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Abstract

The goal of our Phase | proposal was to investigate the role played by a recently discovered, estrogen receptor (ER)
subtype, ER-B, in human prostate carcinogenesis, and in growth regulation of a prostate cancer cell line (DU145). The
rationale for our proposed studies was a) we and others found expression of ER-B, but not ER-a transcript, the prostatic
epithelium of the rat; b) localization of ERp in basal cell of the human prostate and its augmented expression in prostatic
intraepithelial neoplasia (PIN) lesions, ¢) expression of ERB, but not ER-a,, in an androgen independent prostatic cell line
DU145, and d) cell growth inhibition of DU145 cells by antiestrogens [4-hydroxytamoxifen (4OH-TAM) or IC1182,780 (ICl)]
and not by estrogens [estradial-17p (E2) or diethylstilbestrol (DES)]. These findings led us to hypothesize that 1) selected
antiestrogens, via ERp signaling, exerted inhibitory action on prostatic cancer cell growth, and 2) altered
expression of ERp is involved in the genesis of human PIN lesions and its progression to higher grades. To test
these novel ideas we proposed: Specific Aim 1-DU145 cells are to be treated with estrogens/antiestrogens to determine ff,
and which of, these compounds inhibit cell growth, regulate expression of two estrogen-regulated genes (PR and pS2),
and/or induce apoptosis/cell growth inhibition. An ERp antisense oligodeoxynucleotide (ODN) is used to determine receptor
subtype-specificity. Specific Aim 2-Immunostaining of sections from discarded human radical prostatectomy specimens to
determine if expression of ERp is upregulated in PIN lesions, and semiquantitative RT-PCR is conducted on RNA extracted
from microdissected tissues to determine if levels of ERB mRNA concomitantly increase.

Significant progress has been made during the 18 months. Under Specific Aim 1, the proposed works have been
completed and the results had been published in Cancer Research Journal (see attached reprint of the article) and reported
in the first progress report. Briefly, semi-quantitative RT-PCR analyses revealed that normal prostatic epithelial cells
(PrECs) in primary cultures expressed only transcripts of ER-B, but not those of ER-ar, along with messages of PR and pS2,
two estrogen-regulated genes. However, expression patterns of ER subtypes and their regulatory genes in malignant PrECs
(DU145, PC-3) were highly variable. Moreover, estrogens/antiestrogens exerted growth inhibitory actions on prostatic
cancer cells in a ER subtype-specific manner. In PC-3 cells, which expressed both ER subtypes, estrogens as well as
antiestrogens effectively inhibitored cell growth. In contrast, in DU145 cells, which expressed only ER-B, antiestrogens, but
not estrogens, were growth inhibitors. ICl consistently elicited a more potent response than 40H-TAM. With ER-B
antisense ODN, the results supported that this inhibitory effects of antiestrogens on DU145 cells is mediated via ER-B
associated pathway. In addition, we demonstrated the antiestrogen-induced cell growth inhibition in DU145 cells may be
due to the induction of cell cycle arrest at GO-G1 phase. It leads to our ongoing study of antiestrogens/ ERJ regulated
genes in DU145 cells and it potentially can discover previous-unidentified cell cycle control genes which are regulated by
ERB. Under Specific Aim 2, Using GC17 we showed that in normal prostates, ERp, but not ERa, was strongly expressed
in the nuclei of basal epithelial cells. ERP expression was transiently elevated in early PIN lesions, but progressively
diminished in higher grade PIN lesions. Similarly, ERp immunostaining was markedly diminished in Gleason grade 3 and
4 adenocarcinomas and absent in higher-grade cancers. Interestingly, ERP expression reappeared in metastatic prostatic
carcinomas in bone and lymph nodes. The results were compared to ERa and androgen receptor expressions in those
samples. Taken together, our findings, and reports that ERpB regulates expression of electrophile-processing phase Ii
enzymes, strongly implicate ER-B as an antitumorigenic molecule in normal PrEC and therefore loss of ERpB-regulated
expression of antioxidant enzymes may favor neoplastic development and progression. This paradigm-shifting
hypothesis will be tested in our Phase Il research in order to expand the horizon for developing new strategies for
prostate cancer prevention. The reappearance of ERB expression in metastatic foci may allow to treat patients
with late stage disease with antiestrogens which we have shown to inhibit prostatic cancer cell growth in vitro.
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Report Body

1. Progress
Task 1-Use DU145, an androgen-independent prostatic cancer cell line, in culture systems to determine a) if

estrogens/antiestrogens exert a growth inhibitory action on cell growth, and/or regulate ERp, and PR mRNA expression, b)
if the estrogen/antiestrogen-induced inhibition of cell growth is mediated by induction of apoptosis, c) if exposure of DU145
cells to an antisense oligonucleotide of ERB will abrogate the estrogen/antiestrogen-induced growth inhibitory effects.
(Negotiated time line for completion of Task 1 is 18 months, to be completed during Year 1 and Year 2)

Summary of work accomplished under Task 1:

We have essentially completed all the proposed work mendated under Task 1, except the study of induction of
apoptosis in antiestrogen-induced inhibition of DU145 cell growth. The results of the completed studies under Task 1 had
been published in June 15, 2000 issue of Cancer Research (see attached reprint of the article) and had been reported in the
first annual 18 months report. To determine whether induction of apoptosis and/or cell cycle arrest arefis related to the
antiestrogen-induced DU145 cell growth inhibition, we conducted flow cytometry analysis of DNA content in antiestrogen-
treated DU145 cells. Results showed cell cycle arrest at G0-G1 phase in the DU145 cells treated with ICI-182,780 for 24
hours but no evidence of induction of apoptosis (Figure 1).
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Figure 1. Data of flow cytometry analysis of DNA content in control and IClI-treated DU145 cells. DU145 cells were treated with 10-5M ICI for 24 h
and fixed with ice-cold 70% ethanol for at least 24 h. The fixed cells were stained with propridium iodide for 30 min at 4°C and loaded onto flow
cytometer. The vehicle (100% ethanol) treated cells were used as control. (A) & (B) DNA content histograms of control and ICI-182,780-treated cells
(C) Percent of cells at GO-G1 phase of control and ICl-treated cells. n = 3; column = mean; bar = standard deviation; * = p < 0.01 compared to
control cells.

Task 2-Using discarded human radical prostatectomy specimens we will determine a) Whether the expression of ERB is
upregulated in human prostatic intraepithelial neoplasia (PIN), and b) if levels of ERB mRNA, determined by
semiquantitative RT-PCR on laser microdissected tissues increase in accordance with the grade of the lesion. (conducted
during year 2 and year 3)

Summary of work accomplished under Task 2:
A comprehensive manuscript documenting our findings accomplished during years 2 and 3 has been accepted for

publication in July 2001 issue of the The American journal of pathology (see attached preprint of the article). A summary
of our findings is outlined below. Our studies were conducted on 50 radical prostatectomy specimens (formalin—fixed,
paraffin embedded), 7 specimens of metastases to bone, 5 lymph node specimens, containing metastatic foci and 18
samples of prostate tissue that was quick frozen in liquid nitrogen for subsequent laser microdissection.

As discussed in our previous progress report our first task was to find and characterize a highly specific antibody
reagent for ERR that would be used for immunohistochemical localization of the receptor in tissue sections. This reagent
would allow us to compare the expression of the receptor at both the transcriptional and translational levels. Although there
are numerous reagents for the receptor that are commercially or privately available close scrutiny of several of these
antibodies, by us and others, have found them to be nonspecific and/or cross reactive with ERc. During the current grant
period, in collaboration with investigators at BIOGENEX labs., we have developed and characterized an antibody reagent
called GC-17 that meets all of the criteria of specificity. GC-17 is a polyclonal antibody directed against amino acid
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sequences 449-465 in the F-domain of ERB that has no homology with its o isoform. To prove its specificity we carried
out comprehensive studies on human tissues which included: competitive inhibition ELISA assays, Western blot analysis on
human prostate and testis homogenates, and competitive immunohistochemistry (see attached manuscript for details).
Results from Westemn blot studies were compared subsequent RT-PCR. Summarizing we find: a) GC-17 specifically
identified ERB in Western blots as well as in tissue sections by immunohistochemistry. Whereas GC-17 identified both short
and long forms of ERB only the long form (63kD) was detected in human prostate cells, prostate cancer cells and
human testes (Figure 2). In marked contrast, using a well-characterized antibody for the ERa receptor, we find that the
level of ERo. protein was undetectable in these same tissues. To our knowledge this is the first report which fully
characterizes an antibody specific for ERP in human tissues, reports that the long form of the receptor is solely
expressed the human prostate and testes and that the a isoform is expressed at very low to undetectable levels in
these tissues. We next studied and compared the immunolocalization and transcript expression of ERS, the a isoform and
the androgen receptor (AR) in normal prostate, hyperplastic, low /moderate PIN lesions, grades 3 —4/5 primary cancers and
in metastases.
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Figure 2: Western Blot Analysis: These autoradiographs illustrate the binding ability and specificity of GC-17 to ER-P protein and its lack of cross
reactivity with ER-ou protein. (Panels A and B) Left to right: ER-o recombinant protein, short form of ER-B recombinant protein, and tissue lysates
from human testis and normal prostate (1-4). (Panel C) Left to right: Cell lysates of PrEC and DU145 cells, tissue lysates from human normal
prostate (1-2), 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® PVDF transfer membrane. The blot was incubated with the ER-o. monoclonal
antibody (Panel A) or GC17 ER-B polyclonal antibody (Panels B and C) and the complexes were visualized by chemiluminescence ECL detection
system followed by autoradiography. Note that the antibody detects only the ERa protein using ER-a monoclonal antibody and GC17 ER-B
polyclonal antibody does not detect the ERa: protein but clearly identifies single bands for both forms of ER-f3 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.

