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An antibody, GC-17, thoroughly characterized for its
specificity for estrogen receptor-b (ER-b), was used to
immunolocalize the receptor in histologically normal
prostate, prostatic intraepithelial neoplasia, primary
carcinomas, and in metastases to lymph nodes and
bone. Comparisons were made between ER-b , estro-
gen receptor-a (ER-a), and androgen receptor (AR)
immunostaining in these tissues. Concurrently, tran-
script expression of the three steroid hormone recep-
tors was studied by reverse transcriptase-polymerase
chain reaction analysis on laser capture-microdis-
sected samples of normal prostatic acini, dysplasias,
and carcinomas. In Western blot analyses, GC-17 se-
lectively identified a 63-kd protein expressed in nor-
mal and malignant prostatic epithelial cells as well as
in normal testicular and prostatic tissues. This pro-
tein likely represents a posttranslationally modified
form of the long-form ER-b , which has a predicted
size of 59 kd based on polypeptide length. In normal
prostate, ER-b immunostaining was predominately
localized in the nuclei of basal cells and to a lesser
extent stromal cells. ER-a staining was only present
in stromal cell nuclei. AR immunostaining was vari-
able in basal cells but strongly expressed in nuclei of
secretory and stromal cells. Overall , prostatic carci-
nogenesis was characterized by a loss of ER-b expres-
sion at the protein and transcript levels in high-grade
dysplasias, its reappearance in grade 3 cancers, and
its diminution/absence in grade 4/5 neoplasms. In
contrast, AR was strongly expressed in all grades of
dysplasia and carcinoma. Because ER-b is thought to
function as an inhibitor of prostatic growth, andro-
gen action, presumably mediated by functional AR

and unopposed by the b receptor, may have provided
a strong stimulus for aberrant cell growth. With the
exception of a small subset of dysplasias in the cen-
tral zone and a few carcinomas, ER-a-stained cells
were not found in these lesions. The majority of bone
and lymph node metastases contained cells that were
immunostained for ER-b. Expression of ER-b in me-
tastases may have been influenced by the local micro-
environment in these tissues. In contrast, ER-a-
stained cells were absent in bone metastases and rare
in lymph nodes metastases. Irrespective of the site,
AR-positive cells were found in all metastases. Based
on our recent finding of anti-estrogen/ER-b-mediated
growth inhibition of prostate cancer cells in vitro , the
presence of ER-b in metastatic cells may have impor-
tant implications for the treatment of late-stage dis-
ease. (Am J Pathol 2001, 159:79–92)

Cellular differentiation and proliferation of prostatic epi-
thelium has long been considered to be primarily medi-
ated by androgens. In this regard, the majority of prostate
cancers are initially responsive to anti-androgenic thera-
pies but eventually become refractory to this form of
treatment.1,2 The first medical anti-androgenic therapy
used to treat men with prostate cancer used estrogens,
primarily acting indirectly at the hypothalamic level to
down-regulate circulating levels of androgens, with re-
sultant degenerative effects on neoplastic cells.3 Para-
doxically, despite its use as an anti-androgen, pharma-
cological doses of estrogens can also induce a marked
proliferative alteration of prostatic epithelium termed
squamous metaplasia, in the glands of a variety of mam-
mals including humans.4–8 The metaplastic change is
initiated by the proliferation of basal cells that subse-
quently differentiate into squamous cells.5,6,8 Importantly,
it has been shown that estrogens alone can directly in-
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duce squamous metaplasia in the regressed prostates of
castrated or hypophysectomized dogs.5,6

Despite the proliferative effects of estrogens on basal
cells, which are the purported progenitor cells of pros-
tatic glandular epithelia,9 the role that the hormone may
play in the abnormal growth of the gland remains unde-
fined. Results from a number of epidemiological10,11 and
experimental studies10–15 have suggested that estro-
gens may be involved in this process.

Effects of estrogens on target tissues are now known to
be mediated by ligand-specific transcription factor re-
ceptor proteins termed estrogen receptor-a and -b (ER-a
and ER-b).16–19 The two isoforms have highly homolo-
gous in DNA-binding domains but significant differences
in acid amino sequences are found in the N-terminal,
hinge region, ligand binding, and F domains.17 Both re-
ceptors are present in many of the same tissues but
differences in organ and tissue distribution as well as in
levels of expression have been reported for the two iso-
forms.17,20,21 In this regard, ER-b mRNA was found to be
predominant over the ER-a isoform in the rat prostate16

and it was also present in human gland albeit in lesser
amounts than in the testis.17 ER-b and ER-a were also
shown to bind to the same ligands with different affinity.21

In addition, after binding to estrogens and anti-estrogens,
the two ER isoforms use different enhancer elements
such as estrogen responsive element and AP1 sites in
promoter regions of gene.22 Taken together, these two
studies suggest that ER-a and ER-b may mediate diverse
downstream effects.22–24

Although the precise biological function of the two ER
isoforms in the prostate is currently undefined,25 in one
study, ER-b knockout mice have been reported to de-
velop age-related prostatic hyperplasia, which suggests
that the receptor may act to inhibit abnormal growth of the
gland.26 In support of this concept, Poelzl and col-
leagues27 have recently reported that ER-b, but not the a
isoform, specifically interacts with MAD2 the cell-cycle
spindle assembly checkpoint protein. Moreover, Lau and
colleagues28 demonstrated that anti-estrogens down-
regulate cell proliferation in human prostate cancer cells
that only express the ER-b isoform. ER-b has also been
found to be involved in mediating estrogen/anti-estrogen
induction of quinone reductase via its interaction with the
electrophile/anti-oxidant response element in the pro-
moter region of the gene.29 It has therefore been pro-
posed that the receptor may be involved in regulating the
expression of anti-oxidant enzymes and thus play a role
in protecting cells against oxidative injury.25,29

Before the discovery of ER-b, ER-a antibodies or in situ
hybridization were used to study ER localization in nor-
mal, hyperplastic, and carcinomatous human prostate
tissues.30–32 Most of these reports showed that ER-a was
predominately localized in the stroma of normal and hy-
perplastic prostates with the occasional detection of the
receptor in basal cells and glandular epithelia. With the
exception of one recent study,33 ER-a immunostaining
was not detected in primary or metastatic prostate can-
cers. To date, there is only one published report of ER-b
localization in the normal human prostate.34 Similarly, one
study has reported ER-b protein expression in human

breast tissues using an antibody developed by the inves-
tigators.35

In the current investigation, we developed a novel
antibody directed against the F domain of ER-b, a region
that has no homology with the a receptor.17 We demon-
strate that this antibody does not cross-react with ER-a.
This reagent was used to immunolocalize the receptor in
morphologically normal glands from the three anatomical
zones of the prostate, dysplasia (also termed “prostatic
intraepithelial neoplasia”—the purported precursor of
carcinoma),36,37 and in primary and metastatic carci-
noma. Laser-capture microdissection/reverse transcrip-
tase-polymerase chain reaction (LCM/RT-PCR) was also
used to study transcript expression of the receptor in
dysplastic lesions and in grades 3 and 4/5 carcinomas.
Results from the studies of ER-b were compared with the
concomitant investigation of androgen receptor (AR) and
ER-a expressions at both immunohistochemical and tran-
script levels. In this manner, changes in the expression of
any of the three receptors could be evaluated as to how
they may relate to the development and progression of
prostatic carcinoma. Differences in receptor expression
between grades 3 and 4/5 were emphasized in our study
because it has recently reported that the percentage of
grade 4/5 carcinoma in a prostatic neoplasm is highly
predictive of disease progression.38

To our knowledge, our report is the first in which anti-
bodies specific for ER-b, ER-a, and AR were used to-
gether with LCM/RT-PCR to compare the expression of
these receptors in normal human prostate, dysplastic
lesions, and carcinoma.

