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Report

Expression of multiple apoptosis-regulatory genes in human breast cancer
cell lines and primary tumors

Juan M. Zapata, Maryla Krajewska, Stanislaw Krajewski, Ruo-Pan Huang, Shinichi Takayama, Hong-Gang
Wang, Eileen Adamson, and John C. Reed

The Burnham Institute, Cancer Research Center, Oncogene & Tumor Suppressor Gene Program, La Jolla,
CA 92037, USA
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Summary

The expression of several apoptosis-regulating genes was evaluated in 9 human breast cancer cell lines, 2
immortalized human mammary epithelial lines, 1 normal breast tissue biopsy, and 3 primary breast tumors,
using a multiple antigen detection (MAD) immunoblotting method. The anti-apoptotic proteins Bcl-2,
Bcl-X,, Mcl-1, and BAG-1were present atimmunodetectable levelsin 7, 10, 10, and 9 of the 11 lines. Compar-
ing these 11 cell lines among themselves revealed that steady-state levels of Bcl-2, Bcl-X,, Mcl-1, and BAG-1
were present at relatively higher levels in 4, 6, 5, and 5 of the lines, respectively. In contrast, the pro-apoptotic
proteins Bax and Bak were detected in all 11 cell lines, and were present at relatively higher levels in 10 and 5 of
the 11 lines, respectively. The Interleukin-13 converting enzyme (ICE) homolog CPP32 (Caspase-3) was ex-
pressed in 10/11 breast cell lines. High levels of p53 protein, indicative of mutant p53, were found in 8 of the 11
lines and correlated inversely with Bax expression (p = 0.01). Bcl-2 and BAG-1 protein levels were positively
correlated (p = 0.03). Immunoblot analysis of primary adenocarcinomas revealed expression of the anti-
apoptotic proteins Bcl-2, Bcl-X,, Mcl-1, and BAG-1, as well as the pro-apoptotic proteins Bax, Bak, and
CPP32, in at least 2 of the 3 tumors examined. Immunohistochemical analysis was also performed for all of
these proteins using 20 paraffin-embedded breast cancer biopsy specimens that all contained residual normal
mammary epithelium in combination with both invasive cancer and carcinoma in situ. All of these apoptosis-
regulating proteins were detected in primary breast cancers, though the percentage of immunopositive tumor
cells varied widely in some cases. Comparisons of the intensity of immunostaining in normal mammary epi-
thelium and invasive carcinoma suggested that Bcl-2 immunointensity tends to be lower in cancers than nor-
mal breast epithelium (p = 0.03), whereas CPP32 immunointensity was generally higher in invasive cancers
(p <0.0001). Taken together, the results demonstrate expression of multiple apoptosis-modulating proteinsin
breast cancer cell lines and primary tumors, suggesting complexity in the regulation of apoptosis in these
neoplasms of mammary epithelial origin.

Introduction lies all neoplasms [1] can arise either because of in-
creases in the rates at which cells proliferate or be-
The clonal selective growth advantage that under- cause of decreases in the frequency with which they
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expire due to programmed cell death (reviewed in
2). While the loss of cell cycle checkpoint controls
and the activation of certain proliferation-promot-
ing oncogenes can render tumor cells relatively
more sensitive than normal cells to the cytotoxic ef-
fects of radiation and chemotherapeutic drugs, the
inactivation of cell death-promoting or the activa-
tion of cell death-blocking genes can produce a ra-
dio- and chemoresistant state that probably ac-
counts in large part for the failure of many current
anti-cancer therapies [3]. Escape from the normal
mechanisms of cell death regulation probably also
underlie, at least in part, the phenomenon of hor-
mone-independence in carcinomas that arise from
tissues such as breast and prostate. Though the
molecular mechanisms that control the relative sen-
sitivity or resistance of malignant cells to physiolog-
ical and iatrogenic apoptotic stimuli remain to be
fully elucidated, members of the Bcl-2 family of
proteins appear to play a prominent role. These
proteins control a distal step in an evolutionarily
conserved pathway for programmed cell death and
apoptosis [4]. Moreover, alterations in expression
of Bcl-2 and some of its homologs have been de-
scribed in human tumors and can have prognostic
significance in some cases (reviewed in 5).

Though the precise mechanism of action of Bcl-2
family proteins remains unresolved, biochemical
and genetic data suggest that these proteins control,
probably indirectly, the activation of a family of
cysteine proteases with homology to the Interleu-
kin-13 Converting Enzyme (ICE). These proteases
appear to be universal effectors of apoptotic cell
death [6]. Among the various mammalian members
of the ICE protease family, CPP32 is probably the
most clearly associated with cell death (reviewed in
7). Proteolytic activation of CPP32 can be induced
in tumor cell lines by various chemotherapeutic
drugs and is blocked by overexpression of Bcl-2 and
Bcl-X, (reviewed in 6).

