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A fundamental understanding of prostate development and tissue homeostasis has the high potential to reveal
mechanisms for prostate disease initiation and identify novel therapeutic approaches for disease prevention and
treatment. Our current understanding of prostate lineage specification stems from the use of developmental
model systems that rely upon the embryonic preprostatic urogenital sinus mesenchyme to induce the formation
of mature prostate epithelial cells. It is unclear, however, how the urogenital sinus epithelium can derive both
adult urethral glands and prostate epithelia. Furthermore, the vast disparity in disease initiation between these
two glands highlights key developmental factors that predispose prostate epithelia to hyperplasia and cancer. In
this study we demonstrate that the caudal Müllerian duct mesenchyme (CMDM) drives prostate epithelial
differentiation and is a key determinant in cell lineage specification between urethral glands and prostate
epithelia. Utilizing both human embryonic stem cells and mouse embryonic tissues, we document that the
CMDM is capable of inducing the specification of androgen receptor, prostate-specific antigen, NKX3.1, and
Hoxb13-positive prostate epithelial cells. These results help to explain key developmental differences between
prostate and urethral gland differentiation, and implicate factors secreted by the caudal Müllerian duct as novel
targets for prostate disease prevention and treatment.
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Introduction

Prostate cancer and benign prostatic hyperplasia
impact a significant cohort of men as they age. A fun-

damental understanding of prostate development and tissue
homeostasis has the high potential to reveal mechanisms for
prostate disease initiation and identify novel therapeutic ap-
proaches for disease prevention and treatment. In particular,
it is essential to elucidate the contributions of cell types and
key transcription factors involved in prostate development
and cellular turnover, as many of these cell types and genes
play key roles in disease initiation and progression.

It is well established that the prostate gland is derived from
embryonic urogenital sinus (UGS), since UGS epithelial cells
morphologically bud, branch, and canalize to form the pros-
tate [1]. In addition to forming the prostate, however, UGS
epithelial cells also develop into urethral glands, which are
functionally distinct from HoxB13-positive mature prostate
epithelial acini [2]. The human prostate is composed of mul-
tiple zones arranged symmetrically and includes the transition,
central, and peripheral zones [3]. The peripheral zone is where
most prostate cancer arises and the central zone wraps around

the ejaculatory duct emerging from the seminal vesicle. The
transition zone surrounds the urethra, which brings this zone
into close proximity to periurethral glands. Urethral glands
emerge along the urethra but are functionally and morpho-
logically distinct from the surrounding prostate glands [4].
Paradoxically, while the prostate and urethral glands are de-
rived from the same epithelial precursor cells, urethral gland
epithelial cells rarely derive hyperplasia or cancer. This dis-
parity highlights potential understudied mechanisms in pros-
tate versus urethral gland epithelial development that make
prostate epithelial cells more susceptible to disease initiation.

The current paradigm of prostate development provides a
general explanation for how the UGS can give rise to multi-
ple distinct regions and glands [1,5]. The cranial-caudal
axis of the UGS allows for geographically distinct epithelial–
mesenchymal interactions along the tissue. The differentia-
tion and morphologic differences are controlled by temporal
expression of distinct growth factors emerging from the
mesenchyme. This primitive map allows regional identity of
the adult glands in general, but there are gaps in knowledge
about what factors are necessary for distinguishing urethral
glands from prostatic glands.
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In this study we demonstrate that the caudal Müllerian
duct mesenchyme (CMDM) is able to drive prostate epi-
thelial differentiation and is a key determinant driving cell
lineage specification between urethral glands and prostate
epithelia. The CMDM is canonically associated with female
urogenital development as the expression of anti-Müllerian
hormone (AMH) in male sertoli cells causes the irreversible
regression of the Müllerian Ducts in males [6,7]. However,
the role of the Müllerian duct (MD) precursor tissue, the
CMDM, has not been investigated in the context of the
prostate. Utilizing both human embryonic stem cells (hESCs)
and mouse embryonic tissues, we document that formation of
androgen receptor (AR), prostate-specific antigen (PSA),
NKX3.1, and HOXB13-positive prostate epithelial cells can
be induced upon recombination with CMDM. These results
help to explain key developmental differences between
prostate and urethral gland differentiation, and provide sup-
port to investigate how factors secreted by the caudal MD may
be involved in prostate disease prevention and treatment.

