
Histochem Cell Biol (2008) 130:749–759

DOI 10.1007/s00418-008-0445-4

ORIGINAL PAPER

Robust expression of Prominin-2 all along the adult male 
reproductive system and urinary bladder

József Jászai · Christine A. Fargeas · Michael Haase · 
Lilla M. Farkas · Wieland B. Huttner · Denis Corbeil 

Accepted: 11 May 2008 / Published online: 7 June 2008
©  The Author(s) 2008

Abstract Although the male reproductive system seems
to be enriched in transcripts encoding for both Prominin
genes, little is known about their spatial distribution in dis-
tinct segments of this organ system. This is especially true
for the less-characterized second Prominin paralogue,
Prominin-2. The present study, therefore, mainly examines
the expression of Prominin-2 in male mice and reveals the
existence of some crucial diVerences in the tissue compart-
mentalization of the two Prominin paralogues in the testis,
epididymis, seminal vesicle, prostate and urinary bladder.
Our in situ hybridization analysis demonstrates that the
major domains of overlapping expression between the two
Prominin genes are those compartments that are derived
ontogenetically from the epigonadal mesonephric tubules,
i.e. ductuli eVerentes, or from the WolYan-tube/ductus
mesonephricus, for instance the corpus epididymidis and
vesicula seminalis. In contrast, the sinus urogenitalis derivative

urinary bladder epithelium expresses exclusively Prominin-
2, but not Prominin-1 (CD133). The testis expresses only
Prominin-1, not Prominin-2. In human prostate, we Wnally
demonstrate that the expression of Prominin-2 (transcript
and protein) is highly enriched in cells located in the basal
compartment of the glandular epithelium where only a min-
ute population was recently reported to be Prominin-1 posi-
tive. Taken together our data indicate that, except for the
gonad, Prominin-2 is widely and abundantly expressed
along the epithelia of various segments of the adult male
genitourinary tract.

Keywords Prominin · Prostate · Testis · Epididymis · 
Seminal vesicle · Urinary bladder

Introduction

Prominins are evolutionarily conserved integral plasma
membrane proteins (Corbeil et al. 2001a, b; Fargeas et al.
2003a) showing speciWc subcellular compartmentalization
when studied in models of polarized epithelial and non-epi-
thelial cells (Weigmann et al. 1997; Corbeil et al. 1999;
Florek et al. 2007). The prototype of this unusual pentaspan
glycoprotein family, Prominin-1 (CD133) (Weigmann et al.
1997; Miraglia et al. 1997), appears to be an apically
restricted marker of embryonic- and adult epithelial cells
having a propensity to be localized in various plasma mem-
brane structures protruding from the planar surface, e.g.
microvillus (Weigmann et al. 1997; Marzesco et al. 2005),
Xagellum (Fargeas et al. 2004) and primary cilium (Janich
and Corbeil 2007; Dubreuil et al. 2007; Florek et al. 2007).
The cellular expression of Prominin-1 has been documented
in the murine and human embryonic neuroepithelium,
mesonephros, metanephric proximal tubules, epididymis,
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intercalated ducts of salivary- and lacrimal glands, pancreas
(Weigmann et al. 1997; Corbeil et al. 2000; Fargeas et al.
2004; Florek et al. 2005; Jászai et al. 2007a; Gashaw et al.
2007; Oshima et al. 2007; Lardon et al. 2008) and in the
epithelial-derived photoreceptor cells (Maw et al. 2000;
Jászai et al. 2007b). Prominin-1 is also expressed in non-
epithelial cells, notably hematopoietic stem and progenitor
cells (Yin et al. 1997; Corbeil et al. 2000; Freund et al.
2006). Prominin-1 is, by now, one of the most extensively
studied cell surface markers of somatic stem and progenitor
cells (Weigmann et al. 1997; Yin et al. 1997; Richardson
et al. 2004; Lee et al. 2005; Bussolati et al. 2005; Yamada
et al. 2007; for review see Fargeas et al. 2006) and cancer
stem cells (Singh et al. 2003, 2004; Collins et al. 2005; Flo-
rek et al. 2005; Bao et al. 2006; Ricci-Vitiani et al. 2007;
O’Brien et al. 2007).

