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Summary
Background: Our previous studies revealed that the mRNA encoded by BP1, a member of the homeobox gene
superfamily of transcription factors, was expressed in leukemia and inﬁltrating breast ductal carcinoma (IDC). This
study investigated the immunohistochemical proﬁle of BP1, to determine whether the expression of BP1 protein
correlated with breast tumor progression and invasion and whether BP1 was co-localized with erbB2.
Design: Paraﬃn sections from normal reduction mammoplasties (n ¼ 34) and a variety of in situ and invasive
breast cancers (n ¼ 270) were either singly immunostained for BP1, or doubly immunostained for BP1 plus either
erbB2 or Ki-67.
Results: The prevalence of BP1 positive cells and the intensity of BP1 immunoreactivity increased with the extent
of ductal proliferation and carcinogenesis. BP1 expression was barely detectable in normal reduction mammoplasties compared to distinct staining in 21, 46, and 81% of hyperplastic, in situ, and inﬁltrating lesions, respectively.
In cases with co-existing normal, hyperplastic, in situ, and invasive lesions, the tumor cells of the invasive lesions
consistently showed the highest frequency and the highest intensity of BP1 immunostaining, followed by in situ
tumor cells. Double immunostaining revealed that BP1 co-localized with a subset of erbB2 positive cells in all 15 in
situ and IDC tumors examined, and that BP1 positive cells had a substantially higher proliferation rate than
morphologically similar cells without BP1 expression.
Conclusion: These ﬁndings suggest that BP1 is an important upstream factor in an oncogenic pathway, and that
expression of BP1 may reliably reﬂect or directly contribute to tumor progression and/or invasion.

Introduction
Homeobox genes encode transcription factors that are
essential for early development. Increasing evidence
points to a role for homeobox genes in breast cancer
(reviewed in [1]). A recent paper examined the expression
of the large homeobox gene family called HOX in normal
and malignant breast tissues, ﬁnding that some HOX
genes were activated in tumor tissue, some repressed and
others unaﬀected [2]. Studies of speciﬁc HOX genes are in
agreement with this. For example, enforced HOXB7
expression in SkBr3 breast cancer cells induced bFGF
expression and increased the growth rate, serum-independent growth and the ability of cells to form colonies in
semisolid media [3]. Nude mice injected with SkBr3/
w
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HOXB7 cells developed tumors [4]. Importantly, repression of HOX A5 in breast cancer resulted in the loss of p53
expression [5].
BP1, a gene cloned in our laboratory, is a member of
the distal-less (DLX) family of homeobox genes [6]. BP1 is
normally expressed during early hematopoiesis in CD34
negative cells, during erythropoiesis in fetal liver, and in
placenta and kidney [6, 7]. Our recent studies revealed
that BP1 mRNA was detectable in 80% of inﬁltrating
breast ductal carinoma (IDC), whereas it was undetectable in eight of nine matched normal controls, as measured by RT-PCR ([8] unpublished data), making it the
ﬁrst DLX gene to be strongly implicated in breast cancer.
These studies also showed that BP1 expression was signiﬁcantly higher in estrogen receptor (ER) negative than
in ER positive breast tumors, 100 versus 73% (p ¼ 0.03),
and in the tumors of African-American women than in
Caucasian women, 89 versus 57% (p ¼ 0.04). The exclusive or preferential expression of BP1 in IDC, in ER
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negative tumors, and in African-American women, if
conﬁrmed on a larger scale, could have a number of scientiﬁc and clinical implications. First, as has been well
documented, ER negative tumors are clinically more
aggressive and have a worse prognosis compared to ER
positive tumors, suggesting that the expression of BP1
may reliably reﬂect or directly contribute to the aggressiveness of breast tumors [9, 10]. Second, our previous
studies in leukemia have revealed that BP1 has oncogenic
properties, including modulation of cell survival ([7];
unpublished data), suggesting that the high percentage
(80%) of BP1 expression in IDC might enhance breast
tumor growth rate and invasion. Based on these observations, the goal of this study was to elucidate the
immunohistochemical proﬁle of BP1 expression in order
to determine whether the expression of BP1 protein correlates with breast tumor progression and/or invasion,
and whether BP1 positive cells have a more aggressive
biologic phenotype. Moreover, this study attempted to
assess whether BP1 co-localizes with erbB2, a well-deﬁned
onco-protein that maps near BP1 on chromosome 17
[11, 12].