Materials and Methods

Human subjects

All human tissues were acquired under an expedited
protocol approved by the University of Chicago Institutional
Review Board (IRB). Tissue samples were managed by the
University of Chicago Human Tissue Resource Center core
facility.

Mice

Animal studies were carried out in strict accordance with
the recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health and
procedures were approved by the University of Chicago
Institutional Animal Care and Use Committee. All mouse
surgery was performed under Ketamine/Xylazine anesthe-
sia, and all efforts were made to minimize animal suffering.
Wild-type C57BL/6 mice were obtained from the Jackson
Laboratory. Timed-pregnant C57BL/6 mice, 6-week-old
male nude mice, and timed-pregnant Sprague Dawley rats
were obtained from Harlan Laboratories (Indianapolis, IN).

Cell culture

The hESC line WA01(H1) was acquired from WiCell
(Madison, WI) and cultured using the feeder-independent
protocol using mTeSR1 media (Stem Cell Technologies;
Vancouver, BC). The hESCs were used within 10 passages
of thawing, and were dissociated using mTeSR1 media with
an Accutase (Millipore; Billerica, MA) digestion.

Tissue recombination

Tissue recombination and renal grafting were performed
using previously reported techniques and all recombination
experiments were conducted in triplicate with appropriate
controls [8]. In this study, the mesenchymal cells were de-
rived from euthanized female newborn rats. The caudal MD,
including the primordium of cervix and upper vagina, was
separated from the UGS. The tissues were digested sepa-
rately using 1% trypsin (BD Biosciences, San Joes, CA) in
Ca2+ and Mg2+-free Hank’s balanced salt solution (HBSS;

Gibco) and placed in a refrigerator at 4�C for 75 min. After
neutralizing the trypsin with 10% fetal bovine serum (FBS)
in Dulbecco’s modified Eagle’s medium (DMEM)/F12
medium (Gibco, Grand Island, NY), the mesenchymal
sleeves were carefully teased from the epithelial tube. The
CMDM and urogenital sinus mesenchyme (UGSM) were
transferred into DMEM/F12 medium +10% FBS +1% Pen/
Strep +1% NEAA plus 1 nM R1881 (Sigma, St. Louis, MO)
and incubated at 37�C with 5% CO2 overnight. After re-
moving the culture medium, the mesenchyme was digested
with 0.2% collagenase in DMEM/F12 medium and placed
the tube in 37�C on a shaker for 1 h. The digested tissues
were vigorously vortexed to yield a homogenous single cell
suspension and collagen-neutralized using DMEM/F12
medium +10% FBS. The dissociated mesenchymal cells
were washed with HBSS, and suspended in DMEM/F12.
Cell numbers were counted using a Cellometer (Nexelom
Bioscience, Lawrence, MA).

To harvest urethral epithelium, 10-week-old adult
C57BL/6 male mice were used as donors as they are post-
pubescent and thus beyond tissue morphogenesis and within
homeostatic tissue maintenance. The urethra was isolated
and the muscle layer was manually teased off. The epithelial
sheath was transferred into DMEM/F12 medium and di-
gested into a single cell suspension using 0.2% collagenase
as described above.