We find that within the epithelial compartment of nor-
mal human prostate, ER-b is predominately localized in
basal cells and to a lesser extent stromal cell nuclei. In
contrast, ER-a was rarely detected in basal cells but was
strongly expressed in stromal cell nuclei.

Expression of the b receptor was diminished in high-
grade dysplasia and grade 4/5 carcinoma of the periph-
eral zone. A similar trend was found at the transcript level
in microdissected tissues. The majority of metastases to
bone and lymph nodes however contained ER-b-immu-
nopositive carcinoma cells. In contrast to ER-b, ER-a
expression at both protein and transcript levels was ab-
sent in all dysplasias but present in a few carcinomas of
the peripheral zone. The a receptor was however ex-
pressed in metastases to two lymph nodes and in the
majority of central zone dysplasias. AR expression re-
mained consistently strong in all grades of dysplasias
and primary carcinomas as well as in metastases.

In summary, we report that a down-regulation of ER-b
expression occurs during prostatic carcinogenesis. This
change may contribute to a loss in growth control pro-
cesses mediated by the b receptor that could amplify the
effects of persisting proliferative stimuli such as those
mediated by AR.

The presence of ER-b as the predominant ER subtype
in most metastases, together with our recent findings that
anti-estrogens binding to the receptor inhibit proliferation
of prostate cancer cells,28 may be useful in devising new
ligand-specific treatments for late-stage disease.
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Materials and Methods

Generation of the GC-17 Polyclonal Antibody

The composition of the immunizing peptide used to gen-
erate the GC-17 rabbit anti-ER-b antibody was selected
with the aid of the computer programs Protean (Dnastar,
Inc., Madison, WI) and Peptool (BioTools, Inc., Edmon-
ton, Alberta, Canada). A peptide sequence in the F do-
main of the human ER-b receptor (amino acids 449 to
465) was selected, because there is no homology with
ER-a at this region.17,39 The peptide was custom synthe-
sized by Research Genetics (Huntsville, AL) with a format
of 4-branch multiple antigenic peptide. Each rabbit (male
New Zealand White (Panigen Corporation Inc., Blan-
chardville, WI), 2–3 kg was first inoculated with 0.5 mg of
peptide antigen with complete Freund’s adjuvant, and
then boosted with 0.25 mg of peptide plus incomplete
Freund’s adjuvant at day 14, day 21, and every 2 weeks
afterward until a satisfactory serum titer was obtained. A
direct enzyme-linked immunosorbent assay (ELISA) was
used to assess the immune responses to the peptide
antigen.40

Methods Used to Test the Specificity of the
GC-17 Antibody

Competitive Inhibition ELISA Assay

The wells of an ELISA plate, Pro-Bind (Becton-Dickin-
son Labware, Franklin, NJ) were coated with a recombi-
nant protein composed of the entire ER-b sequence
(PanVera, Madison, WI) at a concentration of 5 mg/ml.
The GC-17 antibody (1:6000) was then preincubated with
the immunizing peptide at concentrations ranging from 4
mg to 4 mg/ml at room temperature for 30 minutes. In
addition, 4 mg of a control peptide encompassing se-
quences in the N-terminal region of ER-b (Research Ge-
netics) was preincubated with the GC-17 antibody (1:
6000) at room temperature for 1 hour. The resulting
antigen/antibody complexes were then incubated with
the bound recombinant ER-b protein on the ELISA plate
at 37°C for 2 hours. Alkaline phosphatase-conjugated
anti-rabbit IgG antibody (Jackson ImmunoResearch,
West Grove, PA) was used to recognize the GC-17 anti-
body that bound to recombinant ER-b protein on the
plate. The whole complexes were visualized by incuba-
tion with p-nitrophenyl phosphate in 2-amino, 2-methyl,
1,3-propanediol buffer, pH 9.6. Results were quantified
by optical density using the Microplate reader 550 (Bio-
Rad, Richmond, CA). The entire assay was done four
times.

Competitive Immunohistochemistry

Lau and colleagues28 have recently demonstrated that
DU145 and LNCaP cells, both derived from a metastatic
prostate cancer, express abundant ER-b mRNA but not
ER-a message. These cells were used to compliment and
confirm that the GC-17 antibody reagent specifically de-

tected ER-b but not ER-a by immunohistochemical stain-
ing. Using the GC-17 antibody and the anti-ER-a anti-
body (NCL-ER-6F11; Novocastra, Newcastle-upon-Tyne,
UK) at the same dilutions as for tissue sections (see
below), we performed immunohistochemical studies on
10% formalin-fixed cytospins of DU145 and LNCaP cells
that had been routinely processed, embedded in paraf-
fin, sectioned at 5 mm, and mounted on SuperFrost Plus
slides (VWF Scientific, West Chester PA).

We performed peptide competition studies at the im-
munohistochemical level that approximated the condi-
tions used in the ELISA assays described above. GC-17
antibody, at a dilution of 1:6000, was incubated with the
immunizing ER-b peptide at concentrations of 400 and 40
mg at room temperature for 1 hour. In addition, compet-
itive studies were conducted using ER-a recombinant
peptide (400 and 40 mg; Affinity Bioreagents Inc.,
Golden, CO) on DU145 cells. Incubation conditions and
time were identical to those used for the ER-b peptide
competition studies. Deparaffinized sections of DU145
and LNCaP cells and human prostate tissue were then
incubated with these mixtures at room temperature for 1
hour. Competition studies, done on prostate tissues, were
identical to those performed on DU145 cells, except the
peptide and antibody mixtures were incubated overnight
and then applied to sections for 24 hours at room tem-
perature. All of the remaining immunohistochemical and
other staining procedures were identical to those used for
tissue sections (see Immunohistochemical Procedures).

Western Blot Analysis

Four human normal prostate tissues from radical pros-
tatectomies and one normal human testis tissue were
used in this analysis. In addition, we used normal putative
human prostate basal cells (PrEC; Clonetics, Walkers-
ville, MD) and DU145 cells (ATCC, Rockville, MD) for
these studies. Recombinant proteins, ER-a (RP310) and
short form of ER-b (RP311) (Affinity Bioreagents Inc.) as
well as long form of ER-b (PanVera), were included as
controls. Tissues or cells were homogenized in radioim-
munoprecipitation (RIPA) buffer containing 50 mmol/L
Tris-HCl, pH 7.4, 1% Nonidet P-40 (Amaresco, Solon,
OH), 0.5% sodium deoxycholate, 0.1% sodium dodecyl
sulfate (SDS), 1 mmol/L phenylmethylsulfonyl fluoride in
isopropanol, 1 mmol/L activated sodium orthovanadate
and 23 complete proteinase inhibitor cocktail (Boehr-
inger Mannheim, Mannheim, Germany). Twenty-five mg
of tissue protein extracts, 0.5 mg of recombinant ER-a
protein, or 0.5 mg of recombinant ER-b protein were
mixed with 23 SDS loading buffer (125 mmol/L Tris
buffer, pH 6.8, 20% glycerol, 2% SDS, 2% b-mercapto-
ethanol and 1 mg/ml bromophenol blue) and electropho-
resed onto a 10% SDS-polyacrylamide gel under reduc-
ing conditions. The separated proteins were transferred
onto a PolyScreen polyvinylidene-difluoride transfer
membrane (NEN, Boston, MA). The membrane was incu-
bated for 1 hour in blocking buffer [phosphate-buffered
saline (PBS) with 5% nonfat dry milk]. The primary anti-
bodies were applied at 1:6000 for GC-17 ER-b antibody
or 1:5 for 1D5 ER-a antibody (Biogenex, Mountainview,
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California) in PBS-T (PBS with 0.05% Tween-20) buffer
with 0.1% bovine serum albumin for overnight at room
temperature. After washing five times with PBS-T buffer,
the membrane was incubated with horseradish peroxi-
dase-linked donkey anti-rabbit IgG antibody (Amersham
Pharmacia Biotech, Piscataway, NJ) for GC-17 or goat
anti-mouse IgG antibody (NEN) for 1D5 at 1:2500 for 1
hour. The signals were visualized with the chemilumines-
cence ECL detection system (NEN) and autoradiogra-
phy. All reagents were purchased from Sigma (St. Louis,
MO) unless specified.