A variety of experimental observations suggest
that dysregulation of normal cell turnover mecha-
nisms plays an important role in the pathogenesis of
adenocarcinomas of the breast [7-11]. Breast cancer
accounts for about 160,000 new cases of malignancy
per year in the United States alone, and is the sec-
ond leading cause of cancer-associated death for

women in developed countries [12]. At present, rel-
atively little is known about which apoptosis-regu-
lating genes are expressed in tumors of mammary
epithelial origin. Mutations that inactivate the tu-
mor suppressor p53 (a pro-apoptotic protein) occur
commonly in advanced breast cancers, and have
been correlated with poor clinical outcome [13].
Similarly, reduced levels of Bax, a pro-apoptotic
gene which is a direct transcriptional target of p53
[14], have been associated with poor responses to
chemotherapy and shorter overall survival in wom-
en with metastatic breast cancer [15]. Conversely,
the anti-apoptotic protein Bcl-2 is found at high lev-
els in early-stage breast cancers, particularly those
that are estrogen receptor (ER) positive and p53
immunonegative (i.e., lacking mutant p53) (re-
viewed in 16). Other than Bcl-2 and Bax, however,
no published reports exist to date which have ex-
plored the expression of other members of the Bcl-2
family in breast cancers. Also unaddressed is the ex-
pression of apoptosis-regulating proteins such as
BAG-1 that lack homology with Bcl-2, but which
can interact with certain Bcl-2 family proteins and
modulate their functions [17]. Expression of ICE
mMRNA has been reported to increase in normal
mammary epithelial cells when deprived of adhe-
sion via integrins to extracellular matrix proteins
[18], but it remains unresolved whether other ICE-
family proteins such as CPP32 are expressed in
breast cancers. In this report, we used monospecific
antibodies, immunoblotting, and immunohisto-
chemical methods to analyze the relative levels of
the Bcl-2, Bcl-X,, Mcl-1, Bax, Bak, BAG-1, and
CPP32 proteins in human breast cancer cell lines
and primary tumors.

Materials and methods
Immunoblotting

Frozen normal mammary tissue and 3 primary
breast adenocarcinoma specimens were obtained
from the UCSD Tumor Bank, ground to a fine
powder in liquid nitrogen using a mortar and pestle,
and then homogenized in RIPA buffer [16]. Normal
mammary cell lines MCF-10A and 184-A1N4 were



obtained from Dr. D. Salomon (NCI, Bethesda,
MD). Other lines were obtained from ATCC. All
cell lines were maintained in culture using either
DMEM (high glucose) or RPMI medium supple-
mented with 10% fetal bovine serum, 1 mM L-glu-
tamine, antibiotics, and other additives as per the
supplier’s recommendations. Detergent-lysates
were prepared from subconfluent cultures of cells,
normalized for total protein content (50 ug per
lane), and subjected to SDS-PAGE and subsequent
immunoblotting to nitrocellulose membranes as
described [18]. Filters were sequentially incubated
with various polyclonal rabbit antisera (Bcl-2,
Bcl-X, Mcl-1, Bax, Bak, CPP32, Raf-1) [15,19-23] or
monoclonal antibodies (BAG-1, p53) [24] at 0.1%
(viv), followed by enhanced chemiluminescence
(ECL)-based detection using a novel multiple anti-
gen detection (MAD) immunoblotting method that
allows for multiple reprobings of blots without anti-
body stripping [25]. Data were quantified by scan-
ning densitometry and expressed in arbitrary units
reflecting the area under the tracings. Statistical
comparisons were made by simple correlation anal-
ysis using the JMP package of biostatistics pro-
grams (SAS Institute, Inc.).

Immunocytochemistry

For immunohistochemical assays, 20 breast cancer
biopsies were randomly chosen that had been pre-
determined to contain residual normal mammary
epithelium along with invasive carcinoma and car-
cinomainsitu (n = 6). Tissue sections (0.5 um) were
prepared from the paraffin blocks and immuno-
stained with polyclonal rabbit antisera specific for
Bcl-2, Bcl-X, Mcl-1, Bax, Bak, or CPP32, or with
monoclonal antibodies specific for BAG-1, using a
diaminobenzidine (DAB)-based detection method
as described in detail [21, 22, 26, 27]. Nuclei were
counterstained with hematoxylin. As controls, the
immunostaining procedure was performed in paral-
lel using preimmune serum or a mouse 1gG control
monoclonal antibody (Dako, Denmark) to verify
specificity of the results. Also, in some cases, the an-
tiserum was preadsorbed with relevant peptide or
protein antigens, further confirming the immuno-

