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Abstract The b c l - 2  gene encodes a protein which inhib- 
its programmed cell death (apoptosis). This protein was 
detected by immunohistochemical techniques in 48% of 
invasive ductal carcinomas of the breast. It was present 
in well-differentiated carcinomas with hormonal recep- 
tors, and proteins synthesized under the control of oes- 
trogens: pS2, cathepsin D and ERD5. In contrast, bcl-2 ÷ 
carcinomas are less frequently positive for p53 and have 
a Ki67 score under the mean. bcl-2 protects cells against 
apoptosis. Accumulation of p53 protein, which is indica- 
tive of p53 mutation, would have the same effect; how- 
ever, these two proteins seem inversely related, an in- 
verse correlation observed by others in breast cancer cell 
lines and in lymphomas. Tumours positive for bcl-2 es- 
cape apoptosis and have worse prognosis but this is not 
what is found; survival at 5 years, and particularly the 
absence of recurrence during the first 5 years after sur- 
gery, seem to be associated with bcl-2 positivity. The 
bcl-2 protein seems only to be an important prognostic 
factor in women over 54 years of age. Moreover, p53- 
bcl-2 + turnouts have a better response to hormonal thera- 
py than p53- bcl-2- tumours. 
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Introduction 

bcl-2 protein is a mitochondrial membrane protein [17] 
which protects cells from programmed cell death (apop- 
tosis) [12]. It has been studied in lymphoid tissues and in 
lymphomas [5, 26, 30, 32, 36] and in some of these tu- 
mours, the b c l - 2  gene is translocated into the immuno- 
globulin heavy chain domain [1, 23]. This results in 
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overexpression of the bcl-2 protein and extends B-cell 
life-span, an increase also demonstrated in cells in which 
the b c l - 2  gene has been induced [20, 29, 33]. 

bcl-2 protein has also been shown to be expressed in 
epithelial cells and in carcinomas [13]. Epithelial cells 
that are positive for bcl-2 have a long life-span, they in- 
clude basal cells in epithelium and in mucous membrane 
glands. They are often under hormonal control such as 
the epithelial cells of the prostate, breast and thyroid. Al- 
though bcl-2 may play an important role in carcinogene- 
sis through its regulation of cell death [16, 34], studies 
dealing with bcl-2 in carcinomas are rare. We are aware 
of two; one on non-small-cell lung carcinomas [24], the 
other on prostate carcinomas [7]. 

Since we are engaged in the study of several markers 
in breast carcinomas [14, 15], we examined whether bcl- 
2 protein is expressed in these tumours. We sought a re- 
lationship between this protein and other clinicopatho- 
logical characteristics of breast carcinomas and tried to 
establish the prognostic value of the bcl-2 protein. 

Materials and methods 

One hundred and ninety patients were studied. All were initially 
treated by mastectomy and axillary dissection. After surgery, 75 
patients received endocrine treatment, 55 chemotherapy and 92 ra- 
diotherapy. In 70 patients, two or three types of treatments were 
combined. In order to have a homogeneous group for histological 
type, chosen cases all had invasive ductal carcinoma. The follow- 
ing indices were measured: size of the tumour, number of axillary 
metastases, and histological grade according to Bloom and Rich- 
ardson [4]. One hundred and thirty-six patients had stage I or II 
disease, 24 stage IlI and 17 stage IV. The stage was not known in 
13 patients. Clinical data were evaluated on a yearly basis, the last 
time on 1 June 1993. The observation period was 80-150 months. 
One-hundred and thirty-six patients were over 55 years of age and 
5d patients were under 55 years. Eighty patients (42%) had dis- 
ease recurrence during the 5 years after surgery and 49 of them 
(26%) died during this period. 

To compare the various histological types, 12 infiltrating lobu- 
lar carcinomas and 16 medullary carcinomas were also studied. 
We did not have follow-up for these cases. 

bcl-2 protein was also sought in ten dysplastic lesions of the 
breast. 
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For each case, fresh tissues were immediately frozen and kept 
at -80 ° C until immunological processing. We also obtained for- 
malin-fixed paraffin-embedded tissues. The various antigens.were 
immunostained according to the peroxidase-anti-peroxidase (PAP) 
method of Sternberger et al. [28] using diaminobenzidine as sub- 
strate. The incubation time in the antisera and in PAP was 30 rain 
each separated by washing in TRIS-buffered saline (TBS). Mouse 
and rabbit PAP complexes (diluted 1:800 and 1:200) were ob- 
tained from Dakopatts, Copenhagen, Denmark, and from Stern- 
berger Monoclonals, Baltimore, Mass., USA. 