Using the GC-17 reagent we show that the ERp receptor is predominately immunolocalized in the nuclei of basal
cells of normal ducts and acini of the human prostate with a lesser presence in stromal cells (Figure 3). Low/moderate
grade PIN lesions were characterized by the presence of ERp -positively stained nuclei of basal and dysplastic
cells. With progression to high grade PIN the expression of ERp was markedly diminished (Figure 3). Primary grade
3 carcinomas of the peripheral zone were in contrast strongly positive for the B receptor whereas its expression in
grade 4/5 cancers was negligible to absent (Figure 4). In contrast, ERB staining was almost totally absent in nuclei
of grade 3 clear cell carcinomas of the transition zone (data not shown), indicating that this phenotype differs from
its peripheral zone counterpart. Significantly, strong positive immunostaining for the receptor was a constant

feature in metastases to lymph nodes and bone (Figure 5). The results were summaried in Table 1.

F|gure 3: Panels A & B: Immunolocalization of ER-B in the normal human prostate using the GC 17 antlbody 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 panel B). Some nuclear membrane staining was
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however evident in a few secretory cells (Panels A & B). Nuclear staining is also evident in stromal cells. (X100) panel A and (X400) panel B. Panel
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. X 400. Panel 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 lower left corner of the lesion. Note the presence
of two positively stained basal cells in a portion of a normal gland on the right (X250).

s

Figure 4: Panel 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 percent of stained cells in any given lesion. This was especially the case in areas of transition from grade to grade 4/5 carcinoma
(see panel C) (X400). Panel C: ER-B staining in an area of transition from grade 3-4/5 carcinoma. The majority of nuclei in this cancer are unstained.
A few positively stained nuclei are however seen in two grade 4/5 gland (lower left corner) and in a single cell in a grade 3 gland (lower 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 grade of dysplasia and carcinoma. Nuclear membrane immunostaining was however only a feature of high grade dysplasias and grade 4/5
carcinoma (X400).

Figure 5: Panel A: ER-B immunostaining in a prostatic carcinoma metastatic to bone. Note the strong nuclear immunostaining for the 8 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 (X400). Panel B: ER-B immunostaining in a prostatic carcinoma metastatic o 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 (X 400).

Table 1: Immunohistochemical findings in dysplasias and carcinomas
Lesion ER-a ER-B AR
Dysplasia / Peripheral zone

Moderate grade* - + +

High grade - - +
Dysplasia /Central zone* + + +
Carcinoma/ Peripheral zone

Grade 3 [+ + +

Grade 4/5 1+ 1+ +
Carcinoma/ Transition zone - - +
Metastatic carcinoma

Bone - + +

Lymph nodes ++ + +

* Data reflects positive staining in dysplastic and basal cells. Staining restricted to residual basal cells in high-grade dysplasias. + = Positive staining
in >50% of cases; -/++ = Positive staining in 40% of cases; -/+ = Positive staining in< 20% of cases. See text for estimates of the % of positively
stained cells in each lesion.
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~ In contrast to ERB expression of the o isoform was limited to the stromal cells of the normal human prostate.

Interestingly ERa. expression was found in dysplasias of the central zone, a region of the gland where prostate cancer is
exceptionally rare (i.e. <3%). Moreover expression of the alpha-receptor was absent in all metastatic bone lesions and rare
in lymph node metastases.

Expression of AR was consistently present in all dysplastic and neoplastic lesions irrespective of grade. In addition
the receptor was strongly expressed in all metastatic lesions.

RT-PCR studies of laser microdissected grade 3 and 4/5 cancers paralleled our findings at the
immunohistochemical level. Thus, we find that in grade 4/5 carcinomas no transcripts of ER( were evident whereas
they were strongly present in microdissected normal acini and grade 3 carcinomas (Figure 6).
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Fig. 7: Panels A & B, LCM dissection of a grade 3 carcinoma. Panel A: The grade 3 neoplastic gland that was microdissected is seen in the center of
this microscopic field (X325). Panel B: The microdissected lesion is seen on the transfer cap (X325). Both sections were lightly stained with 10 %
Harris hematoxylin. Panel C; Results of RT-PCR analysis of ER-8 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 - 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 anaylses were shown.

Results from our study indicate that prostatic carcinogenesis is characterized by a progressive loss of ER}
expression. Taken together, with our past published report and those of others (Lau et al 2000, Krege et al 1998) which
indicate that ERPB probably acts to inhibit prostatic cell growth, the current findings are consistent with the concept that loss
of the receptor expression is permissive of progressive growth of transformed cells. In this regard the continued
expression of AR throughout the carcinogenic process would suggest that androgen action, unopposed by the inhibitory
effects of ERp, could enhance tumor progression. The reappearance of ERB expression in metastatic foci may reflect
undefined influences of the new microenvironment. If the receptor proves to be functionally intact in these foci it may be
feasible to treat patients with late stage disease with antiestrogens which we have shown to inhibit prostatic cancer
cell growth in vitro. In this regard based on the findings from this study we will soon initiate these studies in
collaboration with Astra/Zeneca pharmacueticals Inc..

2. Key Research Accomplishments
¢ Induction of cell cycle arrest at G0-G1 phase was shown in antiestrogen-treated cells, suggesting that this alteration
in cell cycle might be related to the antiestogen-induced cell growth inhibition in prostate cancer cells.
e ERp, but not ERa, expression was found in the nuclei of basal epithelial cells but not luminal cells in normal human
prostate.
e ERP expression was transiently elevated in early PIN lesions, but progressively diminished in higher grade PIN
lesions.
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o ERP immunostaining was markedly diminished in Gleason grade 3 and 4 adenocarcinomas and absent in higher-
grade cancers and reappeared in bone and lymph node metastatses.

3. Reportable outcomes

Presentations: 1) Dr. Shuk-Mei Ho (PI). Title: Estrogen regulation of prostate cancer growth and progression. In: The
Endocrine Society’s 83 annual meeting at Denver, CO. June 20-23, 2001. 2) Dr. Shuk-Mei Ho (PI). Title: Novel estrogenic
and antiestrogenic actions on ovarian and prostate cancer cells. In: Hormones and Cancer 2000 meeting, Port Douglas,
Australia. Nov 4-8, 2000.

Publications and Manuscripts in preparation; 1) Lau KM., LaSpina M., Long J and Ho, S-M Expression of estrogen
receptor (ER)-a and ER-f in normal and malignant prostatic epithelial cells: Regulation by methylation and involvement in
growth regulation. Cancer Research 2000, 60:3175-3182. 2) Leav |, Lau KM, Adams J, McNeal J, Taplin ME, Wang J,
Singh H and Ho, S-M. Comparative studies of the estrogen receptors B and o and the androgen receptor in normal human
prostate glands, dysplasia, and in primary and metastatic carcinoma. American Journal of Pathology, (in press and in July
issue). 3) Lau KM and Ho S-M. Induction of GO-G1 cell cycle arrest by antiestrogens in prostate cancer cells (in
preparation).

Clinical Trials: Dr. Mary Ellen Taplin, co-investigator, will submit a protocol for a Clinical Il study to use ICI to treat
advanced prostate cancer patients at our Medical Center.

4, Conclusion

Our 18-month progress was on target and had generated findings/outcomes of high relevancy to the treatment and
prevention of prostate cancer. A) We demonstrated that Induction of cell cycle arrest at GO-G1 phase is related to the
growth inhibitory effects of antiestrogens (ICI-182,780) on DU145 which expressed a sole estrogen receptor (ERp). This
finding raised the possibility that antiestrogens could regulate cell cycle control genes via ERB and leads to our ongoing
study of antiestrogen/ ERp regulated genes using cDNA microarray to identify previous-unidentified cell cycle control genes
which are involved in this antiestrogen-induced cell growth inhibition in DU145 cells. B) Our immunocytochemistry studies
unequivocally indicated exclusive ERpB expression in basal epithelial cells (BCs) of the normal prostate. Its transient
upregulation in low grade PIN and loss of expression in high grade PIN and carcinomas suggest that ERB-regulated
functions may offer protection against neoplastic transformation of BCs in the normal prostate. The reappearance
of ERp expression in metastatic foci may allow to treat patients with late stage disease with antiestrogens which
we have shown to inhibit prostatic cancer cell growth in vitro. It leads to a new clinical trial on using ICI-182,780 in
advanced prostate cancer patients in our institute (see reportable outcome).

5. Reference
K.M. Lau, M. LaSpina, J. Long, S.-M. Ho, Cancer Res. 60, 3175 (2000).
J.H. Krege, et al., Proc. Natl. Acad. Sci. U.S.A. 95, 15677 (1998).