Mammalian genomes contain a Prominin paralogue,
named Prominin-2, showing the typical pentaspan mem-
brane topology of Prominin-1. This second, yet less charac-
terized Prominin shares only a moderate (t30%) amino
acid identity with Prominin-1 (Corbeil et al. 2001b; Fargeas
et al. 2003a). In contrast to the apically restricted Prominin-
1, Prominin-2 is also expressed in basolateral plasma mem-
brane of polarized epithelial cells (Florek et al. 2007; Jászai
and Corbeil, unpublished data). The physiological function
of these cholesterol-binding proteins is currently unknown
(Röper et al. 2000; Florek et al. 2007).

Previous tissue expression proWling experiments (i.e. dot
blot arrays) have shown that Prominin-2 transcripts exhibit a
partial overlap with that of Prominin-1 revealing a diVeren-
tial expression of the two paralogues in various organ sys-
tems among others in the male genitourinary tract (Fargeas
et al. 2003a; Florek et al. 2005). There, an overlapping sig-
nal was observed only in the metanephros but not in other
organs of the apparatus represented on the arrays (Fargeas
et al. 2003a; Florek et al. 2005). On the other hand these
arrays contained no material derived for instance from the
epididymis or seminal vesicle making the picture very frag-
mentary. Nevertheless, immunohistochemical analysis has
revealed that beside the testis, the epididymis also expresses
Prominin-1 (Fargeas et al. 2004). Prominin-2 seems to be
particularly enriched in the rat prostate, where it was
described as a novel prominin-like protein encoded by an
androgen-responsive gene in the ventral prostate (Zhang
et al. 2002). Similarly, expression of PROMININ-2 in the
human prostate and prostate cancer cell lines of human
origin was also demonstrated on tissue-speciWc Northern
blots (Zhang et al. 2002; Fargeas et al. 2003a). In contrast,
PROMININ-1 (i.e. its particular AC133 epitope) in the human
prostate was detected only in a very rare subset of basal cells
with stem cell features (Richardson et al. 2004).

Our knowledge is rather incomplete concerning spatial dis-
tribution/anatomical niches of both Prominin molecules

within the male genitourinary tract. This especially holds true
for Prominin-2 within this organ system. Therefore, the pres-
ent study examines the expression of Prominin-2 in the adult
murine male reproductive tract as well as urinary bladder, and
in the adult human prostate. Our results indicate that except
for the gonad Prominin-2 gene is expressed more abundantly
than Prominin-1 in the epithelium of various segments of the
genitourinary tract. In human prostate, PROMININ-2 appears
restricted to the cells found in the basal part of the epithelium
indicating that this plasma membrane protein might be a
novel molecular marker of the morphological segregation of
epithelial cells into basal and luminal compartments.

Materials and methods

Tissue samples

Adult murine organ samples were obtained from C57BL/6
strain. Male mice (6 months) were deeply anesthetized by a
single intra-peritoneal bolus injection of Ketamine and Xyla-
zin mixture. Animals were then trans-cardially perfused with
ice-cold 4% paraformaldehyde (PFA). The organs were
removed and post-Wxed in 4% PFA for 2 h at 4°C. After cryo-
protection with 30% sucrose-PBS tissue samples were
embedded in OCT compound (Tissue Tek, Sakura, The Neth-
erlands). Samples were sectioned on a cryostat (HM560,
Microm International GmbH, Walldorf, Germany) at 12 �m
and then mounted onto SuperFrost® Plus microscope slides
(Menzel-Gläser, Braunschweig, Germany), dried overnight at
room temperature, and stored at ¡20°C until use.

Normal tissue from adult human prostate was obtained
from anonymous archival material that had not been used
for further histopathological or genetic analysis at the
Department of Pathology, University of Technology Dres-
den. The dissected tissue was snap frozen in liquid nitro-
gen, and stored in a liquid nitrogen tank in the archive until
use. The frozen tissue was then cryosectioned at 10 �m and
sections were mounted onto SuperFrost® Plus microscope
slides (Menzel-Gläser). Sections were dried for 3 h at room
temperature then the slides were transferred to ¡80°C.
Alternatively, the sample was used to prepare membrane
lysates according to procedures reported previously (Corb-
eil et al. 2001a). Protein concentrations were determined
using BCA Protein Assay Reagent (Pierce Biotechnology,
Inc., Rockford, IL, USA).