Finally, all sections were washed in TBS and stained for 10 
rain in the diamino hydrogen peroxide substrate (40 mg 3-3'  di- 
aminobenzidine in 100 ml TBS containing 35 ~tl H202). Nuclei 
were weakly stained with haematoxylin. 

In control slides, the first antiserum was replaced by normal 
rabbit serum or a supernatant from a hybridoma without specifici- 
ty for the tissues examined. To select the best methodology on for- 
malin-fixed and paraffin-embedded tissues, 20 cases positive for 
bcl-2 on frozen tissues were studied using two different technical 
variations: First the antibody incubation was preceded by enzy- 
matic digestion: protease VII (Sigma 5255 1 mg/1.3 ml phosphate 
BS) was employed for 10 rain at 37 ° C and second antibody incu- 
bation was preceded by treatment with microwaves in citrate buff- 
er according to a method [101 modified from that of Shi et al. [27]. 
The second method was preferred. 

Tnmours were defined as positive if one third of their cells 
were bcl-2 +. 

All of the antisera employed in the first step are listed in Table 
1. For progesterone receptors (PR), oestrogen receptors (ER), an- 
drogen receptors (AR) and p53, cases were considered positive if 
even only rare cells were labelled. For ERD5, pS2 and cathepsin, 
tumours were considered positive if one-third of their cells were 
labelled [14, 15]. For Ki67, ten tumour fields were randomly se- 
lected. One hundred tumour cells were counted per high-power 
field (1000x), using a 10x10 eye piece grid and a cell-counter. 
Any nuclear staining (weak or strong) was considered positive. 
The average number (of ten fields) of positive cells was multiplied 
by 0.1 to obtain a tumour score. A mean Ki67 index was then cal- 
culated from the total number of scores. Tumours were then sepa- 
rated into two categories (positive and negative) based upon this 
index. In another study, different cut-off values were expressly 
chosen in an attempt to best correlate the different variables with 
clinical outcome. In the present study, the cut-off was selected at 
the Ki67 mean. 

Non-immune serum from swine and swine antirabbit IgG se- 
rum were obtained from Dakopatts. 

Goat anti-mouse immunoglobulins was obtained from Stern- 
berger Monoclonals. 

Monoclonal Clonab LN-C, used as control, was obtained from 
Biotest Diagnostics, Dreieich, Germany. 

Chi-square and Fisher's exact test were used for univariate 
analysis. Survival analysis was performed using the life-table 
method. 

Results 

Forty-three tumours were less than 2 cm diameter, 70 
were 2-2.9 cm and 74 were larger than 3 cm. In three 
cases, the tumour limits were not well defined and the 
size was therefore not measured. 

Sixty tumours were classified as grade I, 78 as grade 
II and 52 as grade III. Eighty-five cases had no axillary 
metastases, 53 cases had one to three axillary metastases 
and 46 cases had more than three axillary metastases. In 
six cases the axillary contents were not removed. 

The usual prognostic variables studied in our series 
are summarized in Tables 2, 3. 

Ninety-one carcinomas (48%) were positive for bcl-2. 
The staining intensity and the number of positive cells 
were variable. Tumours were defined as positive if one- 
third of their cells were bcl-2 +. Generally the positivity 
was cytoplasmic. Several cases showed a mosaic staining 
pattern with an alternation of negative and positive cells 
(Fig. la, d). In other cases, positive cells were only pres- 
ent at the periphery of the invading tumour (Fig. lb). In 
some cases, bcl-2 positivity was localized on the nuclear 
membrane and in the nucleoli (Fig. lc). In many cases 
with lymphocytic infiltration, the lymphocytes were gen- 
erally bel-2 +. This was particularly marked when the tu- 
mour cells were bcl-2- (Fig. 2a, b). 

For comparison, 12 infiltrating lobular and 16 medul- 
lary carcinomas were studied. Six lobular carcinomas 
(50%) and 4 medullary carcinomas (25%) were positive. 
The difference between the percentage of positive med- 
ullary carcinomas and that of the other histological types 
almost attained statistical significance (P=0.06). In dys- 
plastic lesions, the luminal cells were slightly positive in 
half of the cases and the myoepithelial cells were always 
negative. 