Materials and methods
Immunohistochemistry
Formalin-ﬁxed, paraﬃn-embedded human breast tissues
from reduction mammoplasties (n ¼ 34) of individuals
with no family history of breast cancer, no mammographic and histological breast abnormalities, and from
patients with a wide variety of in situ and invasive breast
lesions (n ¼ 270) were retrieved from the ﬁles of The
Armed Forces Institute of Pathology. Consecutive
sections at 4–5 lm thickness were made and placed on
positively charged microscopic slides. The ﬁrst and last
sections from each case were stained with hematoxylin
and eosin for morphological classiﬁcation, based on our
published criteria [13].
A polyclonal antibody against a BP1 peptide was
made from rabbit, as described [6]. A monoclonal antihuman Ki-67 antigen (clone MIB-1) was purchased
from DAKO (Carpinteria, CA). A monoclonal antihuman erbB2 antigen (clone NCL-CBE-356) was
purchased from Vector (Burlingame, CA, USA).
Immunohistochemical staining was carried out using the
ABC method, as previously described [14, 15].
Before application to experimental cases, we used
several methods to verify BP1 antibody speciﬁcity and
sensitivity. First, the BP1 antibody was pre-absorbed
with the BP1 peptide at diﬀerent concentrations before
incubation with sections. Second, BP1 antibody was
diluted to diﬀerent concentrations and incubated with
consecutive sections from multiple types of breast
tumors, and from tissue culture cells with diﬀerent levels
of BP1 expression. Third, the primary antibody was
substituted with PBS or normal serum, or the secondary
antibody was omitted from the immunostaining

sequence. The pre-absorption of the primary antibody,
the substitution of the primary antibody with PBS or
normal serum, and the omission of the secondary antibody resulted in total negativity in all the sections tested.
To assess the potential co-localization of BP1 and
erbB2, consecutive sections from 15 previously identiﬁed
erbB2 positive tumors were singly or doubly immunostained for these two molecules using our published
protocols [14, 15]. Cells with staining of +3 were scored
as erbB2 positive [16, 17]. To monitor BP1 expression
associated with cell proliferation, sections from morphologically similar in situ and invasive tumors with
(n ¼ 10) and without (n ¼ 10) BP1 expression were
double immunostained for Ki-67 and BP1. The cell
proliferation rate in 3–5 morphologically similar ducts
from each case was calculated, and the rates among
cases in each category were averaged and statistically
compared.
The expression status of ducts and acini lined by ‡ 40
epithelial cells was independently examined by two
investigators (Y-G.M. and A.M.S.) with a >95% concordance. One investigator (A.M.S.) reviewed the samples in a blinded fashion. A given cell was considered
BP1 positive if distinct chromogen coloration was consistently seen in its cytoplasm or nucleus in at least two
duplicates of the same immunostaining procedure and
>5% of its entire cell population showed distinct BP1
immunoreactivity.
Statistics
Group diﬀerences were tested by the Pearson v2 test.
The p-values obtained using this procedure, are
approximate for Table 2–4 due to the lack of independence among the samples.

Results
BP1 positivity increases with ductal proliferative and
neoplastic state
To assess the possibility that the level of BP1 expression
might increase with ductal proliferative and neoplastic
states, several approaches were used. First, the percentage of BP1 positive cells was assessed in the following breast tissue samples: normal (n ¼ 34),
hyperplasia (n ¼ 70), in situ carcinoma (n ¼ 100) and
invasive carcinoma (n ¼ 100), and values were statistically compared.
Among normal breast tissue samples, 30 (88.2%)
were completely devoid of BP1 immunostaining, and 4
(11.8%) contained BP1 positive cell clusters, which
accounted for less than 5% of the total cell population;
the immunostaining did not meet the criteria for BP1
positivity (Table 1 and Figure (1A). As the histopathologic lesions progressed through ductal hyperplasia,
atypical hyperplasia, carcinoma in situ and invasive
carcinoma, the fractional cellular immunoreactivity of
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the lesional ductal component increased (p < 0.0001).
Among 70 hyperplastic ductal lesions, 15 (21.4%) were
BP1 positive (Figure (1B)–(D)). Forty-six of the 100
(46%) in situ breast tumors, including cribriform and
papillary subtypes, were BP1 positive (Figure (1E)–(F)),
while 81 of the 100 (81%) of invasive tumors, including
ductal (n ¼ 91) and lobular (n ¼ 9) types were BP1
positive (Figure (1F)–(G)). No signiﬁcant diﬀerence in
BP1 immunostaining was observed between the ductal
and lobular lesions (data not shown).
There was also a substantial increase in the number
of BP1 positive cells and intensity of BP1 immunostaining as histological entity progressed from
non-invasive to invasive (IDC>DCIS >hyperplasia>normal) (p < 0.0001). Of 193 ducts analyzed from
normal reduction mammoplasties, 17 (8.9%) were BP1
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Table 1. Percentages of BP1 (+) cases among normal and diﬀerent
breast lesions
Lesion