Apoptosis-regulatory proteins 131

specificity. The approximate percentages of immu-
nopositive cells were scored separately for all three
components: normal, in situ, invasive cancer. The
intensity of the immunostaining was also evaluated
in side-by-side comparisons of invasive cancer and
carcinoma in situ with adjacent areas of normal
mammary epithelium, scoring the intensity as
greater than, less than, or equal to normal adjacent
mammary epithelium (T >N; T <N; T = N). In ad-
dition, intensity was scored on an arbitrary 4-point
scale as: 0, negative; 1, weak; 2, moderate; and 3,
strong. Statistical comparisons were performed for
percent immunopositivity data by unpaired t-test
and for intensity by Pearson chi-square analysis us-
ing a 2 x 3 matrix.

Results

Figure 1 shows an example of the immunoblot re-
sults obtained for the cell lines and Table 1 summa-
rizes the findings. The 26-kDa Bcl-2-a protein was
detected in 7 of the 11 cell lines (MCF-10A, MD-
MB-A231, MD-MB-A468, BT-474, BT-549,
MCF-7, T-47D), though the levels of Bcl-2 were
quite low in 3 cases of these (MCF-10A, MDA-
MB-468, T-47D). No Bcl-2-f protein (~ 22 kDa)
was seen. Six of the breast lines contained small
amounts of the ~ 30 kDa form of Bcl-2, including
MDA-MB-231, MDA-MB-468, BT-20, BT-549,
MCF-7, and T-47D. This p30-Bcl-2 band co-migrat-
ed in SDS-PAGE experiments with the ~ 30 kDa
Bcl-2 protein found in colorectal cancer cell lines,
where Bcl-2 has been shown to be phosphorylated
[28]. Moreover, treatment of the lysates from breast
cancer cell lines with alkaline phosphatase convert-
ed the mobility of the p30-Bcl-2 protein to the usual
26-kDa size (data not shown), consistent with p30-
Bcl-2 representing a phosphorylated form of the
protein.

The Bcl-X, protein, which typically migrates as a
doublet at ~ 29-30 kDa [22], was easily detected in
all of the cell lines, except BT549 which contained
only a very faint Bcl-X, band. Considerably higher
relative levels of Bcl-X, were found in both of the
immortalized mammary epithelial cell lines
(MCF-10A, 184-A1N4) and in the MDA-MB-231,
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MDA-MB-468, BT-474, and T-47D carcinoma cell
lines. No Bcl-Xg or other isoforms of Bcl-X were
detected in these cell lines. Mcl-1 was present at
readily detectable levels in lysates derived from all
cell lines, except T-47D which contained only a very
weak intensity band corresponding to Mcl-1. The
highest levels of Mcl-1 were found in BT-20 and
BT-474 cells, with intermediate relative levelsin the
BT-549 and MCF-7 cancer cell lines and in the
MCF-10A immortalized mammary epithelial cell
line. The Bcl-2 binding protein, BAG-1, was detect-
ed in all cell lines, except Hs-578 and ZR-75-1. The
relative levels of BAG-1protein were variable, with
BT-474 and MCF-7 having the highest amounts of
this anti-apoptotic protein.

The pro-apoptotic Bcl-2 family proteins Bax and
Bak were expressed in all 11 cell lines. The lowest
relative levels of Baxwere found in BT-474 cellsand
the highest were in MCF7 cells. Relatively lower

levels of Bak were present in 184-A1N4, MDA-
MB-231, MDA-MB-468, BT-20, BT-474, and
BT-549 cells, whereas relatively higher amounts of
Bak were found in MCF-10A, Hs-578, MCF-7,
T-47D, and ZR-75-1 cells. Among the 11 breast
lines, only MCF-7 failed to express CPP32, which
was present as the expected ~ 32 kDa proenzyme
in all other cell lines (Figure 10). Reprobing the
blots with an antiserum specific for the serine/thre-
onine protein kinase Raf-1 verified loading of ap-
proximately equivalent amounts of intact proteins
for all cell lines (Figure 1).