Correlation of bcl-2 positivity with clinicopathological 
characteristies 

There was no relationship between bcl-2 positivity and 
patient age, tumour size, or the presence of axillary me- 
tastases. Significant results are seen in Table 4. 

The prognostic value of bcl-2 was established accord- 
ing to death and to disease recurrence at 5 years (Table 

Table 1 Antibodies used in this study (ER oestrogen receptors, PR progesterone receptors, AR androgen receptors) 

Antiserum Specificity Dilution Tissue Pretreatment Source 

Monoclonal Bcl-2 1:200 Fixed Microwaves 
Monoclonal Cathepsin D 1:50 Frozen - 
Monoclonal pS2 1:5 Fixed Proteolytic digestion 
Monoclonal ERD5 1:20 Fixed - 
Monoclonal ER Kit Frozen - 
Monoclonal PR Kit Frozen - 
Monoclonal AR 1:10 Frozen - 
Monoclonal Ki67 1:40 Frozen - 
Monoclonal 180l p53 1:4000 Frozen - 
Monoclonal 240 p53 1:400 Frozen - 
Monoclonal 421 p53 1:100 Frozen - 
Polyclonal rabbit CM~ p53 1:2000 Fixed - 

Dakopatts, Copenhagen, Denmark 
Transbio, Paris, France 
CIS Bioindustries, Gif-sur-Yvette, France 
Amersham, Buckinghamshire, UK 
Abbott Laboratories, North Chicago, USA 
Abbott Laboratories 
Sanbio, Uden, Holland 
Dakopatts 
Cambridge Research Biochenfical, Northwick, UK 
Oncogene Science, Manhasset, N.Y., USA 
Oncogene Science 
Novocastra, Newcastle-upon Tyne, UK 



Table 2 Prognostic value of usual parameters with regard to sur- 
vival 

Clinicopathological Number of Number of P value 
characteristics survivors deaths 

at 5 years at 5 years 

Age <54 years 41 13 0.44 
>54 years 100 36 

Tumour size: <2 cm 38 5 0.02 
2-2.9 cm 54 16 
>2.9 cm 47 27 

Axillary metastases: 0 75 10 <0.001 
1 - 3  4 0  1 3  

>3 21 25 

Stage: I 65 8 <0.001 
II 46 17 
III 1 3  1 1  

IV 6 11 

Grade: I 49 11 0.21 
II 57 21 
III 35 17 

ER + 103 33 0.56 
- 38 15 

PR + 68 15 0.04 
- 73 33 

Ki 67 + 50 26 0.03 
- 90 23 

p53 + 47 24 0.05 
- 94 25 

pS2 + 64 19 0.46 
- 76 29 

Cathepsin D + 89 30 0.76 
- 51 19 

Table 3 Prognostic value of usual parameters with regard to re- 
currence 

Clinicopathological Number of Number P value 
characteristics disease-free of cases 

survivors recurring 
at 5 years 

Age <54 years 27 27 0.28 
>54 years 76 60 

Tumour size: <2 cm 33 10 0.003 
2-2.9 cm 37 33 
>2.9 cm 31 43 

Axillary metastases: 0 60 25 <0.001 
1-3 29 24 
>3 10 36 

Stage: I 51 22 <0.001 
II 31 32 
III 10 14 
IV 3 14 

Grade: I 34 26 0.79 
II 40 38 
III 29 23 

ER + 75 61 0.77 
- 28 25 

PR + 50 33 0.16 
- 53 53 

Ki 67 + 36 40 0.13 
- 66 47 

p53 + 38 33 0.88 
- 65 54 

pS2 + 40 43 0.13 
- 62 43 

Cathepsin D + 66 53 0.59 
- 36 34 

Fig. l a - d  lmmunohistochemi- 
cal detection of blc-2, a, d Cy- 
toplasmic positivity with alter- 
nating negative and positive 
cells, (a x250; d x600), b The 
bcl-2 ÷ cells are at the periphery 
of the tumour, x250. c Bcl-2 
positivity on nuclear membrane 
and in nucleoli, x600 
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Fig. 2a, b Two bcl-2- carcino- 
mas with bcl-2 + lymphocytic 
infiltration, a Case number  345, 
x250; b case number  13, 
x600 

Table 4 Relationship between bcl-2 and clinicopathological char- 
acteristics 

Clinicopathological Number of Number of P value 
characteristics bcl-2- cases bcl-2 + cases 