Non-radioactive in situ hybridization

In situ hybridization (ISH) on fresh frozen human or 4% PFA-
Wxed mouse cryosections was performed according to stan-
dard protocols (Tiveron et al. 1996). BrieXy, serial sections
were hybridized with digoxygenin (DIG) labeled cRNA
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probes (see below) at a concentration of 0.5 ng/�l for 16 h at
70°C. Stringency washes were performed at 70°C. The sec-
tions were then incubated with anti-DIG antibody (1:4000;
Roche Molecular Biochemicals, Mannheim, Germany) for
16 h at 4°C. After several washing steps the reaction was
visualized using NBT-BCIP substrate (Roche Molecular Bio-
chemicals) giving a blue reaction product. After stopping the
color reaction by several washes in PBS, the sections were
rinsed quickly in dH2O and then mounted with Kaiser’s Glyc-
erol-Gelatin (Merck, Darmstadt, Germany). Images were cap-
tured using an Olympus BX61 microscope with the IPLAB
software. The composite images were prepared from the digi-
tal data Wles using Adobe Photoshop and Illustrator.

Probes for in situ hybridization

Antisense complementary DIG-labeled ribonucleic acid
(cRNA) probes were generated using T7 RNA polymerase
and DIG labeling mix (Roche Molecular Biochemicals). To
synthesize murine Prominin-1 (Accession Number AF026269)
and Prominin-2 (Accession Number AF269062) cRNA
probes a 2.1 kb (nt 198–2,264) and a 1.9 kb (nt 346–2,258)
cDNA fragment was used, respectively. To synthesize human
PROMININ-2 (Accession Number AF245303) cRNA probe
a 1.7 kb (nt 128–1,834) cDNA fragment was used. The aver-
age homology of the murine Prominin paralogues along the
stretch used for ISH is about 45%. This precludes any cross-
hybridization combined with the stringent hybridization and
post-hybridization washing conditions used.

Immunohistochemistry

Immunohistochemical (IHC) detection of human PROMI-
NIN-2 was performed on serial cryostat sections prepared
from fresh frozen prostate specimen as follows. Cryosec-
tions were brought to room temperature and Wxed with 4%
PFA for 30 min. Sections were washed twice with PBS,
then the endogenous peroxidase activity was blocked with
2% H2O2 for 30 min followed by washes for three times
5 min in PBS. The sections were subsequently incubated
with 0.005% SDS in 0.2% gelatin-PBS for 30 min. The
samples were then rinsed with 0.2% gelatin-PBS followed
by three changes of 0.15% saponin in 0.2% gelatin-PBS for
30 min each. Sections were incubated overnight at 4°C with
anti-human PROMININ-2 mouse monoclonal antibody
(mAb) 2024 (1:1,000; clone 244029; R&D Systems, Min-
neapolis, MN, USA) diluted in 0.15% saponin in 0.2%
gelatin-PBS. The samples were then extensively washed with
0.15% saponin in PBS followed by a washing step with
0.15% saponin in 0.2% gelatin-PBS for 30 min. The pri-
mary antibody was detected with a biotinylated horse anti-
mouse secondary antibody (1:500; Vector Laboratories,
Burlingame, CA, USA), avidin-biotin-peroxidase complex

(ABC Elite Vectastain kit, Vector Laboratories) and DAB
chromogen. In order to facilitate the identiWcation of the
glandular epithelial cells according to their typical nuclear
conWgurations the immunolabeled slides were counter-
stained with 4,6-diamidino-2-phenylindole (DAPI). After
washing once with PBS, slides were mounted with Kaiser’s
Glycerol-Gelatin (Merck). Images were captured using an
Olympus BX61 microscope with the IPLAB software.

SDS-PAGE and immunoblotting

Membrane lysates from adult human prostate (50 �g pro-
tein) were analysed by SDS-polyacrylamide-gel electro-
phoresis (SDS-PAGE; 7.5%) and transferred to
poly(vinylidene diXuoride) (PVDF) membranes (Millipore
Corp., Bedford, MA; pore size 0.45 �m) using a semi-dry
transfer cell system (Cti, Idstein, Germany) as described
(Corbeil et al. 2001a). After transfer, membranes were
incubated overnight at 4°C in blocking buVer (PBS contain-
ing 5% low fat milk powder and 0.3% Tween-20). Human
PROMININ-2 was then detected using mouse mAb 2024
(1:1,000) diluted in blocking buVer. Incubations were per-
formed for 1 h at room temperature. Antigen-antibody
complexes were revealed using horseradish peroxidase-
conjugated secondary antibodies (Dianova) followed by
enhanced chemiluminescence (ECL system, Amersham).

