DISCUSSION

Prostate epithelial cells that express the s-SHIP
promoter were only observed during a limited time period,
around two weeks after birth. At that time, branching
morphogenesis is almost entirely complete, suggesting

that s-SHIP/GFP-expressing cells may contribute to the
early formation of the prostate cellular architecture. Serum
testosterone levels are low during this time; then puberty
starts with testosterone levels rising significantly, and
prostatic growth increases more rapidly than during the
early postnatal period [5]. The reciprocal expression of

Figure 5: Androgen does not induce s-SHIP promoter expression in adult prostate after four weeks of androgen
castration. Eight-week-old male Tg11.5kb-GFP mice were castrated by bilateral orchiectomy and after four weeks, prostate regeneration
was induced by dihydroxytestosterone (DHT) injection. DHT was injected daily for 1, 2, 3, or 5 days. (A) Representative images (n = 3) of
whole-mount of prostate lobes under a fluorescence microscope. (B) Representative flow cytometry analysis of GFP (n = 3) expressed by
dissociated prostate cells obtained from castrated male mice untreated (a), or treated with DHT for 1 day (b), 2 days (c), 3 days (d), 5 days
(e) or from intact uncastrated control mice (f). Transillumination (TT), side scatter (SSC). Scale bars: 250 um (A).
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Figure 6: Profiling of gene expression in LSC GFP+ versus LSC GFP~ basal cells. (A) Total RNA was isolated from three
independent samples of sorted LSC GFP*"and LSC GFP~ cells and linear RNA amplification was performed to obtain sufficient amount
of high-quality RNA for analysis by SurePrint G3 Mouse GE 8 x 60K microarray (Agilent). Thirty genes were selected from the master
list of genes differentially regulated (at least 1.9 fold with a p value < 0.05) and grouped into three different Gene Ontology (GO) terms.
Up-regulated or down-regulated genes in LSC GFP* cells as compared to LSC GFP~ cells are presented in red and green, respectively.
(B) Real —time quantitative RT-qPCR confirmation of 3 candidate genes between LSC GFP~ and LSC GFP" cells. Relative gene expressions
were normalized by comparison with the expression of GAPDH and analysed using the 2"AA“T method. The expression values were
adjusted by setting the expression of LSC GFP- to be 1 for each gene. Data represent means with s.d. from three independent experiments,
p values was determined by Student’s test **p < 0.01, *p <0.05. (C) Representative photographs of immunofluorescent staining (red) of P6
frozen prostate sections for WIF1; white asterisks show GFP* cells expressing Wifl and white arrows-heads mark GFP-cells expressing a
lower level of Wifl. Sections were counterstained with DAPI nuclear stain (blue). Scale bars: 50 um (C).
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androgen and GFP in prostate cells suggests that s-SHIP
promoter expression is minimally dependent of androgen;
accordingly, we could not detected any s-SHIP promoter
reactivation during regeneration induced by testosterone
after castration-induced prostate involution. This result is
consistent with the K5/14" LSC basal phenotype of GFP*
cells. Numerous studies favor the hypothesis that basal
cells contains the prostate stem cell activity [8, 15—18,
24,29, 31, 33, 38]. However, lineage-tracing experiments
have generated evidence that stem populations could be
localized in the luminal layer [12—14, 39]. A 3D culture
method supporting long-term expansion of primary mouse
and human organoids [40] confirmed that in adult prostate,
epithelia could be maintained by respective progenitor/
stem within the basal and luminal cell lineages [41].
Concerning the neonatal prostate, Ousset and colleagues
demonstrated that cells possessing the multilineage
differentiation capacity belong to the basal lineage,
while luminal cells have committed to become unipotent
[10, 11, 42]. Moreover, during early prostate development,
ANp63-positive basal cells represent the multipotent
progenitor/stem cell population [43]. Altogether, these
studies imply a developmental stage-specific switch
of the mechanisms for prostate epithelial maintenance
[41, 42]. Based on the data presented here, we propose
that s-SHIP promoter expression marks a subset of basal
cells corresponding to these multipotent neonatal murine
stem cells.

Prostasphere culture is a useful method to identify
and propagate prostate stem cells. Although the most
majority of sphere cells presents an homogeneous
expression of tissue prostate stem cells markers, L-S+C+
[31] and s-SHIP/GFP (Figure 3), only a few of them are
capable of forming daughter spheres in vitro [31] (Table 3)
and regenerate glandular structures in vivo [21, 31].
Therefore, additional markers remains to be identified in
order to isolate this peculiar sphere cell subpopulation.
Interestingly, rare long-term label retaining cells have been
recently described in prostaspheres and these slow-cycling
cells possess high capacity to form prostaspheres [44].