6. Appendices
1). Abstract Title: Estrogen regulation of prostate cancer growth and progression. In: The Endocrine Society’s 834

annual meeting at Denver, CO. June 20-23, 2001.

2). Reprint: Lau KM., LaSpina M., Long J and Ho, S-M Expression of estrogen receptor (ER)-c. and ER-f in normal and
malignant prostatic epithelial cells: Regulation by methylation and involvement in growth regulation. Cancer Research
2000, 60:3175-3182.

3). Reprint: Leav |, Lau KM, Adams J, McNeal J, Taplin ME, Wang J, Singh H and Ho, S-M. Comparative studies of the
estrogen receptors p and a and the androgen receptor in normal human prostate glands, dysplasia, and in primary and
metastatic carcinoma. American Journal of Pathology, (in press and in July issue).
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ESTROGEN REGULATION OF PROSTATE CANCER GROWTH AND
PROGRESSION
SM Ho,' KM Lau,' I Leav,’Y Chung.! !Department of Surgery, Division of Urology,
University of Massachusetts Medical School, Worcester, Massachusetts; ZD.epartmenr of
Pathology, Tufts University Medical School, Boston, Massachusetts

Normal and malignant prostatic functions are now known to be regulated by estro~
gens. We recently demonstrated that several prostatic cancer cell lines (DU145 and PC-
3M) expressed onl the estrogen receptor (ER)-beta subtype. These cell lines also ex-
pressed two estrogen-responsive genes, progesterone receptor and pS2. Their growth was
curbed by antiestrogens such as tamoxifene and ICI-182,780 but not by estrogens. Treat-
ment of these cells lines with ER-beta antisense oligonucleotide effectively reversed the
growth inhibitory action of antiestrogens, thus suggesting that ER-beta mediates the ac-
tion of antiestrogens. In addition, we recently developed a ER-beta-specific antibody di-
rected against the F domain of the receptor. Using this reagent, we found that within the
morphologically normal prostatic acini, ER-beta was expressed only in the basal cell
compartment and not in the luminal cell compartment. It was rarely detected in stromal
cells. In contrast, ER-alpha was seldom detected in basal epithelial cells but often ex-
pressed in stromal cells. Expression of ER-beta was progressively diminished in high-
grade PINs as compared to low-moderate PINs. Similarly, a distinct loss of ER-beta ex-
pression was noted in high-grade 4/5 carcinoma when compared to grade 3 carcinoma.
Interestingly, the majority of metastases to bone and lymph nodes exhibited strong ER-
beta immunopositivity. In contrast, ER-alpha expression was absent in all PINs and un-
commonly expressed in carcinomas in primary or metastatic sites. In summary, we ob-
serve downregulation of ER-beta expression occurs during prostate cancer development
in the primary site but reappearance of the receptor in metastatic carcinomas. These
changes in ER-beta expression may contribute to a loss in growth control regulation in
normal and malignant prostatic epithelial cells. The presence of ER-beta as the predomi-
nant ER subtype in most metastases, together with our findings that antiestrogens, via
ER-beta activation, inhibit cancer cell growth may be useful in devising receptor ligand-
specific treatments for late stage disease. Supported in part by DAMD17-98-1-860.
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Expression of Estrogen Receptor (ER)-a and ER-$ in Normal and Malignant
Prostatic Epithelial Cells: Regulation by Methylation and Involvement in

Growth Regulation”

Kin-Mang Lau, Mark LaSpina,? John Long, and Shuk-Mei Ho®

Division of Urology, Department of Surgery, University of Massachusetts Medical School, Worcester, Massachusetts 01655 [K-M. L., S-M. H.], Department of Biology, Tufts
University, Medford, Massachusetts 02155 [K-M. L., M. L.] and Urological Clinic, New England Medical Center, Boston, Massachusetts 02111 [J. L.]

ABSTRACT

The aim of the current study is to demonstrate normal and malignant
prostatic epithelial cells (PrECs) as targets for receptor-mediated estro-
genic and antiestrogenic action. Using an improved protocol, we have
successfully isolated and maintained highly enriched populations of ner-
mal PrECs from ultrasound-guided peripheral zone biopsies, individually
determined to be morphologically normal. Semiquantitative reverse tran-
scription-PCR analyses were used to determine whether transcripts of
estrogen receptor (ER)-« and those of ER-f3 were expressed in our normal
PrEC primary cultures, in a commercially available PrEC preparation
(PrEC; Clontech), in an immortalized PrEC line established from a
benign prostatic hyperplasia specimen (BPH-1), and in three prostatic
cancer cell lines (LNCaP, PC-3, and DU145). Expression levels of ER-a:
and ER-f transcripts were related to those of two estrogen-responsive
genes [progesterone receptor (PR) and pS2}, at the message levels, to gain
insights into the functionality of the ER subtypes in PrECs. Interestingly,
only transcripts of ER-B, but not those of ER-o, were found in our
primary cultures of normal PrECs, along with both PR and pS2 mRNA.
These data strongly suggest that estrogen action was signaled exclusively
via ER-$ in normal human PrECs. In contrast, PrEC (Clontech) and
BPH-1 cells expressed both ER-& and ER-B transcripts and no PR nor
pS2 mRNA in PrEC and only a minimal level of PR mRNA in BPH-1.
Among the three prostate cancer cell lines, LNCaP expressed ER-f8
mRNA along with transcripts of PR and pS2, DU145 expressed messages
of ER-$ and PR, and PC-3 cells exhibited ER-a, ER-f, and pS2 mRNA.
Thus, unlike normal PrECs, expression patterns of these genes in malig-
nant PrECs are more variable.

Treatment of prostate cancer cells with demethylation agents effectively
reactivated the expression of ER-o mRNA in LNCaP and DU145 and that
of pS2 message in DU145. These findings provide experimental evidence
that ER-« gene silencing in prostate cancer cells, and perhaps also in
normal PrECs, are caused by DNA hypermethylation.

To evaluate the potential of using antiestrogens as prostate cancer
therapies, we have assessed the growth-inhibitory action of estrogens
(estradiol and diethylstilbestrol) and antiestrogens (4-hydroxy-tamoxifen
and ICI-182,780) on PC-3 and DU-145 cells. In PC-3 cells, which express
both ER subtypes, estrogens as well as antiestrogens are effective inhibi-
tors. In contrast, in DU145 cells, which express only ER-f, antiestrogens,
but not estrogens, are growth inhibitors. By comparison, ICI 182,780 is
the more effective cell growth inhibitor. Importantly, the ICI 182,780-
induced antiproliferative effects were reversed by cotreatment of DU145
cells with an ER-B antisense oligonucleotide, hence lending additional
support to a central role played by ER-$ in mediating growth-inhibitory
action of antiestrogens.
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INTRODUCTION

Charles Huggins pioneered the use of the synthetic estrogen, DES,*
in the treatment of advanced PCa in the early 1940s (1). The action of
DES was thought to be mediated via a blockade of the pituitary-
testicular axis, which effectively lowered circulating levels of andro-
gen and caused tumor regression (2). However, recent investigations
have demonstrated that DES exerts direct growth-inhibitory effects on
prostatic cancer cells via induction of mitotic arrest or apoptosis
(3-6). Unfortunately, because of serious adverse effects induced by
the estrogenicity of DES (feminization, exacerbation of heart failure,
vascular complications, gynecomastia, and impotence), the xenoestro-
gen has lost its attractiveness as a mainstay treatment for advanced
PCa (7). Clinical use of TAM, a nonsteroidal estrogen mixed agonist/
antagonist, was introduced in the 1980s as an alternative to DES in the
treatment of PCa. It was better tolerated than DES but only produced
low response rates (8~-12). It was therefore concluded that further
investigation of TAM in advanced PCa treatment was not warranted.
Of late, two recent developments have rekindled interests in using
antiestrogens as therapeutics for PC: (a) pure estrogen antagonists
(e.g., ICI-164,384 and ICI-182,780; Ref. 13) and selective estrogen
receptor modulators, such as raloxifene (14), have become available
for clinical trials. Experimental evidence suggests that their mecha-
nisms of action may differ significantly from those of estrogens
(15-18) and therefore may yield more favorable outcomes; and (b) a
newly discovered ER subtype (ER-8) was found to be expressed at
high levels in the epithelial compartments of the rat prostate (19-23).
Although ER-f shares high homology with the classical ER (ER-a),
the two ER subtypes may regulate different sets of cellular functions
(18, 24). Recent findings from an ER-B knockout mouse suggest that
ER-$ may suppress proliferation and prevent hyperplasia in the rodent
prostate (25). Taken together, these new findings raise an intriguing
possibility that ER-B is expressed in normal and/or malignant human
PrECs and plays a role in mediating estrogen action in these cell types.