To induce human prostate glands, CMDM cells or UGSM
cells were mixed with hESCs at a 1:2.5 ratio of hES/mes-
enchymal cells. The cell mixtures were re-suspended with
75% Matrigel (BD Biosciences) and injected into the sub-
renal capsule of adult male nude mice. As controls, CMDM
cells, UGSM cells, and hESCs were grafted alone into adult
male nude mouse hosts. After 10 weeks, glandular tissues
were harvested and analyzed. To induce mouse prostate
glands, either CMDM cells or UGSM cells were mixed with
adult mouse urethral epithelial cells at a 1:2.5 ratio of epi-
thelial/mesenchymal cells and implanted as described above.

Tissue collection, preparation,
and prostate microdissection

After euthanasia, the urogenital tract was dissected from
the surrounding tissues, removed en bloc including the
urethra, all prostate lobes, two seminal vesicles, and bladder,
and photographed. To dissect prostatic lobes, the mouse
prostate was dissociated using 0.2% collagenase (type IV;
Sigma) for 15 min. The tissue was gently teased using needles
under a dissection microscope (Leica MZ16F stereomicro-
scope) and photographed. The tissues were embedded in 2%
agar gel with optimal orientation and then embedded in par-
affin and serially sectioned. Tissue samples were processed
by the University of Chicago Human Tissue Resource Core
facility. Briefly, tissue samples were formalin-fixed for 24 h
and embedded in paraffin immediately after necropsy. Sec-
tions (5 mm thick) were adhered to positively charged slides.

Histology and immunostaining

H&E staining was performed using a SAKURA Tissue-
Tek Prima Autostainer. For immunohistochemistry staining,
formalin-fixed, paraffin-embedded slides were deparaffinized
in xylene, and hydrated using graded ethanol washes. Tissues
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were treated with antigen retrieval buffer (S1699 from
DAKO, Glostrup, Denmark) in a steamer for 20 min. Anti-
p63 (D2K8X rabbit monoclonal; Cell Signaling Technol-
ogy, Danvers, MA) and anti-AR (N-20 rabbit polyclonal;
Santa Cruz Biotechnology, Santa Cruz, CA) were applied
for 1 h at room temperature in a humidity chamber. Fol-
lowing TBS wash, the antigen-antibody binding was de-
tected with Envision+system (K4001; DAKO, Carpinteria,
CA) and DAB+Chromogen (K3468; DAKO). Tissue sec-
tions were briefly immersed in hematoxylin for counter-
staining and were cover-slipped. For immunofluorescence
staining, after deparaffinization and rehydration, tissues
were treated with heat-induced antigen retrieval using Tris-
EDTA buffer (10 mM Tris Base, 1 mM EDTA Solution,
pH 9.0) in a pressure cooker for 3 min. After 30 min of
blocking in 10% normal goat serum phosphate-buffered
saline (PBS), slides were incubated with primary anti-
bodies followed by secondary Alexa Fluor goat anti-rabbit
IgG or/and anti-mouse IgG (Cell Signaling). Following
PBS wash, the tissues were counterstained with DAPI and
were cover-slipped.

Antibodies used for immunostaining were AR (N20,
rabbit polyclonal, 1:400; Santa Cruz Biotechnologies), p63
(4A4, mouse monoclonal, 1:100; Santa Cruz Biotechnolo-
gies), NKX3.1 (rabbit polyclonal, 1:50; Biocare), HOXB13
(H-80, rabbit polyclonal, 1:100; Santa Cruz Biotechnolo-
gies), chromogranin A (LK2H10, mouse monoclonal, 1:100;
Santa Cruz Biotechnologies), and PSA (C-19, goat poly-
clonal, 1:100; Santa Cruz Biotechnologies). DAPI (1:1,000;
Invitrogen) was used to counterstain the nucleus. Secondary
staining reagents included Alexa Fluor goat anti-rabbit IgG
(Cell Signaling Technologies), Alexa Fluor goat anti-mouse
IgG (Cell Signaling Technologies), or Alexa Fluor donkey
anti-goat IgG (Invitrogen).

