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Context: Like other tissues, the prostate is an admixture of many different cell types that can be
segregated into components of the epithelium or stroma. Reciprocal interactions between these 2
types of cells are critical for maintaining prostate homeostasis, whereas aberrant stromal cell prolif-
eration can disrupt this balance and result in diseases such as benign prostatic hyperplasia. Although
the androgen and estrogen receptors are relatively well studied for their functions in controlling stromal
cell proliferation and differentiation, the role of the progesterone receptor (PR) remains unclear.

Objective: The aim of the study was to investigate the expression and function of the PR in the
prostate.

Design and Setting: Human prostate biopsies, renal capsule xenografts, and prostate stromal cells
were used. Immunohistochemistry, Western blotting, real-time quantitative PCR, cell proliferation,
flow cytometry, and gene microarray analyses were performed.

Results: Two PR isoforms, PRA and PRB, are expressed in prostate stromal fibroblasts and smooth
muscle cells, but not in epithelial cells. Both PR isoforms suppress prostate stromal cell proliferation
through inhibition of the expression of cyclinA, cyclinB, and cdc25c, thus delaying cell cycling
through S and M phases. Gene microarray analyses further demonstrated that PRA and PRB reg-
ulated different transcriptomes. However, one of the major gene groups commonly regulated by
both PR isoforms was the one associated with regulation of cell proliferation.

Conclusion: PR plays an inhibitory role in prostate stromal cell proliferation. (J Clin Endocrinol
Metab 98: 2887–2896, 2013)

The prostate gland consists of not only the epithelium
but also supporting stroma hosting smooth muscle

cells, fibroblasts, endothelial cells, and infiltrated inflam-
matory cells (1, 2). Reciprocal interactions between the
epithelium and stroma are critical for maintaining pros-
tate homeostasis and normal prostate function (2). Aber-
rantly increased proliferation of smooth muscle cells and
fibroblasts disrupt this balance, and this is thought to re-

sult in abnormal benign prostate growth referred to as
benign prostatic hyperplasia (BPH). Therefore, it is im-
portant to understand the homeostatic mechanisms that
control the growth of prostate stromal cells if we want to
develop better treatments to prevent or suppress BPH.

The androgen receptor (AR) and estrogen receptor
(ER) are expressed in prostate stromal cells and play im-
portant roles for stromal cell proliferation and differenti-
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ation (3–5). Belonging to the same steroid receptor family
as AR and ER, the progesterone receptor (PR) was also
reported to be expressed in the prostate (6 –11), but
there is little known regarding its role or function in
normal or abnormal prostate growth. PR shares exten-
sive homology with the AR protein, including 83%
identity in the DNA binding domain (DBD) (12). Pro-
gesterone (P4) is synthesized by testes and adrenal
glands and is used as a precursor for androgen biosynthesis
in men. Its concentration in systemic circulation is in the
range of 0.64–4.45 nmol/L (http://cclnprod.cc.nih.gov/dlm/
testguide.nsf), high enough to activate prostatic PR. Several
reports attempt to localize PR protein expression to the var-
ious cells of the prostate (7, 9, 10), but these reports are
contradictory because some claim that PR is specific to stro-
mal cells (9, 10), whereas the other (7) finds PR protein in all
prostatic cell populations. Radio-ligand binding assays have
established that PR is only present in the cytosol of stromal
cells (10).Moreover,efforts todescribePRexpressionand/or
function in prostate cells are complicated by the fact that
thereare2distinctPRisoforms: thefull-length(PRB),andthe
N-terminal truncated isoform (PRA), which lacks the acti-
vation domain 3 unique to PRB (13). PRA and PRB differ-
entially regulate gene expression (14), and this further con-
founds efforts to determine PR functions in the prostate
gland. Among various functions is the regulatory role of PR
in cell proliferation. P4 treatment of breast cancer cells has
both stimulatory and inhibitory effects on their growth (15).
These actions are mediated by PR through modulating the
expressionofcyclinD,cyclin-dependentkinase inhibitors, as
well as the kinase activities of CDK2 and CDK4 (16–19).
Multiple mechanisms are involved that either regulate gene
promoters directly or regulate them indirectly through sig-
naling via c-src, epidermal growth factor receptor, and
MAPKs(20,21).Here,wedescribeourefforts tobetterchar-
acterize PR expression in the various cell compartments of
the human prostate gland through using immunohistochem-
istry (IHC) and to determine the impact of PRA or PRB on
prostate stromal cell growth and gene expression.