Anatomical terminology

To designate a particular anatomical structure, we have
simultaneously used the English terminology gaining
increasing popularity and the traditional Latin anatomical
terminology based on Nomina Anatomica Veterinaria
(NAV) and Terminologia Anatomica (TA).

Results

The tissue distribution of both murine Prominin molecules
in organs of the adult male reproductive tract and in the uri-
nary bladder was investigated by ISH. In addition, the
expression of human PROMININ-2 in the prostate was
analysed by means of ISH and IHC since the tissue locali-
zation of this molecule is not yet documented in this clini-
cally important organ.

Expression of Prominin-1, but not Prominin-2, 
in the murine testis

Expression of Prominin-1 gene was found to be restricted to
the luminal zone of the contorted seminiferous tubules (tubuli
seminiferi contorti) harboring spermatids (Fig. 1A, A�, B;
black hollow arrows) and absent from the basal part of these
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tubules containing the actively dividing spermatogonia
(Fig. 1A, A�, B; black asterisks). This is in keeping with the
fact that spermatids undergo a diVerentiation procedure during
spermio(histo)genesis. These originally round cells become
highly polarized extending a large tubulin-based cilium, the
so-called Xagellum, where Prominin-1 protein localizes (Far-
geas et al. 2004). The late elongated spermatids and spermato-
zoa were negative for the Prominin-1 transcript (Fig. 1A, A�,
B; white asterisks; see also Fig. 2A, C). In contrast, the
expression of Prominin-2 was not detected in any of these
compartments (Fig. 1C; white hollow arrow). The testicular
interstitium containing steroid secreting Leydig cells and tes-
ticular macrophages was expressing neither Prominin-1 nor
Prominin-2 (Fig. 1A�, C; black arrowhead).

Expression of Prominin-1 and Prominin-2 
in the murine epididymis

The epididymis is essentially composed of two major types
of tubules: the so-called ductuli eVerentes and the duct of

the epididymis (ductus epididymidis). The Wrst type of
tubule in mice - in contrast to humans - is located outside of
the head (caput) of the epididymis (Ilio and Hess 1994),
while the latter one forms the head (caput), the body (cor-
pus) and the tail (cauda) of the organ. Prominin-1 was
detected in both the ductuli eVerentes (Fig. 2A, DE; black
hollow arrows) and the duct of the epididymis found in the
corpus (Fig. 2C; black hollow arrow), but almost absent
from the initial segment of the duct located in the proximal
caput (Fig. 2A, IS; white arrow). Only a sporadic and weak
staining was observed therein. Likewise, the expression of
Prominin-1 was non-homogenous in the corpus with some
cells expressing it while others appeared negative (Fig. 2C;
white arrow). This is in keeping with previous Wndings on
the expression of Prominin-1 protein using speciWc mAbs
(Fargeas et al. 2004). In sharp contrast, Prominin-2 was
found to be rather strongly and uniformly expressed in both
types of tubules (Fig. 2B, DE, and D; black hollow arrows)
including the initial segment of the duct of the epididymis
(Fig. 2B, IS; black arrow).

Fig. 1 Localization of Prominin-1 and Prominin-2 in the murine tes-
tis. Cryosections of testis were processed for non-radioactive ISH us-
ing either antisense DIG-labeled Prominin-1 (A, A�, B, Prom1) or
Prominin-2 (C, Prom2) probes. The inset in panel A demarcates a
region displayed at higher magniWcation in A�. (A, A�, B) Black hollow
arrows show Prominin-1-labeled cells (blue) located in the luminal
zone of the contorted seminiferous tubules corresponding to spermatids

while black asterisks indicate that the peripheral/basal part of these tu-
bules is negative. Black arrowhead points to the interstitium contain-
ing Leydig cells and testicular macrophages that are negative. (C)
White hollow arrow and black arrowhead indicate that both the semi-
niferous tubules and the interstitial cells of the testis are negative for
Prominin-2, respectively. White asterisks label the lumen of the con-
torted seminiferous tubules. Bars 100 �m in A, C; 50 �m in A�, B
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Expression of Prominin-1 and Prominin-2 in the murine 
seminal vesicle (Vesicula seminalis)