Immunoblot analysis of the p53 protein in these
11 cell lines using a monoclonal antibody that reacts
with both wild-type and mutant p53 proteins re-
vealed the presence of immunodetectable p53 in 8
of them. This presumably reflects the presence of
stabilized mutant p53 protein, and is consistent with
the DNA sequence data which is available from the

Table 1. Relative expression of Bcl-2 family proteins, BAG-1, CPP32, and status of estrogen receptor (ER) and p53 in breast cancer cell

lines

Cell lines Source Bcl-2 Bcel-X, Mcl-l  BAG-1 Bax Bak p53 CPP32 ER

MCF-10A Fibrocystic breast disease 1.0 1.0 1.0 1.0 1.0 1.0 wt 1.0 -
normal ductal cells

184-A1N4 Mammary epithelium 0 2.0 0.4 35 1.3 0.3 wt 1.3 n.d.

MDA-MB-231 Adenocarcinoma 4.1 15 0.2 1.3 0.9 0.5 mut 2.7 -

MDA-MB-468 Infiltrating adeno-
carcinoma 0.9 1.7 0.2 2.3 0.7 0.6 mut 2.9 -

BT-20 Adenocarcinoma 0 0.4 1.0 0.4 0.7 0.4 mut 4.1 -

BT-474 Ductal carcinoma 5.9 1.6 1.1 3.9 0.3 0.4 mut 4.1 +

BT-549 Papillary infiltrating ductal 4.6 0.2 0.6 25 0.8 0.3 mut 24 -
carcinoma

HS-578 Ductal carcinoma 0 0.4 0.3 0 1.1 1.0 mut 3.2 -

MCF-7 Infiltrating ductal 7.6 0.4 0.8 35 1.6 0.9 wt 0 +
adenocarcinoma

T-47D Infiltrating ductal 0.3 1.2 0.1 15 0.3 1.2 mut 2.2 +
carcinoma

ZR-75-1 Infiltrating ductal 0 0.5 0.4 0 1.1 0.8 wt* 3.3 +
carcinoma

mut = mutant, n.d. = not determined, wt = wild-type.

Summary of apoptosis-regulating proteins and other characteristics of breast cancer cell lines. Immunoblot data were quantified by
scanning densitometry and expressed in arbitrary absorbance units X mm?® and arbitrarily normalized relative to the MCF-10A cell line
(‘normal’ ductal cells from fibrocystic breast disease). All samples (50 ug total protein) were run in the same gel and analyzed side-by-side
to avoid variations due to differences in the efficiency of protein transfer and antibody-based detection during immunoblotting experi-
ments. For the purposes of quantification, only the p26-Bcl-2 band was considered (excludes 30 kDa phospho Bcl-2 which may be an
inactive version of Bcl-2; ref. 36). Data represent the mean of two experiments (std dev < 15%).

* ZR75-1 cells contained p53 protein but have been reported to have wild-type p53 genes [29]. (wt = wild-type; mut = mutant; n.d. = not

determined).
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Figure 1. Immunoblot analysis of apoptosis-modulating proteins in breast cancer cell lines. Lysates from breast cancer lines (50 pg per
lane) were subjected to SDS-PAGE (12% gel) and transferred to nitrocellulose paper. Antigens were detected on the blot by an ECL-
based method involving sequential incubation with various antibodies as indicated [25].

literature for 8 of 9 of these cell lines [29, 30]. The
one exception is ZR75-1, which has been reported
to have wild-type p53 genes but which was p53 im-
munopositive both here and in other reports [29].
The relative levels of p53 proteinin these 8 cell lines
were highly variable.

Correlations of the intensity of the bands ob-
tained by densitometric analysis of the immuno-
blotting results revealed statistically significant as-
sociations between p53 and Bax, which were inver-
sely correlated (r = - 0.73; p = 0.01). Bax was also
inversely correlated with CPP32 (r= -0.80; p=
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Figure 2. Analysis of apoptosis-regulatory proteins in primary breast cancers. Lysates from normal mammary tissue (lane 1) and three
primary breast tumors (lanes 2-4) were normalized for total protein content (50 pg per lane) and relative levels of various apoptosis-
regulating proteins were evaluated by immunoblotting.

0.003). Bcl-2 and BAG-1 were positively correlated
(r =0.65; p =0.03). Otherwise, no statistically signif-
icant correlations were noted when all 11 cell lines
were included in the analysis. When the 2 immortal-
ized epithelial cell lines were excluded, then p53
correlated positively with Bel-X, (r= 0.82; p=
0.007). The correlations noted between Bcl-2/
BAG-1, p53/Bax, and Bax/CPP32 remained signif-
icant (p = 0.004; 0.03; 0.008, respectively), even

when the MCF-10A and 184-A1N4 mammary epi-
thelial cell lines were excluded from the analysis.
Significant correlations were not detected between
Bcl-2 family, p53, BAG-1, or CPP32 proteins and
ER status.