Number of cases

Normal

34

Hyperplasia

70

BP1 positive (%)
0*
15 (21.4%)

In situ

100

46 (46.0%)

Invasive

100

81 (81.0%)

Histological type diﬀerences signiﬁcant at p < 0.0001.
*4 (11.8%) contain BP1 (+) cell clusters, but only in 1–3% of the
total cells.

positive (Table 2). In hyperplasia, 67 of 374 ducts
(17.9%) were BP1 positive; in those cases, BP1 positive

Figure 1. Expression status of BP1 in normal and diﬀerent breast lesions. (A) Normal reduction mammoplasty. 100·. (B)–(D) Intraductal hyperplasia (IDH). In (B) and (C) arrows identify ducts with BP1 expression (red color indicates BP1 staining). The ellipse deﬁnes BP1 negative cells within
a BP1 positive duct. 200·. (E)–(F) Ductal carcinoma in situ (DCIS). Expression of BP1 in DCIS is heterogeneous. (E) Cells in one duct are
homogeneously immunoreactive, while the other two ducts contain many BP1 negative cells (arrow). (F) Some of the in situ and hyperplastic lesions
are strongly positive for BP1 (dark arrows), while the others are weakly positive or negative for BP1 (light arrow) 150·. (G)–(H) Invasive ductal
carcinoma. The inﬁltrating cancer cells are strongly BP1 positive (red color), while the trapped normal ducts are negative (arrows) 150·.
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Table 2. Numbers of BP1 (+) ducts and foci among normal and
diﬀerent breast lesions
Lesion

Number of ducts and foci

BP1 positive (%)

Normal

193

Hyperplasia

374

67 (17.9%)

In situ

325

101 (31.1%)

Invasive

121

95 (78.5%)

17 (8.8%)

Histological type diﬀerences signiﬁcant at p < 0.0001.

Co-localization of BP1 and erbB2
Of 15 previously identiﬁed erbB2 positive tumors, BP1
was co-localized with erbB2 in a subset of the tumor
cells in each of the cases. The number of cells with colocalized BP1 and erbB2 increased with the progression
from an in situ to invasive status (Figure (2C)–(F)). BP1
positive cells, however, were far greater in number than
erbB2 cells.
BP1 expression is associated with proliferation

ducts were frequently distributed as clusters with a deﬁned boundary separating adjacent BP1 negative ducts
(Figure (1B)–(D)) indicating heterogeneity of expression. It is interesting to note that over 90% of the benign
intraductal papillomas (a subset of the hyperplasia
samples) were BP1 negative. In the in situ tumors, 325
ducts were assessed; 101 (31%) were BP1 positive. The
expression of BP1 in the in situ tumors was also heterogeneous, with positive and negative cells co-existing in
diﬀerent sites of the same duct (Figure (1E)–(F)). Of 121
invasive foci analyzed, 95 (78.5%) were BP1 positive.
The cells in invasive lesions were generally uniformly
BP1 positive (Figure (1G)–(H)). The frequency of BP1
positivity in 82 cases with co-existing normal, hyperplasia, in situ, and invasive components was 18.3, 32.9,
47.5, and 82.9%, respectively (p < 0.0001) (Table 3;
Figure (2A)–(B)).
In the cases examined above, distinct BP1 immunoreactivity was preferentially present in epithelial cells. A
majority of the stromal elements, including ﬁbroblasts,
leukocytes, and smooth muscle cells were devoid of BP1
expression. BP1 was predominantly distributed in the
cytoplasm, while it was also occasionally seen in the nucleus of a subset of normal, benign, and malignant cells
(not shown).

