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Abstract. Background: Bcl-2 is one of the most important
antiapoptotic genes. Although it facilitates the survival of
tumor cells, its expression has been consistently associated with
a better prognosis for breast cancer. Virtually all studies on Bcl-2
conducted in breast cancer have been carried out by means of
immunohistochemistry. The aim of this study was to examine
for the first time the expression of Bcl-2 in a series of human
breast cancer, both at the mRNA and protein level. Materials
and Methods: One hundred samples from previously untreated
human breast cancers were used; Bcl-2 expression was
determined both by means of immunohistochemistry using the
bel-2/100/D5 monoclonal antibody and differential RT-PCR.
Additionally, the expression of hormone receptors (ER and
PR), c-erb-B2, p53 and the proliferation-associated Ki-67
antigen were also studied by means of immunohistochemistry
as part of the standard pathological workup. Results: Any degree
of immunohistochemical staining correlated significantly and
inversely with c-erb-B2 expression (p=0.0008), nuclear grade 3
(p=0.0015), a Ki-67 labeling index >10% (p=0.02) and tumor
size (p=0.048), and in a direct fashion with estrogen
{p=0.0003) and progesterone receptor expression (p=10.0002).
mRNA expression of the Bcl-2 gene showed a significant
inverse correlation with c-erb-B2 (p=0.016) and p53
(p=0.014) expression, as well as with a nuclear grade 3
(p=0.006), and a direct correlation with estrogen (p=0.0004)
and progesterone (p=0.001) receptor expression, as well as
with nodal invasion (p=0.04). Conclusion: The study of Bcl-2
expression in breast cancer by means of either immuro-
histochemistry or RT-PCR yields very similar results. In spite
of its role opposing tumor cell death, Bcl-2 is associated with
biological features of the tumors which define a better intrinsic
prognosis, such as hormone receptor expression, low
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proliferation and absence of c-erb-B2 and mutant p53
expression. This may in great part explain why Bcl-2
expression has been invariably found to correlate with a better
prognosis of breast cancer.

Apoptosis is a physiological process following which normal
cells die after a given number of replications. Tumor cells
tend to interfere with this mechanism by activating genes
which inhibit apoptosis, thus, achieving long-term survival
or even immortality, as shown in experimental in vitro
models (1, 2). One of the main genes limiting apoptosis is
Bcl-2. Paradoxically, Bel-2 expression has been consistently
associated with a better prognosis of breast cancer patients,
when, from a purely theoretical point of view, quite the
contrary should be expected (1, 2).

Most studies of Bcl-2 expression in breast cancer have
been carried out using immunohistochemical techniques (3-
5). In this study Bel-2 expression both at the mRNA and
protein levels was examined in a series of breast cancers in
order to exclude the possibility that the technique employed
might account for the above-mentioned unexpected results.

Materials and Methods

One hundred samples from previously untreated patients operated
upon for breast cancer at Fundacién Tejerina - Centro de Patologia
de la Mama, Madrid, Spain, were studied. At the time of operation,
one aliquot of the tumor was conserved in RNAlater®
(QUIAGEN, Hilden, Germany) for further processing at the
Molecular Biology laboratory of Universidad Rey Juan Carlos,
Madrid, Spain, and the rest was formalin-fixed for routine
processing at the Pathology laboratory of Fundacién Tejerina -
Centro de Patologia de la Mama, Madrid, Spain.

The numbers of histological types were as follows: ductal
infiltrating 76, lobular infiltrating 20 and tubular 4. Other, less
fequent types were excluded from the study. Of the 100 tumors,
61 were T1, 27 T2, 4 T3, and the remaining 19 were multifocal,
diffuse tumors involving several quadrants of the breast,
according to the standard TNM classification. Axillary nodal
invasion was registered in 43 (43.0%) of the patients. Of them,
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Figure 1. Detection of Bcl-2 mRNA expression by means of RT-PCR. The
low-density band (211 bp) corresponds to the target gene Bcl-2, whereas
the high density band (486 bp) corresponds to the beta-actin internal
control. The empty lanes are plain PCR controls to exclude the
amplification of an eventual pseudogene.

20 had between one and three nodes involved, 12 patients had
between 4 and 10 metastatic nodes and the remaining 11 had
more than 10 affected nodes.