Knowledge of the distribution of ER-B in normal and malignant
human PrECs is limited at this time. A recent study reported a lack of
ER-B expression in human prostate tissues (26), whereas several
preliminary reports noted expression of this receptor subtype in basal
epithelial cells of the human (27-29). In this study, we reported the
development of an effective method to obtain and culture “pure” or
highly enriched populations of normal PrECs from needle biopsies of
the peripheral zone of the human prostate. Expression levels of ER-«
and ER-f transcripts in our primary cultures of normal PrECs were
compared with those found in a PrEC preparation obtained from a
commercial source (PrEC; Clontech), in an immortalized PrEC cell
line established from a BPH specimen (BPH-1; Ref. 30), and in three
prostatic cancer cell lines (DU145, PC-3, and LNCaP). Expression

4 The abbreviations used are: DES, diethylstilbestrol; PCa, prostatic adenocarcinoma;
TAM, tamoxifen; ER, estrogen receptor; E,, 17B-estradiol; PrEC, prostatic epithelial cell;
BPH, benign prostatic hyperplasia; PR, progesterone receptor; 4OH-TAM, 4-hydroxy-
TAM; ICI, ICI-182,780; ODN, oligodeoxynucleotide; FBS, fetal bovine serum; P/S,
penicillin/streptomycin; RT-PCR, reverse transcription-PCR; GAPDH, glyceraldehyde-3-
phosphate dehydrogenase; AR, androgen receptor.
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levels*of ER-a and ER-f in normal and malignant PrECs were then
related to the transcript expression levels of two estrogen-responsive
genes (PR and pS2) to gain insights into the functionality of the ER
subtypes. Additionally, we have compared the efficacy of two estro-
gens (DES and E,) to those of two antiestrogens (4OH-TAM and ICI)
in inhibiting cell growth in PC-3 and DU145 cells. An ER- antisense
ODN was then used to demonstrate that the antiestrogen-induced
growth-inhibitory effects on prostate cancer cells were mediated via
an ER-f signaling mechanism. Finally, we provided the first experi-
mental evidence in support of DNA methylation-mediated transcrip-
tional inactivation of gene expression as the mechanism of ER-a
silencing in PrECs.

MATERIALS AND METHODS

Establishment of Normal PrECs in Primary Cultures. Tissue specimens
used for generating primary cultures of normal PrECs were obtained from
patients undergoing transrectal ultrasound-guided biopsies of the prostate for
standard clinical indications. All patients contributing biopsy material were
invited to participate in a prospective tissue acquisition study approved by the
local Institutional Review Board (approval was granted to J. L. at the New
England Medical Center). Written informed consent was obtained prior to
biopsy from participating patients. From each participant, one biopsy core was
obtained from the peripheral zone of the prostate, placed on a sponge pad
soaked in sterile saline; a 1-2-mm section was excised from the midportion of
the core and suspended in 5 ml of culture medium (described below). The two
remaining ends of the core were inked at the ends opposite the sectioned
midportion piece, placed in 10% formalin, and processed for histology. His-
tological examination of the end pieces of a biopsy core allowed us to
determine the histological nature and the homogeneity of the core. Only
specimens judged to be histologically normal, with no hyperplastic or neo-
plastic tissue contamination, were used to establish primary cultures of normal
PrECs.

Each harvested tissue specimen was then washed three times with HBSS
and cut into five to seven smaller pieces. The pieces were suspended in 2 ml
of freshly prepared growth medium (see below) and transferred to a 60-mm
Falcon culture dish (Becton Dickinson, Lincoln Park, NJ) coated with type I rat
tail collagen (Collaborative Biomedical Products, Bedford, MA). An epithelial
cell selection medium (the growth medium), reported previously (31), con-
sisted of keratinocyte serum-free medium with 25 pg/ml bovine pituitary
extract, 5 ng/ml epidermal growth factor, 2 mM L-glutamine, 10 mm HEPES
buffer, P/S (100 units/ml penicillin and 100 pg/ml streptomycin), 5.5 ul/ml
fungizone, 20 ng/ml cholera toxin, and 1% heat-inactivated FBS was used to
obtain enriched populations of PrECs. All culture reagents were obtained from
Life Technologies, Inc. (Grand Island, NY) except for FBS, which was
purchased from Sigma Chemical Co. (St. Louis, MO). The culture was incu-
bated at 37°C in a 5% CO, atmosphere without disturbance for 7 days to allow
epithelial cells to grow out of the tissue pieces. Culture medium was then
routinely replaced every 4 days until cell culture reached ~80% confluence.
The cells were split once before they were used for RNA extraction.

In addition to primary cultures obtained from biopsy explants, a batch of
normal human PrECs were purchased from Clonetics Co. (San Diego, CA).
The PrEC cells were cultured in the PPTEGM medium (Clontech) supplemented
with SingleQuots (Clonetics Co.) according to the manufacturer’s recom-
mended protocol.

Maintenance of Established Prostatic Cell Lines. All culture reagents
were obtained from Life Technelogies and FCS from Sigma (St. Louis, MO),
except otherwise specified. BPH-1 (30), a nontumorigenic, SV40-immortal-
ized, highly differentiated human prostate epithelial cell line, was provided as
a gift by Dr. Simon Hayward at the University of California (San Francisco,
CA). This cell line was maintained in RPMI 1640 with 10 mm HEPES, 1 mMm
sodium pyruvate, 2 mM L-glutamine, 4.5 g glucose/l, and 1.5 g of sodium
bicarbonate/L. (American Type Culture Collection, Rockville, MD) plus 5%
heat-inactivated FBS, ITS (insulin-transferrin-selenium mixture; Collaborative
Biomedical Research, Bedford, MA), and P/S. Three human prostate cancer
cell lines (DU145, PC-3, and LNCaP) were purchased from American Type
Culture Collection. For routine maintenance, DU145 and PC-3 cells were

grown in DMEM/F-12 supplemented with heat-inactivated FBS, 2 mMm
L-glutamine, 1 mM sodium pyruvate, 0.1 M nonessential amino acids, P/S, 0.05
mM B-mercaptoethanol (Sigma), and 1% ITS+. LNCaP cells were maintained
in the same medium used for BPH-1 except that ITS+ was left out from the
medium, All cell cultures were incubated at 37°C under a 5% CO, atmosphere.

RNA Isolation and RT-PCR. Total cellular RNA was isolated using RNA
Stat-60 reagent (Tel-Test, Inc., Friendswood, TX) according to protocols
provided by the manufacturer. The quality of each total RNA sample was
checked and controlled by the following steps: (a) measurement of absorbance;
(b) running of a denaturing RNA gel capable of detecting possible RNA
degradation, as judged by the integrity and intensity of the 18S and the 285
rRNA signals; and (c) conducting a semiquantitative RT-PCR for the 18S
rRNA at low cycle numbers. One pg of total cellular RNA was reverse
transcribed using the GeneAmp RNA PCR kit (Perkin-Elmer, Norwalk, CT),
and 2 pl of the resulting cDNA were used in each PCR.

Intron-spanning primers were either obtained from published literature or
designed using the Primer3 Output program.® Primer sequences for GAPDH,
ER-a (primer set #1, exon 1-3), ER-B, PR, and AR are given in Table 1. All
PCR conditions were optimized for quantification of relative message contents
under nonsaturating conditions. Preliminary experiments were conducted to
ensure linearity for all semiquantitative procedures. Hot-start PCR using
AmpliTaq Gold DNA polymerase (Perkin-Elmer) was used in alt amplification
reactions. The enzyme was activated by preheating the reaction mixtures at
95°C for 6 min prior to PCR. This protocol was chosen to minimize nonspe-
cific product amplification. The routine PCR program was 30 cycles of 1 min
at 94°C, 1 min at 60°C (annealing temperature), and 1 min at 72°C with the
following modifications: (a) amplification for ER-8 cDNA used an annealing
temperature of 58°C; (b) amplifications of ER-ae cDNA and AR ¢DNA were
carried out at an annealing temperature of 55°C; (c) cycle number for ER-«
c¢DNA amplification was set at 35; and (d) GAPDH ¢cDNA was amplified at 26
cycles. GAPDH cDNA levels served as a loading control. Amplification of the
correct sequence was verified by direct DNA sequencing of each PCR product
from at least two different samples.

To further confirm that primary cultures of normal PrECs and certain
prostate cancer cell lines did not express ER-a mRNA (see “Results”), we used
two additional pairs of primers (primer sets #2 and #3, Table 1) to amplify
regions downstream of the coding sequence of ER-a (668 bp of exon 3-6 and
710 bp of exon 5-8, respectively). Together, these three pairs of pairs of ER-a
primers (Table 1) covered most of the length of the coding sequence. They had
been used successfully in our recent study on the expression of ER-« mRNA
in ovarian cancer (32). If PCR at high cycle number failed to yield products
from all three pairs of primers, we considered the sample to be devoid of ER-a
cDNA. -

Treatment of DUI45, PC-3, and LNCaP Cells with Demethylating
Agents. The three prostatic cancer cell lines were seeded at a density of 10°
cells/ml medium in 25-cm? culture flasks, allowed to attach during a 24-h
period, and exposed to two demethylating agents separately. The demethylat-
ing agents were added daily in aqueous solution. 5'-Azacytidine was added at
final concentrations of 2.5 and 5 uM and 5'-aza-2'-deoxycytidine at 0.5 and
0.75 pM, respectively. Culture medium was changed every 4 days, and cells
were subjected to a total of 8 days of demethylating agent treatment. At the end
of the treatment period, the medium was removed, and cellular RNA was
extracted for RT-PCR.