We have previously shown that s-SHIP-GFP
promoter reporter tracks subset of human prostate
RWPE-1 cells enriched in stem cell characteristics
[45]. s-SHIP is also expressed in numerous cancer cell
lines and xenograft-maintained human prostate cancers
(Supplementary Figure 3A) which represent relevant
models of prostate cancer [46—48]. Transfection of
s-SHIP-GFP promoter reporter in human cancer cells
showed that they were heterogeneous in term of s-SHIP
promoter expression (Supplementary Figure 3B), like for
other stem cell markers [49]. Cancer stem cells are present
in prostate cancer cell lines [49]; more experiments are
now needed to determine the relationship between these
cancer stem cells and s-SHIP-expressing cells.

s-SHIP protein is a shorter isoform of SHIP1 (SH2-
containing Inositol 5'-Phosphatase) protein that lacks

the N-terminal domain region [25]. Initially, a special
feature of s-SHIP isoform was its specific expression in
embryonic stem cells and in primitive hematopoietic stem
cells, but not in their more mature progeny [25, 50]. The
cloning of the s-SHIP promoter region enabled isolation
and analysis of mammary stem cells [27, 51-54], but the
role of s-SHIP protein remains unknown. Its ubiquitous
homologue SHIP2 is crucial for maintaining breast cancer
stem cells [55]. Thus, s-SHIP may play a role, for example
in modulating the PI3K/AKT pathway in prostate cancer
stem cells [56]. The SHIP specific inhibitor (SHIPi)
[57, 58] should offer a valuable opportunity to address
this issue.

We performed transcriptional profiling to distinguish
a tissue stem cell profile (LSC GFP* cells) from a basal
cell profile (LSC GFP~ cells). In GFP* LSC cells, we
observed an increased expression of transcriptional
regulators of early prostate development, such as Hoxd13,
Nkx3.1 and FoxA2 [59, 60]. Similarly to s-SHIP, FoxA2
is expressed during the early stages of prostate bud
formation whereas its expression is restricted to rare
basal epithelial cells within the periurethral ducts in adult
prostate [61]. Based on its role in prostate cancer [62],
FoxA2 may be associated with the invasive property
of neonatal stem cells. Increased expression of genes
associated with various signaling pathways was observed
in the LSC GFP* population, such as BmpJ, kitl. However,
the most represented components belong to the Wnt
signaling pathway that is known to plays a fundamental
role in multiple adult stem cells [34-37], as well as in
orchestrating proper prostate gland development and
maintenance [63, 64]. Wnt signaling is more active at the
early stages of developing prostates but rapidly decline
as the prostate matured [65] around the same time that
GFP expression is lost. Our results are also in accordance
with the study of Roarty and coworkers showing that
s-SHIP/GFP expression mirrored the expression gradient
and localization of Wnt/B-catenin activity in terminal end
buds of the mammary gland in Tg11.5kb-GFP mice [54].
It is also worth noting the upregulation of Ascl4 [66]. Its
function is unknown but its homolog Ascl1 plays a role in
neural stem cells and interacts with Wnt signaling [67, 68].

Considering down-regulated genes in LSC GFP*
cells, expression level of several of them inversely
correlates with cancer aggressiveness, notably in prostate
such as SPARCLI, a negative regulator of bud expansion
and prostasphere growth [69, 70], and SFRP1, a negative
regulator of Wnt pathway [71]. Lmxla is methylation-
silenced in various carcinoma [72—74] and could act
as a suppressor of metastasis, invasion and epithelial-
mesenchymal transition in cancer cells [72—74]. Finally,
Ntrk3 is a potential tumor suppressor inactivated in
colon cancer [75] and acts as a dependence receptor [76],
therefore its down-regulation in LSC GFP" cells might
create a clonal survival advantage in the absence of its
ligand NT-3.
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In conclusion, a unique feature of this study was
the ability to isolate PSCs using s-SHIP promoter driven
GFP as a single marker. While the extensive proliferation,
migration, and invasion required for early prostate
development do not occur in the resting adult prostate,
they do resemble processes mediating prostate cancer
progression [57, 77, 78]. Thus, gene expression of these
neonatal prostate stem cells may reveal new targets to aid
detection, prognosis and treatment of prostate cancer.