There was no indication so far for the expression of
Prominin-1 or Prominin-2 in the seminal vesicle, which
produces a signiWcant portion of the seminal Xuid. The
epithelium lining this large accessory genital gland
forms frequently branching folds. Expression of Promi-
nin-1 was detected in the epithelial cells lying either
over the smooth muscle layer (tunica muscularis)

(Fig. 2E; black hollow arrowhead) or on emerging folds
(Fig. 2E; black hollow arrow). The signal appeared to be
weak and quite non-homogeneous, in a way similar to
the labeling pattern seen in the duct of the epididymis
(for comparison see Fig. 2C, corpus). Expression of
Prominin-2, however, was more abundant and distributed
in a relatively homogenous manner in the epithelial
layer (Fig. 2F; black hollow arrow). The smooth muscle
layer was devoid of both Prominin-1 and Prominin-2
(Fig. 2E, F, tm).

Fig. 2 Localization of Prominin-1 and Prominin-2 in the murine epi-
didymis and seminal vesicle. Cryosections of epididymis (A–D) and
seminal vesicle (E, F) were processed for non-radioactive ISH using
either antisense DIG-labeled Prominin-1 (A, C, E) or Prominin-2
(B, D, F) probes. (A, C) Black hollow arrows indicate the expression
of Prominin-1 in eVerent ducts (A, DE) and the duct located in the corpus
epididymidis (C). White arrows show the absence of Prominin-1 in the
initial segment (A, IS) and some portion of the duct in the corpus epi-
didymidis (C). E Black hollow arrowhead points to Prominin-1-la-
beled glandular epithelial cells located above the smooth muscle layer

(tm, tunica muscularis) and black hollow arrow indicates Prominin-1-
labeled cells on a fold of the epithelium of the seminal vesicle. B Black
hollow and solid arrows indicate the expression of Prominin-2 in
eVerent ducts (DE) and the initial segment (IS) of the epididymis,
respectively. D Black hollow arrow indicates the presence of Promi-
nin-2-labeled cells in the corpus epididymidis. F Black hollow arrow
indicates the presence of Prominin-2-labeled cells in the glandular epi-
thelium of the seminal vesicle. DE Ductuli eVerentes. Bars 100 �m in
A–D; 50 �m in E, F
123



754 Histochem Cell Biol (2008) 130:749–759
Expression of Prominin-2 in the murine and human 
prostate (Prostata)

The expression of Prominin-2 in the prostate was Wrst
described in rats as an androgen responsive gene (Zhang
et al. 2002). Analyzing its expression in the murine ventral
prostate we have observed that the signal, was conWned to
the glandular epithelial cells (Fig. 3A; black arrows) just
like in case of its rat orthologue. No staining was observed
in prostatic stromal cells (Fig. 3A; black hollow arrow-
heads).

Prostatic expression of human PROMININ-2 was ana-
lyzed at both mRNA and protein levels. The epithelial lin-

ing of the tubulo-alveolar main glands of the human
prostate appears heterogeneous morphologically. Neverthe-
less, two major cell populations can be distinguished within
the epithelium: the basal cells and the luminal secretory
population. The former cells are considered to be the pre-
cursors of the latter ones (Aumüller 1991; Signoretti and
Loda 2006). It is of note that a third, minor population of
cells, the so-called neuroendocrine cells of neurogenic ori-
gin with unresolved physiological function, has also been
described in the prostatic glandular epithelium (Noordzij
et al. 1995; Aumüller et al. 1999).