Treatment of DU145 and PC-3 Cells with Estrogens/Antiestrogens.
Cells were seeded at a density of 5 X 10° per ml into 24-well plates (Falcon;
Becton Dickinson Labware, Lincoln Park, NJ) in a final volume of 1 ml of
culture medium with 5% charcoal-stripped FBS. Twenty-four h after seeding,
triplicate wells of cells were treated in with 1, 10, and 100 uMm of E,, DES,
40H-TAM, or ICL E,, DES, and 40H-TAM were purchased from Sigma, and
ICI was a generous gift from Zeneca Pharmaceuticals (Macclesfield, United
Kingdom). Estrogens and antiestrogens were dissolved in absolute ethanol
(Sigma) and added to the media daily. Cell cultures that were not treated with
estrogenic compounds received absolute ethanol as a vehicle control. Total
additive ethanol concentrations never exceeded 0.2% throughout the culture
period. The cells were refed with freshly prepared medium every other day. At
the end of a 4-day treatment period, cells in each well were trypsinized, and

5 Internet address: http://www.genome.wi.mit.edu/cgi-bin/primer/primer3.cgi.
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Table 1 Primer sequences for the RT-PCR analysis

Target gene Primer sequence

Location (nt)” Expected size

ER-B ERB-1: 5'-TGA AAA GGA AGG TTA GTG
ERB-2: 5'-TGG TCA GGG ACA TCA TCA
ER-a ERa-1: 5’'-TAC TGC ATC AGA TCC AAG
ERa-2: 5'-ATC AAT GGT GCA CTG GTT
ERa-3: 5'-GTG GGA ATG ATG AAA GGT
ERa-4: 5'-TCC AGA GAC TTC AGG GTG
ERa-5: 5'-GTG CCT GGC TAG AGA TCC
ERa-6: 5'-TGG TGC ATG ATG AGG GTA
PR PR-1: 5'-GAT TCA GRA GCC AGC CAG
PR-2: 5'-TGC CTC TCG CCT AGT TGA
pS2 pS2-1: 5'-GGA GAA CAA GGT GAT CTG
pS2-2: 5’-CAC ACT CCT CTT CTG GAG
AR AR-1: 5'-CTC TCT CAA GAG TTT GGA
AR-2: 5'-CAC TTG CAC AGA GAT GAT
GAPDH GAPDH-F: 5'-CCA CCC ATG GCA AAT TCC

GAPDH-R: 5'-TCT AGA CGG CAG GTC AGG

GGA ACC-3' 230-253 528 bp
TGG-3' 737-757

GG-3’ 41-60 650 bp
GG-3' 671-690 (exon 1-3)
GG-3' 742-761 668 bp
CcT-3’ 1390-1409 _(exon 3-6)
TG-3' 1142-1161 710 bp
AR-3’ 18321851 (exon 5-8)
AG-3' 1817-1836 533 bp
TT-3’ 2330-2349

cG-3’ 52-71 236 bp
GG-3' 268-287

TGG C€T-3' 2896-2918 342 bp
CTC TGC-3' 3214-3237

ATG GCA-3’ 152-175 598 bp
TCC ACC-3' 726749

“ nt, nucleotide.

cell count was determined by direct counting using the trypan blue exclusion
method. All treatment experiments were repeated at least three times to
generate statistically relevant data.

Treatment of DU145 Cells with ICI and ER- Antisense ODN. DU145
cells (5 X 10% cells/well) were plated in 24-well plates (Falcon; Becton
Dickinson Labware). After allowing 24 h for cell attachment, cell cultures
were treated in triplicate with 1 uM of ICI in the presence of 2.5 um ER-f8
antisense, sense, or mismatch ODNs for 4 days. The ER-f antisense ODN, an
18-mer, was designed to recognize the first translation start site on the ER-3
mRNA and its immediate 5’ flanking region (Table 2). The nucleotide se-
quence of sense ODN is complementary to those of ER-$ antisense ODN
(Table 2). On the basis of the sequence of ER-B antisense ODN, five nucle-
otides were scrambled to generate a mismatch ODN that retains the same GC
ratio of the ER-f antisense ODN (Table 2). Both the sense and the mismatch
ODNs served as controls for the antisense ODN. In all three ODNs, the first
and the last three nucleotides were phosphorothioate modified to increase their
stability in cellulo. The number of viable cells in each well was determined by
direct counting using the trypan blue exclusion method after a 4-day treatment
period. At least three individual experiments were performed to obtained
statistically relevant data.

Statistics. Statistical analysis was performed by using Student SYSTAT
software (Course Technology, Inc., Cambridge, MA). Data were analyzed by
one-way ANOVA, followed by the Tukey post-hoc test, and a 95% confidence
limit was used for all comparisons among treatment groups.

RESULTS

Expression of AR, ER-B, PR, and pS2 mRNA, but not ER-a
Transcripts, in Normal PrECs in Primary Cultures. Five primary
cultures of normal PrECs (N4#6, N3#5, N3#4, N2#3, and N2#2) were
established in our laboratory from ultrasound-guided peripheral zone
biopsies over a period of 18 months. The biopsy cores were all judged
upon histological examination to contain only normal prostatic tissue
with no BPH or cancerous foci contamination. The primary cell
cultures were all early passages (second or third), cobblestone in
appearance, with no visible fibroblast contamination. Semiquantita-
tive RT-PCR analyses (Fig. 1) demonstrated that our normal PrEC
cultures retained high levels of AR mRNA expression, which usually
disappeared in late-passage normal PrEC primary cultures or in es-
tablished PrECs (33). Interestingly, all five cultures of normal PrECs
expressed uniform levels of ER-B RNA and transcripts of the estro-
gen-responsive genes, PR and pS2. In contrast, expression of ER-«
mRNA was noticeably absent in all five cultures, even when high
cycle number PCR (>42 cycles) was used to amplify the cDNA.
Interestingly, PrEC (Clonetics Co.), a commercially prepared normal
PrEC culture, and BPH-1, a SV40 immortalized prostatic epithelial
cell line, expressed both ER-a and ER-, but no PR or pS2 transcripts
in PrEC (Clontech), and only a minimal level of PR mRNA in BPH-1.

Expression of ER-B, ER-a PR, and pS2 mRNA in Prostatic
Cancer Cell Lines. All three prostatic cancer cell lines, DU143,
PC-3, and LNCaP, express ER- mRNA (Fig. 1, a and ¢). In contrast,
ER-a mRNA was expressed only in the PC-3 cells. Interestingly, PR
transcripts were detected only in DU145 and LNCaP cells and not in
PC-3 cells. Messages of pS2 were found in PC-3 and LNCaP cells but
not in DU145 cells. In accordance with reports in the literature, AR
mRNA expression was only noted in LNCaP cells.

Expression of ER-a Variant in Prostate Cell Lines. When RT-
PCR analyses were conducted for ER-& mRNA semiquantification in
PrEC (Clonetics Co.), BPH-1, or PC-3 cells, we noticed that, in
addition to the expected PCR product, a smaller PCR product was
coamplified (Fig. 1, @ and b). Sequencing analysis (data not shown)
revealed that this smaller PCR product was derived from an ER-a
mRNA variant that had the entire exon 2 deleted. We reported
recently the coexistence of this ER-a mRNA variant with wild-type
transcripts in normal and malignant human ovarian surface epithelial
cells (33).

Demethylation Reactivates ER-a and pS2 mRNA Expressions
in DU145 Cells and ER-« Expression in LNCaP Cells. Prior to
exposure to demethylating agents, ER-a and pS2 transcripts were not
detected in RNA samples prepared from DU145 cells (Fig. 1, a and c,
and Fig. 2). After the 8-day treatment with 5’-aza-cytidine (2.5 and 5
M) or 5'-aza-2'deoxycytidine (0.5 and 0.75 um), DU145 cells re-
gained expression of both transcripts (Fig. 2). Interestingly, the ab-
sence of AR mRNA expression in DU145 cells was not reversed by
treatment with demethylating agents. Exposure of LNCaP cells to
demethylating agents also reactivated ER-o mRNA expression (data
not shown).

Effect of Antiestrogens and Estrogens on Cell Growth of DU145
and PC-3 Cells. Cell growth analyses showed that the growth of
DU145 cells, which only expressed ER-8 mRNA, was adversely
effected by the antiestrogens ICI and 4OH-TAM (Fig. 3, A and B). A
dose-dependent inhibition of cell numbers was observed in cultures
exposed to ICI for 4 days when compared with control cultures treated
with vehicle (absolute ethanol). A 40% reduction (P < 0.001) in the
cell numbers was achieved with an ICI dose of 1 uMm. A similar

Table 2 Oligonucleotide sequences for the antisense ODN experiments

Location®  Size

Target gene

ER-B
Antisense 5'-C® AP TP CAC AGC AGG GCT AP T2 AP-3' —15t0 +3
Sense  5'-T® AP TP AGC CCT GCT GTG AP TP GP-3'
Mismatch 5'-g? A% TP cTC AGC ACG GCA AP a° 1P-3'
% The first base of translation-initiating site is +1.
© This base was phosphorothioate modified.

