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BP1 is a member of the homeobox gene superfamily of transcription factors that are essential for early
development. Significant mRNA expression and immunohistochemical reactivity of BP1 is present in a majority
of breast cancers and in all cases of inflammatory breast cancer. This study attempts to determine whether BP1
expression is detectable in prostate cancer, another hormone dependent solid tumor, and whether this
expression correlates with histopathologic and prognostic factors. Paraffin sections from radical prostatect-
omy cancer specimens and from tissue microarray sections of prostate cancer, obtained from the Prostate
Cancer Tissue Registry (NIH), were assayed for BP1 immunoreactivity. Immunoreactivity scoring by two
independent pathologists, using a three-tiered system (0, 1þ , 2þ ), was recorded and correlated with Gleason
scoring and prostatic specific antigen (PSA) biochemical recurrence. Ki-67 (MIB-1) immunoreactivity was
performed to assess proliferation. Kappa and Cochran–Mantel–Haenszel statistical analyses were used to
assess interobserver agreement and pathobiologic correlations. Significant BP1 immunoreactivity (2þ ) was
identified in approximately 70% of prostatic adenocarcinomas, whether the analysis was performed on tissue
sections (50 cases) or tissue microarray platforms (123 cases). BP1 immunoreactivity was seen in o5% of
normal acinar cells. The agreement between two separate observers was very good, with kappa-statistics 40.7.
In tissue sections, 12 cases with paired carcinoma and prostatic intraepithelial neoplasia (PIN) showed
concordance with strong immunoreactivity. Gleason scores or prostatic specific antigen (PSA) biochemical
recurrences were not correlated with strong BP1 immunoreactivity. Tumor proliferation, assayed with Ki-67
(MIB-1) immunoreactivity, was higher in cancer cells that were BP1 immunoreactive, relative to those that were
BP1 non-reactive. These findings suggest that BP1 is an important upstream factor in the carcinogenic pathway
of prostate cancer and that the expression of BP1 may reflect or directly contribute to tumor progression and/or
invasion.
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Prostate cancer is the most common solid malig-
nancy in men and the third leading cause of cancer
deaths in the USA. Prostate cancer shares certain
features with breast cancer in being a hormone
dependent cancer that arises from an in situ or
intraepithelial dysplastic proliferation, and tends to
predominate in older rather than younger adults.
Similar to breast cancer, the disease has a higher
incidence in Americans relative to Japanese and
follows a relatively more aggressive course in
African Americans than in Caucasian Americans.1

Received 14 January 2008; revised 22 August 2008; accepted 26
August 2008; published online 17 October 2008

Correspondence: AM Schwartz, MD, PhD, Department of Pathol-
ogy, The George Washington University Medical Center, 2300 Eye
Street, NW Washington DC 20037, USA. or PE Berg, PhD,
Department of Biochemistry and Molecular Biology, The George
Washington University Medical Center, 2300 Eye Street, NW
Washington DC 20037, USA.
E-mail: aschwartz@mfa.gwu.edu or bcmpeb@gwumc.edu
*The opinions and assertions contained herein represent the

personal views of the authors and are not to be construed as
official or as representing the views of the Department of the
Army or the Department of Defense.

Modern Pathology (2009) 22, 1–6
& 2009 USCAP, Inc All rights reserved 0893-3952/09 $32.00

www.modernpathology.org

http://dx.doi.org/10.1038/modpathol.2008.168
mailto:aschwartz@mfa.gwu.edu
mailto:bcmpeb@gwumc.edu
http://www.modernpathology.org


Adenocarcinoma of the acinar glands of the
prostate is the most common form of prostate cancer
and typically arises in the peripheral zone of the
gland with prostatic intraepithelial neoplasia (PIN)
as its malignant precursor. Prognostic factors for the
survival of men with prostate cancer include
Gleason score, a marker of histologic grade and
tumor differentiation, tumor size, extent and stage,
and serum levels of PSA.2