Colorimetric images were captured using a Panoramic
Scan Whole Slide Scanner (Cambridge Research and In-
strumentation, Hopkinton, MA) and images captured using
the Panoramic Viewer software version 1.14.50 (3DHistech;
Budapest, Hungary). For immunofluorescence staining slides,
images were captured using an Olympus FV1000 laser scan-
ning confocal microscope.

Results

Transcription factors used to differentiate
between prostate and urethral epithelia

To elucidate the differences between the prostate and
urethral glands, we analyzed the expression of transcrip-
tional factors associated with epithelial (DNp63), genito-
urinary (AR), or prostatic lineage (NKX3.1 and HOXB13)
using both human and mouse tissues (Fig. 1a, c). DNp63 is a
basal-restricted transcription factor that is necessary for
prostate development and maintenance of basal epithelial
cells in bi-layered epithelia, which include both the urethral
and prostate glands [9,10]. AR is a central steroid tran-
scription factor with a well-documented and important role
in prostate genitourinary development, prostate homeosta-
sis, and prostate cancer [2,11]. Urethral glands also contain
nuclear AR and are therefore responsive to testosterone [12].
NKX3.1 is an androgen-induced homeobox transcriptional
factor that regulates organogenesis and epithelial differen-
tiation of the prostate [13–15]. NKX3.1 is expressed early in
the male urogenital epithelium, and its presence indicates
induction of prostatic epithelial identity [2,16]. Genetic
lineage tracing has demonstrated that NKX3.1+ cells can
reconstitute all three lobes of the rodent prostate in renal
capsule experiments [17]. HOXB13 is another homeobox

FIG. 1. NKX3.1 and Hoxb13 expression in prostate but not urethral gland epithelia. (a, c) Schematic depicting the
anatomy of the human prostate (red), urethra (green), and bladder (white). (b) H&E staining and IF staining of AR, DNp63
(p63), NKX3.1, and HOXB13 in human prostate and urethral glands. (d) H&E staining and IF staining of AR, p63,
NKX3.1, and Hoxb13 in the murine urethral and prostate glands. UR indicates urothelium. NKX3.1 and HOXB13 are seen
in the human and murine prostate but not in the neighboring urethral gland epithelia. Arrows indicate urethral glands located
by the urethra. AR, androgen receptor; H&E, hematoxylin and eosin; IF, immunofluorescence.
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transcriptional factor that is critical in prostate develop-
ment and adult organ function and mutations in HOXB13
are associated with a subset of familial prostate tumors
[18–21]. HOXB13 is commonly used as a persistent mar-
ker of terminally differentiated prostatic luminal epithe-
lium. During fetal development, the UGS contributes to the
development of the bladder, urethra, and prostate. Urethral
epithelial cells branch off to form the urethral glands, and
are located along the urethra. However, at the proximal
region of the urethra, some epithelial ducts grow beyond
the urethral wall and repeatedly branch to form prostate
acini [6,22].

As expected, both human and mouse prostate epithelium
and urethral gland epithelium contain DNp63-positive basal
cells and AR-positive luminal cells (Fig. 1b, d) [23]. Human
and mouse prostate luminal cells express NKX3.1 and
HOXB13, however, urethral gland epithelial cells lack both
NKX3.1 and HOXB13 expression (Fig. 1b, d). Given the
common derivation of both prostate and urethral epithelial
cells from the UGS, we sought to investigate how these
divergent epithelial structures formed, and the role of stroma
in determining their cell fate.