G r a d e I o r I I  65 73 0.018 
GradeI I I  34 18 
AR + 48 58 0.044 

- 47 31 
ER + 57 79 <0.001 

- 41 12 
PR + 33 50 0.003 

- 65 41 
K i67  + 50 26 0.001 

- 48 65 
p53 + 46 25 0.006 

- 53 66 
Cathepsin D + 55 64 0.043 

- 43 27 
pS2 + 34 49 0.006 

- 64 41 
E R D 5  + 36 48 0.023 

- 63 43 

Table 5 Prognostic value of bcl-2 with regard to survival 

Clinicopathological Number of Number of P value 
characteristics survivors deaths 

at 5 years at 5 years 

Bcl-2 + 72 19 0.09 
Bcl-2- 69 30 
AR + bcl-2 + 25 6 0.05 
AR + bcl-2- 30 17 
Ki67- bcl-2 + 56 9 0.04 
Ki67- bcl-2- 34 14 
Age >54 years bcl-2 + 55 14 0.07 
Age >54 years bcl-2- 45 22 

5; Fig. 3). The difference in survival between the patients 
with bcl-2- or bcl-2 + tumours was not significant 
(P=0.09). However, when the tumours were grouped ac- 
cording to the presence of AR, Ki 67 negativity, p53 neg- 
ativity, or patient age over 54, the difference between 
bcl-2 + and bcl-2- tumours was greater (Table 5). Disease 
recurrence at 5 years in patients with bcl-2 +tumours was 

~ ~ 100 [ 

~ 90 I ,.1:: 

" I .~ 
7 70  

° I 60 

° I ,~ 
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J O ~ O  overoll survival bcl - 2 - 

H Disease free survival bcl - 2 + 7 
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p=O.09 

p=O.05 

Fig. 3 Percentage of overall survival and disease free survival 
during the 5 years after surgery according to bcl-2 immunohisto- 
chemical findings 

Table 6 Prognostic value of bcl-2 with regard to recurrence 

Clinicopathological Number of Number of 
characteristics disease-free cases recurring 

survivors at 5 years 

P value 

Bcl-2 + 56 35 0.05 
Bcl-2- 47 52 
ER + bcl-2 + 49 30 0.04 
ER + bcl-2- 26 31 
Ki67- bcl-2 + 43 22 0.04 
Ki67- bcl-2- 23 25 
Cathepsin D + bcl-2 + 41 23 0.03 
Cathepsin D + bcl-2- 25 30 
pS2- bcl-2 ÷ 30 11 0.01 
pS2- bcl-2- 32 32 
Age >54 years bcl-2 + 45 24 0.02 
Age >54 years bcl-2- 31 36 



statistically different from that of patients with bcl-2- 
(P=0.05). This difference was even greater when sub- 
groups were made with ER + tumours, Ki 67- tumours, 
cathepsi n D + turnouts, pS2- tumours, and also when only 
patients over 54 years of age were considered (Table 6). 
It must be emphasized that bcl-2 positivity did not modi- 
fy the prognosis of ER-, Ki 67 +, AR-, p53 +, p53- or of 
small tumours (less than 2 cm). 

Of the 75 patients receiving endocrine therapy, 35 
were treated with success. No correlation could be estab- 
lished between bcl-2 and the response to therapy even in 
the ER + bcl-2- and ER + bcl-2 + groups. However, in the 
group of p53- turnouts, the bcl-2 + tumours responded 
better to hormonal therapy than bcl-2- tumours. Of the 
33 p53- bcl-2 +, 19 responded well to therapy. In compar- 
ison, of the 23 p53- bcl-2- tumours, only 8 were respon- 
sive to hormonal therapy (P=0.07). 

Discussion 

Forty-eight percent of breast carcinomas were positive 
for bcl-2 protein with immunohistochemical techniques, 
possibly due to the persistence of bcl-2 expression dur- 
ing oncogenesis. Breast epithelium has phases of prolif- 
eration, secretion and apoptosis which are under hor- 
monal, and probably bcl-2, control [2, 9, 181.We have 
detected, like Hockenbery et al. [13], bcl-2 protein in 
epithelial cells of large and small breast ducts. This pro- 
tein may be expressed in breast carcinomas secondary to 
a genetic modification, and in lymphomas, the classic 
aberration found is at (14; 18) translocation [1, 3, 6, 23, 
31]. This translocation has never been described in breast 
carcinomas, and it is important to note that bcl-2 protein 
has been overexpressed in lymphomas without this trans- 
location [22]. It is probable that in several tumours, over- 
expression of bcl-2 is secondary to other causes. 