BP1, a gene cloned in our laboratory, is a member
of the homeobox gene superfamily of transcription
factors that are essential for early development.3 Our
studies in breast cancer have demonstrated that BP1
expression was present in 80% of infiltrating duct
carcinomas and relatively absent in matched normal
controls.4,5 We have also shown that BP1 expression
was significantly higher in cancers that were
estrogen receptor negative relative to estrogen
receptor positive breast tumors and in African
Americans than in Caucasians.4

BP1 demonstrates significant expression in breast
cancers with a relative aggressive phenotype,
namely, estrogen receptor negative and inflamma-
tory breast cancers, and consequently, we may
propose several analogies that may be relevant
to prostate cancers. Invasive cancers are believed
to result from a progressive, multi-step process
initiated and driven by a sequential accumulation
of genetic and biochemical abnormalities.6,7 BP1 is
expressed in precursor lesions, such as ductal
carcinoma in situ, in addition to its prominent
expression in established invasive breast cancer. By
analogy, expression of BP1 in prostate cancer and its
precursor lesion, high-grade prostatic intraepithelial
carcinoma (PIN) would support the activity of BP1
as an upstream oncogenic factor. Second, as estrogen
receptor negative and inflammatory breast cancers
have an increased relative aggressive biologic beha-
vior and worse clinical prognosis than usual estro-
gen receptor positive breast cancers,8,9 the increased
BP1 expression in the more aggressive breast cancer
phenotypes may reflect or contribute to the biologic
and clinical behavior of these tumors. Similar
biologic and clinical behavior may be identified in
prostate cancers with BP1 expression, namely that
prostate cancers with BP1 expression may demon-
strate increased Gleason patterns, higher prolifera-
tive rates, or early recurrence.

Based on these findings, this study probes the
immunohistochemical expression profile of BP1 as
an initial step in understanding the role of BP1 in
prostate cancer. The prostate cancer samples have
been obtained from prostatectomy specimens and
available on tissue microarray platforms. The main
goals of this study are to determine whether a
defined pattern of BP1 immunoreactivity is detect-
able in prostate tumor tissues, whether the identi-
fication and scoring of immunoreactivity is
concordant among pathologists, whether the expres-
sion may be present within cancer precursors (PIN),
whether morphologically similar tumor cells with

and without BP1 expression have different prolif-
eration rates, and whether BP1 expression correlates
with pathologic Gleason scoring and tumor recur-
rence.

Materials and methods

Prostate cancer cases were obtained from the files of
the Armed Forces Institute of Pathology. Consecu-
tive sections were made from formalin-fixed, paraf-
fin-embedded normal prostate (n¼ 5) and prostate
cancers (n¼ 50) with co-existing normal, and po-
tential regions of prostatic hyperplasia and PIN. The
first and last sections from each case were stained
with hematoxylin and eosin for morphological
classification. Tissue microarrays were obtained
from the Cooperative Prostate Cancer Tissue
Resource (CPCTR) from the National Cancer Insti-
tute of the NIH and were coded according to patient
age, Gleason score, and serum PSA levels at the time
of prostatic resection or biopsy, and the follow-up
results of biochemical recurrence. These individuals
ranged from 42 to 73 years, and an average age of 61
years was predominantly Caucasians (56%). Their
Gleason scores were mostly 6 and 7, and their
pretherapy PSA ranged from 1 to 20 predominantly,
with few cases above a value of 20 ng/ml. The
treatments were surgery in all the cases and the
pathologic stages were T2 (68%) and T3 (32%).
Overwhelmingly, the nodal status was N0, followed
by NX, and less than 3% N1. Biochemical recur-
rence was defined as successive incremental values
following post-treatment nadir of PSA.