Transcription factor expression analyses highlight
decision point for urethral and prostatic epithelium

To determine at what point during development the UGS
epithelium gives rise to distinct urethral and prostate epi-
thelia, we followed the expression of DNp63, HOXB13, and
NKX3.1 during mouse prostate development (Fig. 2a). First,
we analyzed protein expression of the mouse UGS at em-
bryonic day (E) 11.5, when the urorectal septum separates
the UGS anteriorly from the hindgut posteriorly (Figs. 2a
and 3a) [4]. HOXB13 is sparsely seen in epithelial cells of
the UGS, but uniformly expressed in the hindgut epithelium
(Fig. 2b). As expected, the majority of UGS epithelial cells
express DNp63 (Fig. 2b), as it has been previously shown to
be required for differentiation of the urogenital tract and
inhibits differentiation toward the intestinal epithelium
[24,25]. In contrast, hindgut epithelial cells lack p63 ex-
pression (Fig. 2b). At E14.5, DNp63 was expressed in the
whole UGS epithelium, while HOXB13 expression is ob-
served in a small area of upper UGS (Fig. 3b). At E17.5,
HOXB13 expression is undetectable in all UGS epithelial
cells, while there is robust expression in the epithelial cells
of the colon (Fig. 2c). By postnatal day 5 (P5), HOXB13 is
detected in the prostate, but absent in the urothelium, ure-
thral glands, and the urethral portion of the prostatic ducts
(Fig. 3c).

Previous studies documented that NKX3.1 mRNA is first
detected in the UGS epithelium at E15.5 [26]. However, we
did not observe NKX3.1 protein expression in serial sections
of mouse UGS tissues at E15.5 (Supplementary Fig. S1a;
Supplementary Data are available online at www.liebertpub
.com/scd). The earliest prostatic buds are seen at E16.5 and
coincide with detectable NKX3.1 protein expression (Fig. 2d).
Notably, NKX3.1 is only detectable in epithelial buds, while
the UGS epithelium lacked NKX3.1 expression (Fig. 2d). At
E17.5, prostatic buds are more prevalent, and NKX3.1 ex-
pression remains in prostate epithelial ducts while remaining
absent in the UGS epithelium (Fig. 2e). As the urethral shape
gradually matures, the prostate ducts extend and grow outside

the urethral wall and are clearly demarcated by NKX3.1 ex-
pression (Supplementary Fig. S1b). The appearance and
maintained expression of NKX3.1 and Hoxb13 in prostate
epithelial buds, and distinct lack of expression in urethral
glands, suggest that there are key differences in the stromal
microenvironment that promote transcription factor expres-
sion and prostate lineage specification.

CMDM is sufficient to specify prostatic
epithelial cell fate

The common origin of prostate and urethral epithelial
cells implies that different stromal cues dictate the lineage
of each gland during development. During embryogenesis,
the Wolffian duct (WD) and the MD converge in the region
where the prostatic buds initiate [4]. In men, the ejaculatory
ducts are derived from the WD and pass through the pros-
tate, and lack expression of neither HOXB13 nor NKX3.1

FIG. 2. Cell fate transition during development of the
UGS. (a) H&E staining of sagittal-sectioned E11.5 mouse
embryo. (b) IF staining of Hoxb13 and immunohistochem-
istry staining of p63 in E14.5 mouse embryo. (c) IF staining
for Hoxb13 in postnatal day 5 prostate, ventral prostate,
dorsal prostate, urethra, and colon. Bl, bladder; Cl, colon;
UGS, urogenital sinus; URS, urorectal septum.
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(Supplementary Fig. S1c), supporting that the WD mesen-
chyme does not induce prostatic cell lineage specification.
We have previously hypothesized that the CMDM) partic-
ipates in prostate development [6]. This is based upon the
observation that, although the MD regresses in the male due
to the presence of AMH, the middle portion of the MD
undergoes regression via epithelial-mesenchymal transition
[27–29]. Thus, a portion of Müllerian Duct Mesenchyme
(MDM) may persist and induce prostate development.
Further supporting the role of MDM in prostate develop-
ment is the expression pattern of AR in MDM and therefore
the potential to secrete paracrine growth factors in response
to host androgens (Supplementary Fig. S2).