Patients and Methods

Radical prostatectomy specimens from 27 patients were ob-
tained from the prostate tissue bank of the Vancouver Prostate
Centre, University of British Columbia. Ten samples were from
benign prostates, and 17 samples were from tissues with well-
differentiated untreated prostate cancers (Gleason pattern 3).
Four additional prostate tissue samples were freshly collected
from prostate cancer patients undergoing radical prostatectomy
(see Figure 2A). Tissue (1-cm3 samples) from the transitional
zones (left side or right side) were homogenized by Precellys 24
homogenizer (Bertin Corp., Rockville, Maryland) to extract pro-
tein lyses. Detailed information on each tissue sample was shown

in Figure 2A. All patients signed an informed consent to a pro-
tocol that was reviewed and approved by the University of British
Columbia Clinical Research Ethics Board (certificate no.
H09-01628).

Detailed information on renal capsule xenograft model, pros-
tate stromal cell lines, and experimental procedures including
lentiviral transduction, cell proliferation assay, Western blot-
ting, real-time quantitative PCR (qPCR), flow cytometry, and
gene microarray analyses are described in the Supplemental Data
(published on The Endocrine Society’s Journals Online web site
at http://jcem.endojournals.org).

Results

PR is expressed in subset populations of prostate
stromal cells

IHC with the PR antibody (SP2; AbCam, Toronto, On-
tario, Canada) was performed on human prostate biopsy
samples (n � 27) from radical prostatectomy specimens
containing either benign or well-differentiated prostate
cancer tissues. Morphological analyses showed that
among all these regions, PR was expressed only in the
nuclei of a subset of prostate stromal cells (Figure 1). The
luminal and basal epithelium as well as inflammatory and
endothelial cells in the prostate stroma were PR negative.
This observation was consistent in all specimens. This se-
lective IHC signal was blocked by the presence of a PR-
derived peptide corresponding to the immunogen used to
derive the antibody, but not by a control peptide (Supple-
mental Figure 1A). Additionally, 3 other commercially
available anti-PR antibodies all showed the same stromal-
specific localization of PR (Supplemental Figure 1B). Fi-
nally, the anti-PR SP2 antibody detected different PR lev-
els on a human tissue microarray containing tumors with
differing PR protein levels (Supplemental Figure 2). West-
ern blots showed the presence of both PR isoforms in ho-
mogenates of various prostate tissue samples (Figure 2A).
PRexpressionvariedamongpatient samples,possiblydue to
different ratios of stroma:epithelium or the amounts of ex-
tracellularmatrix ineachspecimen.Because thePRantibody
detected both PRA and PRB isoforms, we also performed
IHC with the PRB-specific antibody (clone C1A2; Cell Sig-
naling Technology, Danvers, Massachusetts). Similarly to
total PR IHC signals, PRB was also expressed only in the
nuclei of a subset of prostate stromal cells (Figure 2B). Cur-
rently, there is no PRA-specific antibody available.

Because only a subset of prostate stromal cells were PR
positive, we costained prostate tissue slides with PR and
smooth muscle �-actin (�-SMA) antibodies to further
characterize the phenotype of PR-positive stromal cells by
IHC and immunofluorescence (Figure 3 and Supplemental
Figure 3). �-SMA is a protein marker for cells with smooth
muscle phenotype. We observed 3 distinct groups of stro-
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mal cells expressing: 1) both PR and �-SMA; 2) PR only;
and 3) �-SMA only. These observations were consistent in
both cancer and benign stroma in our specimens, suggest-
ing that PR was expressed in stromal cells with fibroblast
and or smooth muscle phenotypes. Similar observations
were also obtained in tissues costained with PRB and
�-SMA antibodies (Supplemental Figure 4).

Both PR isoforms inhibit prostate stromal cell
proliferation

To study PR function, we collected primary cultured
human prostate stromal cells from various donors, includ-
ing commercially available PrSC cells (Lonza, Walkers-
ville, Maryland) and laboratory original HPS-19I, HPS-
19B, and HPS-33F cells (22). Two other immortalized
human prostate stromal cells are WPMY-1 (American
Type Culture Collection, Manassas, Virginia) and CAF
(23). PR protein was not detected in any of these cells
(Figure 4A), although various levels of �-SMA and vimen-
tin were expressed. However, when WPMY-1, CAF, or
HPS-19I cells were combined with BPH-1 cells and grafted
under the renal capsule of immunodeficient mice, PR pro-
tein expression was restored, as was demonstrated by IHC
(Figure 4B and Supplemental Figure 5). Additionally, rat
urogenital sinus mesenchyme/BPH-1 cell tissue recombi-
nants retrieved from subrenal xenografts of immunodefi-
cient mice also showed that many cells in the stroma of the
tissue recombinant were PR positive (Supplemental Figure
6). Based on our ability to observe restoration of PR ex-
pression in stromal cells of cell/tissue recombinants, we
then attempted to introduce exogenous PR to our PR-

negative prostate stromal cell lines to identify the effects of
each PR isoform on cell growth and gene expression.

