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Abstract
The purpose of this study was to understand the characteristics of PDEF protein expression in breast
and prostate cancer progression. A polyclonal antibody specific to PDEF was raised and reacted with
tissue microarrays consisting of benign breast, in situ ductal, invasive ductal and invasive lobular
breast carcinomas. The antibody was also reacted with tissue microarrays including benign prostate,
prostate intra-epithelial neoplasias and prostate carcinomas. Increased expression of PDEF was
identified in 18%, 50%, 46% and 51% of benign breast tissues, intraductal, invasive ductal and
invasive lobular carcinomas, respectively. Importantly, in matched samples of benign breast versus
tumor, 90% showed higher expression of PDEF in the tumor tissue. Moreover, in invasive breast
carcinomas, increased PDEF expression tended to correlate with Her2/neu over expression. Increased
expression of PDEF was also found in 27%, 33% and 40% of benign prostate tissues, PIN samples
and prostate adenocarcinomas, respectively. Again, in matching samples of cancer versus benign
and cancer versus PIN, 68% and 70% respectively showed increased expression in the malignant
tissue. Moreover, PDEF was found to be more highly expressed in tumors with intermediate or high
Gleason score compared to low grade tumors (P<0.01). Additionally, R1881 treatment induced PDEF
expression in the LNCaP prostate tumor cell line, suggesting regulation of PDEF by androgens in
vivo. Together, these results for the first time show frequent increased expression of PDEF protein
in breast and prostate tumors and support a role for PDEF in breast and prostate cancer progression.
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Introduction
Breast cancer is the most common malignancy in women, as about a million new cases of this
cancer are diagnosed world-wide each year, and 375,000 women die from it (1). Although
early detection through screening mammography has increased the proportion of in situ and
early stage breast cancers that have excellent prognosis, mortality rates from recurrent and late
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stage breast cancers have not declined significantly (2). Consequently, conventional therapies
including surgery, radiation and chemotherapy need to be supplemented with novel therapies
that translate into significant improvement in the clinical outcome for most breast cancer
patients.

Similarly, prostate cancer is the most commonly diagnosed malignancy in men, with about
220,000 new cases of prostate cancer diagnosed each year in the U.S. alone. Of these,
approximately two-thirds are treated by surgery or radiation therapy, and 40% of the treated
men will eventually relapse, as characterized by rising levels of prostate specific antigen (3,
4). Relapsed advanced and metastatic prostate cancer remains the primary cause of death from
this cancer, since current systemic hormonal and chemotherapy approaches are only marginally
successful (5). Consequently there is an urgent need for novel therapies to treat advanced
prostate cancer.

A targeted approach to cancer therapy has attracted considerable attention following its success
in chronic myelogenous leukemia (6). Among the major solid tumors, breast and prostate
cancers are perhaps unique in having a history of targeted therapies. Thus, patients with
estrogen receptor (ER)-positive and Her2/neu-over expressing breast tumors or androgen
receptor (AR)-positive prostate tumors are routinely treated with specific inhibitors that result
in consistent remissions in the setting of early disease (7-9). Similarly, a less common
neoplasm, gastrointestinal stromal tumor, also shows high susceptibility to targeted inhibition
of the activity of mutated KIT oncogene (10). With such promise of targeted cancer therapies,
much effort in the past decade has focused on identifying useful novel cancer targets. The need
for novel targets is particularly acute for breast and prostate cancers because of the immense
cancer burden world-wide and because the present repertoire of useful breast and prostate
cancer targets is limited. To that end, molecules that play a role in breast and prostate cancer
progression are likely to be useful targets against these cancers.

Prostate derived Ets factor (PDEF) belongs to the Ets family of transcription factors that play
an important role in normal as well as neoplastic development (11-15). However, despite such
promise, our knowledge about the characteristics of PDEF expression in human cancer remains
limited. To address this deficiency, we generated a polyclonal antibody to an N-terminal
segment of PDEF that is unique to PDEF. By using this antibody, tissue microarrays (TMAs)
consisting of a large number of benign breast and prostate tissues and from various stages of
breast and prostate neoplasia were screened for PDEF expression. Our results show frequent
increased expression of PDEF protein in both breast and prostate carcinomas compared to
benign tissues. Further, PDEF expression tends to associate with Her2/neu over expression in
invasive breast carcinomas and shows significant correlation with intermediate to high grade
prostate carcinomas. Together, these results provide novel insights into the characteristics of
PDEF protein expression in breast and prostate cancers and support its role in the progression
of these cancers.