MATERIALS AND METHODS

Animals and tissue collection

FVB/N transgenic (Tg) 11.5kb-GFP, wild-type
FVB/N, CB17 SCID mouse strains and Sprague Dawley
rats (Charles River Laboratories, Wilmington, MA)
were housed and bred in accordance with institutional
guidelines for humane animal treatment and all animal
studies were conducted in accordance with Institutional
Animal Care and Use Committee approved protocols.
Castration was performed on 8 week-old male mice by
bilateral orchiectomy using standard techniques, with the
fully regressed state attained at 4 weeks after castration.
For prostate regeneration by androgen replacement,
testosterone (Sigma, St Louis, MO; A8380) was dissolved
at 25 mg/ml in 100% ethanol, diluted in phosphate buffer
saline (PBS, Gibco, ThermoFisher Scientific, Waltham,
MA) to a final concentration of 2.5 mg/mland 100 pl were
injected by intraperitoneal injection once a day for | to
5 consecutive days. Prostate tissue was collected from
mice, minced into small fragment, digested with 200 U/ml
collagenase IA—S (Sigma; C5894) in Dulbecco’s modified
Eagles medium (DME, Gibco) supplemented with 10%
fetal bovine serum (FBS, Hyclone, South Logan, UT)
(DME-10% FBS) at 37°C for 60 min with gentle agitation.
The digested cells were filtered through a 40-um cell
strainer (BD Biosciences, Franklin Lakes, NJ), washed,
and resuspended in DME-10% FBS.

Immunofluorescence and histological analysis

Tissues sections were obtained and analysed as
previously described [27]. The following antibodies
were used: cytokeratin 5 (1:500, PRB-160P; BioLegend,
San Diego, CA), cytokeratin 14 (1:500, PRB-155P;
BioLegend), cytokeratin 8 (1:500, MMS-162P;
Biolegend), p63 (1:100, sc-8431, clone 4A4; Santa Cruz
Biotechnologies, Santa Cruz, CA), integrin f1 (10 mg/ml,
MAB1997, clone MB1.2, Chemicon, Temecula, CA),
Alexa Fluor 594 phalloidin (1:100, Molecular Probes,
Eugene, OR), alpha smooth muscle actin—cy3 (1:400,
C6198, Sigma), Wifl (1:100, ab33281, abcam, Paris,
France). Secondary antibodies were from Molecular
Probe: Alexa Fluor 594 F(ab’)2 fragment of goat anti-
rabbit IgG (1:1000, A11072), Alexa Fluor 594 F(ab’)2

fragment of goat anti-mouse IgG (1:1000, A11020), Alexa
Fluor 594 F(ab’)2 fragment of goat anti-Rat 1gG (1:1000,
A11007). Pictures were taken either on a LSM 510 META
Confocal Microscope or an Axioplan2 with ApoTome
equipment (Carl Zeiss, Germany).

Fluorescence—activated cell sorting and analysis

Dissociated prostate cells were suspended in DME-
10% FBS, preincubated with purified rat anti-mouse
CD16/CD32 (mouse BD Fc Block) antibody (1:50, BD
Pharmingen, San Jose, CA) at 4°C for 10 min, and stained
with specific antibodies at 4°C for 30 min. Flow cytometry
analysis was performed using a BD FACS Canto II and
analysed by NovoExpress™ software (ACEA Biosciences,
San Diego, CA). Cell sorting was conducted on a BD
FACS Vantage or a BD FACS Aria. Primary antibodies
used were: PE-CyS5 rat anti-human/mouse CD49f (1:100,
BD Pharmingen), APC rat anti-human/mouse CD49f
(1:100, BD Pharmingen), APC rat anti-mouse CD24
(1:100, BD Pharmingen), PE rat anti-mouse Sca-1 (1:100,
eBioscience, San Diego, CA). Isotype controls used were
from BD Pharmingen : PE rat IgG (1:100), PE-Cy5 Rat
IgG (1:100), APC Rat IgG (1 :100). For lineage staining,
biotinylated antibodies used were : rat anti-mouse
CD31 (1:100, BD Pharmingen), rat anti-mouse CD45
(1:100, eBioscience), rat anti-mouse TER-119 (1:100,
eBioscience). Dynabeads M-280 Streptavidin (Invitrogen)
or BD Horizon™ V450-Streptavidin (1 :10000, BD
Biosciences, Franklin Lakes, NJ) were used.