We chose WPMY-1, CAF, and HPS-19I cells to further
characterize PR function because they expressed different
levels of �-SMA and vimentin. WPMY-1 has the lowest
level of �-SMA, HPS-19I expresses no vimentin, and CAF
has relatively high levels of �-SMA and vimentin. To study
the function of each PR isoform among these different
prostate stromal cells, we exogenously expressed PRA or
PRB through transduction using lentiviral expression vec-
tors. Stably transduced WPMY-1 and CAF cells were ob-
tained after antibiotic expression, whereas HPS-19I cells
were transiently transduced with PRA or PRB lentivirus.
PR isoform expression after transduction was confirmed
by Western blotting (Supplemental Figure 7). Transcrip-
tional activities and cellular localization of each PR iso-
form in the presence of with or without P4 were also tested
in these cells. Cell proliferation assays showed that both
PR isoforms repressed cell proliferation rates in all 3 types
of stromal cells, indicating the general inhibitory impacts
of PR to stromal cell growth (Figure 4, C–E). These PR
actions were not affected by P4 treatment.

PR regulates prostate stromal cell cycling
Next, we applied Western blotting and real-time qPCR

techniques to measure expression levels of cyclins and cell
division cycle 25 (cdc25) family members. PRA inhibited
cyclinA, cyclinB, and cdc25c in both protein and mRNA
levels in WPMY-1 cells independent of P4 treatment (Fig-
ure 5, A–F). Similar observations were also noted from
CAF cells (Supplemental Figure 8A). PRB inhibited cy-

Figure 1. Whole-mount sections of human prostate biopsies (n � 27) were stained with the PR (SP2) antibody by IHC. Four regions within 1
section (ID no. 7219) were amplified: peripheral zone (benign prostate), peripheral zone (cancer prostate), transitional zone, and ejaculatory duct.
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clinA and cyclinB in both mRNA and protein levels
ligand-independently but only suppressed cdc25c in the
presence of P4. Overexpression of PRA and PRB had no
impact on cyclinE, cdc25a, and cdc25b protein levels
(Supplemental Figure 8, B–E). Interestingly, PRA dra-
matically increased cyclinD expression in these cells,
but did not affect cell populations at the G1 phase of the
cell cycle, possibly representing a compensative re-
sponse by stromal cells.

Fluorescence-activated cell sort-
ing (FACS) analyses were used to de-
termine the effects of PR expression
on cell cycle progression of these
cells. WPMY-1 cells (mock trans-
duced or PRA or PRB expressing)
were synchronized at G0/G1 by se-
rum starvation for 48 hours. Cells
were then replenished with 10%
charcoal stripped serum in the pres-
ence of �/� 10 nM P4 for 0–28
hours. FACS assays measured the
cell populations at each cell cycle
phase, and data were plotted over the
time course. Decreased G0/G1 cell
population represented the G1-S cell
cycle transition, whereas increased
G2/M population represented the
S-G2 phase transition (Figure 5G).
Expression of PRA and PRB did not
alter the G0/G1 cell population until
24 hours in the absence of P4. PRB
expression delayed the G1-S transi-
tion starting at 20 hours after P4
treatment. Consistently, PRA and
PRB also delayed the S-G2 phase
transition at both the 24- and 28-
hour time points (Figure 5H). These
PR effects were not altered by P4,
consistent with repression of cyclinA
expression by both isoforms ligand-
independently. These same cells
were also synchronized at G2/M
phase by nocodazole treatment and
then released for an additional 0 to 6
hours. FACS assays also measured
G2/M cell populations and were
plotted over the time course. De-
creased cell population at G2/M
phases represented the M-G1 phase
transition. PRA expression delayed
M-G1 transition at 1 and 3 hours, but
by 6 hours there was no significant
difference compared to mock cells