Prostate Tissues

Formalin-Fixed Radical Prostatectomy Specimens

Tissues studied were from 50 radical prostatectomy
specimens collected by JEM at Stanford University Med-
ical School, during the years 1995 to 1999. Patients
ranged in age from 46 to 73 years of age and none had
received any treatment before their undergoing prosta-
tectomy. Prostates were fixed in 10% buffered formalin
for 24 hours and then sectioned transversely. Tissues
were dissected, fixed in 10% buffered formalin for 3
hours, routinely processed, and embedded in paraffin. A
histopathological diagnosis was made by JEM on a he-
matoxylin and eosin (H&E)-stained section. The criteria
used in the grading of the carcinomas were those de-
scribed by Stamey and colleagues.38 The slide, together
with the corresponding paraffin block, was then sent to IL
at Tufts University where immunohistochemical studies
were performed. At least one section from each case was
stained with H&E and reviewed by IL to assure that it
matched the tissue components in the original slide. Par-
affin sections were cut at 6 mm and mounted on Super-
Frost Plus slides. Sections were left unbaked until used
for immunohistochemical studies.

Among the 50 cases selected for study, 26 contained
areas of carcinoma. Five of these were clear cell carci-
nomas of the transition zone whereas all of the remaining
cancers were found in the peripheral zone. All of the
peripheral zone cancers were composed of mixtures of
grades 3 and 4/5 carcinomas. In contrast, all of the clear
cell carcinomas were predominately grade 3 neoplasms.
Twenty of the peripheral cancer specimens also con-
tained varying amounts of low/moderate- to high-grade
dysplastic lesions. Dysplasia of the peripheral zone was
found in the absence of carcinoma in 6 of the 50 total
cases we studied. Additionally, 7 of the 50 cases, were
low/moderate-grade dysplasias of the central zone that
did not co-exist with cancer. Among the 50 cases, two
specimens each of lesion-free normal peripheral, central,
and the transition zone were included in our study.
Among the cases studied, 15 examples of benign pros-
tatic hyperplasia were either commingled with other le-
sions10 or occurred separately.5

Bone and Lymph Node Metastases

In addition to the prostatectomy cases, archived par-
affin blocks containing bone metastases were obtained

from seven patients of MET that were treated at the
University of Massachusetts Medical Center. The pa-
tients’ ages ranged from 59 to 74 and they were all
clinically stage D2 at the time of diagnosis. All received
anti-androgen treatment as follows: 1) four patients were
orchectomized. One of these patients was given the lu-
teinizing-hormone-releasing-hormone (LH/RH) agonist
Lupron (TAP Pharmaceuticals Inc, Deerfield, IL) and the
AR competitive inhibitor Eulixin (Flutamide; Schering
Corp., Kenilworth, NJ) for 3 months, one treated with
Eulixin for 24 months and the remaining two were not
given any further anti-androgenic therapy. 2) Three pa-
tients were not orchectomized. Two were treated with
Lupron for 8 months and the other with Lupron and Eulixin
for 3 months. Following these anti-andogenic therapies
for the periods noted above, it was determined that all
seven patients were failing therapy. At those time points,
biopsies of suspected bone metastases were obtained
from the iliac crest of each patient. These samples were
immediately fixed in 10% buffered formalin, routinely pro-
cessed, embedded in paraffin, and 6-mm sections were
placed on SuperFrost Plus slides and stained with H&E.
Replicate sections of these lesions were used for immu-
nohistochemical studies.

In addition, we also studied five archived examples of
metastases to regional lymph nodes. Two cases were
obtained from the Department of Pathology at the Univer-
sity of Massachusetts Medical School and the remaining
three were from the University of Florida Medical School
(a generous gift from Dr. William Murphy). The patients
were 60 to 85 years of age. Regional lymph nodes (ex-
ternal iliac and pelvic) were obtained from all patients
during radical prostatectomy. Only one patient had re-
ceived any treatment before surgery (Lupron).

Frozen Tissues for LCM/RT-PCR

Eighteen separate specimens, derived from radical
prostatectomies, were placed in cassettes containing
Tissue Freezing Medium (Triangle Biomedical Sciences,
Durham, NC) and quick-frozen in liquid nitrogen by JEM
and then shipped in dry ice to IL. Approximately 15
minutes elapsed from the surgical removal of the gland to
the initiation of freezing. Formalin-fixed and paraffin-em-
bedded tissue sections, immediately adjacent to the
quick frozen specimens, were also taken for subsequent
immunohistochemical studies (see below).

For diagnostic purposes and lesion selection, tissues
were first cryostat sectioned and then fixed briefly in 70%
ethanol and stained with H&E. The frozen tissue blocks
were then stored at 270°C until they were used for mi-
crodissection. Before LCM, sections from these cases
were found to contain varying amounts of grades 3 and
4/5 carcinomas as well as dysplastic and normal glands.

Procedures

Immunohistochemical Procedures

The following are the primary antibodies and the dilu-
tions used in our studies: anti-ER-b, rabbit polyclonal
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antibody GC-17, diluted at 1:6000; anti-ER-a, mouse
monoclonal antibody NCL-ER-6F11, diluted at 1:50 (No-
vocastra); anti-AR, rabbit polyclonal antibody, diluted to
22.7 mg/ml (Upstate Biotechnologies, Lake Placid, NY);
anti-Mib5/Ki67, mouse monoclonal antibody, diluted at
1:50 (Immunotech, Westbrook, ME); and anti-high molec-
ular weight cytokeratin, mouse monoclonal antibody
34bE12, diluted at 1:50 (Enzo Diagnostics, Farmingdale,
NY). Immunostaining for prostatic-specific antigen (PSA)
was done with a Nexus immunostainer (Ventana, Tucson,
AZ) using prediluted reagents.

