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A b s t r a c t  Immunohistochemical  study of bcl-2 protein 
immunoreactivity in human non-neoplastic mesothelium 
(44 cases) and in malignant mesothelioma (62 cases) us- 
ing a murine monoclonal antibody (clone 124) showed 
cytoplasmic immunoreactivity for bcl-2 protein in five 
cases of  malignant mesothelioma. Non-neoplastic mesot- 
helium was not immunoreactive. Immunoreactivi ty for 
bcl-2 protein does not add useful prognostic information 
in malignant mesothelioma since survival times of bcl-2 
positive and bcl-2 negative cases did not differ. Never- 
theless, the detection of bcl-2 protein in malignant me- 
sothelioma might be useful for the differentiation f rom 
reactive mesothelium. 

K e y  w o r d s  Bcl-2 protein • M e s o t h e l i o m a  • Pleura 
Immunohis tochemis t ry .  Prognosis 

Introduction 

The bcl-2 proto-oncogene was discovered at the chromo- 
somal breakpoint of  the t(14; 18) (q32;q21) translocation 
found in human follicular lymphoma [16]. In this translo- 
cation the bcl-2 gene is brought under the control of  the 
promoter of  the immunoglobulin heavy chain gene. As a 
consequence, abnormally high levels of bcl-2 protein are 
produced [4, 16, 17]. The bcl-2 gene product is a 26 kDa 
protein located at the inner side of  the mitochondrial 
membrane [7]. Its mode of action remains uncertain but 
the protein seems to protect cells from programmed cell 
death (apoptosis) [7] and is a normal constituent of differ- 
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ent non-lymphoid organs and tissues including thyroid, 
skin, intestine, uterine smooth muscle and breast [11]. 
Immunoreactivity for the bcl-2 protein is present mainly 
in cell populations which are long lived and/or with high 
proliferating ability such as duct cells in exocrine glands, 
basal keratinocytes, cells at the bottom of colonic crypts, 
neurons and several embryonal tissues where it seems to 
play a role in maturation and terminal differentiation [11]. 
It has therefore been suggested that bcl-2 protein assists 
in the survival of stem cells while preventing the overac- 
cumulation of differentiated cells. The bcl-2 protein is 
also expressed in non-lymphoid tumours including primi- 
tive neuroectodermal tumours, hormone therapy resistant 
prostate cancer and non-small cell lung cancer, suggest- 
ing a possible role of  this protein in the genesis of these 
neoplasms [5,10, 14]. This prompted us to investigate the 
presence of bcl-2 protein in malignant mesothelioma and 
non-neoplastic mesothelium. 

Materials and methods 

A total of 62 paraffin embedded mesothelioma tissue specimens 
comprising 47 epithelial mesotheliomas, 8 mixed mesotheliomas 
and 7 mesenchymal mesotheliomas were included in the study to- 
gether with 44 paraffin embedded tissue specimens of pleura or 
pleural exudates with non-neoplastic mesothelium, 33 of which 
showed signs of hyperplasia. In all mesothelioma cases asbestos 
exposure was documented. All samples were fixed in an alcoholic 
formalin acetic acid solution. Additional histochemical stainings 
were performed including periodic acid-Schiff (PAS), PAS after 
diastase treatment, alcian blue and alcian blue after hyaluronidase 
treatment. Immunohistochemical staining for carcinoembryonic 
antigen (CEA), cytokeratin, vimentin and epithelial membrane an- 
tigen (EMA) was also performed employing standard immunohis- 
tochemical procedures. 
For the detection of the bcI-2 protein, 5 ~tm thick sections were 
cut, dewaxed in xylene followed by rehydration in decreasing eth- 
anol series, water and phosphate buffered saline (PBS) pH 7.4. 
Slides were immersed in methanol supplemented with 0.3% hy- 
drogen peroxide for 30 min to block the endogenous peroxidase. 
After rehydration through graded ethanol and distilled water, sec- 
tions were immersed in 10mM citrate buffer (10mM citrate 
monohydrate in distilled water, pH 6.0) and subjected to micro- 
wave treatment (750 W) for three times 5 min with a cooling peri- 
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od of 5 min between the sessions. This method makes it possible 
to perform immunohistochemistry on paraffin sections of forma- 
lin-fixed tissues with antibodies that apparently were only suitable 
for frozen sections [3, 8]. After cooling to room temperature, 
slides were removed to PBS and incubated with non-immune rab- 
bit serum (diluted 1:20 in PBS; Dako, Denmark) to block the non- 
specific Fc receptor activity in tissue. The sections were incubated 
overnight at 4°C with the primary antibody anti-bcl-2 protein 
mouse monoclonal antibody (clone 124, isotype IgG1; Dako) di- 
luted 1:40 in PBS supplemented with 1% bovine serum albumin. 
This monoclonal antibody is directed against a synthetic peptide 
comprising the aminoacids 41-54 of the human bcl-2 protein 
(Pezella et al. 1990). It detects bcl-2 protein in western blotting 
experiments and in immunohistochemical techniques. Its efficacy 
has been proven on frozen sections and on paraffin sections [5, 9, 
10, 11, 14]. The sections were then overlaid with biotinylated rab- 
bit anti-mouse polyclonal antibody (Dako) diluted 1:40. Binding 
was detected by applying the avidin-biotin-peroxidase complex 
(Dako). Peroxidase was revealed by incubating the sections with a 
solution containing 3,3'diaminobenzidinetetrahydrochloride in 20 ml 
TRIS buffer pH 7.6 containing 0.03% hydrogen peroxide. 