2. Materials and methods
2.1. Cell lines and antibodies

MCF-7, SKBR3, U937 and Hela tumor cell lines were obtained from colleagues at Roswell
Park Cancer Institute. These cell lines were grown in DMEM medium supplemented with 10%
fetal bovine serum (FBS), 100 units/ml penicillin and 0.1 μg/ml streptomycin in a 5% CO2
incubator. The actin monoclonal antibody and HRP- conjugated goat anti-rabbit antibody were
purchased from Sigma (St. Louis, MO).
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2.2. Generation of polyclonal antibodies against an N-terminal segment of PDEF
The full-length open reading frame of PDEF cDNA (PDEF-full-length) and the cDNA
encoding N-terminal 1 to 104 amino acids (PDEF-1-104) were PCR-amplified and subcloned
into the bacterial expression vector pET15b (Novagen, Madison, WI) at the Nde I site. After
confirmation of the orientation and sequence, E. coli BL21(DE3) cells were transformed by
the resultant pET15b-PDEF-full-length or pET15b-PDEF-1-104 plasmids. The cells were
induced by 1mM IPTG and PDEF protein was purified from bacterial lysates by affinity
chromatography on a Ni-NTA column. Further purification on MonoQ column (Amersham,
Piscataway, NJ) provided pure preparations of the PDEF-full-length and PDEF-1-104 peptides.
The purified PDEF-1-104 peptide was used for production of polyclonal antibodies in rabbits.
Briefly, two New Zealand white rabbits each were immunized by intradermal injection of 150
μg of PDEF-1-104 protein emulsified in complete Freund's adjuvant. This was followed by
three booster injections with 150 μg protein in incomplete Freund's adjuvant at two-week
interval and the 4th injection at 6 weeks following the third boost. Serum was collected and
tested for reactivity by ELISA and Western blot assays using purified PDEF protein as an
antigen. PDEF antibodies were further purified on a PDEF-full-length protein-immobilized
affinity column (Pierce, Rockford, IL).

2.3. Western blot analysis
Cells from breast and non-breast tumor cell lines were lysed in RIPA buffer containing 50mM
Tris-HCl, pH 7.5, 150 mM NaCl, 1mM PMSF, 1mM EDTA, 5 μg/ml Aprotinin, 5 μg/ml
Leupeptin, 1% Triton x-100, 1% Sodium deoxycholate and 0.1% SDS. The protein
concentration of the cell lysates was determined using a BCA kit (Pierce). 50 μg protein from
each cell line was loaded onto 12% SDS-PAGE and following electrophoresis protein was
transferred to nitrocellulose membrane. Western blot analysis of PDEF and actin expression
was performed using the polyclonal rabbit anti-PDEF-1-104 antibody described above and the
actin antibody respectively. Signals were detected using a HRPL kit (National Diagnostics/
LPS, Rochester, NY) or a Chemo-luminescent Reagent Plus kit (Perkin Elmer) and visualized
by autoradiography.

2.4. Tissue sections and tissue microarrays
Institutional Review Board approval was obtained prior to initiation of this study. Briefly, five
µm paraffin sections from normal human tissues were prepared from excess archival tissues
in the surgical pathology files at our institute. Tissue micro arrays (TMAs) were constructed
from a cohort of 350 formalin fixed, paraffin embedded breast carcinomas treated at Roswell
Park Cancer Institute between 1993 and 2001. This cohort was enriched for carcinomas with
lobular differentiation (n=117). Only cases with at least two tumor blocks were included. Two
1 mm cores were transferred from each tumor to recipient blocks, using a manual arrayer from
Beecher Instruments. For each case, we sampled invasive carcinoma and morphologically
benign breast tissue. If available, DCIS was also sampled and transferred to different recipient
blocks.

TMAs were also constructed, in duplicate, from a cohort of prostate cancer patients (n=329)
treated at Roswell Park Cancer Institute. The corresponding paraffin blocks were retrieved
from the surgical pathology files. For each case, we sampled the primary invasive prostate
carcinoma and morphologically benign tissue from the same specimen. Also, PIN lesions from
the same cohort were sampled and included in separate TMAs. The Gleason scores (GS) of
the invasive prostate carcinomas were derived from pathology reports and categorized as low
(GS2-5), intermediate (GS6-7) and high (GS8-10) (16).