A polyclonal antibody against the BP1 peptide
was made from rabbit, as previously described.3

Monoclonal antibodies against human Ki-67 antigen
(clone MIB-1), a biotinylated secondary antibody, an
ABC detection kit (avidin-proxidase or Avidin-alka-
line-phosphatase conjugated), a chromogen diami-
nobenzidine (DAB) kit, and normal serum were
purchased from Vector (Burlingame, CA). The AP-
red chromogen kit was obtained from Zymed (San
Francisco, CA). A background block solution was
from Cell Marque (Hot Springs, AR). Other immu-
noassaying related reagents, including the antigen
retrieval solution, Tris-buffered saline (TBS), and
hematoxylin and eosin were purchased from Biocare-
Midical, LLC (Walnut, CA).

The sensitivity and specificity of the BP1 im-
munostaining was assured by purified BP1 protein
pre-absorption, by antibody titration, and by anti-
body substitution with PBS. Optimization of
immunoreactivity was obtained by pretreatment at
801C for 2h, an overnight incubation of the primary
antibody at 41C, and detection with avidin-alkaline
phosphatase complex. This approach was used for
immunoassaying of tissue section slides and tissue
microarray platforms.

To monitor BP1 expression associated with cell
proliferation, sections from morphologically similar
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prostatic cancers with (n¼ 5) and without (n¼ 5)
BP1 expression were double immunostained for BP1
and a proliferation marker, MIB-1. The cell prolif-
eration among 1000 BP1 immunoreactive and non-
reactive tumor cells were enumerated and the rates
among cases in each category were averaged and
statistically compared using Student’s t-test.

Normal and hyperplastic glands, high-grade PIN,
and prostatic carcinoma were examined for BP1
expression. The immunoreactivity was scored as
zero (0) for cases showing no immunoreactivity, low
(1þ ) for weak or sparse immunoreactivity, and
strong (2þ ) for cases of significant or intense
immunoreactivity. Positive BP1 expression was
assessed by identifying strong immunoreactivity (2þ )
in greater than 5% of acinar or ductal elements.
Tissue microarray sections were similarly scored.
Paired evaluations by two separate pathologists for
the tissue sections (YGM and AMS) and for the
microarray platforms (MKR and AMS) were per-
formed and their results were calculated by kappa-
statistics to evaluate diagnostic concordance. In
cases containing multiple histological components,
the BP1 expression status in each component was
separately evaluated and recorded. The frequency of
BP1 expression among normal, PIN, and neoplastic
cells was statistically compared with the Student’s
t-test. Kappa and Cochran–Mantel–Haenszel statis-
tical analyses were used to assess interobserver
agreement and pathobiologic correlations.

Results

Samples from 50 prostate cancer cases were sec-
tioned and immunostained with anti-BP1 antibody.
Distinct BP1 immunoreactivity was identified pre-
dominantly in malignant acinar cells, PIN, and less
commonly in benign acinar elements and rarely in
endothelial cells (Figure 1). No distinct BP1 im-
munostaining was detected in fibroblasts, adipo-
cytes, though intermediate (1þ ) immunostaining
was occasionally present in smooth muscle cells.
BP1 immunoreactivity was predominantly present
in the cytoplasm, and minimally seen in the nuclei.
Of the five normal controls containing only benign
prostatic tissue, three were completely devoid of
BP1 immunostaining in the glandular epithelium,
and two contained BP1 immunoreactive cell clus-
ters, which accounted for less than 5% of the total
cell population, so did not meet the criteria for BP1
positivity. Within benign acinar glands, BP1 im-
munoreactivity was also occasionally identified in
basal cells.