To directly test the ability of MDM to promote prostate
epithelial development, we utilized a tissue recombination
approach whereby hESCs are induced by embryonic rodent
stroma to form human prostate glands [8,30]. The CMDM
includes the cervix and upper vagina and was derived from
female rat neonates (Fig. 4a). The UGSM was used as a
control stroma, and was harvested from the urethra of female
rat neonates; male UGSM was not used due to the potential
contamination of adjoining caudal MD. We reconstituted

hESCs with either CMDM cells or UGSM cells from female
rat neonates; these recombinants were implanted under the
renal capsule of adult male nude mice (Fig. 4a). After a
growth period of 12 weeks, both CMDM- and UGSM-
induced glands had a continuous p63-positive basal cell layer
(Fig. 4b). Control hESCs implanted alone formed teratomas
as expected, and mesenchyme implanted without hESCs did
not yield any tissue for analyses after 12 weeks. Both CMDM
and UGSM-induced glands expressed AR and human-
restricted PSA, demonstrating human origin of tissues and a
lack of contaminating mouse epithelium (Supplementary
Fig. S3a, b). As further confirmation of the formation of
multiple cell lineages, hESC-derived glands contained chro-
mogranin A-expressing neuroendocrine cells (Supplemen-
tary Fig. S3c). Significantly, the luminal cells within CMDM-
induced glands expressed NKX3.1, while UGSM-induced
glands lacked NKX3.1 expression (Fig. 4b). Neither CMDM
nor UGSM-induced epithelia, however, expressed detectable
HOXB13 protein (Fig. 4b). These data support our hypothesis
that the caudal MD is sufficient to induce prostate epithelial
cell lineage specification as documented by the expression of
human-specific PSA and NKX3.1.

FIG. 3. Sequential analyses of
prostate and urethral gland devel-
opment from the HG to UGS to the
prostate. (a) Schematic depicting
development of the UGS and time
points when analyses of transcrip-
tion factors were performed. (b)
H&E staining and IF staining of
Hoxb13 and p63 in the UGS and
HG of E11.5 mouse embryo. (c)
H&E staining and IF staining of
Hoxb13 and p63 in the Ur, Rt, and
Bl of E17.5 mouse embryo. Arrows
indicate regions of interest. (d, e)
H&E staining and IF staining of
NKX3.1 in the urethra of E16.5
and E17.5 mouse embryos doc-
umenting prostatic budding. Ar-
rowheads mark prostatic buds.
Scale bars represent 100 mm. Bl,
bladder; HG, hindgut; Rt, rectum;
Ur, urethra.
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FIG. 4. CMDM induces
partial prostatic cell fate in
glands derived from hESCs.
(a) Diagram shows tissue re-
combination approach using
hESCs. hESCs were mixed
with either caudal MD stromal
cells or urethral stromal cells
from newborn female rats.
Arrows mark tissue recombi-
nants underneath the mouse
renal capsule. (b) H&E stain-
ing and IF staining of NKX3.1,
HOXB13, and p63 in the
hESC-derived glands induced
by rat CMDM cells or rat
UGSM cells. These data
demonstrate induction of
NKX3.1-positive epithelia in-
dicative of prostate, but such
tissue lacks HOXB13 expres-
sion indicating incomplete
prostatic fate determination.
Scale bars represent 100mm.
CMDM, caudal Müllerian
duct mesenchyme; hESC,
human embryonic stem cell;
MD, Müllerian duct; UGSM,
urogenital sinus mesenchyme.

FIG. 5. CMDM induces
prostate cell fate in urothelial
cell-derived glands. (a) Dia-
gram shows tissue recombi-
nation using adult mouse
urothelial cells. Arrows mark
the tissue recombinants un-
derneath the mouse renal cap-
sule. Urothelial cell epithelia
from adult male mice was re-
combined with either caudal
MD stromal cells or urethral
stromal cells from newborn
female rats. (b) H&E staining
and IF staining of NKX3.1,
HOXB13, and p63 in the
urothelium-derived glands in-
duced by rat CMDM cells or
rat UGSM cells. Arrowheads
mark sporadic expression of
HOXB13. These data demon-
strate that recombination of
adult urothelium and caudal
MD generates prostatic epi-
thelium that is positive for
both NKX3.1 and HOXB13.
Scale bars, 50mm. Kd, kidney.
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Maintenance of HOXB13 expression by caudal
MD but not UGSM