The expression of these apoptosis-regulating
proteins was also evaluated by immunoblotting in 3
primary breast cancers, making comparisons with a
single sample of normal mammary tissue (Figure 2).

Table 2. Direct comparison of immunointensity in normal mammary epithelium and neoplastic lesions

Relative  Bcl-2 Bcl-X Mcl-1 BAG-1 Bax Bak CPP32
intensity
Insitu Invasive Insitu Invasive Insitu Invasive Insitu Invasive Insitu Invasive Insitu Invasive Insitu Invasive
cancer cancer cancer cancer cancer cancer cancer
T<N 10/19 12/19 4/20  3/20 2/20 5/20 3/20 2/18  4/20 3/14 3/20 0/14  0/20
(53%) (63%) (20%) (15%) (10%) (25%) (18%) (15%) (11%) (20%) (22%) (15%) (0%) (0%)
T=N 2/19  1/19 9/20  8/20 18/20 15/20 8/20 4/18 4120 9/14  12/20 3/14  3/20

(11%) (5%)  (45%) (40%) (90%) (75%)
T>N 719 619  7/20 9/20 0/20  0/20
(36%) (32%)  (35%) (45%) (0%) (0%)

(35%) (40%)

(47%) (45%)

(22%) (20%)  (64%) (60%)
9/20 12/18 12/20  2/14  5/20
(67%) (60%)  (14%) (25%)

(21%) (15%)
11/14 17/20
(79%) (85%)

Immunointensity was compared between normal mammary epithelium (N) and adjacent carcinoma in situ or invasive cancer (T) using 20
breast cancer biopsies. In a few cases, immunostaining was either unsuccessful or no invasive carcinoma or carcinoma in situ was present
in the tissue section used for evaluation, thus resulting in denominators of < 20. The intensity scoring only included immunopositive cells,
and did not take into consideration any cells which were immunonegative.



Bcl-2 protein was present at similar levels in all 3
tumor specimens and the normal mammary tissue
sample. In contrast, Bcl-X, protein was detected by
immunoblotting in all 3 cancer specimens but not in
the normal mammary tissue specimen. Mcl-1 was
present at easily detectable levelsin 2 of the 3 breast
carcinoma specimens but was just barely detectable
in the other tumor and was undetectable in normal
mammary tissue. BAG-1 was observed in all speci-
mens, but was clearly higher in the 3 carcinomas
compared to the specimen of normal mammary epi-
thelium. Only one of the primary tumors contained
immunodetectable p53 protein, suggesting the
presence of mutant p53 in this specimen. Bax pro-
tein was present in normal mammary epithelium
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and all 3 tumor specimens but was markedly re-
duced compared to normal mammary tissue in one
of the three tumors, consistent with a previous
study which demonstrated reduced Bax in ~ one-
third of breast adenocarcinomas [15]. Bak was ex-
pressed in all samples, with slightly higher levels in
the three primary tumors compared to normal
mammary gland. Finally, CPP32 protease was im-
munodetectable in all samples, but was clearly high-
er in the 3 carcinoma specimens compared to the
normal mammary gland sample (Figure 2).

Taken together, these data confirm the results
obtained using cell lines, establishing that primary
adenocarcinomas of the breast have the potential to
express multiple apoptosis-regulatory genes. No

Table 3. Immunointensity scores for normal breast epithelium, carcinoma in situ, and invasive breast cancer.

Intensity  Bcl-2 Bcel-X Mcl-1 BAG-1
N Insitu Invasive N Insitu  Invasive N Insitu Invasive N Insitu  Invasive
cancer cancer cancer cancer
0 0/19 2/19 2/19 0/20 2/20 1/20 0/20 0/20 0/20 0/20  0/20 1/17
(0%) (11%) (11%) (0%) (10%) (5%) (0%) (0%) (0%) (0%) (0%) (0%)
1 1/19 6/19 7/19 13/20 10/20 6/20 15/20 17/20  20/20 9/20  9/20 6/17
(6%) (31%) (37%) (65%) (50%) (30%) (75%) (85%) (100%) (45%) (45%) (35%)
2 9/19 4/19 5/19 7120 6/20 12/20 5/20 3/20 0/20 10/20  3/20 7117
(47%) (21%) (26%) (35%) (30%) (60%) (25%) (15%) (0%) (50%) (15%) (41%)
3 9/19 7/19 5/19 0/20 2/20 1/20 0/20 0/20 0/20 1/20  8/20 4117
(47%) (37%) (26%) (0%) (10%) (5%) (0%) (0%) (0%) (5%) (40%) (24%)
p-value - 0.05 0.03 - NS NS - NS 0.02 - 0.01 NS
Intensity Bax Bak CPP32
N In situ Invasive N In situ Invasive N In situ Invasive
cancer cancer cancer
0 1/20 0/19 0/20 0/20 0/14 0/20 2/20 0/14 0/20
(5%) (0%) (0%) (0%) (0%) (0%) (10%) (0%) (0%)
1 9/20 5/19 7120 7/20 7114 9/20 14/20 2/14 2/20
(45%) (26%) (35%) (35%) (50%) (45%) (70%) (14%) (10%)
2 9/20 9/19 7120 12/20 6/14 9/20 4/20 8/14 8/20
(45%) (47%) (35%) (60%) (43%) (45%) (20%) (57%) (40%)
3 1/20 5/19 6/20 1/20 1/14 2/20 0/20 4/14 10/20
(5%) (26%0) (30%) (5%) (7%) (10%) (0%) (29%) (50%)
p-value - NS 0.03 - NS NS - 0.01 0.0001