Due to technical limitations, not all tissue cores were evaluable for PDEF expression by
immunohistochemistry. The breast TMAs, in particular, were characterized by variable
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numbers of missing or uninterpretable cores. The numbers of evaluable samples in each
category are listed in the Results section (see later).

2.5. Immunohistochemical assay for PDEF
The paraffin sections of the normal tissues and of the TMAs were dewaxed and heated to
95-100°C for 20 min in high pH antigen retrieval buffer (Dako, Carpinteria, CA). The slides
were then reacted with affinity purified rabbit anti-PDEF antibody at a 1:200 dilution at 4°C
overnight. The detection reaction utilized the rabbit Envision kit from Dako. Diaminobenzidine
(DAB) was used as chromogen, and hematoxylin as counterstain. Paraffin-embedded MCF-7
cell buttons were used as positive controls.

2.6. Scoring of PDEF expression
Both the average nuclear staining intensity and the percentage of stained cells were evaluated.
Epithelial tissues containing a minimum of 10% cells with strong (3+) staining or 15% cells
with moderate (2+) staining or 30% cells with weak (1+) staining were considered positive for
PDEF expression. All other tissues including those that showed staining below these thresholds
or lacked any positively stained cells were scored negative for PDEF expression.

2.7. Induction of PDEF expression in LNCaP cells in vitro by DHT analogue R1881
1×106 cells/well from LNCaP prostate tumor cell line were incubated in a 6-well plate in RPMI
medium containing charcoal stripped fetal bovine serum for 5 days. Following this, cells were
treated with various concentrations of R1881 ranging from 0 to 100 nM by using appropriate
amounts from a freshly prepared stock solution of R1881 in ethanol. The cells were incubated
in the presence of R1881 for 24 hr, following which total RNA and protein were isolated. PDEF
expression in these samples was then analyzed by RT/PCR and Western blotting. For RT/PCR
1 µg of total RNA was used and for Western blotting 40 µg of total protein was used.

3. Results
3.1. Anti-PDEF antibody shows specific reactivity with PDEF

The Blast homology search for PDEF protein sequence showed significant homology (45 to
55% amino acid residue identity) with the C-terminal DNA binding domain of other Ets factors
(11). Further, D-Ets-4 (the putative Drosophila homologue of PDEF) showed 40% identity
with PDEF that spans amino acid residues 104 through 335 (data not shown). In contrast, the
N-terminal segment of PDEF comprising residues 1 to 104 revealed homology only to PDEF,
and therefore was selected for producing polyclonal antibodies in rabbits. Following affinity
purification, the antibody was tested for specificity by Western blot assay and by
immunohistochemical staining of cells from MCF-7 breast tumor cell line and from tissue
sections from primary breast and prostate tumors. The data are shown in Figure 1.

As shown in Panel A of Figure 1, anti-PDEF antibody reacted specifically with a 46 k.d. band
in the MCF-7 breast tumor cell line, but not with the SKBR3 breast tumor cell line or the non-
breast tumor cell lines Hela and U937. Also, the antibody reacted strongly with recombinant
PDEF protein run as control. Further, this antibody showed specific nuclear staining of tumor
cells in the MCF-7 breast tumor cell line (Figure 1, panel B), that was eliminated by prior
incubation of the antibody with recombinant PDEF-1-104 peptide (data not shown). Moreover,
screening of the tissue sections from a primary breast carcinoma (Figure 1, Panel C) and a
primary prostate carcinoma (Figure 1, Panel D) showed specific staining of the epithelial tumor
cells, a result consistent with epithelial cell specific expression of PDEF mRNA (11) and of
Pse (prostate specific Ets, the mouse homologue of PDEF) mRNA (17). These results together
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show the specificity of the anti-PDEF antibody as well as its suitability for use in
immunohistochemical analysis of PDEF expression in primary tumors.

3.2. Screening of normal human tissues further validates PDEF specificity of our antibody
Previous work on PDEF mRNA expression in normal human tissues reported its restricted
expression to normal prostate and trachea (11,18). To determine whether PDEF protein
expression corresponds with PDEF mRNA expression, we screened tissue sections from a
panel of normal human tissues for PDEF protein expression using our antibody. Our data show
that strong expression of PDEF protein was present in the normal prostate tissue (Figure 2,
panel A) and a relatively weaker expression in the normal bronchus tissue (Figure 2, panel B).
Other normal human tissues including brain, heart, kidney, liver, lung, lymph nodes, ovary,
pancreas, placenta, skeletal muscle, skin, spleen, stomach and thymus stained negative for
PDEF protein expression (data not shown). These results are in agreement with the
corresponding data on PDEF mRNA expression in the respective tissues (11,18) and further
establish the specificity of our anti-PDEF antibody used in this study.