Table 3. BP1 expression in 82 cases with co-existing normal and
diﬀerent breast lesions
Lesion

BP1 positive (%)

Normal

15 (18.3%)

Hyperplasia

27 (32.9%)

In situ
Invasive

38 (46.3%)
68 (82.9%)

Tissue component diﬀerences signiﬁcant at p < 0.0001.

Table 4. Cell proliferation rates in morphologically similar BP1 (+)
and ()) cells
Cell type

Cells counted

Ki-67 positive (%)

BP1 positive

5000

360 (7.2%)

BP1 negative

5000

170 (3.4%)

Cell type diﬀerences signiﬁcant at p < 0.0001.

To monitor BP1 expression associated with cell proliferation, sections from 20 morphologically similar in situ
and invasive tumors with (n ¼ 10) and without (n ¼ 10)
BP1 expression were double immunostained for Ki-67
and BP1. In addition, immunostaining of Ki-67 and BP1
was performed on two adjacent sections. Ductal cells
with BP1 expression had a signiﬁcantly higher rate of
cell proliferation, 7.2 versus 3.4% (p < 0.0001) (Table 4; Figure (2G)–(H)). BP1 immunostaining was
cytoplasmic, in contrast to the nuclear staining of Ki-67.

Discussion
Our current study reveals that the distribution and
intensity of BP1 expression increase with the extent of
cellular proliferation and carcinogenesis (normalﬁ
hyperplasiaﬁ in situﬁ invasive), from a few randomly
distributed BP1 positive cell clusters in normal controls
to distinct immunoreactivity in the vast majority of cells
in 81% of the invasive tumors. Compared to normal,
hyperplastic, and in situ lesions, invasive lesions consistently showed the highest number of BP1 positive cells,
and the highest intensity of BP1 immunoreactivity. This
was even more apparent in cases with co-existing normal, hyperplastic, in situ, and invasive components
(Figure (2A)–(B)).
Double immunostaining showed that BP1 is colocalized with erbB2 in a subset of the tumor cells in
each of 15 erbB2 positive tumors, and that the number
of cells with co-localized BP1 and erbB2 increases with
the progression from an in situ to invasive status. BP1
maps near erbB2 [12], and we speculate these two genes
may be co-ampliﬁed. Future studies will examine whether there is a direct relationship between expression of
BP1 and erbB2.
BP1 protein is preferentially located in the cytoplasm.
Although translation occurs in the cytoplasm, the
increasingly intense BP1 staining that was observed with
tumor progression, coupled with the lack of nuclear
staining, may suggest a functional role for BP1 in the
cytoplasm. There are a growing number of transcription
factors that localize to the cytoplasm. A HOX co-factor
protein, PREP-1, is localized in the nucleus in murine
primary oocytes but in the cytoplasm of mature oocytes;
the functional signiﬁcance of this is unknown [18]. Our
previous studies revealed that a putative transcription
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Figure 2. Correlation of BP1 expression with erbB2 and cell proliferation status. (A) A section containing multiple components was immunostained for BP1. 40·. (B) Higher magniﬁcation of (A). 100·. The inﬁltrating cancer cells are uniformly positive for BP1, while the normal (N),
typical intraductal hyperplasia (IDH), and atypical intraductal hyperplasia (AIDH) are either negative or weakly positive. (C) The section
adjacent to (A), immunostained for erbB2. Note that the normal cells, IDH, and AIDH are completely negative for erbB2, while the inﬁltrating
cancer cells are uniformly erbB2 positive 40·. (D) A higher magniﬁcation of C 100·. (E) Section of DCIS immunostained for BP1 400·. (F) The
section adjacent to E, double immunostained for BP1 (red) and erbB2 (brown). Note that BP1 and erbB2 are co-localized some cells 400·. (G)–
(H) Sections of DCIS and IDC, double immunostained for BP1 + smooth muscle actin (red) and Ki-67 (brown). (G) DCIS without distinct BP1
immunostaining (arrow) has few Ki-67 positive cells, while a vast majority of adjacent BP1 positive cells are Ki-67 positive. (H) A separate case of
DCIS with distinct BP1 expression contained substantially more Ki-67 positive cells.