Five-mm thick sections were cut and mounted on Super-
Frost Plus slides. Sections were left unbaked until immedi-
ately before use at which point they were baked for 1 hour
at 60°C. After baking, sections were deparaffinized through
three changes of xylene and rehydrated through graded
alcohols into water. Heat-induced epitope retrieval was per-
formed by boiling sections in citrate buffer pH 6.0 (pH 6.2
for ER-b) for 15 minutes on a laboratory hotplate. After
boiling, sections were removed from the hotplate, allowed to
cool at room temperature for 20 minutes, and were then
rinsed thoroughly with water (sections stained for PSA did
not require heat-induced epitope retrieval). Sections were
then placed in 3% hydrogen peroxide for 15 minutes at
room temperature to block endogenous peroxidase,
washed with water, and placed in PBS (Sigma). Sections
were then incubated with Power Block (Biogenex) nonspe-
cific blocking reagent for 10 minutes at room temperature to
reduce nonspecific staining, washed with water, and
placed in PBS. Sections were then incubated with normal
goat serum at 1:50 (Vector, Burlingame, CA) for 15 minutes
at room temperature. The goat serum was then shaken off
and sections were incubated with primary antibodies over-
night at 4°C. After overnight incubation, each section re-
ceived 20 seconds of washing with PBS, 20 seconds of
washing with Biogenex Optimax detergent wash solution,
followed by 10 minutes of washing in PBS on a rotator.
Solutions were changed for every eight slides. After wash-
ing, sections were incubated with either Biogenex Mutlilink
secondary antibody at a dilution of 1:20 for 20 minutes at
room temperature or DAKO (Carpinteria, CA) ready to use
secondary antibody for 10 minutes at room temperature.
Sections were again washed according to the protocol de-
scribed above. Sections were then incubated with either
Biogenex streptavidin-conjugated horseradish peroxidase
at a dilution of 1:20 for 20 minutes at room temperature or
DAKO ready to use streptavidin-conjugated alkaline phos-
phatase for 10 minutes at room temperature. Sections were
again washed as previously described. Immunostaining
was visualized using either Biogenex liquid 3,3-diamino-
benzidine (Biogenex) or DAKO’s New Fuchsin as the chro-
mogen. After development, sections were rinsed in water,
lightly counterstained with 10% Harris modified hematoxylin.

Positive controls for GC-17 included DU145 cells (see
above and Results) and tissue sections of prostate that
were previously shown to be consistently stained with the
antibody. Positive tissue controls for ER-a were human
breast cancers, shown to contain numerous immuno-
stained cells. Morphologically normal human prostate
sections served as positive controls for AR as well as for
anti-high molecular weight cytokeratin and MIB5/Ki-67

stains. For all reagents, negative controls were performed
by substituting the primary antibody with a class-
matched isotype.

LCM and RT-PCR

In all instances, immunohistochemical studies for ER-b
were performed on the paraffin tissue sections that were
adjacent to the frozen sections used for microdissection
and RT-PCR analysis. Frozen sections were cut on a
cryostat at 5 mm and placed on precleaned glass slides
(Fisher Scientific, Pittsburgh, PA) and immediately fixed
in 70% ethanol for 5 seconds. The sections were then
briefly dipped in distilled water, stained with 10% Harris
hematoxylin for 15 seconds, dipped in distilled water,
then successively placed in 70% ethanol for 30 seconds,
briefly immersed in 1% eosin then placed in 95% ethanol
for 1 minute, two changes of 100% ethanol for 1 minute
each, and two changes of xylene for 30 seconds each.
After air-drying for ;30 minutes, tissues were microdis-
sected using a Pixcell 2 LCM unit (Arcturus, Mountain-
view, CA). Eight to 10 normal acini were microdissected
from each of three different cases. Similarly, 10 to 20
dysplastic glands were dissected from four separate
cases of high-grade lesions, and approximately the same
numbers of neoplastic glands were obtained from five
cases of grade 3 and six different examples of grade 4/5
carcinomas. RNA was extracted from each sample and
then separately subjected to RT-PCR analysis. Total cel-
lular RNA was separately isolated using RNA Stat-60
reagent (Tel-Test Inc., Friendwood, TX) according to pro-
tocols provided by the manufacturer. The total isolated
cellular RNA was reverse-transcribed using the Gene-
Amp RNA PCR kit (Applied Biosystems, Foster City, CA)
in total 20-ml reaction mixture and 2 ml of the resulting
cDNA was used in PCR on ER-a, AR, and GAPDH and 3
ml for PCR on ER-b. Hot start PCR using AmpliTaq Gold
DNA polymerase (Applied Biosystems) was used in all
amplification reactions. The enzyme was activated by
preheating the reaction mixtures at 95°C for 6 minutes
before to PCR. The PCR programs were 45 cycles for
GAPDH and 55 cycles for ER-a, AR, and ER-b of 1 minute
at 94°C, 1 minute at 60°C (annealing temperature), and 1
minute at 72°C. This protocol was chosen to minimize
nonspecific product amplification. The primer sequences
for ER-a, AR, and GAPDH were described in our previous
study.28 The primer set for ER-b was newly designed and
the forward primer is 59-GATGAGGGGAAATGCG-
TAGA-39 and the reverse primer is 59-CTTGTTACTCG-
CATGCCTGA-39.

Results

Specificity of the GC-17 Antibody

Competitive ELISA

Preincubation of GC-17 with the immunizing peptide
(C-terminus of ER-b, ERbC) successfully suppressed
binding to the recombinant protein (Figure 1). The sup-
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pression occurred in a concentration-dependent manner
when compared to the control where the antibody was
not preincubated with the immunizing peptide. In con-
trast, preincubation of GC-17 with the control N-terminus
peptide of ER-b (ERbN) did not significantly suppress
binding when compared with the control, indicating that
the antibody was not cross-reactive with this region of the
ER-b protein.

Competitive Immunochemistry

Strong nuclear immunostaining was detected in sec-
tions of DU145 and LNCaP cells that served as positive
controls for the peptide competition studies (Figure 2A).
Preincubation of GC-17 with either 400 mg/ml or 40 mg/ml
of the immunizing peptide ERbC totally abolished nuclear
staining in sections of these cells, when compared with
positive controls where the peptide was omitted (Figure
2B). Identical results were obtained with sections of hu-
man prostate (Figure 2, C and D). In contrast, preincu-
bation of GC-17 with the recombinant ER-a protein failed
to block ER-b immunostaining of DU145 cells by the
antibody (data not shown). These studies confirmed that
GC-17 does not cross-react with ER-a and supports data
from our Western blot findings (see below). Thus, both
the competitive ELISA and competitive immunohisto-
chemistry showed GC-17 to be highly specific for binding
to the ER-b protein.

In addition, DU145 and LNCaP cells, that only express
ER-b,28 were negative when immunostained with the ER-a
(NCL-ER-6F11) antibody. Positive staining of prostate tis-

sues with the ER-a antibody was restricted to stromal cells
(see Immunohistochemistry of Normal Prostate below).