Sequences

18 bp
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Fig. 1. Results of RT-PCR analyses of ER-a. ER-B, PR, pS2, and AR mRNAs among normal and malignant prostatic epithelial cells. Total RNAs were extracted and reverse
transcribed. The resultant cDNAs were subjected to PCR analyses under optimized conditions. The amplified products were run into 2% agarose gel with ethidium bromide. Three
individual experiments were performed. a, representative fluorographs for ER-a, ER-B, PR, pS2, AR- and GAPDH RT-PCR analyses. b, an excerpt from the ER-« fluorograph, enlarged
to illustrate the exon 2 deletion variant of ER-a (ER«A2) in PC-3 cells. ¢, a summary of the data from RT-PCR analyses performed in three individual experiments. +, detectable level

of expression; —, undetectable level of expression.

growth-inhibitory response was observed when DUIL45 cells were
treated with 4OH-TAM. However, cell number reduction achieved
with 1 um 40H-TAM was only ~25% (P < 0.001). In contrast,
exposure of DU145 cells to 1 uMm estrogens (E, and DES) did not

D, D,A, A,N

ERa

ERB

pS2

AR

GAPDH

Fig. 2. Reactivation of ER-a and pS2 mRNA expression in DU145 cells by de-
methylating agents. Cells were treated with either 2.5 pum (4,) or 5 um (A,) 5'-aza-
cytidine or 0.5 pum (D)) or 0.75 uM (D) 2'-deoxy-5’-aza-cytidine for 8 days. Cells without
treatment were used as control (N). At the end of treatment, total RNAs were extracted
and subjected to RT-PCR analyses as described in Fig. 1.

affect cell growth in 4-day exposure experiments (Fig. 3, C and D).
However, in a separate series of experiments, DU145 cells were
treated with 10 um DES, and we observed a significant reduction in
cell number (data not shown). Furthermore, we had conducted com-
petition experiments to determine whether E, could reverse the
growth-inhibitory effects induced by ICI and 4OH-TAM. DU 145 cells
were treated with 1076 m ICI or 4OH-TAM in the absence or presence
of 107%, 1077, 107 M E,. E, at all three concentrations was unable
to reverse the ICI- or 4OH-TAM-induced cell growth inhibition (data
not shown).

When PC-3 cells, which expressed transcripts of both ER subtypes,
were exposed to antiestrogens (ICI and 4OH-TAM), a 25-30% reduction
in cell growth was noted in cultures treated with 1 or 10 uM of ICI or with
1 uM 4OH-TAM (P < 0.001; Fig. 4, A and B). Furthermore, exposure of
PC-3 cells to E, at 1 or 10 uM concentrations also induced inhibition of
cell growth (P < 0.05 and P < 0.01, respectively; Fig. 4C). Interestingly,
treatment with DES at the various concentrations up to 10™° m did not
elicit statistically significant cell growth inhibition in PC-3 cells (Fig.
4D). However, in a separate experiment, PC-3 cells were treated with 10
uM DES, and we observed a significant reduction in cell number (data not
shown). Additionally, we had conducted competition experiments to
determine whether DES could reverse the growth-inhibitory effects in-
duced by ICI and 40H-TAM. PC-3 cells were treated with 10~® m ICI or
40H-TAM in the absence or presence of 107%, 1077, or 107 m of DES.
DES was able to reverse the ICI-induced, but not 4OH-TAM-induced,
cell growth inhibition in a dose dependent manner (data not shown).

Reduction of ICI-induced Cell Growth Inhibition by ER-f
Antisense ODN. Treatment of DU145 cells were with ICI at 1 um
induced a 40% reduction in cell number (Fig. 3). Cotreatment of
DU145 cells with ICI and an ER-f antisense ODN led to restoration
of cell number (P < 0.001; Fig. 5) whereas cotreatments with an
ER-B sense ODN or a mismatch ODN (Table 2) did not reverse the
ICI-induced effects. These data support the notion that the ICI-
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Treatment of antiestrogens on DU145 cells
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induced cell growth inhibition in DU14S cells is mediated via an
ER-f signaling mechanism.

DISCUSSION

The roles played by estrogens in the neoplastic transformation of
PrECs as well as in PCa progression and treatment remain controver-
sial. Exposure of humans or rodents to estrogens induces a prolifer-
ative lesion, squamous metaplasia, in their prostates (34 -37), whereas
prolonged treatment of Noble rats with androgen plus estrogen causes
a high incidence of PCa in the dorsolateral prostates of the treated
animals (38-41). Paradoxically, DES, TAM, and other estrogens
have been used as treatment regimens for advanced metastatic PCa (1,
7-12, 42, 43). In addition to acting as chemical castration agents, both
estrogen and antiestrogen are believed to exert direct growth-inhibi-
tory effects on prostatic cancer cells via induction of apoptosis or cell
cycle arrest (3—6, 44). Precisely how estrogens/antiestrogens elicit
these actions remains uncertain.

Traditionally, the actions of estrogens/antiestrogens are thought to
be mediated via the classical ER, the a subtype, which has been
localized to the stromal compartment and basal epithelial cells of
human and rodent prostates (22, 26, 45-48). Because ER-« is not
expressed in the normal glandular epithelium of rat or human prostate
(4, 21, 26, 46-49), it is widely believed that the action of estrogen/
antiestrogen on normal PrECs is indirect, likely mediated via estro-
gen-induced stromal factors. However, after the discovery of ER-B
(19) and its localization to the epithelial compartment of rodent
prostates (19, 21, 50), a distinct possibility has been raised that
estrogen/antiestrogen could influence PrEC function via an ER-8
signaling pathway. However, at present, information on ER-$ in
human PrECs is limited. Only one recent study (26) has evaluated the

expression pattern of ER-B transcripts and proteins in human prostatic
tissues and found nondetectable levels in both normal and diseased
tissues. In contrast, the present study unequivocally demonstrated
expression of ER-B mRNA in highly enriched or pure human PrEC
cultures established from peripheral zone biopsies. Furthermore, be-
cause ER-a message was undetectable but transcripts of two estrogen-
dependent genes, PR and pS2, were expressed in these cultures, these
data strongly suggest that ER-B is the cellular mediator of estrogen
action in normal human PrECs. Of interest to note is that both ER-a
and ER-B mRNA, but not PR or pS2 transcripts, were expressed
in a PrEC preparation purchased from a commercial source (PrEC;
Clontech) and in the immortalized PrEC line, BPH-1, with only a
minimal level of PR transcripts. The discrepancies between ER sub-
type, PR, and pS2 expression in our primary PrEC cultures and those
observed in PrEC (Clontech) and BPH-1 could be attributable to the
tissue of origin of these cell cultures/lines. In this regard, PrEC cultures
(Clontech) are routinely prepared from whole prostates, and BPH-1 was
derived from a benign hyperplastic specimen (30), whereas our primary
cultures were established from ultrasound-guided peripheral zone biop-
sies.

Issues relating to whether ER, and which subtype, is expressed in
cancerous PrECs remain unsettled. Several investigators (51, 52)
observed ER-a expression in human prostate cancer cell lines, includ-
ing LNCaP, PC-3, and DU-145, whereas others (53) did not. Simi-
larly, observations on ER-a expression in prostate cancer specimens
were equally controversial. Bonkhoff et al. (26) reported recently that
ER-« expression was infrequent in low-to-moderate grade adenocar-
cinoma but common in high-grade and metastatic cancers. Con-
versely, Konishi et al. (54) noted the presence of ER-a immuno-
positivity in ‘well-differentiated adenocarcinomas but not in poorly
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differentiated specimen. The latter observation was supported by two
additional studies that reported no ER-« expression in lymph node
and distant metastases (53, 55). These issues become more convoluted
when the expression pattern of ER-f is taken into consideration. A
lack of ER-B expression in human prostate tissues was reported by
Bonkhoff et al. (26), whereas several preliminary reports noted ex-
pression of this receptor subtype in dysplastic and cancerous tissues
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Fig. 5. Reversal of ICI-induced DU145 cell growth inhibition by ER-B antisense ODN.
Cells were treated with ICI at 1076 M in the absence or presence of 2.5 uMm of the
antisense, sense, or mismatch ODNs for 4 days. Cell numbers in “untreated” cultures
teceived no ICI treatment and were arbitrarily assigned a value of 100% (first column on
the left). Cell numbers in cultures treated with ICI and ICI plus ODNs were expressed as
percentages of cell numbers in the “untreated” cultures. Columns, means; bars, SD;
n = 16. *, significant difference between ICI-treated cultures and those that received ICI
plus the antisense ODN at P < 0.001.

(27-29). Findings in the present study revealed that ER-B mRNA was
expressed in all three cancer cell lines (PC-3, DU145, and LNCaP),
although in accordance with the literature, the ER-a message was only
detected in PC-3 cells (51). Unlike primary PrEC cultures, which
uniformly expressed both PR and pS2 transcripts, PR mRNA expres-
sion was only detected in DU145 and LNCaP cells whereas pS2
transcripts were found in PC-3 and LNCaP cells. Hence, despite
uniform expression of ER-B, the expression patterns of ER-«, PR, and
pS2 among these prostatic cancer cell lines was variable. Because
transcription of PR and pS2 is well recognized to be regulated by
estrogen (56-58), the loss of expression of these two genes in some
prostatic cancer cell lines suggests a deregulation of estrogen signal-
ing in these cells. A similar phenomenon has been observed in ovarian
cancer cell lines that express both ER subtype but no PR (33).