Immunohistochemistry. The protocols used were those standard at
our laboratories, and have been extensively described in previous
papers (6-7). For the present study, the bel-2/100/D5 monoclonal
antibody (Novocastra, Newcastle, UK) was used at a dilution of
1:50 after pretreatment of the slides with citrate buffer in a
pressure boiler ("HIER" technique). The incubation was carried
out for 1 h at room temperature in a humid chamber. Normal
breast tissue reactive for Bel-2 was used as positive controls, and
duplicates from the tumors studied in each batch, for whom all
steps were carried out in parallel exactly in the same way, but
omitting the first antibody were used as negative controls (Figure
2). The slides were also routinely processed for hormone receptors
(ER and PR), c-erb-B2, p53 and Ki-67. All the procedures
employed were exactly the same as described in other papers by
our same group, and the reader is referred to them for details (6-
8). For the evaluation of the Bcl-2 immunohistochemical reaction,
the semiquantitative scale we developed was used, which grades the
tumors from 0 to 6 depending on the number of tumor cells stained
and the intensity of the reaction in relation to the positive control
(9). The tumors were considered ER-, PR-, c-erb-B2- and p53-
positive when more than 10% of the cells showed specific staining,
in agreement with our previous studies (6-9). In the case of p53,
this degree of staining has previously been found to be almost
invariably associated with expression of the mutant protein (10).
The Ki-67-score was expressed directly as the percentage of
reactive tumor cells.

Differential RT-PCR. For the study of Bel-2-mRNA expression
the differential RT-PCR technique described by our group in
previous papers (11-13) was used. It consists of the concomitant
reverse transcription and subsequent amplification of the study
gene and a constitutive gene under exactly the same conditions
in the same tube. The quotient study gene/constitutive gene of
the corresponding band densities expressed in arbitrary units
gives a relative measure of the expression of the target gene
(Figure 1). The primers used and the conditions applied are
shown in Table I.

The results are comparable with those obtained using the same
technique in the same samples in previous studies corresponding
to the expression of the AMAM (11) and Nup88 (12) genes.
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Table L. Sequence of primers and conditions used.

Primer Sequence 5' -3 Amplicon Annecaling

size  temperature

bel-2a  CCCTGTGGATGACTGAGTAC

bel-2b GCATGTTGACTTCACTTGTG 211 bp 54°C

AC1 GACCCAGATCATGTTTGAG

AC2 GAGTTGAAGGTAGTTTCGTG 486 bp 55°C

Process Time Temperature
RT-PCR

Inverse transcription 30 min 50°C

Activation prior to PCR 15 min 95°C

PCR

Denaturalization Imin 95°C

Annealing 30 sec 55°C

Extension 1 min 72°C

No. of cycles 34 cycles

Final extension 10 min 72°C

Table II. Correlation of Bcl-2 expression with clinical and biological
variables of the tumors. Immunohistochemistry: any degree of staining.
RT-PCR cut-off: 25th percentile. Spearman’s rank correlation test.

Variable Immunohistochemistry RT-PCR

r 2 r P
ER 0.36 0.0003 0.36 0.0004
PR 0.37 0.0002 0.34 0.001
pS53 -0.12 0.28 -0.27 0.014
c-erb-B2 -0.34 0.0008 -0.25 0.016
Ki-67 -0.23 0.02 -0.09 0.37
Histologic grade 3 -0.16 0.17 -0.22 0.06
Nuclear grade 3 -0.28 0.0015 -0.32 0.006
Tumor size -0.21 0.048 -0.20 0.07
Nodal invasion ~0.05 0.63 0.21 0.04

Statistics. For comparative purposes with qualitative variables, the
study gene/beta-actin band density quotient, expressed in arbitrary
units, was divided into *high” and "low" values, using the 25th and
75th percentile together with the median value as different cut-offs.
Afterwards, using the chosen final cut-off, the corresponding
relative expression level was correlated with all other biological and
clinical variables (Table IT). Continuous variables were compared
with each other directly by means of Pearson’s correlation test if
they showed a Gaussian distribution, otherwise comparison was by
means of Spearman’s test. The statistical analysis was performed
using the GraphPad Prism biomedical statistical package
(GraphPad Software, Inc., San Diego, CA, USA). Values were
considered significant when p-value was <0.05.
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Figure 2. Immunochistochemical detection of Bcl-2 expression. Strptavidin-biotin-peroxidase x250. a) Cytoplasmic reactivity in virtually all tumor cells.

b) Negative control of a.

Results

Of the 100 samples tested, 96 yielded interpretable results
by means of immunohistochemistry and 93 by means of
RT-PCR. The causes for failure were lack of large enough
tumor areas in the case of very small T1 tumors analyzed by
means of immunohistochemistry, and RNA-degradation in
the case of uninformative RT-PCR reactions.

Of the 96 samples which were evaluable by means of
immunohistochemistry, 42 did not show any Bcl-2-
reactivity in the tumor tissue, although in most of them a
clear reactivity was demonstrable in normal breast
glandular tissue, which served as an excellent internal
control, in addition to the external control used in every
tested batch of tumors. Of the 54 reactive samples, 48
attained a score of 3 or higher according to our
semiquantitative scale, so that the interpretation was
straightforward (Figure 1).