Western Blot Analysis

Using Western blot analysis, GC-17 was demonstrated
to specifically recognize two commercially available re-
combinant ER-b proteins and show no cross-reactivity to
an ER-a recombinant protein (Figure 3; A, B, and C). The
recombinant short-form ER-b protein (RP311) from Affin-
ity Bioreagents Inc. has an estimated molecular size of 53
kd and represents a polypeptide (corresponding to
amino acid residues 43 to 530) translated from the sec-
ond initiation codon of the ER-b transcript.16–18 The re-
combinant long-form ER-b protein (corresponding to
amino acid residues 1 to 530) from PanVera represents
the polypeptide translated from the first initiation codon of
the transcript and has an estimated molecular size of 59
kd. Both short- and long-forms of recombinant receptor
proteins were recognized by the GC-17 antibody as
bands of their predicted sizes of 53 kd (Figure 3B) and of
59 kd (Figure 3C) in the Western blots. Interestingly,
GC-17 recognized a protein of ;63 kd in lysates pre-
pared from the human prostatic cancer cell line DU145
(Figure 3C), the putative human prostatic basal cell cul-
ture PrEC (Figure 3C), as well as from normal human
testis and prostate tissues (Figure 3, B and C). In a
previous study,19 it was demonstrated that transfection of
A549 cells with plasmids carrying a long-form ER-b nu-
cleotide sequence or a short-form ER-b sequence the
polypeptides expressed in cellulo had higher molecular
sizes than those predicted from the numbers of their
amino acid residues. In this regard, the in cellulo-trans-
lated polypeptide from the long-from coding sequence of
ER-b had a molecular size of ;63 kd that is larger than
the predicted size of 59 kd from amino acid length esti-
mation. Similarly, the in cellulo-translated polypeptide
from the short-form nucleotide sequence was ;56 kd
instead of the predicted 53 kd. These data suggest post-
translational modifications of the ER-b molecule occur in
cells. Importantly, our Western blot analyses with GC-17
revealed expression of only a 63-kd polypeptide in
DU145 and PrEC cells as well as in normal prostate and
testes tissues. These findings support the notion that the
long-from ER-b may be the receptor form expressed in
cells and tissues. The level of ER-a protein in human
normal testis and prostate tissues was undetectable with
the 1D5, the anti-human ER-a antibody (Figure 3A) when
ECL-Western blots were exposed to X-ray films for 30
seconds. However, very weak signals derived from the
ER-a protein could be detected when the blots were
exposed to X-ray films for more than 10 minutes.

Immunohistochemistry of Prostate Tissues

Normal Prostate

In morphologically normal ducts and acini, nuclear ER-b
expression was consistently densely localized in nuclei of
basal cells as defined by anti-high molecular weight cyto-

Figure 1. Competitive ELISA. This graphic representation illustrates the con-
centration-dependent competition of the immunizing peptide (ERbC) with
the GC-17 antibody. In addition, preincubation with 4 mg/ml of the control
N-terminus peptide (ERbN) and GC-17 failed to compete out the binding to
the recombinant ER-b peptide, demonstrating the specificity of the antibody.
The GC-17 antibodies, bound to recombinant ER-b protein on ELISA plates,
were recognized by alkaline phosphatase-conjugated anti-rabbit IgG anti-
bodies. The whole complexes were visualized by incubation with p-nitro-
phenyl phosphate. The optical density at 405 nmol/L was measured. The
entire assay was done four times. The column represents the mean value of
optical density at 405 nmol/L of four measurements and the bar represents
the SD. w/o, GC-17 preincubated without peptide antigen.
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keratin staining in replicate sections (Figure 4, A and B).
Strong nuclei staining was absent in secretory cells but
frequently observed in stromal cells. Occasionally nuclear
membrane staining for the receptor was also evident in a

few luminal cells (Figure 4, A and B). ER-a immunostaining
was not present in secretory cells of normal ducts and acini
but individual scattered receptor-positive basal cells were
observed in less than 10% of all sections studied. The a
receptor was however consistently found in stromal cell
nuclei, especially in periglandular locations.

Pronounced nuclear staining for AR was a constant find-
ing in secretory and stromal cell nuclei. In agreement with a
past study,39 variable immunostaining for AR was also ob-
served in individual basal cells of normal glands. No differ-
ence was found in the cellular localization of the three
steroid hormone receptors when the peripheral, transition,
and central zones of the prostate were compared. More-
over, the same localization of the steroid hormone recep-
tors, found in the three normal zones, was also seen in foci
of benign prostatic hyperplasia.

The most consistent immunolocalization for the three re-
ceptors in basal cells was found within periurethral ducts.

Dysplastic Lesions

Immunohistochemical findings in dysplastic and car-
cinomatous lesions are summarized in Table 1.

In the peripheral zone, a consistent pattern of ER-b
expression was found in dysplastic lesions. A secretory

Figure 2. Competitive ER-b immunostaining DU145 cells (A and B) and normal prostate (C and D). A: DU145 cells immunostained in the absence of competing
peptide are shown. Note the strong nuclear staining in the majority of cells (original magnification, 3265). B: After incubation of GC-17 with 40 mg of the
immunizing peptide, there was almost a total absence of cells with positively stained nuclei (compare with A) [original magnifications: 3115 (left), 3350 (right)].
C: Tissue section of normal prostate. In the absence of competing peptide strong immunostaining of cells in the basal layer of glands is seen in this section of
prostate (see also Figure 4, A and B) [original magnifications: 3115 (left), 3230 (right)]. D: A replicate section of the prostate illustrated in C after preincubation
of GC-17 with 40 mg of immunizing peptide. Note the absence of immunostaining in these sections [original magnifications: 390 (left), 3280 (right)]. For details
of the procedures used in these studies see Materials and Methods. All sections were counterstained with 10% Harris hematoxylin.

Figure 3. Western blot analysis. These autoradiographs illustrate the binding
ability and specificity of GC-17 to ER-b protein and its lack of cross-reactivity
with ER-a protein. A and B: Shown from left to right are the ER-a recombinant
protein, short form of ER-b recombinant protein, and tissue lysates from human
testis and normal prostate (1 to 4). C: From left to right are cell lysates of PrEC
and DU145 cells, tissue lysates from human normal prostate (1 and 2), and long
form of ER-b recombinant protein. The recombinant proteins and cell or tissue
lysates were separated with SDS-PAGE gel and the separated proteins were
transferred onto PolyScreen polyvinylidene difluoride transfer membrane. The
blot was incubated with the ER-a monoclonal antibody (A) or GC-17 ER-b
polyclonal antibody (B and C) and the complexes were visualized by the
chemiluminescence ECL detection system followed by autoradiography. Note
that the antibody detects only the ER-a protein using ER-a monoclonal antibody
and GC-17 ER-b polyclonal antibody does not detect the ER-a protein but clearly
identifies single bands for both forms of ER-b recombinant proteins and for the
cell or tissue lysates. These bands correspond to the reported size of the short
and long forms of the receptor (see Results).
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cell localization for nuclear ER-b expression was com-
monly observed in low- to moderate-grade dysplastic
lesions (Figure 4C). The majority of both basal and dys-
plastic secretory cells in these lesions, contained moder-
ate to strongly stained nuclei (Figure 4C). A marked
diminution to total absence of ER-b immunostained nuclei
was a consistent feature in almost all dysplastic cells in

the high-grade lesions we studied (Figure 4D). Staining
was however present in residual basal cells within these
high-grade lesions. Thus, a loss of ER-b staining in high-
grade dysplasias paralleled a decline in receptor-posi-
tive basal cells. In contrast to normal cells, the cytoplasm
of dysplastic cells in lesions of all grades but especially in
high-grade lesions were frequently stained by the GC-17

Figure 4. A and B: Immunolocalization of ER-b in the normal human prostate using the GC-17 antibody. Note the strong staining of cells in the basal layer and
its virtual absence in the nuclei and cytoplasm of secretory cells (best seen in B). Some nuclear membrane staining was however evident in a few secretory cells
(A and B). Nuclear staining is also evident in stromal cells. Original magnifications: 3100 (A), 3400 (B). C: ER-b immunostaining in low/moderate-grade
dysplasia. Moderate to strong expression of the receptor is evident in dysplastic secretory cells. Note also the strongly stained cells in the basal layer (original
magnification, 3400). D: ER-b-immunostained section of high-grade dysplasia. Nuclear staining is almost totally absent in this lesion. In some dysplastic cells light
staining of nuclear membranes is evident. This area of the lesion is almost totally devoid of receptor-stained basal cells. A few residual-stained basal cells are
however evident in the bottom left corner of the lesion. Note the presence of two positively stained basal cells in a portion of a normal gland on the right
(original magnification, 3250). E: ER-a immunostaining in dysplasia of the central zone. The majority of dysplastic cells are immunostained for the receptor in
this lesion. There was however great variation in the percentage of positive cells found in these central zone lesions. Intraluminal pseudo-gland formation seen
here was common in dysplasias of the central zone (original magnification, 3200). All sections were counterstained with 10% Harris hematoxylin.
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reagent, a feature not seen when the primary antibody
was omitted from the incubation or with the use of any of
the other anti-receptor reagents. Similarly nuclear mem-
brane of cells in high-grade dysplastic cells also fre-
quently stained with the GC-17 antibody (Figure 4D).
ER-a-positive dysplastic cells were not present within any
of the peripheral zone lesions we studied.