Until now, it remains unknown as to why prostatic epithelium
expresses only ER-B and not ER-a. In the present study, we demon-
strated that treatment of DU145 and LNCaP cells with demethylating
agents reactivated ER-a expression in these cells. These data provide
the first experimental evidence in support of DNA methylation-
mediated gene silencing (59, 60) as a mechanism of ER-« inactivation
in PrECs. In breast cancers, it had been shown that hypermethylation
of the promoter region of ER-a was associated with loss of expression
of this receptor subtype in hormone-refractory cancers (61-64). Be-
cause of the fragile nature of PrECs in primary culture, we had not
subjected them to demethylating agent treatment; it is reasonable to
assume that the same mechanism transcriptional inactivation operates
in ER-a silencing in the normal prostatic epithelium. Interestingly,
loss of pS2 expression in DUI45 cells might also be linked to
hypermethylation-mediated transcriptional inactivation because expo-
sure of this cell line to demethylating agents revived pS2 expression.
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The‘pSZ gene encodes an 84-amino acid, cystein-rich, secretary pro-
tein, which is widely expressed in estrogen-sensitive tissues (57). Its
expression in prostate cancer specimens has been shown to be asso-
ciated with premalignant changes and neuroendocrine differentiation
(65, 66).

Different variants of ER-« transcripts are often found to coexist
with the wild-type transcript in normal and malignant tissues (67, 68).
These variants, produced. by alternative splicing, are whole exon
deletion variants that may have “outlaw functions.” In PC-3 cells, a
previous study has demonstrated the expression of an exon 4 deletion
variant (51). In the current study, we found an exon 2 deletion variant
in PC-3, BPH-1, and PrEC (Clontech) cells. Whether ER transcript
variants have functional or regulatory roles in prostatic cells is a topic
of future investigation.

Therapies for metastatic prostate cancers are limited. In addition to
androgen ablation therapies, estrogens/antiestrogens have been used,
singularly or in combination with other modalities, for treatment of
the disease. DES is an effective treatment therapy; however, its
estrogenicity induces significant adverse effects in patients and have
resulted in termination of its use (7). In contrast, TAM, a nonsteroidal
antiestrogen, is better tolerated but produces little objective responses
in multiple trials (8-12). With the discovery of ER-B as a new
estrogen signaling pathway and the availability of pure antiestrogen
such as ICIs (13), it becomes appropriate to address the issue of
whether pure antiestrogens could be considered in the treatment of
prostate cancer. In this study, we have compared the efficacy of two
estrogens (E, and DES) an two antiestrogens (4OH-TAM and ICI) in
inhibiting cell growth in two androgen-refractory prostate cancer cell
lines, PC-3 cells that we found express both ER subtypes, and DU145
cells that express only ER-. Past studies have shown that DES, when
given at high concentrations (10-30 uM range), exerts colchicine-like
action, inhibits tubulin assembly, and induces apoptosis in prostate
cancer cells (69, 70). Because the focus of the current study is to
elucidate receptor-mediated action of DES, we have chosen to use
concentrations not higher than 10~ M. Our results demonstrated all
four estrogenic/antiestrogenic compounds, at relatively low doses,
exerted antiproliferative effects on PC-3 cells, with antiestrogens
exhibiting greater potencies. Furthermore, competition experiments
showed that DES could reverse the effect of ICI, thus suggesting that
estrogens and antiestrogens may share similar cellular mediators in
this cell line. In contrast, DU145 cells responded only to antiestrogens
with regard to cell growth inhibition. In both cases, ICI was found to
be more potent than 4OH-TAM as a growth inhibitor. Furthermore,
competition experiments demonstrated that E, did not reverse the
ICI-induced or 4OH-TAM-induced growth inhibition. This finding
suggests that estrogens have little impact on the antiestrogenic action
in DU145 cells. Importantly, the antiestrogen-induced growth-inhib-
itory response in DU145 cells was reversible by cotreatment with an
ER-$ antisense ODN. Taken together, these findings raise several
significant implications: (a) it is apparent that the estrogen/antiestro-
gen-induced antiproliferative action on prostatic cancer cells is ER
subtype dependent. It supports the prediction for the antiproliferative
action of ER-B as previously discussed (71); (b) because ICI consis-
tently expresses a higher potency, it may be better suited to be used in
prostate cancer treatment. In clinical trails for breast cancer treatment,
this compound has demonstrated high efficacy and low toxicity (72);
and (c) our data have provided the first demonstration that estrogen/
antiestrogen action in prostatic cancer cells could signal via an ER-8
pathway. Because ER-f selective ligands have been reported recently
(73), this development raises the likelihood of using receptor subtype
ligands as cancer therapeutics in the future.

In summary, this study has demonstrated that human normal PrECs
express exclusively ER-B and likely signal via this receptor subtype

for estrogen/antiestrogen action. On the contrary, prostatic cancer
cells exhibit a more variable pattern of ER subtype expression, and
their responses to individual estrogen or antiestrogen will depend on
the ER subtype(s) expressed in the cells. Significantly, we provide the
first experimental evidence that ER-a gene silencing in prostate
cancer cells, and perhaps also in normal cells, may be caused by DNA
hypermethylation. Overall, data from this study lend support to the
notion that ER-f plays a central role in estrogen/antiestrogen signal-
ing in normal and malignant human PrECs.
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Prostate Glands, Dysplasia, and in Primary and
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An antibody, GC-17, thoroughly characterized for its
specificity for estrogen receptor-g (ER-f8), 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-8, 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
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secretory and stromal cells. Overall, prostatic carci-
nogenesis was characterized by a loss of ER- 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-f 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-f-mediated
growth inhibition of prostate cancer cells in vitro, the
presence of ER- in metastatic cells may have impor-
tant implications for the treatment of late-stage dis-
ease. (Am J Pathol 2001, 159:000-000)

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.”? 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.® 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.*~® The metaplastic change s
initiated by the proliferation of basal cells that subse-
quently differentiate into squamous cells.56® 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®

Despite the proliferative effects of estrogens on basal
cells, which are the purported progenitor cells of pros-
tatic glandular epithelia,® the role that the hormone may
play in the abnormal growth of the gland remains unde-
fined. Results from a number of epidemiological‘®'! and
experimental studies'®'® 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 -8 (ER-«
and ER-B).'®-° 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.’” 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. 7221 | this regard, ER-B mRNA was found to be
predominant over the ER-a isoform in the rat prostate'®
and it was also present in human gland albeit in lesser
amounts than in the testis.’ ER-B and ER-a were also
shown to bind to the same ligands with different affinity.?!
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.?? 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,?s 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.®® In support of this concept, Poelzl and col-
leagues®” have recently reported that ER-B, but not the «
isoform, specifically interacts with- MAD2 the cell-cycle
spindle assembly checkpoint protein. Moreover, Lau and
colleagues®® demonstrated that anti-estrogens down-
regulate cell proliferation in human prostate cancer cells
that only express the ER-B isoform. ER-8 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.®® 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.25:2°

Before the discovery of ER-B, ER-« antibodies or in situ
hybridization were used to study ER localization in nor-
mal, hyperplastic, and carcinomatous human prostate
tissues.39-32 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,®® 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.3* Similarly, one
study has reported ER-B protein expression in human

breast tissues using an antibody developed by the inves-
tigators,%®

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 « receptor.’” We demon-
strate that this antibody does not cross-react with ER-a.
This reagent was used to immunclocalize 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),®®®7 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.3®

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
fesions, 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-B8, 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 « 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-B8
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,?® may be useful in devising new
ligand-specific treatments for late-stage disease.



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.}”3° 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, 5 to 6 Ibs) was first inoculated with
0.5 mg of peptide antigen with complete Freund's adju-
vant, 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.“°

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, W) at a concentration of 5 pg/ml.
The GC-17 antibody (1:6000) was then preincubated with
the immunizing peptide at concentrations ranging from 4
mg to 4 pg/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-8 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 colleagues®® have recently demonstrated that
DU145 and LNCaP cells, both derived from a metastatic
prostate cancer, express abundant ER-8 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-
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ing. Using the GC-17 antibody and the anti-ER-« anti-
body (NCL-ER-6F11; Novocastra, Newcastle-upon-Tyne,
UK) at the same dilutions as for tissue sections (see
below), we performed immunchistochemical studies on
10% formalin-fixed cytospins of DU145 and LNCaP cells
that had been routinely processed, embedded in paraf-
fin, sectioned at 5 um, 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
1g at room temperature for 1 hour. In addition, compet-
itive studies were conducted using ER-a recombinant
peptide (400 and 40 pg; 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; Cionetics, 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-HCI, 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 2X complete proteinase inhibitor cockiail (Boehr-
inger Mannheim, Mannheim, Germany). Twenty-five ug
of tissue protein extracts, 0.5 pg of recombinant ER-a
protein, or 0.5 pug of recombinant ER-B protein were
mixed with 2x SDS loading buffer (125 mmol/L Tris
buffer, pH 6.8, 20% glycerol, 2% SDS, 2% p-mercapto-
ethanol and 1 pg/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-difiuoride 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-« antibody (Biogenex, Mountainview,

’ California) in PBS-T (PBS with 0.05% Tween-20) buffer -
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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 then sectioned transversely. Tissues were
dissected fixed in 10% buffered formalin for 3 hours,
routinely processed, and embedded in paraffin. A his-
topathological diagnosis was made by JEM on a hema-
toxylin and eosin (H&E)-stained section. The criteria used
in the grading of the carcinomas were those described
by Stamey and colleagues.®® The slide, together with the
corresponding paraffin block, was then sent to IL at Tufts
University where immunochistochemical studies were per-
formed. 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. Paraffin sections
were cut at 6 pm and mounted on SuperFrost Plus slides.
Sections were left unbaked until used for immunohisto-
chemical 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-
sions™ or occurred separately.S

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
LH/RH agonist Lupron (TAP Pharmaceuticals Inc, Deer-
field, IL) and the AR competitive inhibitor Eulixin (Flut-
amide; 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 patients 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 ther-
apies 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 ob-
tained from the iliac crest of each patient. These samples
were immediately fixed in 10% buffered, routinely pro-
cessed, embedded in paraffin, and 6-um 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
Tris-buffered saline (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 remova! 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 —70°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 difu-
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 pg/mt (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 predifuted reagents.