In vitro prostate sphere—forming assays

Dissociated prostate cells were labeled using
antibodies as specified in the text, sorted by FACS,
counted, and suspended in 1:1 Matrigel (BD Biosciences)/
prostate epithelial growth medium (PrEGM) (Lonza,
Walkersville, MD) in a total volume of 100 pl. Samples
were plated in a 6—well plate (Costar) and allowed to
solidify at 37°C for 20 min, before 3 ml of PrEGM was
added. Medium was replaced every 3-4 days; spheres with
a double—layered appearance and a diameter >40 um were
counted at day 10, whereas small or more lucent spheroids
were not counted according to the original description of
the prostate sphere culture technique [31]. To passage
7 day-old spheres, medium was aspirated, and Matrigel
was digested by 1 mg/ml of dispase (STEMCELL
Technologies Inc, Vancouver BC, Canada) at 37°C for 30
min. Spheres were collected, pelleted, resuspended and
digested by 0.05 % Trypsin/EDTA at room temperature
for 5 min. Dissociated cells were passed through a 40-pm
cell strainer, counted and replated.

In vivo prostate regeneration

Mouse prostate regeneration was adapted from
previous reports [18, 29, 33]. Briefly, urogenital sinus
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(UGS) mesenchyme cells were microdissected from day-
19 rat embryos and digested with 1 ml of 1% trypsin at
4°C for 30 min with care to avoid over—digestion. UGS
were then washed with DME-10% FBS and epithelial
tubes were microscopically removed from the opaque
mesenchymal tissue using fine forceps and a needlepoint.
The mesenchymal tissue (UGSM) was digested with
200 U/ml collagenase IA—S in DME-10% FBS at 37°C
for 45 min with gentle agitation. Single cells were passed
by filtration through a 40-pum cell strainer and washed
with DME-10% FBS. UGSM cells were then cultured in
Bfs media [33] for one or two days. Adherent cells were
used for transplantation or frozen in liquid nitrogen. For
transplantation experiments, 2 x 10° UGSM cells were
mixed with dissociated 10° FACS-isolated prostate cells in
10 pl of DME-10% FBS and embedded in 20 ul cold rat—
tail collagen high concentration (BD Biosciences) that was
neutralized before use with NaOH. Collagen was plated
as “buttons” onto a culture dish at 37°C. After collagen
polymerization, buttons were implanted under kidney
capsules of male SCID mice, and a testosterone pellet
(25.0 mg/pellet, 60—day release; Innovative Research of
America, Sarasota, FL) was s.c. implanted at the same
time. Two month later, animals were euthanized and
their kidneys were harvested. The portion of the kidneys
containing the grafts was fixed, embedded in OCT,
sectioned, and stained. All surgeries were performed in
animal facilities using protocol approved by the FHCRC
Animal Care and Use Committee.

Quantitative RT-PCR

Total RNA was extracted using an RNeasy Micro
purification kit (Qiagen, Courtaboeuf, France) and
between 0.1 and 1 pg of total RNA was reverse transcribed
using Quantitect reverse transcriptase kit (Qiagen). One-
tenth of the first-strand cDNA synthesis product was used
as template for the qRT-PCR reactions by using SYBR
green Master Mix (Eurogentec, Angers, France) on a
MX3005MP Stratagene cycler. Primers used have been
previously described for mouse [27] and human [45]
s-SHIP. Other primers are listed in the Supplementary
Material List 1. The thermal cycling program was 95°C
for 20 sec, followed by a hybridization step at 62°C for
30 sec, and an elongation step at 72°C for 45 sec.

Microarrays experiments

Total RNA was extracted with the RNeasy
Plus Micro Kit (Qiagen) and was quantified with the
NanoDrop ND-1000 (ThermoFisher Scientific). Quality
of the extracted RNA was evaluated with the Agilent
2100 Bioanalyzer system (Agilent Technologies, Massy,
France). Forty nanograms of total RNA per sample

was amplified with the Ovation® Pico WTA System
Kit (NuGEN, San Carlos, CA), then two micrograms
of amplified and purified cDNA was labeled with the
SureTag DNA Labeling kit (Agilent Technologies).
Cy3-labeled cDNA samples (2.5 pg) were used for 17-
hour hybridization at 65°C to the SurePrint G3 Mouse
GE 8 x 60K Microarrays (Agilent Technologies).
All procedures were carried out according to the
manufacturer’s instructions. The hybridized microarrays
were scanned with the Agilent DNA Microarray
Scanner (G2505C). Signal intensity was quantified
from the scanned image by using Feature Extraction
software version 11.0.1.1 (Agilent Technologies). These
experiments were performed by Imaxio (Clermont-
Ferrand, France). The data discussed in this publication
have been deposited in NCBI’s Gene Expression Omnibus
[79] and are accessible through GEO Series accession
number GSE73758 (http://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE73758).

Statistical analysis

Data are expressed as mean values + standard
deviation (s.d.) of at least 3 independent experiments. The
statistical analysis was done by using Student’s -test and
p value < 0.05 was considered significant.
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