Evaluating the 50 cases containing co-existing
normal prostatic tissue, benign acinar glands adja-
cent to carcinoma, PIN, and prostatic acinar adeno-
carcinoma demonstrated that the prevalence of BP1
positive elements increased significantly in associa-
tion with PIN and carcinoma (Po0.001) (Table 1). Of
the 50 tissue sections containing normal prostatic

tissue adjacent to prostatic carcinoma, 10 areas of
benign acinar glands (20%) adjacent to prostatic
carcinoma were immunoreactive for BP1. Among
the 50 tissue sections of carcinoma, 12 sections had
identifiable areas of high-grade PIN, which were
significantly BP1 immunoreactive (2þ ), in confor-
mity with the staining intensity identified in the
prostatic adenocarcinoma. BP1 immunoreactive

Figure 1 BP1 expression in tissue sections from prostatectomies.
(a) Lack of BP1 immunoreactivity in normal acinar glands. (b) BP1
immunoreactivity in PIN. Note the lack of immunoreactivity in an
adjacent normal gland and the presence of immunoreactivity in
an adjacent malignant gland.

Table 1 Frequency of BP1 expression among normal and
different prostate pathology

Lesion No. of cases BP1 positive (%)

Normal control 5 0
Benign adjacent to carcinoma 50 10 (20)
PIN 12 12 (100)*
Acinar adenocarcinoma 50 37 (74)

PIN, prostatic intraepithelial neoplasia.
Po0.05.
*All 12 cases of PIN and the corresponding cancers were immunor-
eactive for BP1.
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adenocarcinoma of significant intensity was demon-
strated in 37 of 50 cases. The majority of cancer
cases were Gleason scores of 6, of which 72% were
immunoreactive for BP1 expression. Though several
cases of adenocarcinoma had Gleason scores of 8
and demonstrated BP1 immunoreactivity, the num-
bers are too small to generate statistical conclusions
(Table 3). Interobserver concordance of the BP1
immunohistochemical scoring revealed a kappa-
statistic above 0.65, for concordant 2þ immunos-
taining, indicative of good agreement.

In addition to the substantial increase in the
percentage of BP1 positive cells in neoplastic
relative to benign acinar glands, the intensity of
BP1 immunostaining became more significant. In
normal and acinar glands adjacent to carcinoma,
BP1 positivity was generally distributed as clusters
with a defined boundary with their adjacent BP1
negative acini and the intensity of staining was
usually weak (1þ ) and less commonly significant
(2þ ). In the malignant glands, BP1 immunoreacti-
vity tended to be more uniform and intense (2þ )

(Figure 2). When the prostatic adenocarcinoma was
doubly stained for BP1 and a proliferative marker
(MIB-1), BP1 positive cells relative to non-reactive
tumor cells showed a significantly higher (P40.05)
proliferation rate, 8.8% relative to 3.0%, respec-
tively. The malignant cells that were reactive and
non-reactive for BP1 were morphologically similar
(Table 2).

The BP1 immunoreactivity was 69% among a
sampling of 123 individual cases of prostatic
adenocarcinoma within the tissue microarray plat-
forms. Positive immunoreactivity was strong and
diffuse in the foci of prostatic carcinoma in the
tissue microarray and the results were nearly
identical with the extent of immunoreactivity
identified in the tissue sections from prostatectomy
samples. The cases were evaluated in duplicate, and
the intra- and interobserver concordance was very
good based on kappa-statistics of greater than 0.7.
Significant BP1 immunoreactivity did not correlate
with Gleason score, though the percentage of
Gleason scores 8, 9, and 10 were under 12% of the
total cases sampled in the tissue microarray and less
than 14% of cases from the prostatectomy speci-
mens (Table 3). BP1 immunoreactivity (2þ ) did not
correlate with biochemical serum PSA recurrence,
defined as consecutive elevations of PSA following
post-resection PSA nadir, using the clinical data that
accompanied the microarray platforms (Table 4).

Discussion

This study demonstrates that the frequency and
intensity of BP1 expression, as measured by im-
munohistochemical reactivity, increases within PIN
and prostatic carcinoma relative to benign acinar
glands and that the extent and intensity of the

Figure 2 BP1 expression in tissue microarray platforms. (a) BP1
immunoreactivity in Gleason pattern 3. (b) BP1 immunoreactivity
in Gleason pattern 4.