3.3. PDEF expression is increased in progression from benign breast to DCIS and increased
expression is maintained in invasive carcinomas

Using the above antibody, and the scoring criteria described in Materials and Methods, TMAs
of breast tissues were screened for PDEF expression. The data from this screening are presented
in Figure 3 and are summarized below.

In benign breast tissue samples, 18% (11 of 62) scored positive for PDEF expression. Of the
remaining samples 20 of 62 (32%) showed expression levels below the selected thresholds and
31 of 62 (50%) lacked any detectable PDEF expression.

For DCIS, 50% (23 of 46) of the samples scored positive for PDEF expression, another 7 (15%)
stained below the thresholds and the remaining 16 of 46 (35%) showed no detectable staining.

A similar analysis of invasive ductal carcinoma (IDC) showed that 46% (30 of 65) of the
invasive tumors were positive for PDEF expression. Of the remaining samples 17% (11 of 65)
showed staining below the thresholds and 24 of 65 (37%) lacked detectable staining.

In invasive lobular carcinoma (ILC), 51% (20 of 39) of the samples scored positive for PDEF
expression, another 5% (2 of 39) stained below the thresholds and the remaining 44% (17 of
39) were negative.

In summary, the above results show that whereas 18% of benign breast tissues scored positive
for PDEF, samples from DCIS, IDC and ILC showed a much higher percentage of PDEF
positive tumors i.e., 50%, 46% and 51% of the screened samples respectively.

3.4. Increased expression of PDEF in breast tumors in comparison to matched benign breast
tissues results from increased percentage and/or increased staining of tumor epithelial cells

The data in Figure 3 show an interesting feature of PDEF expression in benign breast tissues
versus breast tumors. Specifically, the PDEF positive benign breast tissues generally contained
a lower percentage of PDEF expressing epithelial cells in comparison to tumor samples. Thus,
in all of the benign breast tissue samples, < 50% of the epithelial cells stained positive for
PDEF. In contrast, 35% of DCIS, 25% of IDC and 41% of ILC contained 50% or more epithelial
cells staining positive for PDEF. To test this observation further and to determine the
characteristics of PDEF protein expression in matched benign and tumor samples from same
patients, PDEF expression was analyzed in 9 such matched pairs of adjacent benign breast and
tumor tissues. It was found that in 90% (8 of 9) cases, the tumors showed an increase in the
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number of PDEF expressing epithelial cells and/or the intensity of staining of such cells. The
data are summarized in Table 1A and representative photomicrographs are shown in Figure 4.

3.5. PDEF expression tends to correlate with Her2/neu over expression and shows lack of
correlation with ER and PR expression, tumor grade or lymph node metastases

To determine any correlation of PDEF expression with other known prognostic markers in
breast cancer, PDEF-positive and PDEF-negative invasive breast carcinomas were analyzed
for Her2/neu, ER and PR expression, tumor grade and for lymph node metastases status
obtained from the pathology reports of those patients. The data are shown in Table 1B. Briefly,
the Her2/neu-positive tumors were twice as likely to be positive for PDEF expression as Her2/
neu-negative tumors. Aside from this tendency, positive PDEF expression did not correlate
with ER, PR expression status, tumor grade or presence or absence of lymph node metastases.

3.6. Progressively increasing fractions of benign prostate tissue, PIN and prostate carcinoma
samples score positive for PDEF expression

Using the above antibody and the scoring criteria described in Materials and Methods, TMAs
of prostate tissues were also stained and scored for PDEF expression. The data are presented
in Figure 5 and are described below.

In the benign prostate tissues from cancer patients 27% (79 of 290) scored positive for PDEF
expression. Of the remaining samples, 24 of 290 (9%) stained below the selected thresholds
and another 187 of 290 (64%) lacked detectable PDEF expression.

For PIN samples, 36 of 109 (33%) scored positive for PDEF expression. Of the remaining, 9
of 109 (8%) stained below the thresholds and 64 out of 109 (59%) showed no detectable
staining.