When hESCs were used for human prostate epithelium
induction, glandular structures induced by CMDM or
UGSM lacked HOXB13 expression (Fig. 4b). We hypoth-
esized that this was due to the use of pluripotent hESCs to
form human prostate epithelium, which are more primitive
than hindgut epithelium from which prostatic epithelium is
derived and therefore may not have been conditioned
properly to be able to express HOXB13. It is possible that
the expression of HOXB13 is not initiated by but main-
tained by the mechanism that separates prostatic from
urethral epithelia. To test this, we harvested urethral epi-
thelium from adult mice and reconstituted them with either
CMDM cells or UGSM cells from female rat neonates
(Fig. 5a). Indeed, luminal cells within glands induced by
CMDM express both NKX3.1 and HOXB13, while glands
induced by UGSM lack expression of both transcriptional
factors (Fig. 5b). These data demonstrate that HOXB13
expression in the prostatic epithelium is maintained after
differentiation into hindgut epithelium, and implies that
UGSM suppresses HOXB13 in urethral gland epithelia
while the CMDM maintains HOXB13 expression
(Fig. 5b). Taken together, these data demonstrate that the
CMDM is able to specify the formation of prostate epi-
thelial cells. During this process, the CMDM induces the
expression of NKX3.1, and maintains the expression of
HOXB13 to contribute to the delineation of prostate epi-
thelium from urethral epithelium (Fig. 6). These data
strongly implicate a key role for the caudal MD in speci-
fying prostate lineage from urethral gland lineage.

Discussion

In this study we provide evidence that the CMDM is
able to induce prostate epithelia and is likely a key de-
terminant in delineating prostate versus urethral gland cell
fate. This is in contrast to the conventional belief that the
prostate is induced solely by the UGSM. Our data are
significant for three reasons. First, the ability of MDM to
induce prostate formation helps explain a long-standing
observation that vaginal stroma is able to induce prostate
epithelium formation, and even high-dose testosterone
treatment in postpartum females can result in prostate

formation [31]. Second, our data help to elucidate how a
common embryonic structure, the UGS, can be influenced
by stroma to form both urethral and prostate epithelium.
Third and finally, given the vast disparity in disease in-
cidence between the prostate and urethral gland epithe-
lium, our data provide a rationale for future investigations
into whether the CMDM could be a potential mediator
in prostate neoplasia and cancer initiation; such MDM-
derived paracrine factors have the potential to become
novel targets for prostate cancer prevention or therapeutic
intervention. A limitation of our study is that the use of
adult urethra epithelial cells may be a poor substitute for
the embryonic UGS epithelial cells, or adult prostate stem
cells, that give rise to the prostatic epithelium. Future
studies should be aimed at understanding the relationship
between CMDM and UGSM into adult prostate homeo-
stasis and their impact on prostate epithelium and re-
sponses to androgen deprivation.

In the developing male urogenital tract, it has long been
presumed that AMH inhibits the MD epithelial cells to
develop the female reproductive organs. However, the
fate of the MD mesenchyme is unclear. Our data support a
model whereby androgens induce the CMDM to develop
into prostate, thereby highlighting a sexual dimorphic
differentiation of the CMDM. MD-derived glands have
been found in males of lower vertebrates such as am-
phibians [32,33] and play roles in improving fertility by
increasing sperm velocity and providing nutrients [34].
Thus, our findings suggest that factors derived from the
CMDM-derived stroma could serve as efficacious tar-
gets for cancer prevention and initiation. The identifica-
tion of such targets using comparative approaches and
additional functional studies is an obvious area for future
research.
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