In marked contrast, ER-a-stained cells were detected
in five of seven (71%) of dysplasias in the central zone
(Figure 4E). There was however great variation in the
numbers (10 to 90%) of immunopositive cells in any given
central zone lesion. In replicate sections, six of these
lesions contained dysplastic cells that were also positive
for ER-b staining.

As previously reported,41 AR was strongly expressed
in the majority (.95%) of dysplastic cells irrespective of
the origin or grade of the lesion.

Grade 3 and 4/5 Carcinomas

A transition from ER-b-positive to ER-b-negative stain-
ing of cells was observed in all 21 cases where cancer
was found in the peripheral zone that paralleled the pro-
gression of the grade 3 carcinomas to the less differen-
tiated grade 4/5 neoplasms. ER-b-positive cells were
found in 13 of 15 (87%) grade 3 carcinomas of the
peripheral zone. The spectrum of expression ranged
from examples where all nuclei in an individual neoplastic
gland were strongly stained (Figure 5A) to instances in
which receptor immunostaining was weak and/or found in
few cells within a given microscopic field. The latter ex-
amples were most often located in areas where a transi-
tion to higher grade carcinoma occurred (Figure 5B).
Unlike their counterparts in the peripheral zone, the vast
majority of cells comprising grade 3 clear cell carcino-
mas in the transition zone were devoid of ER-b immuno-
staining. In two of five cases, scattered receptor-positive
neoplastic cells were however found in a minority of
glands (Figure 5C).

Almost complete absence of ER-b nuclear staining
was seen in all but 3 of 15 (20%) grade 4/5 carcinomas
(Figure 5C). In the majority of cases however staining of

Figure 5. A: ER-b staining in grade 3 carcinoma. Strong nuclear immunostaining
is evident in this grade 3 carcinoma. Light cytoplasmic staining of neoplastic cells
is also present. Although positive immunostaining for the receptor was found in
the majority of grade 3 cancers there was variation in the percentage of stained
cells in any given lesion. This was especially the case in areas of transition from
grade 3 to grade 4/5 carcinoma (see C) (original magnification, 3400). B: ER-b
immunostaining of a clear cell carcinoma in the transition zone. Immunostaining
for the receptor is absent in the majority of cells in this grade 3 clear-cell
carcinoma. Scattered among the negatively stained cells are cells with small
nuclei that are immunopositive for the receptor. The occurrence of these positive
cells was uncommon in clear cell carcinomas. In most of these cancers all of the
cells were unstained for the receptor. Interestingly, in replicate sections, these
ER-b-positive cells were negative for AR immunostaining whereas the reverse
was true for the majority of cells that were negative for the b receptor (original
magnification, 3400). All sections were counterstained with 10% Harris hema-
toxylin. C: ER-b staining in an area of transition from grade 3 to grade 4/5
carcinoma. The majority of nuclei in this cancer are unstained. A few positively
stained nuclei are however seen in two grade 4/5 glands (bottom left) and in
a single cell in a grade 3 gland (bottom right). Light cytoplasmic staining is
evident in most cells. Nuclear membrane staining is also present in many of these
cells. Cytoplasmic staining was common in all grades of dysplasia and carci-
noma. Nuclear membrane immunostaining was however only a feature of
high-grade dysplasias and grade 4/5 carcinoma (original magnification, 3400).

Table 1. Immunohistochemical Findings in Dysplasias and
Carcinomas

Lesion ER-a ER-b AR

Dysplasia/peripheral zone
Moderate grade* 2 1 1
High grade 2 2 1

Dysplasia/central zone* 1 1 1
Carcinoma/peripheral zone

Grade 3 2/1 1 1
Grade 4/5 2/1 2/1 1

Carcinoma/transition zone 2 2 1
Metastatic carcinoma

Bone 2 1 1
Lymph nodes 2/11 1 1

*Data reflects positive staining in dysplastic and basal cells.
Staining restricted to residual basal cells in high-grade dysplasias. 1,
Positive staining in .50% of cases; 2/11, positive staining in 40% of
cases; 2/1, positive staining in ,20% of cases. See text for estimates
of the percent of positively stained cells in each lesion.
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the nuclear membrane was frequently apparent. In the
three cases, positive cells represented only 10% or less
of the total cancer cells in a given lesion and the staining
intensity was usually diminished.

Immunostaining for ER-a was detected in only 2 (7.6%)
of the total 26 cases of primary carcinoma we studied. In
these two instances, a few (,10%) weakly positive cells
were found in both grades 3 and 4/5 carcinomas. Stain-

Figure 6. A: ER-b immunostaining in a prostatic carcinoma metastatic to bone. Note the strong nuclear immunostaining for the b receptor in this metastatic lesion.
The neoplastic cells are localized between spicules of bone. Strong to moderate staining was present in the majority of metastases to bone (original magnification,
3400). B: ER-b immunostaining in a prostatic carcinoma metastatic to an internal iliac lymph node. Strong nuclear immunostaining is evident in this metastatic
lesion. Strong PSA immunostaining of these cells were found (not illustrated). Note that the nuclei of several stromal cells in this lymph node are also positively
stained for the receptor (original magnification, 3400). C: ER-b immunostaining of a prostatic carcinoma metastatic to a lymph node. In this example the metastatic
cells were unstained for the receptor. Cells in this same cancer were however immunostained for ER-a and AR (see D and E). As was the case for the metastasis
illustrated in B these cells were strongly PSA-positive. Note that lymphocytes are strongly stained for the receptor, which was a consistent finding and provided
an internal positive control for immunostaining with the b antibody (original magnification, 3100). D: ER-a immunostaining of the same lesion illustrated in C.
Immunopositive cells are seen scattered throughout this metastatic lesion. In one other case of lymph node metastasis a very few positive cells (,10%) were
present. ER-b was however strongly expressed in that metastatic lesion. Note the absence of ER-a immunostaining of lymphocytes, a consistent finding that was
in contrast to ER-b staining in these cells (original magnification, 3100). E: Representative section of AR immunostaining in metastatic lymph node lesions. Strong
nuclear staining was uniformly found in the majority of cells that comprised these metastatic lesions. Cytoplasmic staining occurred only in metastases from the
patient who had received anti-androgenic therapy. Lymphocytes were lightly stained for AR (original magnification, 3100). All sections were counterstained with
10% Harris hematoxylin.
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ing for the receptor was consistently absent in all clear
cell carcinomas of the transition zone.