Expression of the human PROMININ-2 transcripts was
conWned to the basal cell population of the epithelium

Fig. 3 Localization of Prominin-2 transcript in the murine ventral
prostate and PROMININ-2 transcript and protein in the human pros-
tate. Cryosections of murine ventral prostate (A) and human prostate
(B, D, E) were processed for non-radioactive ISH with antisense DIG-
labeled Prominin-2 probes (A, B) or for IHC with the anti-PROMI-
NIN-2 mAb 2024 (D, E). A Black arrows indicate the expression of
Prominin-2 in glandular epithelial cells (blue) of the murine ventral
prostate. Stromal cells (S) are negative (black hollow arrowheads).
B Black hollow arrow indicates the presence of PROMININ-2 in the
basal compartment of the epithelium of the human prostate. Black hol-
low arrowheads point to non-labeled luminal cells. Black asterisks
indicate cells in the basal compartment with reduced signal intensity.

Stromal cells (S) are negative. C Prominin-2 in adult human prostate is a
112-kDa membrane protein. Proteins (t50 �g) solubilized from prostate
membranes were analyzed by immunoblotting with the mAb 2024.
Arrowhead indicates a 112-kDa immunoreactive band. D, E Black hol-
low arrows indicate PROMININ-2 positive cells (brown) located in
the basal compartment, and black hollow arrowheads indicate negative
cells in the luminal compartment. Black asterisks indicate basal cells
displaying a weaker PROMININ-2 immunoreactivity. Nuclear archi-
tecture within the glandular epithelium is visualized using a DAPI
staining (D�, E�; white nuclei). White dashed lines indicate the border
between the basal and luminal compartments (D�, E�). L Lumen; CA
Corpus amylaceum. Bars 50 �m in A; 25 �m in B, D, E
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(Fig. 3B; black hollow arrow) while no expression could be
seen in luminal cells of the emerging epithelial folds
(Fig. 3B; black hollow arrowheads). This observation was
even more striking upon detecting PROMININ-2 protein.
IHC was performed using the commercial anti-human
PROMININ-2 mAb 2024. We have previously demon-
strated the speciWcity of this antibody by immunoblotting
of detergent lysates prepared from CHO cells transiently
transfected with human PROMININ-2 plasmid, and shown
that the corresponding epitope is partly dependent on the
presence of N-glycans (Jászai et al. 2007a). Similar analysis
of adult human prostate membranes revealed a 112 kDa-
immunoreactive band, which is the expected molecular
mass of PROMININ-2 (Fargeas et al. 2003a), indicating its
expression in prostate (Fig. 3C; arrowhead). As for the ISH,
the secretory cells facing the lumen were devoid of any
immunoreactivity (Fig. 3D, E; black hollow arrowheads),
while those located in deeper (basal) positions were labeled
(Fig. 3D, E; black hollow arrows). The staining intensity
with both ISH and IHC appeared to be somewhat hetero-
geneous, often being particularly strong in basal cells of the
inward folds of the epithelium, while weaker in interfold
regions (Fig. 3B, D, E; black asterisks).

Expression of Prominin-2, but not Prominin-1, 
in the murine urinary bladder (Vesica urinaria)

The epithelial lining of the urinary bladder is the so-called
urothelium (transitional epithelium) in which three major

cell types can be observed based on their relative position
to the basement membrane. Our analysis revealed that
Prominin-1 was not present (Fig. 4A, A�) while Prominin-2
was abundantly expressed in the urothelium (Fig. 4B, B�).
The signal was observable in all the major cell types
(Fig. 4B�; black arrow/umbrella—Umbrella cell; black
curved arrow/I—Intermediate cells; black arrowhead/B—
Basal cells). The lamina propria beneath the urothelium
and the muscular tunica seemed to devoid of any detectable
signal for both Prominin paralogues (Fig. 4A, B; lp, tm).

Discussion

In the present study, we have investigated the tissue com-
partmentalization of Prominin-2 in the adult male reproduc-
tive tract and urinary bladder in mice as well as in the
human prostate. In essence, we report two major Wndings.
First, Prominin-2 appears to be expressed more abundantly
than Prominin-1 in all organs of the adult male genitouri-
nary tract analyzed with the notable exception of the gonad.
Second, Prominin-2 is conWned to the basal cells of the
human prostatic glandular epithelium.