As mentioned by Pezzella et al. [24], the accumula- 
tion of bcl-2 could be due to a post-transcriptional dys- 
regulation. Our study did not allow us to determine 
which mechanism is responsible for accumulation of bcl- 
2 protein in breast carcinomas. The percentage of bcl-2 + 
tumours is low in Ki67 + carcinomas and in carcinomas 
of histological grade III.~The bcl-2 protein is also ex- 
pressed with markers associated with biological differen- 
tiation such as ER, PR and AR. It is also associated with 
proteins that are under hormonal control such as pS2, ca- 
thepsin D, and ERD5. In normal tissues, bcl-2 has also 
been described in cells which are regulated by hormonal 
stimuli [13]. It is present more often in carcinomas 
which do not have p53 protein accumulation. For exam- 
ple medullary carcinomas are almost always positive for 
p53 protein [14] but rarely positive for bcl-2. 

The correlation between p53 and bcl-2 proteins is sur- 
prising. The latter protects the cells against apoptosis; 
p53 protein is necessary for induction of apoptosis by 
exogeneous or endogeneous factors [19, 35]. As accumu- 
lation of p53 protein indicates a mutated protein with 
loss of normal function, presence of p53 would be asso- 
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ciated with absence of apoptosis. Therefore one would 
expect a relationship between positivity for bcl-2 and ac- 
cumulation of p53 protein. This is not the case. This in- 
triguing point was also observed in non-Hodgkin's 
lymphomas [25] and in Hodgkin's disease [8]. Moreover, 
an inverse correlation between the expression of bel-2 
and p53 proteins has been found in several human breast 
cancer cell lines [11]. It could be that this relationship is 
due to down-regulation of bcl-2 by mutant p53. This has 
been demonstrated by transfection of MCF7 cultures 
[11]. Therefore although the relationship between p53 
and bcl-2 seems strong, the consequences of the interac- 
tion are not always predictable. 

The prognosis of p53 + tumours is poor when com- 
pared with bcl-2 + tumours; the presence of bcl-2 protein 
tends to confer better prognosis, as judged by overall 
survival at 5 years. This is an unexpected result since 
bcl-2 protects cells against apoptosis and one might ex- 
pect that cells expressing bcl-2 would escape apoptosis, 
live longer and therefore confer a worse prognosis on the 
tumour. This is not the case; other factors act on tu- 
mours, and those that have evolved over a long period of 
time are not necessarily aggressive. In our series pres- 
ence of bcl-2 is associated with Ki67 negativity (Ki67 
score under the mean). Moreover, the prognostic value of 
bcl-2 for disease recurrence at 5 years is significant 
(P=0.05) and in patients over 54 years of age, has a still 
better prognostic value (P=0.07 for overall survival and 
P=0.02 for disease-free survival). 

The bcl-2 protein is associated with molecules of 
prognostic value such as ER, PR, cathepsin D and pS2. 
Thus, it might be argued that our results on bcl-2 are due 
to the association of bcl-2 with proteins with good prog- 
nosis. This is not the case since ER, pS2 and cathepsin D 
have no prognostic value in our series, and that only the 
association ER + PR + had independent predictable value. 
Our results concerning prognosis are similar to those of 
Pezzella et al. [24] on non-small cell lung carcinomas. 
However, the results of Colombel et al. [7] and McDon- 
nell et al. [21] on prostate carcinomas are different. In 
these carcinomas, bcl-2 seems to be associated with high 
grade tumours refractory to hormonal therapy. The ex- 
pression of bcl-2 could make it possible for cancer cells 
to survive in an androgen-deprived environment. In our 
cases, it was not possible to show whether or not bcl-2 + 
ER + carcinomas were independent of hormonal stimuli. 
After endocrine treatment, the percentage of therapeutic 
success was the same in bcl-2- and bcl-2+ tumours. 
However, when subgroups are made according to p53 
and bcl-2 positivity, it seems that bcl-2 confers on p53- 
tumours the possibility of a good response to hormonal 
therapy. It could be, as suggested by Haldar et al. [11], 
that subgroups of breast cancers based on bcl-2 and p53, 
will identify breast cancers with different prognosis. 
However, the groups of patients in our study were too 
small in number to make such as assumption. Both bcl-2 
and p53 should be studied together with several different 
oncogenes in both infiltrative carcinomas, and in carci- 
noma in situ. 
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