(Figure 5I). PRB expression also inhibited the M-G1 phase
transition, but only at the 1-hour time point. Those PR
impacts were consistent with the effects of PR expression
on cyclinB levels in these cells. Treatment with P4 further
delayed the M-G1 phase transition at all time points in
PRB-expressing cells, supporting PRB inhibition of
cdc25c expression. Similar inhibitory effects of PR expres-
sion on cell cycling were also observed in CAF and HPS-

Figure 2. A, Four prostate tissue samples from transition zones were collected to extract whole
cell proteins. Protein extracts (100 �g) were separated on a protein gel together with 5 �g of
protein lysates from T47D cells and Western blotted with PR antibody. Information on these 4
tissue samples is also described. B, Whole-mount sections of human prostate biopsies (n � 27)
were stained with PRB-specific antibody (C1A2). Four regions within the section (ID no. 7219)
were amplified: peripheral zone (benign prostate), peripheral zone (cancer prostate), transitional
zone, and ejaculatory duct. LT, left side; RT, right side.
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19I cells (Supplemental Figure 9). Together, these results
showed that both PR isoforms targeted the S and M phases
to inhibit prostate stromal cell cycling.

PRA and PRB regulate different gene transcription
in prostate stromal cells

Next, we applied gene microarray technology to profile
the transcriptome regulated by each PR isoform in pros-
tate stromal cells. WPMY-1 cells expressing mock, PRA,
and PRB were treated with �/�P4 for 24 hours. Global
gene expression profiles compared PRA- or PRB-express-
ing cells with mock infected cells using the GeneSpring
microarray expression analysis software. P4 treatment did
not significantly affect gene expression in mock trans-

duced WPMY-1 cells, supporting the
PR negativity in these cells. Com-
pared to mock transduced cells,
5456 genes were significantly af-
fected by the expression of PRA or
PRB in the presence or absence of P4.
A Venn diagram (Figure 6A) shows
that PRA and PRB regulate different
transcriptomes in the WPMY-1 cells,
with less than 10% of the genes com-
monly regulated by both PR iso-
forms. Real-time qPCR measured 8
representative genes regulated by
each PR isoform in the presence of
�/�P4, and these outcomes con-
firmed the results predicted by our
microarray studies (Figure 6B).

Gene ontology (GO) analysis fur-
ther characterized the key cellular
processes regulated by each PR iso-
form. Among the 5456 PR-regulated
genes, 32 GO annotation terms were
enriched in PRA-regulated genes
(P � .001), and 93 GO annotation
terms were enriched in PRB-regu-
lated genes (P � .001). All GO terms
represented at least 20 genes in each
gene group. Top-ranked 15 GO an-
notated gene groups were listed in
Figure 6, C and D. Interestingly, al-
though PRA and PRB regulated dif-
ferent transcriptomes, one of the
most top-ranked gene groups af-
fected by both PR isoforms is in-
volved in regulation of cell prolifer-
ation (GO:0042127). Within this
gene group, 87 genes were regulated
by PRA (P � 1.5 � 10�6), and 160
genes were regulated by PRB (P �

1.2 � 10�8). Top 20 gene information is listed in Figure
6F. Other gene groups commonly regulated by both PR
isoforms were those involved in the regulation of cell death
(GO:0010941), cell adhesion (GO:0007155), cell motion
(GO:0006928), response to wounding (GO:0009611),
and response to hormone stimulus (GO:0009725). These
affected gene groups suggest that both PR isoforms mod-
ulate prostate stroma growth and structural remolding in
responses to external stimuli. In addition, we also ob-
served distinct gene signatures that were not shared by the
2 PR isoforms. Genes involved in vascular development
were preferentially regulated by PRA, whereas genes in-
volved in intracellular signaling and nitrogen compound
metabolism were differentially regulated only by PRB.

Figure 3. A whole-mount section of human prostate tissue (ID no. 7219) was costained with PR
and �-SMA antibodies by IHC (A) or by immunofluorescence (B). In IHC studies, PR antibody was
detected by UltraMap Anti-Rb HRP, whereas �-SMA antibody was detected by UltraMap Anti-Ms
Alk Phos (Ventana Medical Systems, Oro Valley, Arizona). In immunofluorescence studies, PR
antibody was detected by Alexa Fluor 568 (Invitrogen, San Diego, California), whereas �-SMA
antibody was detected by Alexa Fluor 488 (Invitrogen).
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Discussion

Our studies confirm that both PR isoforms are expressed
in a subset of prostate stromal cells. These PR-positive
stromal cells can be further grouped by their phenotypes
of smooth muscle and/or fibroblast. AR and ER were also
shown to be expressed in a subset of prostate stromal cells
and to play important roles in prostate development and
disease processes. We are now trying to determine whether
the subset of PR-positive prostate stromal cells also ex-
presses AR or ER. However, based upon our evidence that

PR expression has functional consequences on prostate
stromal cell proliferation and gene expression, we propose
that PR also likely functions through its effects on the
mixed stromal cell compartment of the tissue and/or the
cross talk between these cells and prostate epithelial cells.