Immunointensity scores for normal breast epithelium, carcinoma in situ, and invasive breast cancer. The intensity of the immunostaining
was evaluated in usual mammary epithelium (N), carcinoma in situ or invasive cancer from 20 breast cancer biopsies, scoring the intensity
on an arbitrary 4-point scale as 0, negative; 1, weak; 2, moderate; 3, strong. In a few cases, the immunostaining was either unsuccessful or
no invasive carcinoma or carcinoma in situ was present in the tissue section used for evaluation, thus resulting in demoninators of < 20.
Statistical comparisons were performed for intensity by Pearson chi-square analysis using a 2 x 3 matrix. NS = no significance.
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quantitative relations between normal and malig-
nant breast tissue should be inferred however from
the immunoblot analysis presented in Figure 2, giv-
en that (a) paired samples of tumor and adjacent
normal tissue were not employed; (b) these tissue
specimens are heterogeneous with respect to their
proportions of epithelial and stromal cells; and (c)
the relative levels of some Bcl-2 family proteins
may fluctuate in normal mammary epithelium with
the estrous cycle [31].

Immunohistochemical analysis of the expression
of these apoptosis-regulatory proteins was also per-
formed using 20 breast cancer biopsy specimens
which were chosen for their concomitant presence
of residual normal mammary epithelium which per-
mitted direct comparisons between normal and ma-
lignant cells. Co-existing carcinoma in situ was also
present in these twenty biopsies. Table 2 summa-
rizes the results, where direct side by side compari-
sons were made between the intensity of the immu-
nostaining among the immunopositive cells (ie. not
considering any immunonegative tumor cells) with-
in normal mammary epithelium, carcinoma in situ,
and invasive cancers.

Though this type of analysis precluded a statisti-
cal evaluation, itappeared that Bcl-2 immunointen-
sity was only rarely equivalent in neoplastic and
normal cells (T = N in 5% of invasive cancers and
11% of carcinomas in situ. Rather, in most invasive
cancers (12/19 [63%0)]) and carcinoma in situ lesions
(10/19 [53%]), the intensity of Bcl-2 immunostain-
ing was lower in the neoplastic cells compared to
the normal cells (Table 2). In contrast, the intensity
of Bcl-X staining in invasive cancers and carcinoma
in situ lesions was generally equal to or greater than
normal mammary epithelium (17/20 [85%0] invasive
cancers and 16/20 [80%] in situ lesions). Though the
antibody employed for these studies can potentially
react with both the anti-apoptotic Bcl-X, and pro-
apoptotic Bcl-Xg proteins [22], the immunoblot
analysis of breast cancer lines and primary tumor
specimens suggests that the immunostaining is like-
ly to be accounted for by Bcl-X, protein. Mcl-1, an-
other anti-apoptotic member of the Bcl-2 family,
was mostly expressed at levels similar to normal
mammary epithelium (T = N in 75% invasive and
90% of carcinomas in situ), but was sometimes pre-

sent at lower immunointensity levels in neoplastic
cells (Table 2). In contrast, in nearly half of invasive
cancers (9/20 [45%]) and carcinomas in situ (8/17
[4790]), the intensity of immunostaining for the an-
ti-apoptotic protein BAG-1 was higher than nor-
mal. Among the pro-apoptotic proteins examined
here (Bax, Bak, CPP32), the clearest trend was ob-
served for the cell death protease CPP32 (Cas-
pase-3), which was expressed at levels higher than
adjacent normal mammary epithelium in 17/20
(85%) invasive carcinomas and 11/14 (79%o) carci-
nomas in situ. This apparent upregulation of CPP32
in breast cancers reflected the observation that nor-
mal mammary epithelium expresses CPP32 at rela-
tively low levels, based on immunohistochemical
analysis [32]. Surprisingly, the intensity of Bax im-
munoreactivity was not uncommonly higher in ne-
oplastic cells compared to normal epithelium (12/20
[60%0] invasive cancers and 12/18 [67%] carcinomas
in situ) (Table 2), but there were also often many
tumor cells present which failed to express Bax alto-
gether which were not factored into the immunoin-
tensity scoring (see below).