The specificity of the immunohistochemical reactions was con- 
trolled as follows: firstly by omitting the first antibody; secondly 
by substituting the anti-bcl-2 antibody for an unrelated monoclon- 
al antibody of the same isotype IgG 1 in the same concentration but 
directed against an unrelated antibody (monoclonal mouse anti- 
human CD 68 antibody, isotype IgG1, Dako). 

Sections of a follicular lymphoma were used as positive con- 
trols [4, 16, 17]. Counterstaining was with Mayer's haematoxylin 
for 5 min. 

The Fisherman's exact test was used for statistical analysis. 
Survival data were available in 52 patients with mesothelioma 

and survival time was determined from the date of diagnosis until 
last follow-up or death. Patient actuarial survival curves were con- 
structed using the Kaplan-Meier method with statistical signifi- 
cance determined by the log-rank test. 

Results 

Sixty-two specimens f rom patients with a malignant  me- 
sothel ioma and 44 specimens o f  non-neoplast ic  mesothe-  
l ium were studied including 33 cases with signs o f  hy- 
perplasia. 

All mesothel iomas exhibited alcian blue positivity 
and no neutral mucins  were found. Immunohis tochemi-  
cally all were immunoreact ive  for cytokeratin, vimentin 
and EMA.  No C E A  positivity was found. 

Positive control  sections treated with anti-bcl-2 anti- 
body  showed strong cytoplasmic immunoreact iv i ty  in 
mos t  lymphoid  cells in the follicles o f  a follicular lym- 
phoma.  There was a strong fine brown granular cyto- 
plasmic immunoreact iv i ty  for bcl-2 protein in five me- 
sotheliomas (Fig. 1). In some of  these mesothel iomas on- 
ly scattered foci o f  neoplastic mesothelial  cells situated 
in the immediate  vicinity o f  vessels were bcl-2 protein 
immunoreact ive.  In other mesothel iomas more  than 75% 
of  the neoplastic cells were immunoreact ive  for bcl-2 
protein. The results o f  the immunohis tochemica l  stain- 
ings are summarized in Table 1. No  statistically signifi- 
cant differences were found between the various me- 
sothel ioma subtypes (P>0.5). In the remaining me- 
sothel ioma cases as well as in all cases with non-neo-  
plastic mesothel ium no immunoreact iv i ty  for bcl-2 pro- 
tein was detected. Scattered stromal lymphocytes  in neo- 
plastic and non-neoplast ic  mesothelial  tissues were 

Fig. 1 Neoplastic mesothelial cells of an epithelial mesothelioma 
displaying strong granular cytoplasmic immunoreactivity for bcl-2 
protein in the vicinity of a vessel (avidin-biotin-complex- 
immunohistochemical technique; magnification x450; bar=- 
50 gin) 

Table 1 Immunoreactivity for bcl-2 protein in malignant 
mesothelioma and non-neoplastic mesothelium 

Immunoreactive 
mesothelial cells 0% 1-5% 5-25% 50-75% >75% 

Epithelial type 45 1 1 
Mesenchymal type 5 1 1 
Mixed type 7 1 

All 57 1 2 1 1 
mesotheliomas 

Non-neoplastic 44 
mesothelium 

immunoreact ive  and served as internal positive controls 
for the anti-bcl-2 antibody. 