factor, heterogeneous nuclear ribonucleoprotein
(hnRNP) A2/B1, is exclusively or preferentially located
in the nucleus of normal respiratory cells, while it
becomes increasingly detectable in the cytoplasm of
hyperplastic and neoplastic cells during tumor progression. Cells with cytoplasmic hnRNP A2/B1 immunoreactivity had a 3-fold higher frequency of microsatellite
alterations and loss of heterozygosity than did cells with
nuclear hnRNP A2/B1 immunoreactivity [19]. Some
homeotic proteins can be transported to the cytoplasm
and secreted, then taken up by other cells [20]. Other
transcription factors demonstrate phosphorylationdependent and ligand-dependent transport from cytoplasm to nucleus, such as occurs with Smad and ER

proteins respectively [21–23]. Cytoplasmic-nuclear shuttling would be a new property of BP1 protein, one with
important implications if true; future studies will investigate whether this occurs and the underlying mechanism.
The tissue samples used in our current study are from
various states in the United States and from other
countries, including Japan and China, which have been
reported to have a signiﬁcantly lower breast cancer
incidence than Western countries. The frequency and
pattern of BP1 expression among diﬀerent ethnic groups
and people from diﬀerent areas, however, are very similar, suggesting that BP1 might be a highly conserved
protein and an important participant in a major common
pathway of breast tumor progression. A major disad-
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vantage of the diversity in our tissue sample resources is
that it is diﬃcult or impossible to follow-up the patients
and to assess clinical correlations. Currently, we are
assessing the clinical signiﬁcance of BP1 expression and
correlation between BP1 and other molecules, using the
samples from the George Washington University Medical Center, which has detailed clinical information. Our
preliminary immunohistochemical ﬁndings are consistent with those of our current study.
Our current and past ﬁndings suggest that BP1 may
be an important upstream factor in an oncogenic
pathway. While the exact role(s) of BP1 in breast tumor
development and progression has not been deﬁned,
BP1 appears to be speciﬁcally involved in blocking
apoptosis and facilitating the formation and expansion
of a biologically more aggressive cell clone, since: (1) In
our previous studies BP1 is aberrantly expressed in
63% of the bone marrows of acute myeloid leukemia
patients, including 81% of pediatric and 47% of adult
patients, as well as in 32% of pediatric T-cell acute
lymphocytic leukemia patients. In contrast, BP1
mRNA is barely if at all detectable in normal BM and
PHA-stimulated T cells [7]; (2) Ectopic expression of
BP1 in the leukemia cell line K562 substantially
increased their clonogenicity [7], suggesting that BP1 is
capable of sustaining or facilitating deregulated cell
proliferation, which has been regarded as a direct cause
of malignancy [24, 25]; (3) Abrogation of BP1 expression in K562 cells causes apoptosis (P.E.B., unpublished data). (4) BP1 mRNA was detectable in 80% of
breast IDCs, whereas it was detectable in only one of
nine matched normal controls as measured by RT-PCR
([2]; unpublished data), and BP1 expression was signiﬁcantly higher in ER negative than in ER positive
breast tumors, and in the tumors of African Americans
than in Caucasians [8]; (5) Breast cancer cells expressing BP1 have a signiﬁcantly higher cell proliferation
index, compared to their morphologically comparable
counterparts without BP1 expression (see Figure (2G)–
(H)); (6) BP1 positive cells are generally distributed as
distinct clusters or foci with a well-deﬁned boundary to
adjacent BP1 negative cell clusters (see Figure (1B)–
(D)), consistent with the typical feature of clonal proliferation and expansion [26]; (7) In preliminary studies,
injection of MCF7 cells that overexpress BP1 into the
fat pads of nude mice caused increased numbers of
breast tumors compared with controls (P.E.B. and
B. Vonderhaar, unpublished data).

Conclusions
Our ﬁndings reveal that the frequency, distribution and
intensity of BP1 expression increase with tumor progression. Taken together, our results suggest that BP1 is
an important upstream factor in an oncogenic pathway(s) and may directly contribute to tumor progression
and/or invasion.
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