A similar analysis of prostate carcinomas revealed that 40% (92 of 230) of the invasive
carcinomas were positive for PDEF expression, another 11% (25 of 230) showed staining
below thresholds and remaining 113 out of 230 (49%) samples lacked detectable staining.

In summary, the above results support the following points: i) increasingly higher percentage
of samples scored positive for PDEF expression in progression from benign prostate tissues
(27% of samples positive), to PIN lesions (33% of samples positive) and to prostate carcinomas
(40% of samples positive); ii) prostate carcinomas generally showed a higher percentage of
cells staining positive for PDEF in comparison to PIN or benign tissue samples.

3.7. Analysis of PDEF expression in matched samples of cancer versus benign, cancer
versus PIN and PIN versus benign showed frequent increased PDEF expression in prostate
cancer

To further understand the characteristics of PDEF protein expression in benign prostate and
prostate carcinomas, PDEF expression was analyzed in matched samples of prostate cancer
and adjacent benign tissue or PIN. Overall, this analysis included 101 matched samples of
cancer versus (v/s) benign, 41 matched samples of cancer v/s PIN and 45 matched samples of
PIN v/s benign. The data are compiled in Table 2. As shown in this Table, in 68% (68 of 101)
of the matched cancer v/s benign pairs, cancer specimens expressed higher levels of PDEF
than the adjacent benign prostate tissues. Similarly, in 70% (28 of 41) of the matched cancer
v/s PIN pairs, cancer showed higher PDEF expression than PIN. In contrast, in PIN versus
benign comparison, only 42% (19 of 45) PIN lesions showed higher PDEF expression than the
matched benign glandular tissues.
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In summary, the combined data from Figure 5 and Table 2 show that PDEF expression is
frequently increased in the progression from benign prostate to cancer and from PIN to cancer.
In contrast, there appeared to be no significant change in PDEF expression in progression from
benign prostate to PIN.

3.8 Correlation of PDEF expression with Gleason score
To determine any correlation of PDEF expression with Gleason Score (GS), we assigned low,
intermediate or high GS to prostate carcinomas according to the criteria outlined in Materials
and Methods, and analyzed any relationship between their GS and PDEF expression status.
We found that prostate cancers with intermediate GS showed the highest correlation with PDEF
expression i.e., 77/159 (48%) tumors positive for PDEF. In contrast, 24% (11/45) of high GS
but only 15% (4/26) of low GS prostate carcinomas were positive for PDEF. Combining
intermediate and high GS tumors as one group (n=204) and comparing them with low GS
tumors as another group (n=26), we found that 43% (88/204) of intermediate to high grade v/
s 15% (4/26) of low grade prostate carcinomas were positive for PDEF, which was statistically
significant (P<0.01).

3.9 PDEF expression is induced by DHT analogue R1881 in the LNCaP prostate tumor cell
line

The data in Figure 5 show that the vast majority (73%) of benign prostate tissue samples from
prostate cancer patients showed little PDEF expression or expression below the selected
thresholds. These results were contrary to our expectation since PDEF is a prostate associated
transcription factor, and therefore, should be expressed in benign prostate tissues. To
understand this apparent discrepancy we hypothesized that PDEF expression may be regulated
by androgens in vivo such that decline in androgen levels in aging prostate cancer patients
would result in the decrease or loss of PDEF expression in their prostate tissue. Prostate tumors,
on the other hand, may use other mechanisms to up regulate their PDEF expression. To test
the potential regulation of PDEF by androgens, the LNCaP prostate tumor cell line was treated
with various concentrations of DHT analog R1881 in vitro, and PDEF mRNA and protein
expression analyzed in R1881 treated and control cells. The data presented in Figure 6 show
that both PDEF mRNA and protein expression are induced when LNCaP cells were treated
with R1881.

4. Discussion
We previously showed frequent increased expression of PDEF mRNA in breast tumors and
its highly restricted expression in normal human tissues (18). Subsequent studies, however,
reported loss of PDEF protein expression in the progression from benign breast and prostate
tissues to carcinomas (19-21). The present study, for the first time, shows frequent increased
expression of PDEF protein in both breast and prostate tumors and these results differ from
the conclusions of previous reports (19-21). A potential explanation for differing results in
previous studies versus this study may be the small sample sizes analyzed in those studies.
Alternatively, since the anti-PDEF antibodies used in two of the three previous studies (19,
20) were generated against the full-length PDEF protein, they carried the potential for cross-
reaction with other Ets factors in the immunohistochemical assay. The latter potential stems
from: i) the high degree of sequence homology approaching 45 to 55% amino acid sequence
identity in the DNA binding domain between PDEF and other Ets factors (11); and ii) the large
number of Ets factors that are expressed in normal mammary gland, and several at much higher
levels than Pse or PDEF (17,22). The third study (21) used antibody raised against the same
N-terminal segment of PDEF as used in this study, however, the specificity of the
immunohistochemical assay for PDEF was not demonstrated in that study. The specificity of
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our antibody for PDEF was demonstrated rigorously in the experiments shown in Figures 1
and 2 and our results are based on the analysis of a large number of samples.

