt ligands may be a func-
tion of interactions with other morphoregulato-
ry factors.

Mesenchymal-epithelial interactions are inte-
gral to the prostate morphoregulatory net- 
work [1]. Overexpression of Wnt2 revealed that 
Wnt2 in prostate mesenchymal cells modu-
lates several secreted growth factors includ- 
ing members of the FGF, IGF, IL and BMP fami-
lies. Included in the FGF family, the present 
findings show that Wnt2 significantly decreas- 
ed Fgf10 expression. This is particularly note-
worthy since our laboratory, as well as others, 
has shown a critical stimulatory role for Fgf10 
in prostate ductal branching [5, 6]. In this study, 
exogenous Fgf10 addition during ex vivo cul-

Figure 5. Sustained expression of Wnt2 in the developing rat ventral prostate 
gland in the presence of FGF10. A. Wnt2 protein was expressed continually 
in pnd 0 VP explant for 6 days in organ culture using adenovirus containing 
Wnt2 expression vector but with the addition of 0.5 µg/mL FGF10. Red out-
line denotes glandular portion of ventral prostate that is measured for growth. 
B. FGF10 addition to the developing VP in the presence of sustained Wnt2 
expression is able to compensate for the reduction in growth index observed 
with sole Wnt2 expression (Figure 4). N = 3, P < 0.05.

tion to take place. These 
results also further corrobo-
rate our previous findings 
where inhibition of canonic- 
al Wnt signaling by DKK 
resulted in increased gland 
growth [19]. Interestingly, ex 
vivo studies of newborn rat 
prostates cultured in exoge-
nous non-canonical Wnt5a 
also revealed a growth sup-
pressive effect suggesting 
inhibition of gland growth by 
Wnts is not unique to canoni-
cal Wnt signaling or Wnt2 
alone [20]. Similarly, Wnt5a 
ontogeny decreases postna-
tally as observed herein for 
Wnt2 ontogeny. This implies 
complexity in Wnt signaling 
and their downstream path-
ways in mediating coordi- 
nated outgrowth of prosta- 
tic ducts during branching 
morphogenesis.

Despite similarities in Wnt2 
mRNA localization in other 
structures, tissue specific dif-
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ture of newborn rat prostates in the presen- 
ce of sustained Wnt2 reversed the growth  
suppressive effect of Wnt2 suggesting that  
the growth suppressive effect of Wnt2 is me- 
diated, in part, through down-regulation of 
Fgf10. Published Wnt5a findings from our lab 
revealed that despite exogenous addition of 
Wnt5a also having a growth suppressive effect 
on newborn rat prostate glands, it did not affe- 
ct Fgf10 levels [20], suggesting that downre- 
gulation of Fgf10 by Wnt2 is a unique mecha-
nism by which Wnt2 suppresses prostate gland 
growth.

Wnt2 has been implicated in cell lineage speci-
fication [21]. In the developing lung, its expres-
sion is necessary for specifying lung endoderm 
[10]. Prostates from null mutant Wnt2-/- mice 
grafted under the renal capsule were able to 
form prostate tissue expressing AR, p63, and 
DLP suggesting that Wnt2 is not critical for 
specifying prostate endoderm. However, the 
grafts consistently showed defects in epithe- 
lial luminal cell architecture with lateral cell to 
cell connections severely compromised. Fur- 
thermore, luminal cell differentiation was also 
perturbed as the cells lost significant expres-

Figure 6. Renal grafts of Wnt2+/+ (top row) and Wnt2-/- knockout (bottom row) mouse prostates. The UGS/prostate 
complex was removed at e18.5 and grafted under the renal capsule of nude mice for 30 days. A. Tissues were sec-
tioned and stained with H&E or immunostained for CK8/18 (luminal cell marker) and e-cadherin. H&E shows loss of 
normal lateral cell to cell connections in the mutant and defects in luminal differentiation by reduced expression of 
CK8/18 and marked reduction in e-cadherin. Scale bar = 50 μM. B. Wnt2-/- grafts however express androgen recep-
tor (AR), basal marker p63, and the secretory gene product dorsolateral protein (DLP), which are specific markers of 
a prostate phenotype. Scale bar = 50 µM (4×).
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sion of the luminal differentiation marker 
CK8/18. The epithelial surface marker E-cad- 
herin was also markedly reduced and could 
account for the loss in cell connectivity. Al- 
though not investigated in these studies, it is 
worth noting that the selective perturbation of 
luminal as opposed to basal cell differentia- 
tion might be a function of the hierarchy of 
prostate epithelial cells from a stem cell pool. 
One camp in this field of study posits that basal 
and luminal cells arise from a common progeni-
tor while the other believe that they originate 
from distinct progenitor cell pools [22-24]. If the 
second is true, then it is plausible that Wnt2 
selectively maintains the luminal progenitor 
pool and loss of Wnt2 leads to selective luminal 
cell differentiation defects while having no 
effect on basal cell fate.

In summary, this study establishes a role for 
Wnt2 during prostate gland development. Wnt2 
is involved in coordinate regulation of prostate 
outgrowth though the growth suppressive ef- 
fects of Wnt2 are mediated in part by a reduc-
tion in Fgf10 as well as altered expression of 
other morphoregulatory factors. Wnt2 is also 
necessary for normal cytodifferentiation with 
loss of Wnt2 resulting in deficient lateral cell  
to cell connections and luminal cell differentia-
tion defects. Reduction in E-cadherin with loss 
of Wnt2 expression suggests a possible pro-
oncogenic role. Furthermore, overexpression of 
Wnt2 increases several growth factors that are 
also pro-oncogenic, highlighting that aberrant 
Wnt2 signal may be evident in prostate carcino-
genesis but a specific role cannot be easily 
ascribed. In all, our findings contribute to the 
expanding repertoire of prostate regulatory 
mechanisms during normal development whi- 
ch will ultimately aide in understanding of 
abnormal regulation connected with prostate 
disease.
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