The median actuarial survival as determined by the 
Kaplan-Meier  method was 1.45 months  for me- 
sothel ioma patients with bcl-2 immunoreact ive  Cells and 
6.87 months  for patients without  bcl-2 immunoreact ive  
cells (P=0.09; fig. 2). 
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Fig. 2 Actuarial survival comparing mesothelioma cases (n=5) 
with bcl-2 immunoreactive cells (- -) to mesothelioma cases 
(n=47) without bcl-2 immunoreactive cells (-). There is no statis- 
tically significant difference between the two groups (P=0.09, log- 
rank tests) 

Discussion 

Immunoreactivity for the bcl-2 protein was found in ap- 
proximately 10% of the mesotheliomas in our series. It is 
very unlikely that this immunoreactivity for bcl-2 protein 
would be the result of a t(14;18)(q32;q21) translocation 
since this translocation has not been described in me- 
sothelioma [6, 15]. However, some lymphomas overex- 
press bcl-2 protein without the t(14;18) translocation in- 
dicating that this cytogenetic abnormality is not the sole 
cause of bcl-2 protein disregulation in neoplastic cells 
[9]. The bcl-2 protein is not restricted to lymphoid neo- 
plasms but has also been found in reactive lymphoid tis- 
sue and in non-lymphoid tissues [7]. Some authors state 
that several types of long lived cells, like muscle and 
other mesodermal cells, do not always show bcl-2 ex- 
pression and that bcl-2 protein is restricted to those por- 
tions of tissues characterized by apoptotic cell death [7]. 
Other authors suggest that several mechanisms of ap- 
optosis exist that are not affected by the bcl -2  gene and it 
is clear that apoptosis can be prevented by other genes 
[1]. This may explain why, in our study, bcl-2 immuno- 
reactivity was not detected in non-neoplastic mesotheli- 
urn. This result might be useful for the distinction be- 
tween neoplastic and reactive mesothelium, for which no 
specific markers exist [2]. Other authors suggest that 
there is a relationship between bcl-2 protein expression 
and hormone or growth factor dependent cell prolifera- 
tion as the protein is expressed in breast, thyroid, and 
prostatic epithelium [5, 11]. Malignant mesothelioma is 
known to express the B-chain of platelet derived growth 
factor (PDGF) and receptors for epidermal growth factor 
and PDGF [12, 13, 18]. 

Very recently other turnouts such as non-small cell 
lung cancers [10], primitive neuroectodermal tumours 
[14] and hormone resistant prostate cancer [5] have been 
found to be bcl-2 protein immunoreactive. Our results 
are comparable with the results obtained in non-small 
cell lung cancer where 5 of 42 (12%) adenocarcinomas 
and 20 of 80 (25%) squamous cell cancers were 
immunoreactive for bcl-2 protein [10]. However, in these 
cancers bcl-2 protein immunoreactivity was correlated 
with a better prognosis in contrast to primitive ne- 
uroectodermal turnouts and some high grade malignant 
lymphomas where bcl-2 immunoreactivity seems to con- 
fer an ominous prognosis [9, 14]. By contrast, bcl-2 pro- 
tein immunoreactivity does not add prognostic informa- 
tion in follicular lymphomas [17], or as shown in the 
present study, in malignant mesothelioma. One might ar- 
gue that due to the low number of bcl-2 immunoreactive 
cases no statistical significance (P=0.09) was reached, 
although the median actual survival of both groups dif- 
fered (1.45 months versus 6.87 months). The presence of 
bcl-2 protein in non-small cell lung cancer invalidates 
the use of the detection of this protein for distinguishing 
between malignant mesothelioma and pleural metastasis 
of non-small cell lung cancer. 

We conclude that a fraction of the malignant me- 
sotheliomas in our series are bc]-2 protein immunoreac- 
tive in contrast to non-neoplastic mesothelium which is 
not immunoreactive. Immunoreactivity for the bcl-2 pro- 
tein does not add prognostic information in our series but 
may be of value for the discrimination between neoplas- 
tic and reactive mesothelium. 
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