Our data in Table 1B show that increased PDEF expression tends to associate with Her2/neu
over expression in invasive breast carcinomas. A recent report described synergistic co-
operation between PDEF and Her2/neu or CSF-1R/CSF-1 in promoting anchorage independent
growth, motility and invasiveness in normal and neoplastic breast and non-breast epithelial
cell lines (15), suggesting that PDEF collaborates with initiating oncogenic signaling from
these receptor tyrosine kinases to enhance tumor progression. In light of the latter
understanding, our preliminary finding of an association of increased PDEF expression with
Her2/neu over expression is very interesting and needs validation in a larger study.

The increased expression of PDEF in about 50% of both ductal and lobular breast carcinomas
(Figure 3) is further interesting since these two histologic types constitute the vast majority of
all breast cancers. In contrast, Her2/neu is over expressed in 25 to 30% of invasive ductal
carcinomas.

Another noteworthy observation of this study is the lack of or below threshold expression of
PDEF in vast majority (73%) of benign prostate tissues from prostate cancer patients (Figure
5). Our hypothesis that declining testosterone levels in aging prostate cancer patients (23-25)
may underlie this phenomenon is supported by R1881 regulation of PDEF. Further, our finding
that in about 70% of the matched cases, prostate carcinoma show higher PDEF expression than
benign or PIN tissues (Table 2) suggests that tumors use novel mechanism(s) to up regulate
PDEF expression. In this regard, it is noteworthy that the chromosomal region spanning the
6p21.31 genetic locus, where PDEF gene resides, is frequently amplified in breast and other
tumor types (26). Although similar data for prostate tumors is not known, gene amplification
remains an interesting potential mechanism to explain tumor-associated increased expression
of PDEF.

Analysis of the correlation of PDEF expression with Gleason score in prostate carcinomas
showed higher expression levels in intermediate and high grade v/s low grade tumors,
supporting the notion that increased expression of PDEF may be associated with a more
aggressive phenotype.

Targeting of transcription factors is a well-established paradigm in cancer therapy (27-29). A
transcription factor can significantly impact the biology of a tumor by inducing large scale
changes in gene expression, some of which may encode cell surface or secreted molecules
capable of influencing the behavior of the neighboring tumor and/or stromal cells. This notion
is supported by the characteristics of estrogen receptor expression in breast cancer and its
implication for endocrine therapy. Thus, even when a small fraction (10%) of the cells of a
breast tumor express the estrogen receptor, that tumor is scored positive for ER expression and
endocrine therapy shows clinical benefit for the patient (30,31). In a similar vein, PDEF as an
over-expressed transcription factor in breast and prostate cancers may significantly influence
the biology of these tumors, and serve as an important marker and target in these cancers.

In conclusion, our work provides the first in-depth study of the characteristics of PDEF protein
expression in breast and prostate tumors. The results show frequent increased expression of
PDEF in both cancers, a tendency to associate with Her2/neu over expression in breast cancer,
significant association with intermediate to high Gleason score in prostate cancer, and potential
for androgen independent expression in prostate tumors. Together, these results support a role
for PDEF in breast and prostate cancer progression, and as a candidate novel marker and target
in these cancers.
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Nonstandard Abbreviations
DCIS  

Ductal carcinoma in situ

DHT  
Dihydrotestosterone

IDC  
Invasive ductal carcinoma

ILC  
Invasive lobular carcinoma

PDEF  
Prostate derived Ets factor
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PIN  
Prostate intraepithelial neoplasia