Irrespective of grade, strong nuclear AR immunostain-
ing was a constant feature in the vast majority cells
(.95%) comprising cancers of the peripheral zone. Nu-
clear AR immunostaining was also present in almost all
grade 3 clear-cell carcinomas but it was less intense than
that found in peripheral zone carcinomas. Interestingly,
the occasional few cells that were ER-b-positive in these
cancers were found to be negative for AR expression in
replicate sections.

No change in the location or intensity of immunostain-
ing for the three receptors in the stroma was evident in
sections that contained carcinoma.

Metastatic Lesions

Nuclear ER-b immunostaining was present in meta-
static carcinoma cells in bone lesions from all but one of
the seven cases (Figure 6A). The intensity of signal did
however vary from strong to weak staining within cells
comprising the lesions of individual case and/or among
the cases. In three instances, carcinoma cells were sur-
rounded by a prominent desmoplastic response in which
ER-b staining was frequently found in the nuclei of fibro-
blasts. Nucleated hematopoietic marrow cells were also
positive for the receptor whereas mature red cells were
negative, a finding that served as a positive and negative
internal tissue control for ER-b immunostaining in these
lesions.

In contrast to the finding of ER-b immunostaining in foci
of all but one case of bone metastasis, no staining was
observed for ER-a in these lesions. Despite the fact that
all of the seven patients, including the one that lacked
ER-b expression had been given anti-androgenic ther-

apy, nuclear AR staining was observed in most meta-
static cells in the bone biopsies. However AR staining
was also consistently present in the cytoplasm as well as
in the nucleus of metastatic cells, a finding observed in
bone and lymph node lesions from all patients who re-
ceived anti-androgenic therapy (see below).

PSA immunostaining was found in metastatic bone
lesions in four cases but it tended to be scant especially
when compared to lesions in lymph nodes from patients
who did not receive anti-androgenic therapy (see follow-
ing discussion).

Among the five cases of lymph node metastases, two
contained a majority of neoplastic cells (.50%) that were
uniformly strongly stained for ER-b (Figure 6B). In one
case immunostaining for the receptor was absent in the
metastatic cells (Figure 6C) whereas in the remaining two
cases a mix of negative and positively stained neoplastic
cells were found. In one of the two cases, in which strong
receptor expression was detected, the patient had been
treated with the LH/RH agonist Lupron before surgery.
Lymphocyte nuclei were consistently stained for the re-
ceptor and served as an internal positive tissue control in
the two cases in which no receptor was detected in
metastatic cells within the lymph nodes (Figure 6B).

ER-a-immunostained carcinoma cells were found in
two of five cases of lymph node metastases. Both pa-
tients were untreated before surgery. In one of these
cases, ER-b staining was absent in metastatic cells (Fig-
ure 6C). In one case, numerous a receptor-positive cells
(.50%) were mixed with those in which receptor expres-
sion was absent (Figure 6D). Very weak staining for ER-a
was identified in a few cells (,10%) in the other case.

In all five cases, AR immunostaining was present in the
vast majority (.95%) of metastatic cells (Figure 6E). Nu-
clear AR expression was always strong in cancer cells
and with the exception of the case where the patient
received Lupron, cytoplasmic staining was not present in
any of the metastatic cells. Strong PSA immunostaining
was present in the cytoplasm of most metastatic cells in
all cases including the one where the patient had re-
ceived anti-androgenic therapy.

LCM/RT-PCR Analysis

An example of a LCM specimen used in our study is seen
in Figure 7, A and B.

Our findings with RT-PCR analysis for ER-b mRNA on
LCM lesions approximated the results of immunohisto-
chemical studies done on paraffin sections immediately
adjacent to the frozen specimens used for RT-PCR as
well as on other cases (Figure 7C). ER-b transcripts were
detected in two of the three samples of normal prostatic
acini. In contrast, receptor message was found in only
one of four microdissected samples of high-grade dys-
plasias. Sixty percent of grade 3 carcinomas contained
ER-b transcripts whereas receptor message was de-
tected in two of six (30%) of the grade 4/5 cancers. In two
cases where ER-b message was present in grade 3
lesions, grade 4/5 carcinomas sampled within the same
section lacked receptor mRNA expression. In close

Figure 7. A and B: LCM dissection of a grade 3 carcinoma. A: The grade 3
neoplastic gland that was microdissected is seen in the center of this micro-
scopic field (original magnification, 3325). B: The microdissected lesion is
seen on the transfer cap (original magnification, 3325). Both sections were
lightly stained with 10% Harris hematoxylin. C: Results of RT-PCR analysis of
ER-b mRNA on microdissected human normal prostate acini (N-1 and N-2)
and grade 3 (G3–1 and G3–2) and 4/5 (G4–1 to G4–4) carcinomas. Total
RNAs were extracted from the microdissected tissues on transfer cap and
reverse-transcribed. The resultant cDNAs were subjected to PCR analyses.
The amplified products were run into 2% agarose gel with ethidium bromide.
Representative fluorographs for ER-b and GAPDH RT-PCR analyses are
shown.

ER-b, ER-a, and AR in Human Prostate 89
AJP July 2001, Vol. 159, No. 1



agreement with our immunohistochemical findings, AR
mRNA was present in all normal glands, dysplasias,
grade 3 cancers, and all but one of the grade 4/5 carci-
nomas. ER-a transcripts were not detected in any of the
microdissected specimens we studied.

Discussion

In this study we developed and comprehensively dem-
onstrated the specificity of a novel antibody, prepared
against the F domain of ER-b. Using this reagent, to-
gether with antibodies for AR and ER-a, we immunolo-
calized the three receptors in normal human prostate,
preneoplastic lesions, carcinoma, and in metastases.
LCM/RT-PCR was used to assess the expression of the
three receptors at the transcript level.

Using the GC-17 antibody reagent, we now show that
ER-b is predominately immunolocalized in basal cells
and to a lesser extent in stromal cells of the morpholog-
ically normal human prostate. In addition nuclear mem-
brane localization of ER-b was occasionally observed in
secretory cells. Our current studies have also confirmed
past reports30,31 that ER-a is detected in stromal cells
and rarely in basal cells of the normal gland. As previ-
ously reported,41–43 we found that AR was predominately
localized in the nuclei of differentiated secretory cells and
variably in basal cells of the normal acinar/duct unit as
well as in stromal cells. The finding of all three receptors
in stromal cells is compatible with the concept that they
transduce steroid hormone signals to epithelial cells by a
paracrine mechanism.43 In this regard, Hall and col-
leagues44 have reported that ER-b functions as a trans-
dominant inhibitor of ER-a transcription and that it acts to
decrease overall cellular sensitivity to estradiol. Therefore
the b isoform, when co-localized with the a receptor in
stromal cells, may play a critical role in regulating para-
crine signaling from these cells to epithelia. However the
presence of ER-b as virtually the sole ER subtype in basal
cells, the purported precursor of secretory cells,9 sug-
gests that estrogens, acting through the receptor, may
directly modulate the growth of these cells. In this con-
text, it should also be noted that AR is variably expressed
in basal cells.41,42 Thus, proliferative signals mediated by
AR in basal cells or by ER-a and AR in stromal cells may
be opposed by the purported growth-inhibitory action of
ER-b25–28 localized in basal cells.