We demonstrated a robust expression of Prominin-2 all
along the reproductive tract displaying, interestingly, only a
partial overlap with Prominin-1. The diVerential expression
appears both at organ and system level. For instance, Promi-
nin-2 was detected uniformly in the duct of the epididymis
while Prominin-1 was almost absent from the initial segment

Fig. 4 Localization of Promi-
nin-1 and Prominin-2 in the mu-
rine urinary bladder. 
Cryosections of the urinary blad-
der were processed for non-
radioactive ISH using either 
antisense DIG-labeled Promi-
nin-1 (A) or Prominin-2 (B) 
probes. The insets in A and B 
demarcate regions displayed at 
higher magniWcation in A� and 
B�, respectively. Prominin-1 (A, 
A�) does not produce any signal 
whereas Prominin-2 (B, B�) is 
abundantly expressed in the epi-
thelium (urothelium) (blue) 
where the basal (B, black arrow-
head), intermediate (I, black 
curved arrow) and Umbrella 
cells (umbrella symbol, black 
arrow) are all labeled. Other 
parts of the organ are negative. L 
Lumen; lp lamina propria; tm tu-
nica muscularis. Bars 100 �m in 
A, B; 50 �m in A�, B�
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and distributed in a non-homogenous fashion in more
downstream parts of this duct. A similar “salt-and-pepper”-
like pattern was revealed for Prominin-1 in the seminal ves-
icle as opposed to the rather uniform distribution of Promi-
nin-2. Such information indicates that the regulation of the
Prominin-2 gene may be less stringent than its paralogue –
not only between distinct segments/tissues, but also within
a particular epithelium.

Prominin-2 appeared to be absent from the mouse germ-
line derived cells in contrast to Prominin-1 which expres-
sion coincides with spermio(histo)genesis whereby the
maturing spermatids become highly polarized and extend a
large tubulin-based Xagellum. We have previously demon-
strated that Prominin-1 is selectively concentrated in this
particular plasma membrane protrusion (Fargeas et al.
2004). Interestingly, a recent study on human tissue, while
conWrming the presence of PROMININ-1 in the epididymal
epithelium reported in contrast sporadic immunostaining in
testicular tissue conWned to spermatogonia and no immuno-
reactivity in Xagella of spermatozoa anchored by Sertoli
cells (Gashaw et al. 2007). Whether this discrepancy
conveys constitutive diVerences between both species or
results from the expression of alternative isoforms of
PROMININ-1 that would interfere with its detection like dem-
onstrated in the murine system (Fargeas et al. 2004) would
need further investigation. It is of note in this context that
human Prominin-1 may also undergo alternative splicing
(Yu et al. 2002; Shmelkov et al. 2004; Fargeas et al. 2003b,
2007).

Our observation that PROMININ-2 is predominantly
expressed in the basal cells of the human prostatic epithe-
lium is in line with the diVerential gene expression
observed between cells morphologically segregated into
basal and luminal compartments (Terpe et al. 1994; Signo-
retti et al. 2000; Tokar et al. 2005). Although not free from
controversies, several observations indicate that basal and
secretory cells are hierarchically related, where basal cells
represent (or include) the progenitors for terminally diVer-
entiated luminal ones implying that the adult stem cells
responsible for homeostatic replacement reside in the basal
compartment (Aumüller 1991; BonkhoV and Remberger,
1996; Robinson et al. 1998; Signoretti et al. 2005; Signo-
retti and Loda 2006). In accordance with that, it was
reported that the basal compartment of the adult human
prostatic epithelium harbors a rare, minute population of
cells (about 1%) expressing PROMININ-1 (AC133 epitope)
with stem cell properties (Richardson et al. 2004; Tsujim-
ura et al. 2007). Whether these cells express simultaneously
PROMININ-2 requires further characterization.

The cells located basally are markedly distinct from the
luminal ones in their proliferative capacity. Indeed, the pro-
liferative compartment of the normal and hyperplastic pros-
tatic epithelium seems to be located in the basal part