An alternative method for scoring relative inten-
sities of immunostaining in normal, in situ, and in-
vasive cancer was employed, which lends itself to
statistical analysis (Pearson correlations). In this
approach, an arbitrary 4-point scale was used to
score immunointensity as negative, weak, moderate
or strong (Table 3). Compared to normal mammary
epithelium, the intensity of Bcl-2 immunostaining
was significantly reduced in invasive cancers (p =
0.03) and carcinomas insitu (p =0.05). The intensity
of Mcl-1 was also significantly lower in carcinomas
than in normal mammary epithelium (p <0.02) but
notin carcinomas insitu. However, unlike Bcl-2, the
differences were attributed entirely to slightly high-
er (2+vs1+) intensity immunostaining in 5 (25%) of
the 20 normal epithelial samples (Table 3), and thus
must be interpreted with caution. In contrast to the
anti-apoptotic proteins, the intensity of Bax immu-
nostaining was significantly higher among invasive
carcinomas than normal epithelium (p = 0.03), but
here again, the differences could be attributed to a
small proportion of cases (6/20 carcinomas versus
1/20 normals with strong intensity). However, the
intensity of CPP32 immunostaining was clearly



higher among invasive cancers and some carcinoma
in situ. For example, half (10/20 [50%]) of the in-
vasive cancers exhibited strong (3+) CPP32 immu-
nointensity, compared to none of the normal breast
epithelial samples. No statistically significant dif-
ferences in the intensity of immunostaining were
noted during comparisons of normal mammary epi-
thelium and invasive breast cancer for Bak or bcl-x
when the immunointensity was scored using the 0-3
scale. Finally, the intensity of BAG-1 was signifi-
cantly higher among carcinoma in situ than normal
epithelium (p = 0.01) but not in invasive cancer.

Comparisons of the approximate percentages of
immunopositive tumor and normal cells were also
performed using the same immunostained slides.
The percentages of immunonegative cells varied
widely among invasive cancers and carcinomas in
situ for all apoptosis-regulatory proteins examined,
whereas the results for normal mammary epitheli-
um were far more homogeneous (data not shown).
Consequently, statistically significant differences
between normal epithelium and both invasive can-
cers and carcinomas in situ were obtained for all
proteins examined (p < 0.05). The biological signif-
icance of these results however remains to be deter-
mined. No significant differences were noted with
regards to the percentages of immunopositive cells
within invasive cancers compared to carcinoma in
situ lesions, with the exception of BAG-1. The per-
centages of BAG-1 immunopositive cells were
slightly lower within invasive cancer (83 + 3%
[range 50-95%] versus 91 + 3% [range 70-95%])
(p =0.05).

Discussion

The data presented here indicate that several Bcl-2
family proteins, as well as the Bcl-2 binding protein
BAG-1 and the ICE-family protease CPP32 (Cas-
pase-3), are expressed in the majority of breast can-
cer cell lines and primary tumors. The multitude of
apoptosis-regulating proteins expressed in these tu-
mor cells and the complex interactions among these
proteins suggest that the relative resistance to
apoptosis in individual cases of breast cancer will be
difficult to predict from merely monitoring whether
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or not any particular one of these proteins is pre-
sent. This complexity may underlie, for example,
the paradoxical observation that Bcl-2 expression is
generally associated with more favorable outcome
in women with both node-negative and node-posi-
tive disease, as well as in breast cancer patients with
metastatic disease (reviewed in 33). Namely, assess-
ment of Bcl-2 alone may fail to give a complete pic-
ture of the overall repertoire of Bcl-2 family and
other apoptosis-modulating proteins in these neo-
plasms.

With some notable exceptions, the relative levels
of the Bcl-2 family proteins, BAG-1, CPP32, and
mutant p53 in breast cancer cell lines were not regu-
lated in discernible patterns that would suggest
commonalties in the mechanisms that control the
expression of these apoptosis-modulating proteins
or functional links between them. Thus, for the
most part, these various apoptosis-controlling
genes are probably independently regulated. This
observation suggests that the genetic and environ-
mental factors that account for dysregulation of
programmed cell death pathways in breast cancers
are likely to be multifactorial.