Table 3 BP1 immunoreactive expression according to Gleason
score

Gleason score Tissue sections Tumor microarray

BP1+ BP1� BP1+ BP1�

6 26 10 45 18
7 7 0 33 13
8 2 2 5 3
9 1 0 2 2
10 1 1 1 1

Table 2 Cell proliferation rates in morphologically similar BP1
(+) and (�) cells

Cell type Cell counted Ki-67 positive (%) P

BP1 (+) 5000 440 (8.8)
BP1 (�) 5000 150 (3.0) o0.05
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immunoreactivity progresses through the carcino-
genic stages of preneoplasia and invasive cancer.
Compared to normal acinar components, the neo-
plastic glands consistently showed the highest
number of BP1 positive cells and the highest
intensity of BP1 immunoreactivity. There is little
or no BP1 immunoreactivity in normal acinar glands
from non-neoplastic prostatic resections. Benign
acinar glands show modestly increased but scattered
immunoreactivity in acinar glands adjacent to
carcinoma, whereas malignant glands demonstrated
diffuse and strong immunoreactivity in 70% of
prostatic carcinomas. The overall expression of
BP1 in prostatic adenocarcinomas and its enhanced
expression through neoplastic progression resemble
the BP1 expression pattern previously identified in
breast cancers.4,5 Analogous to breast cancers, BP1
immunoreactivity was not present in normal pro-
static tissue, but demonstrated diffuse and strong
immunoreactivity within neoplastic cells of PIN and
invasive adenocarcinoma.

In the selected examples where high-grade PIN
was discovered adjacent to carcinoma, the expres-
sion was concordantly strong in both preneoplastic
and invasive carcinoma. PIN has been accepted as a
morphologic pattern in the sequence of prostatic
carcinogenesis that demonstrates cytopathologic,
biochemical, and molecular features that are con-
cordant with invasive carcinoma and differ mark-
edly from benign and hyperplastic acinar glands.10

Molecular profiling has shown that PIN and
invasive carcinoma share similar expression signa-
tures that include protein synthetic pathways,
induction of transcription factors, and oncogene
activation.11–13 The transition from PIN to invasive
carcinoma is marked by gene alterations that control
cell adhesion, proteinase activity, and motility of
the invasive phenotype.13 Utilizing molecular
approaches or immunohistochemical assays, the
development of PIN from normal glands or those
undergoing proliferative inflammatory atrophy are
characterized by an increase in alpha-methyl acyl-
Co-A racemase (AMACR) and the transition to
invasive carcinoma is marked by loss of PTEN and
p27.14 Our findings that tissue sections containing
both PIN and invasive carcinoma show identical
significant BP1 immunoreactivity conforms to the
cited research that BP1 acts proximally in the

carcinogenic process of breast cancer. The multi-
focality of PIN and prostate carcinoma suggests that
alteration of BP1 expression may be a necessary
component of prostate carcinogenesis among a
majority of prostate cancers.

We have also found BP1 enhanced expression in
neoplasia other than prostate and breast cancer. BP1
is expressed in 63% of the bone marrows containing
acute myeloid leukemia; 81% of pediatric and 47%
of adult patients with acute myeloid leukemia, as
well as in 32% of pediatric T-cell acute lymphocytic
leukemia, patients demonstrate BP1 expression in
their hematopoietic cancers.15 In contrast to leuke-
mias and lymphomas, BP1 mRNA expression is
barely if at all detectable in normal myeloid
elements of the bone marrow or in PHA-stimulated
T cells.15