When exogenous PR was introduced into the cultured
prostate stromal cells, PR-expressing cells did not prolif-
erate as robustly as cells that do not express PR. Further
studies manifested the suppressive effects of PR on stromal
cell cycle S and M phase transition and the expression of

Figure 4. A, Whole cell lysates from human prostate stromal cells (60 �g) and T47D breast cancer cells (5 �g) were separated on a protein gel
and Western blotted with antibodies against PR, �-SMA, and vimentin. Vinculin and �-actin levels were used as loading controls. B, One million
WPMY-1 cells were recombined with 0.5 million BPH-1 cells and grafted under renal capsule in SCID mice for 2 or 4 weeks (n � 3/time point).
Xenograft tissues were fixed and immunostained with PR (SP2) antibody. Note that SP2 antibody only recognizes PR protein from human or rat. C
and D, WPMY-1 and CAF cells were infected with lentivirus to express mock, PRA, or PRB. Cells were maintained in phenol red free medium
containing 10% charcoal stripped serum for 48 hours and then seeded in 96-well culture plates for proliferation assay over 0–8 days. E, Human
primary cultured HPS-19I cells were transiently infected with lentivirus encoding mock, PRA, or PRB. Cells were then seeded in 96-well culture
plates in the presence of �/� 10 nM P4. Cell proliferation rates were measured over 0–16 days.
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cyclinA, cyclinB, and cdc25c in the cells. In contrast, pro-
longed P4 treatment also decreases breast cancer cell pro-
liferation, but through modulating cyclinD and CDK2 in-
hibitors, resulting in G1 cell cycle arrest (24). The possible
explanation for the different PR signaling could be that
prostate stroma is differentiated from the mesoderm,
whereas breast epithelium is developed from endoderm
during embryo development. Moreover, PRA inhibited
the expression of cyclinA, cyclinB, and cdc25c in a ligand-
independent manner, whereas PRB inhibited the levels of
these proteins in both ligand-dependent and ligand-inde-
pendent fashions. Together with gene microarray data,
our results suggest that PRA and PRB expression delays
prostate stromal cell cycle progression through different
mechanisms. PR-suppressive effects on prostate stromal
cell proliferation may also explain why none of our cul-
tured prostate stromal cells express PR protein. Culture
conditions may select for the most robustly growing stro-
mal cells that lack PR expression. The evidence that tissue
recombinants (under the renal capsule) created from pros-
tate stromal cells admixed with BPH-1 cells showed that
the stromal cells reacquire PR expression. It suggests that
the epithelium-stroma interactions are important for
maintaining PR expression in the stromal cells. Collec-
tively, our results support the idea that the presence of

functional PR in prostate stromal cells may be involved in
homeostatic regulation of adult prostate tissue.

Exogenous expression of PRA or PRB also has differ-
ential effects on the transcriptomes of prostate stromal
cells. Our microarray gene profiling results showed that
less than 10% of PR-targeted genes were commonly reg-
ulated by both PR isoforms (Figure 6A). But it is of further
interest that, although the overwhelming majority of genes
changed by PR expression are different between the A and
B isoforms, one of the main gene groups commonly reg-
ulated by both PR isoforms is the one associated with the
control of cell proliferation (Figure 6, C and D). Differ-
ential activities of PRA and PRB were reported in several
other cell contexts and knockout mouse models (14, 25).
These differences were previously shown to be related to
the presence of the 2 leucine motifs within the C-terminal
activation domain 3 domain of PRB that changes its af-
finity for coactivator binding, resulting in different tran-
scription activities when compared to PRA (26–28).