Before the discovery of ER-b5,6 we reported that the
separate administration of androgens and estrogens to
hypophysectomized and castrated dogs induced
marked proliferation of basal cells. Additionally, each
hormone was found to direct distinct pathways of cell
differentiation culminating in either squamous cells with
estrogens or prototypic glandular cells with androgens.6

Thus, although paracrine stimulatory signals emanating
from stromal cells likely contributed to these effects, the
direct action of the hormones mediated through their
cognate receptors in basal cells may have also played a
role. In either case results from these studies indicate that
basal cells are major targets for the effects of steroid
hormones in the prostate.

Mindful of these findings it was therefore of particular
interest to trace the expression of ER-b, normally local-
ized in basal cells, and AR during prostatic cancer de-
velopment and progression.

The transition from normal to low/moderate dysplastic
glands in the peripheral zone was marked by the appear-
ance of ER-b homogeneously immunostained nuclei in
secretory as well as basal cells with no changes in the
localization of the other receptors.

The expression of ER-b was diminished in high-grade
dysplasias when compared to normal glands and lower
grade lesions. Because the receptor is predominately
localized in basal cells in the normal gland, this finding is
consistent with the reported depletion of these receptor-
positive cells in the majority of high-grade dysplasias.37

ER-b staining was present in the majority of grade 3
carcinomas of the peripheral zone but was greatly dimin-
ished or absent in most grade 4/5 carcinomas. Interest-
ingly nuclear membrane staining was evident in many
cells in high-grade dysplasias and grade 4/5 carcino-
mas. The precise meaning of this finding is currently
undefined but seems to represent the localization of ER-b
that occurs with neoplastic progression and could reflect
alteration in receptor function. Recently, the promoter of
human ER-b gene has been cloned and showed regions
of CpG islands.45 The diminution of ER-b expression in
high-grade dysplasias and grade 4/5 cancers may be
therefore related to the alteration of DNA methylation
pattern in CpG islands of the promoter, resulting in down-
regulation of the receptor at the transcriptional level.

While the underlying mechanism(s) for these findings
in dysplasias awaits further investigation, based on the
proposed anti-proliferative function of the receptor,25–28

the presence of ER-b in secretory cells of low/moderate-
grade lesions may represent a transient abortive attempt
to counter growth of these cells. In contrast, the attrition of
receptor-positive basal cells in the high-grade dysplasias
may signify a continuing loss of growth inhibitory function
mediated by ER-b in these precursor lesions. The reap-
pearance of the b receptor in most grade 3 carcinomas
and its possible effects on cancer growth is perplexing
but may be related to the more favorable prognosis re-
ported for these well-differentiated neoplasms.38

Interestingly, in contrast to grade 3 carcinomas of the
peripheral zone, expression of the b receptor was
present only in a few scattered cells that comprised clear
cell cancers of the transition zone. The differences in b
receptor expression between the two grade 3 cancers
likely reflect a distinct biology inherent in neoplasms with
the clear cell phenotype.

Although absent from peripheral zone lesions, ER-a
staining was however found in dysplastic cells in most
lesions of the central zone. This finding may reflect sus-
pected biological differences46 as well as distinct path-
ways of hormone responsiveness between the zones of
the human prostate that could play a role in the patho-
genesis of these lesions. Interestingly, the central zone is
rarely the site of origin for prostate cancer.47

Our findings of RT-PCR analysis for ER-b mRNA ex-
pression on microdissected specimens approximated re-
sults from our immunohistochemical studies, indicating
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that receptor expression was down-regulated at both the
transcriptional and translational levels in high-grade dys-
plastic and 4/5 grade neoplastic lesions. Our findings in
prostate therefore differ from those reported for human
colon cancer in which Folley and colleagues48 demon-
strated that a selective loss of ER-b protein but not re-
ceptor message expression occurs in these neoplasms.
These authors attributed the loss of ER-b protein in colon
cancers to be from posttranscriptional modifications of
the receptor.

In our study ER-a expression was limited to only a
small subset of dysplastic lesions in the central zone and
to a very few primary carcinomas in the peripheral zone.
Our findings therefore differed from those of Bonkhoff
and colleagues33 who found immunostaining for the re-
ceptor in high-grade dysplasias and grade 4/5 carcino-
mas. Using in situ hybridization these authors also re-
ported that a high percentage of dysplasias and
carcinomas in their study contained cells that expressed
ER-a message. These results again differed from our
findings as we did not detect ER-a message in any
dysplasias or primary carcinomas we studied using the
highly sensitive and specific LCM/RT-PCR analysis.

Unlike ER-b, AR was consistently strongly expressed
at both the transcript and immunohistochemical levels,
irrespective of grade, across the spectrum of preneo-
plastic lesions and carcinomas we studied. These results
are in agreement with our past studies of AR in dyspla-
sias41 and those of others in both primary and metastatic
carcinomas.49 Importantly, results from a past study50

demonstrated the presence of structurally intact AR that
functionally binds androgen in the majority of both hor-
mone-dependent and -independent carcinomas. Our
current findings, together with those cited above, sug-
gest that AR is expressed and functional in the majority of
high-grade dysplasias and primary prostate cancers. It is
therefore possible that continued androgen-mediated
stimulation of dysplastic and tumor cells, coupled with
the apparent loss of ER-b expression, may enhance car-
cinogenic progression as well as the growth of estab-
lished prostatic carcinomas.

One of the most intriguing findings in our study was the
high percentage of cases (83%) where the expression of
ER-b was present in prostatic carcinoma cells metastatic
to bone and regional lymph nodes. In marked contrast,
ER-a staining was absent in all but two cases where
receptor-positive cells were found in lymph node metas-
tases.

Although 58% of the patients with metastatic lesions in
our study had been given anti-androgen therapy, positive
staining for ER-b was also present in cancer cells within
the lymph nodes of three individuals that had not re-
ceived this treatment. The presence of ER-b in metastatic
cells from patients who did or did not receive anti-andro-
genic treatment suggests that blocking of androgen ac-
tion was not a primary cause for the expression of the
receptor in these sites.

It is tempting to speculate that the new tissue micro-
environment in which these metastatic cells are found
may have provided local factors that influenced the ex-
pression of ER-b and to a lesser extent ER-a in these

sites. In this context, it has been reported that bone
fibroblasts produced growth factors that induced human
prostate cancer growth.51 Alternatively, the metastatic
process may, in some undefined manner, have favored
the spread of cells with either ER isoform from the primary
cancer.

In summary, we demonstrate that a consistent pattern
of lost ER-b expression at both the transcriptional and
translational levels occurs during prostatic carcinogene-
sis and tumor progression. This may signify the loss of an
important role the receptor would normally play in inhib-
iting growth of the prostate that could contribute to neo-
plastic development. The continued expression of pre-
sumably functional AR throughout these processes, as
well as other undefined factors, may therefore exert per-
sistent unopposed growth stimulus acting on these cells.

The cause of ER-b expression and the effects that it
may have on the growth of metastatic cells remains to be
defined. The presence of the b isoform in these cancer
cells may however have important ramifications for the
treatment of patients with late-stage disease. In this re-
gard, we recently reported that estrogens as well as
anti-estrogens are potent growth inhibitors of human
prostate cancer lines that express both ER isoforms.28 In
contrast, the growth of cells such as DU145, which only
express ER-b, was markedly inhibited by the anti-estro-
gen ICI 182,807. These findings together with results
from our current studies may therefore be helpful in de-
vising new ligand-specific strategies for treating patients
with metastatic prostate cancer.
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