The study provides supporting evidence that BP1
immunoreactivity is identified in both tissue sec-
tions from radical prostatectomy specimens as well
as from tissue microarray platforms. The interpre-
tive concordance of the BP1 staining patterns among
pathologists with respect to malignant, pre-invasive,
or benign foci was very good according to kappa-
statistics. The diagnostic agreement of immunor-
eactivity of BP1 expression in cancers between the
tissue blocks from surgical resections and the tissue
microarray was very good. The ability of tissue
microarray to provide thorough and enhanced
multiple sample molecular profiling of diagnostic
or predictive markers has been demonstrated,16–20

and mathematical and statistical analysis has shown
justification and applicability to the methods.16,17,21

Our tissue microarray platform had the additional
benefit of carrying abundant clinical data so that
correlations could be assessed with the BP1 im-
munohistochemical reactivity. Though BP1 immu-
noreactivity is expressed in the majority of
adenocarcinomas of the prostate, it currently lacks
association with the Gleason score or degree of
differentiation. This result needs to be further
investigated, because the relative number of Gleason
scores of 8 or above (diffuse Gleason pattern 4 or any
Gleason pattern 5) was less than 12% of all the
tissue microarray microsections. Similarly, the tis-
sue sections had less than 14% Gleason scores equal
to or greater than 8, and Gleason scores of or greater
than 7 were only 28% of the total cases. Our total
numbers were, as yet, insufficient to achieve
statistical significance. Studies with larger sets of
higher Gleason scores will be necessary to resolve
whether BP1 expression correlates with higher
grade tumors. Using the clinical data from the tissue
microarray, BP1 immunoreactivity did not correlate
with PSA biochemical recurrence. This clinical
finding also needs to be confirmed with a larger
dataset, though it may indicate that BP1 acts more
proximally in the carcinogenic sequence and that
other pathologic and biologic factors may predict
tumor dissemination and recurrence. What is clear
from our results is that tumor cells with BP1

Table 4 PSA recurrence and survival according to BP1 immuno-
reactive expression in tumor microarray samples

PSA status BP1+ BP1�

No recurrence 25 9
Recurrence 9 6
PSA positive (never disease free) 12 4
Alive (+/� disease) 57 24
Dead of disease 25 12

PSA, prostatic specific antigen.
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expression tend to show a greater proliferative
activity than those lacking BP1 immunoreactivity.
The proliferation marker Ki-67 (MIB-1), as an
indicator of cell-cycle activity, demonstrates nearly
three times the expression (8.8 vs 3.0%) when the
tumor cells co-express BP1 relative to tumor cells
lacking BP1 immunoexpression. Previous results
indicate that BP1 may have anti-apoptotic regulatory
activity in both leukemia15 and breast cancer,
where it regulates the bcl-2 gene.22 These published
findings, as well as the current MIB-1 results,
showing that BP1 expression correlates with in-
creased cell proliferation markers, suggest that BP1
may have a role as a promoter and/or enhancer of
cellular survival and proliferation with resultant
tumor growth.

The specific role(s) of BP1 in tumor development
and progression has not been clearly defined and
delineated. Current and published work suggests a
role for BP1 in carcinogenesis and progression.
Based on previous work4,5 and the present results
in prostate cancer, it appears that BP1 is involved in
the carcinogenic sequence as it appears to be
expressed in 46% of ductal carcinomas in situ of
the breast and all the examples of PIN identified in
prostate cancer sections. Moreover, BP1 appears to
be involved in cellular proliferation and in altering
or blocking the pathway of programmed cell death
(apoptosis). The process of tumor growth may
facilitate the formation and expansion of biologi-
cally more aggressive cell clones. An example of this
feature may be appreciated in that expression of BP1
in the leukemia cell line K562 substantially in-
creased their clonogenicity, and abrogation of BP1
expression in K562 cells causes apoptosis (PE Berg,
unpublished data). Both prostate and breast cancer
cells expressing BP1 have a significantly higher cell
proliferation index, compared to cells of identical
morphology but lacking BP1 expression. Together,
our current and past findings suggest that BP1 may
be an important regulatory factor in the oncogenic
pathway of several malignancies, including prostate
cancer.
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