Any degree of immunohistochemical staining correlated
significantly and inversely with c-erb-B2 expression
{p=0.0008), nuclear grade 3 (p=0.0015), a Ki-67 labeling
index »>10% (p=0.02) and tumor size (p=0.048), and in a
direct fashion with estrogen {p=0.0003) and progesterone
receptor expression (p=0.0002).

The best degree of correlation in expression levels
between both techniques was obtained for a cut-off at the
25th percentile of the distribution obtained by means of
RT-PCR (p<0.05). This low threshold explains well why
any degree of positivity registered by means of
immunchistochemistry seems to be biologically relevant.
Using this cut-off for dichotomization and comparison with
qualitative variables, mRNA expression of the Bcl-2 gene
showed a significant inverse correlation with c-erb-B2
{p=0.016) and p53 (p=0.014) expression, as well as with a

nuclear grade 3 {(p=0.006), and a direct correlation with
estrogen (p=0.0004) and progesterone (p=0.001) receptor
expression. Surprisingly, it also showed a positive
correlation with nodal invasion (p=0.04).

All these results are summarized in Table I1. Additionally,
Bel-2 mRNA expression was significantly and directly
associated with hMAM mRNA expression (p<0,5), and
inversely with Nup88 mRNA expression (p<0.01). As shown
in our previous studies (11, 12), hMAM, in its turn, is
associated with a significantly better prognosis for breast
cancer, whereas Nup88 mRNA expression is an independent
predictor of a significantly worse prognosis.

Discussion
The results obtained by either method, immuno-
histochemistry or RT-PCR, are very similar, as shown in
Table I1. This fully validates the previously reported results
by other groups using immunohistochemistry and indicates
that during the translational process from mRNA to protein
there occur few, if any, changes in the final expression of
the Bel-2 gene. Since the interpretation of the immunohisto-
chemistry is rather straightforward, as has also been shown,
and any level of reactivity seems to have biological
consequences, this method, being cheap and simple, appears
to be the one of choice for its routine use in the clinic.
Our results show an association between expression of
the Bcl-2 gene and favorable biological and clinical features
of the tumors: small tumor size, low nuclear grade, hormone
receptor expression, absence of c-erb-B2 and mutant p53
expression, and low proliferation (inverse correlation with
Ki-67 expression). This explains why Bcl-2 expression has
been consistently associated with a better prognosis for
breast cancer in previous reports (1-3, 5, 14) despite the
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conceptual paradox represented by its putative role as a
facilitator of tumor cell survival. In particular, the very
strong association between Bcel-2 and hormone receptor
expression found by us is likely to have a prognostic power
that overshadows all other possible prognostic factors. The
dependence between hormone receptor and Bel-2 was
reported by Park er al. (5) for invasive ductal carcinoma
using immunohistochemistry, and shortly afterwards by us
for all common types of breast cancer using immuno-
fluorocytometry (7). Knowlton er al. hypothesized that Bel-
2 might slow cell proliferation independently from its
antiapoptotic effect, and showed this to be indeed the case
in an experimental tumor model (15). This is confirmed by
our present finding of an inverse correlation beween Bcl-2
and Ki-67 expression. Silvestrini ¢¢ al. found a significant
inverse correlation between Bcl-2 and mutant p53
expression in node-negative breast cancer, which did not
hold its prognostic power in a multivariate model (3). Their
cited association was also found in our study using RT-PCR.
Furthermore, when carrying out a sub-analysis stratified by
nodal invasion, we obtained a very similar result to the one
reported by Silvestrini ef al. (3), since in our case the inverse
correlation between Bcel-2 and mutant p53 expression was
also mainly at the expense of node-negative tumors
(r=-034; p=0.014) if compared to their node-positive
counterparts (r=-0.12; p=0.49). Bukholm ef al. (4) found a
significant inverse correlation beween Bcl-2 determined by
means of immunohistochemistry and nodal invasion. This
association was not found in our study using immuno-
histochemistry, but surprisingly, the opposite was found by
means of RT-PCR. This unexpected result is devoid of a
plausible explanation, and merits further investigation.

Conclusion

The study of Bcl-2 expression in breast cancer by means of
either immunohistochemistry or RT-PCR yields very similar
results. In spite of its role opposing tumor cell death, Bcl-2
is associated with biological features of the tumors, which
define a better intrinsic prognosis, such as hormone
receptor expression, low proliferation and absence of c-erb-
B2 and mutant pS3 expression. This may in great part
explain why Bcl-2 expression has been invariably found to
correlate with a better prognosis for breast cancer.
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