(BonkhoV et al. 1994). Importantly, the increase in cell pro-
liferation observed in basal cell hyperplasia [benign pros-
tatic hyperplasia] might be an important intermediate step
[precancerous lesion] toward prostate cancer initiation, and
early progression as cancer stem/tumor initiating progenitor
cells are likely transformed from hyperplastic basal cells
(Wang et al. 2006; Chen et al. 2007). It is particularly rele-
vant that very rare AC133-positive tumorigenic cancer
stem cells were identiWed in prostate tumors (Collins et al.
2005; Rizzo et al. 2005; Miki et al. 2007). DiVerential gene
expression studies revealed that a number of basal cell
markers were expressed as well by cancer cells especially
by those that were poorly diVerentiated (McDonnell et al.
1992; Liu et al. 1996). Expression of Prominin-2, however,
was hardly detectable by northern blot in prostate cancer
cells (Zhang et al. 2002). Consistently, among the prostatic
carcinoma cells of human origin commonly studied, e.g.
DU145, PC3 and LNCaP, only the latter showed good
expression of Prominin-2 as assessed by PCR (Zhang et al.
2002). Inasmuch as these prostate cancer cells predomi-
nantly display more luminal, secretory-like phenotypes this
might indicate that the diVerentiation grade of the prostate
tumors could negatively correlate with PROMININ-2 expres-
sion. Whether PROMININ-2 might be a marker of both nor-
mal and/or tumor initiating progenitor cells or is expressed
by the putative intermediate “transit ampliWer” pool of cells
with mixed immunophenotypic proWle (van Leenders et al.
2000; Tran et al. 2002; Schalken and van Leenders 2003;
Tokar et al. 2005) remains to be established. Likewise, the
potential expression of PROMININ-2 by neuroendocrine
cells being sparsely scattered between the basal and luminal
layers (Noordzij et al. 1995) needs to be investigated as
well. Nevertheless, being a transmembrane protein, PROMI-
NIN-2 might be a valuable tool for prospective isolation and
characterization of cells located in the basal part of the
adult human prostatic epithelium.

It is of note that the expression of PROMININ-2 in the
human prostate is restricted to basal cells, which are andro-
gen receptor (AR) negative or expressing it at very low
level, given that the rat orthologue was Wrst reported as a
testosterone-regulated gene (Zhang et al. 2002). In fact, tes-
tosterone deprivation in the rodent castration model
decreased Prominin-2 expression, and hormone replace-
ment restored it. The basal cells lacking AR are known to
be less sensitive to hormone withdrawal than the secretory
(luminal) cells that undergo apoptosis following castration
(English et al. 1989). The remaining basal cells are able to
reconstitute the glandular epithelium upon testosterone
administration. Since androgens have been described to
exert both direct and indirect eVects on prostatic epithelial
cells (Sugimura et al. 1996), the testosterone induction of
Prominin-2 observed by Zhang et al. (2002) could represent an
indirect eVect or alternatively correspond to a subpopulation
123
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of transit amplifying cells with mixed immunophenotype,
which might be responsive to androgen replacement in the
castration model. It cannot be excluded though that this
might reXect diVerential regulation between rodents and
humans, since an exclusively basal localization of Promi-
nin-2 is neither in the mouse (present study) nor in the rat
(Zhang et al. 2002) evident.

In the urothelium of the urinary bladder, a similar ten-
dency of cellular segregation and diVerential expression of
molecular markers are detectable as in the prostatic epithe-
lium (Signoretti et al. 2005); yet, a distinctly diVerent distri-
bution is observed for Prominin-2. It seems to be rather
uniformly expressed in all three major categories of cells
located at diVerent relative positions within the epithelium.
Whether the expression of Prominin-2 reXects the common
ancestry of the distinct cell types in a hierarchic cascade
remains to be explored (Signoretti et al. 2005).

Until now no precise function has been demonstrated for
Prominins. However, several lines of evidence suggest that
these cholesterol-binding membrane proteins might play a
role in plasma membrane protrusion morphogenesis and
maintenance (for reviews see Corbeil et al. 2001b; Jászai
et al. 2007b). Their expression in various epithelia of the
male genitourinary tract containing distinct types of plas-
malemma outgrowths, e.g. microvilli and motile cilia in the
ductuli eVerentes and stereocilia in the duct of the epididy-
mis, is consistent with such a role.

Taken together our data indicate that the two Prominin
paralogues although sharing many structural similarities
(Fargeas et al. 2003a) have a diVerent distribution along the
male genitourinary tract. The widespread expression of
Prominin-2 in epithelia derived either from mesoderm (epi-
didymis, seminal vesicle) or endoderm (prostate, urinary
bladder) suggests that this molecule might Wnd an applica-
tion as a general epithelial cell marker in the male urogeni-
tal apparatus.
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