Five-um 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
bailing, 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 Mutlitink
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 tiquid 3,3-diamino-
benzidine (Biogenex) or DAKO's New Fuchsin as the chro-
mogen. After development, sections were rinsed in water,
fightly 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
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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-8
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 um 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 (Perkin Elmer, CT) in total 20-ul reac-
tion mixture and 2 u! of the resulting cDNA was used in
PCR on ER-a, AR, and GAPDH and 3 ul for PCR on ER-B8.
Hot start PCR using AmpliTaq Gold DNA polymerase
(Perkin-Eimer) 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 pro-
tocol was chosen to minimize nonspecific product ampli-
fication. The primer sequences for ER-a, AR, and GAPDH
were described in our previous study.2® The primer set
for ER-B was newly designed and the forward primer is
5'-GATGAGGGGAAATGCGTAGA-3' and the reverse
primer is 5-CTTGTTACTCGCATGCCTGA-3".

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-
pression occurred in a concentration-dependent manner
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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/m! 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-8 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/0, GC-17 preincubated without peptide antigen.

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 pg/ml or 40 ug/m!
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). ldentical 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-« 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 h|ghly specific for binding
to the ER-B protein.

In addition, DU145 and LNCaP cells, that only express
ER-B,2® were negative when immunostained with the ER-«
(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-8 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.'®~'® The re-
combinant long-form ER-8 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 basa! 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, '® it was demonstrated that transfection of
A549 cells with plasmids carrying a long-form ER-8 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-transliated 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-8 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-« 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-8
expression was consistently densely localized in nuclei of
basal cells as defined by anti-high molecular weight cyto-
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
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peptide are shown. Note the strong nuclear staining in the majority of cells (original magnification, X265). B After inc.ubati.on of GC-17 with 40_ pg of the
immunizing peptide, there was almost a total absence of cells with positively stained nuclei (compare with A) [original magnifications: X 1.15 (left.), X.?:O (ri'ght)].
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 thls.secuon' of
prostate (see also Figure 4, A and B [original magnifications: X115 (left), X230 (right)]. D: A replicate section of the prostate illustrated in C after premcubaugn
of GC-17 with 40 pg of immunizing peptide. Note the absence of immunostaining in these sections [original magnificn_u'ons: X90 (l.eft), X280 (right)]. For details
of the procedures used in these studies see Materials and Methods. All sections were counterstained with 10% Harris hematoxylin.

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 «
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Figure 3. Western blot analysis. These autoradiographs llustrate the binding
ability and specificity of GC-17 to ER-B protein and its lack of cross-reactivity
with ER-« 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).

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 &
past study,3® variable immunostaining for AR was also ob-
served in individual basa! cells of norma! 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
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-
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Figure 4. A and B: Inmunolocalization 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 r.hg r}uclel 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 e-vident in stromal cells. Original magnifications: X100 (A), X400 (B). C: ER-B immunostaining in low/moderate-grade
dysplz.xsna. _Moderate to strong expression of the receptor is evident in dysplastic secretory celis. Note also the strongly stained cells in the basal layer (original
manguﬁcauon, X400). 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
howz?ver evidept ln‘the bottom left comer of the lesion. Note the presence of two positively stained basal cells in a portion of a normal gland on the right
(o.rlgmz.ﬂ magnification, X250). E: ER-a lmunosmining in dysplasia of the central zone. The majority of dysplastic cells are immunostained for the receptor in
this lesion. There was however great variation n 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, X200). All sections were counterstained with 10% Harris hematoxylin.

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
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-




Table 1. Immunohistochemical Findings in Dysplasias and
Carcinomas
Lesion ER-a ER-B AR
Dysplasia/peripheral zone
Moderate grade® - + +
High grade - - +
Dysplasia/central zone* + + +
Carcinoma/peripheral zone
Grade 3 -+ + +
Grade 4/5 —/+ -+ +
Carcinomaftransition zone - - +
Metastatic carcinoma
Bone - + +
Lymph nodes —[++ + +

*Data reflects positive staining in dysplastic and basal cells.
Staining restricted to residual basal cells in high-grade dysplasias. +,
Positive staining in >50% of cases; ~/++, positive staining in 40% of
cases; —/+, positive staining in <20% of cases. See text for estimates
of the percent of positively stained cells in each lesion.

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,*’ 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-beta]-negative
staining of cells was observed in all 21 cases where
cancer was found in the periphera! zane that paralleled
the progression of the grade 3 carcinomas to the less
differentiated 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 nuctei in an individual neoplastic
gland were strongly stained (Figure 5A) to instances in
which receptor immunostaining was weak andfor found in
few cells within a given microscopic field. The latter ex-
gmples were most often located in areas where a transi-
tlon_ to higher grade carcinoma occurred (Figure 5B).
VUnl.uke? their counterparts in the peripheral zone, the vast
majopty 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
( ng seen in all but 3 qf 1_5 (20%) grade 4/5 carcinomas
tﬁlé;}y!&;éeC). In the majority of cases however staining of
gr.% ! cés;:; mi:?tt?rane l\{vas frequently apparent. In the
e e o s

Intensity was usually diminished. son endie staining
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"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, X400). 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, X400). 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 unstalned. A few positively
stained nuclel 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, X400).
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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,
%400). B: ER-B immunostaining in a prostatic carcinoma metastatic to an internal tliac tymph node. Strong nuclear immunostaining is evident in this metastatic
lesion. Strong PSA immunostaining of these cells were found (not Ullustrated). Note that the nuclei of several stromal cells in this lymph node are also positively
stained for the receptor (original magnification, X400). 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 interna! posttive control for immunostaining with the B antibody (original magnification, X100). 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- immunostaining of lymphocytes, a consistent finding that was
In contrast to ER-f stalning in these cells (original magnification, X 100). 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, X 100). All sections were counterstained with
10% Harris hematoxylin.
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Immunostaining for ER-_a was detected in only 2 (7.6%) ing for the receptor was consistently absent in all clear
of the total'26 cases of primary carcinoma we studied. In cell carcinomas of the transition zone.
these two instances, a few (<10%) weakly positive cells Irrespective of grade, strong nuclear AR immunostain-

were found in both grades 3 and 4/5 carcinomas. Stain- ing was a constant feature in the vast majority celis
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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, X325). B: The microdissected lesion is
seen on the transfer cap (original magnification, X325). 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. B

(>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 al! but one of
the seven cases (Figure 6A). The intensity of signal did
however vary from strong to weak staining within celis
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.

Incontrast to the finding of ER-B immunostaining in foci
of all but one case of bone metastasis, no staining was
observed for ER-« 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
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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 « receptor-positive cells
(>50%) were mixed with those in which receptor expres-
sion was absent (Figure 6D). Very weak staining for ER-«
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 BE). 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 ssen
in Figure 7, A and B.

. Our findings with RT-PCR analysis for ER-8 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
&cini. 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
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-« transcripts were not detected in any of the

microdissected specimens we studied.
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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 reports®3' that ER-a is detected in stromal cells
and rarely in basal cells of the normal gland. As previ-
ously reported,*'~*® 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.*® In this regard, Hall and col-
leagues** have reported that ER-B functions as a trans-
dominant inhibitor of ER-B transcription and that it acts to
decrease overall cellular sensitivity to estradiol. Therefore
the B isoform, when co-localized with the « 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 celis,® 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.*"*2 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-B*5-28 |ocalized in basal cells.

Before the discovery of ER-B%® 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 call
differentiation culminating in either squamous cells with
estrogens or prototypic glandular cells with androgens.®
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.®”
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-8
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 istands.*® The diminution of ER-8 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-8 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.®®

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 8
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 biclogical differences*® 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.*”

Our findings of RT-PCR analysis for ER-B mRNA ex-
pression on microdissected specimens approximated re-
sults from our immunohistochemical studies, indicating
that receptor expression was down-regulated at both the
transcriptional and translationa! 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 colleagues*® 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 colleagues®? 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 immunchistochemical 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-
sias*! and those of others in both primary and metastatic
carcinomas.*® Importantly, results from a past study®®
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 fo 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.! Alternatively, the metastatic
process may, in some undefined manner, have favored
the spread of cells with either ER isoform from the primary
cancer.
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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.?® In
contrast, the growth of cells such as DU 145, which only
express ER-B, was markedly inhibited by the anti-estro-
gen ICl 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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