Pse  
Prostate specific Ets

TMA  
Tissue microarray
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Figure 1.
Testing the specificity of anti-PDEF antibodies by Western blotting and
immunohistochemistry. Panel A shows analysis of PDEF protein expression in breast and non-
breast tumor cell lines by Western blotting. Equal amounts of total protein from breast tumor
cell lines MCF-7, SKBR3 and from non-breast tumor cell lines Hela and U937 were run on
12% SDS PAGE and transferred to nitrocellulose membrane. The upper-half of this panel
shows the result of probing the blot with anti-PDEF antibodies and the lower-half shows a
similar blot following probing with anti-actin antibody. The Panels B, C and D respectively
show specific nuclear staining of PDEF protein in the epithelial tumor cells from MCF-7 breast
tumor cell line and in tissue section from a primary breast carcinoma and a primary prostate
carcinoma.
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Figure 2.
PDEF protein expression in normal human tissues. Photomicrographs show strong expression
of PDEF in normal prostate tissue and relatively weaker expression in the normal bronchus
tissue.
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Figure 3.
PDEF expression in benign breast tissues, intraductal carcinomas (DCIS), invasive ductal
carcinomas and invasive lobular carcinomas. Negative samples (all tumor cells lacking
staining) are shown as green crosses inside the squares projecting out to the left of each graph.
The samples showing PDEF expression below thresholds are shown as blue crosses in the main
graphs. The red crosses in the graphs represent individual samples that stained above the
selected thresholds and therefore scored positive for PDEF expression. The x-axis in these
graphs shows different levels of staining intensity i.e. 1+, 2+ and 3+. The y-axis shows percent
of positively staining cells in a given tumor sample.
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Figure 4.
PDEF expression in matched pairs of benign breast and breast tumor tissues. The upper and
lower pairs of photomicrographs show representative PDEF staining in matched samples of
adjacent benign breast versus breast tumor tissues from two cases. Increased staining in tumor
tissues is seen in comparison to benign tissues.
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Figure 5.
PDEF expression data in samples from benign prostate tissues, prostate intraepithelial
neoplasias (PIN) and prostate carcinomas. Negative samples (all tumor cells lacking staining)
are shown as green crosses inside the squares projecting out to the left of each graph. The
samples showing PDEF expression below thresholds are shown as blue crosses in the main
graphs. The red crosses in the graphs represent individual samples that stained above the
selected thresholds and therefore scored positive for PDEF expression. The x-axis in these
graphs shows different levels of staining intensity i.e. 1+, 2+ and 3+. The y-axis shows percent
of positively staining cells in a given tumor sample.
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Figure 6.
Induction of PDEF expression by DHT analog R1881. LNCaP prostate tumor cells were
cultured with various concentrations of R1881 ranging from 1 nM to 100 nM. The upper panel
shows PDEF mRNA expression by RT/PCR from control and treated samples. The lower panel
shows PDEF protein expression on the same samples by Western blotting using anti-PDEF
antibody. SM, in the upper panel, denotes DNA size markers; and RP, in the lower panel,
denotes recombinant PDEF protein.
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Table 1
Table 1A. PDEF expression in matched samples of benign breast and tumor tissues.

Benign/ Tumor pair number. PDEF expression characteristics (Percent positive cells, intensity of staining).
Benign Tumor

1 0 40%, 1+
2 0 20%, 2+
3 40%, 2+ 60%, 2+
4 30%, 2+ 5%, 1+
5 5%, 1+ 30%, 3+
6 5%, 1+ 20%, 2+
7 0 80%, 2+
8 15%, 1+ 65%, 1+
9 0 60%, 2+

Table 1B. PDEF expression in invasive ductal carcinoma in relation to other prognostic markers.
Marker Status PDEF-positive PDEF-negative P-value
Her-2/neu-positive 15 14 0.1478
Her-2/neu-negative 8 17
ER-positive 24 26 0.2046
ER-negative 4 10
PR-positive 18 21 0.7097
PR-negative 10 14
Tumor grades I and II 17 20 0.6652
Tumor grade III 11 16
Lymph node-positive 8 9 0.8371
Lymph node-negative 9 10
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Table 2
PDEF expression in prostate tissue: matched samples of cancer v/s benign, Cancer v/s PIN and PIN v/s
benign

Type of Match X v/s Y Number of
matched samples

Number of samples with
more* PDEF in X

Number of samples with
more* PDEF in Y

P value

Cancer v/s benign 101 68 (68%) 33 (32%) 0.0006
Cancer v/s PIN 41 28 (70%) 13 (30%) 0.0275
PIN v/s benign 45 19 (42%) 26 (58%) 0.3713

*
More PDEF reflects higher percent of PDEF-positive epithelial cells or higher intensity of staining or both.
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