PR actions in uterine mesenchymal cells were relatively
well studied, when compared with that in prostate stroma.
P4/PR signaling stimulates leiomyoma cell proliferation
under estradiol-primed conditions (29). Antiprogestins ef-
fectively reduce leiomyoma tumor sizes, emphasizing the
mitotic effects of PR to aberrant myometrial cell growth

Figure 5. A–F, Lentivirus infected WPMY-1 cells expressing mock, PRA, or PRB were maintained in phenol red free medium containing 10%
charcoal stripped serum for 48 hours. Cells were treated with either vehicle or 10 nM P4 for 24 hours. Real-time qPCR and Western blotting assays
measured mRNA and protein levels of cyclinA, cyclinB, and cdc25c. G and H, Cells were synchronized by serum starvation for 48 hours and then
were supplemented with 10% charcoal stripped serum plus �/�10 nM P4 for 0–28 hours. Cells were collected at each time point and subjected
to FACS assays. G0/G1 and G2/M cell populations were counted and plotted over the time course. I, Cells were synchronized by 0.1 �g/ml
nocodazole for overnight and then released for 0–6 hours. G2/M cell population was counted and plotted over the time course. *One-way
ANOVA analyses compared among cells expressing mock, PRA, and PRB with P � .05. #Comparisons between �/�P4 treatments with P � .05.
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(30). In normal endometrium stroma, PR was shown to
inhibit DNA synthesis in endometrial epithelial cells in the
presence of estradiol (31). These observations support the
hypothesis that PR is in coordination with ER to maintain
uterine epithelium-stroma homeostasis. Our study also
showed mutual regulations between ER� and PR signal-
ing in prostate stromal cells (Supplemental Figure 10) and
suggested that both receptors may participate in balancing
epithelium and stroma growth in the prostate. This hy-
pothesis is further supported by the gene microarray data
that identify PR-regulated genes involved in cell prolifer-
ation, cell death, and remodeling. PR may also regulate
expression of secretory factors by stromal cells and affect
both stromal and epithelial cell proliferation through
paracrine pathways. The AR is also expressed in prostate
stroma. Due to the high homology in the DBDs of AR and
PR, it is hypothesized that AR and PR commonly regulate
downstream gene transcription. However, dihydrotestos-

terone-stimulated AR did not affect mRNA levels of genes
that were strongly regulated by PR in WPMY-1 cells (Sup-
plemental Figure 11, A and B), nor did proliferation rates
of WPMY-1 cells (Supplemental Figure 11C). Further-
more, when comparing gene microarray data between
AR- and PR-regulated genes in the same WPMY-1 cell
context, there was only partial overlap between AR-and
PR-regulated genes (Supplemental Table 1). In fact, PRA
and PRB regulated different transcriptomes in prostate
stromal cells in the current study as well as in studies in
other cell contexts from previous reports, although they
have the identical protein sequences in DBDs and ligand-
binding domains. These results together led us to hypoth-
esize that AR and PR mediate different functions in pros-
tate stroma. The possible explanations could be that the
expression levels of steroid receptor coregulators in cer-
tain prostate stromal cell populations may be favorable to
coactivating one receptor over the other. In addition, AR

Figure 6. A, Venn diagram showed gene transcription regulated by either PRA or PRB in the presence of �/� 10 nM P4 from gene microarray
analyses. Unpaired t test with P value � 0.05, a fold change � 2.0, and a Benjamini-Hochberg multiple testing correction were applied. B,
Validation of 8 representative genes regulated by either PRA or PRB in the presence of �/� 10 nM P4 was performed by real-time qPCR. C and D,
GO analysis on the 5654 genes regulated by either PRA or PRB was performed by using the online tool from DAVID Bioinformatics Resources. Both
gene numbers and P values of specific gene groups were listed. F, Within the gene group of regulation of cell proliferation, top-ranked 15 genes
regulated by PRA or PRB in the presence of �/� 10 nM P4 were listed.
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or PR may regulate gene transcription through protein
associations with other transcriptional factors, such as ac-
tivator protein-1 and nuclear factor �B, rather than re-
ceptor-DNA interactions on targeted gene promoters.

In summary, we defined the expression of PR isoforms
in the human prostate and provided new insights into PR
functions in prostate stromal cell proliferation. The P4/PR
signaling was well known for its wide range of other func-
tions including differentiation, anti-inflammatory action,
and prevention of uterine smooth muscle (25, 32, 33).
Whether those PR functions are also involved in the pros-
tate and have any association with prostate diseases such
as BPH and prostate cancer warrants further investiga-
tion. Fully characterizing the complicated PR signaling
will require multiple animal knockout models, tissue re-
combination grafts, and in vitro cell models.
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