Though the data should be viewed as highly pre-
liminary given the small number of tumor lines ex-
amined and the semi-quantitative immunoblotting
method used to assess the relative levels of apopto-
sis-modulating proteins, it is of interest that an in-
verse correlation was observed between p53 and
Bax. Assuming that higher levels of p53 derived
from stabilizing mutations that inactivate the pro-
tein, this finding is consistent with the previous dis-
covery that the Bax gene promoter contains typical
consensus sequences for p53-binding and can be di-
rectly transcriptionally activated by p53 [14]. How-
ever, the veritable absence of immunodetectable
wild-type p53 protein in breast cancer cell lines such
as MCF-7 in which both alleles of p53 have been
reported to be unmutated [34], suggests that other
factors besides p53 account for the relatively higher
expression of Bax in tumor lines with wild-type p53.
Moreover, in arecent comparison of Bax and nucle-
ar p53 immunostaining in primary breast cancers,
no significant correlation was found between the
expression of these two apoptosis-regulating pro-
teins [35]. Nevertheless, it may be of biological and
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clinical importance that some tumors which have
mutant p53 also have reduced Bax, the predicted
outcome of which would be a highly apoptosis-re-
sistant state. Thus, more advanced breast cancers
with mutant p53 may be resistant to chemotherapy
and radiation-induced apoptosis not only because
they would fail to upregulate wild-type p53 and con-
sequently trans-activate the Bax gene promoter
when confronted with genotoxic stress, but also be-
cause their basal expression of Bax tends to be low-
er than tumors with wild-type p53. In addition,
when the two immortalized mammary epithelial
lines were omitted and only the 9 breast cancer lines
were included in the statistical analysis, an associ-
ation between mutant p53 and higher levels of
Bcl-X, protein was also found. Thus, more ad-
vanced tumors with p53 gene mutations may also
have a tendency to produce more Bcl-X,, which
could further contribute to reduced sensitivity to
apoptotic stimuli.

The finding of Bax protein in all 9 breast cancer
cell lines examined here is at odds with recent re-
ports that breast cancer cell lines and primary ade-
nocarcinomas of the breast almost uniformly con-
tain little or no detectable Bax mRNA [36, 37].
Probably the most reasonable explanation for this
discrepancy is that detection of MRNA can be more
difficult and less sensitive than protein detection
methods. Translational or post-translational con-
trol of Bax expression however could also contrib-
ute to the reported differences, and indeed exam-
ples of differential regulation of Bax protein half-
life have been described [38].

This report provides the first evidence of BAG-1
expression in breast cancers. Interestingly, the in-
tensity of BAG-1 immunostaining was often higher
in invasive cancers compared to normal epithelium.
The BAG-1 protein binds to and modulates the
chaperone activity of ~ 70 kDa family heat shock
proteins [39]. BAG-1 has also been reported to in-
teract with activated progesterone and other ste-
roid hormone receptors [40], suggesting that it may
perform other functions in cells besides cooperat-
ing with Bcl-2 in the suppression of cell death.
BAG-1 also can bind to and increase the enzymatic
activity of the serine/threonine protein kinase
Raf-1, through a Ras-independent mechanism [41].

How these various activities of the BAG-1 protein
impact on the pathogenesis and progression of
breast cancers remains to be determined. However,
the frequent expression of this multifunctional pro-
tein in breast cancers suggests the need to evaluate
the effects of BAG-1 on cell death, proliferation,
and chemoresistance in future studies of adenocar-
cinomas of the breast.

It may be of interest that of all the breast cancer
cell lines (n =9), immortalized mammary epithelial
lines (n = 2), and primary normal and malignant
breast biopsy specimens (n = 4) tested here, only
one was immunonegative for CPP32, i.e., the
MCF-7 breast cancer line. MCF-7 is probably the
most commonly used cell line model for studying
breast cancer cell behavior. The absence of CPP32
protein in MCF-7 cells, therefore, suggests that (a)
CPP32 expression may become down-regulated or
entirely lost in some breast cancers as a mechanism
for gaining a survival advantage; and (b) MCF-7
may be aberrant compared to most other breast
cancers, which apparently retain expression of this
ICE-family protease which has been implicated in
the execution-phase of apoptosis. In this regard, the
immunohistochemical analysis of invasive carcino-
mas and in situ cancers performed here also demon-
strated the presence of CPP32 immunostaining in
all specimens studied, further suggesting that the
absence of CPP32 in MCF7 cells may be unusual.
Consequently, this finding raises some caveats
about the excessive use of this particular tumor line
as a model for understanding the apoptotic re-
sponses of breast cancers.
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