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Abstract

Little is known about the Bcl-2 family members in mesothelioma. These proteins are involved in the control of apoptosis,
carrying out both pro- and anti- apoptotic functions. Immunohistochemistry was used to examine the expression of p53 and
Bcl-2 family members in 54 archival mesothelioma samples (39 epithelial, 15 sarcomatoid tumours). Overexpression of p53
was observed in 81% (44/54). For anti-apoptotic proteins, overexpression was recorded as follows: Bcl-2 40% (22/54),
Bcl-X1 24% (13/54), Mcl-1 92% (50/54). For pro-apoptotic proteins, loss of expression was recorded as follows: Bad 25%
(14/54), Bak 24% (13/54), Bax 42% (23/54), Bid 37% (20/54), Bim 18% (10/54). Statistically significant differences
between epithelial and sarcomatoid tumours were observed for Bid (p <0.001), Bad (p =0.012) and Bcl-X; (p =0.03).
Significant differences in abnormal expression of apoptosis proteins were found between epithelial and sarcomatoid
subtypes but histological subtype was the only factor with significant association to patient prognosis.

Mesothelioma is a relatively rare, aggressive disease
affecting the mesothelium. There were 1 755 re-
corded deaths from mesothelioma in the UK in
2002. There are three main types of mesothelioma,
each named after the area of tumour development —
pleural, peritoneal and pericardial. Pleural disease is
more common as it develops from inhalation of
irritants e.g. asbestos fibres. Malignant pleural
mesothelioma (MPM) has a poor prognosis —
survival is generally accepted as 4—12 months [1].
MPM has been classified into three histological
subtypes: epithelial tumours which account for
approximately 60% of cases, sarcomatoid tumours
which account for approximately 10% of cases and
biphasic tumours which account for approximately
30% of cases. Biphasic tumours are composed of
both epithelial and sarcomatoid components. Prog-
nosis has been reported to be significantly better for
epithelial tumours [2—4].

There is no currently established form of treat-
ment that has a major impact on the survival of
MPM patients. Historically, treatment of MPM has
focused on traditional methods including supportive

care, surgery, radiotherapy and chemotherapy. The
lack of success with single modality treatment has
resulted in increased interest in multimodality ap-
proaches, which are showing more favourable out-
comes. Attitudes towards therapy have changed from
an almost nihilistic approach, due to lack of survival,
to the realisation of achievement of symptom relief.
Recently, modern chemotherapeutic agents such as
Alimta have shown promising results [5]. The aim of
radiotherapy or chemotherapy is to induce lethal
levels of DNA damage in the tumour cells. Resis-
tance to therapy may be associated with abnormal
expression of the proteins involved in apoptosis.
When DNA damage is detected, the p53 protein
causes the cell cycle to arrest at the G,/S checkpoint,
allowing damage to be repaired before replication
occurs. If the damage cannot be repaired efficiently,
p53 triggers apoptosis by regulating the levels of the
Bcl-2 family of proteins. Although resistance to
apoptosis in many tumours results from a mutant
p53 gene, wild-type p53 is more commonly found in
MPM therefore resistance to apoptosis may arise
downstream of p53 [6,7].
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The Bcl-2 family of proteins have an important
function in the control of apoptosis. The family
members consist of pro- and anti-apoptotic mem-
bers that induce opposing effects on the permeability
of the mitochondria. The proteins share at least one
Bcl-2 Homology (BH) domain and can be cate-
gorised into three classes [8]. The “anti-apoptotic”
members (e.g. Bcl-2, Bcl-X; and Mcl-1) share
sequence homology with 3-4 BH domains. The
“multi-domain pro-apoptotic” members (e.g. Bax
and Bak) contain BH1 — BH3 domains. The final
class is the “BH3-only pro-apoptotic” members (e.g.
Bad, Bid and Bim) which only share sequence
homology in the BH3 domain. The pro-apoptotic
proteins work by inducing permeability of the
mitochondrial membrane resulting in caspase activa-
tion. The BH3-only group of proteins initiate cell
death signalling and are responsible for the activa-
tion of Bax and Bak [9]. The BH3-only proteins act
by binding to, and inactivating, anti-apoptotic Bcl-2
family proteins [10]. The anti-apoptotic proteins
work by maintaining the permeability of the mito-
chondrial membrane and thus inhibiting the release
cytochrome C. Overexpression of anti-apoptotic
proteins have been implicated in resistance to
therapy [11,12].

Little is known about the expression of apoptotic
markers in MPM. In this study, immunohistochem-
istry was used to examine the expression of a panel
of apoptotic biomarkers in a series of archival
formalin-fixed, paraffin embedded MPM sections.
The aim of the study was to establish the expression
patterns of apoptosis proteins in MPM and to
identify proteins which may be prognostic factors.

Methods
Patients and samples

Local Research Ethical Committee approval was
obtained for the research. A list was obtained from
the Histopathology records (Hull Royal Infirmary)
of all patients diagnosed with MPM (epithelial and
sarcomatoid subtypes) from 1995-2001. Histology
slides were reviewed by a single Consultant Histo-
pathologist and formalin-fixed, paraffin-embedded
blocks were retrieved from pathology archives. A
series of samples from 54 patients was established,
containing 39 epithelial cases and 15 sarcomatoid
cases. Clinicopathological data was collected for all
patients (Table I). Survival times were calculated
from date of diagnosis to date of death.

Immunohistochemistry

The method of staining has been described pre-
viously [13]. In brief, 4 um thick sections were cut

Table I. Summary of Patient Details

Histological No. No. Age Range  Mean Survival
Subtype Male Female (mean age) Time
Epithelial 35 4 44-86 (67) 13 months
Sarcomatoid 13 2 50-94 (68) 5 months

onto SuperFrost® Plus microscope slides (Menzel-
Glaser, Germany) and incubated overnight at 37°C.
Antigen retrieval was achieved by boiling slides in
1500 ml distilled water containing 15 ml Antigen
Unmasking Solution (Vector Laboratories Inc., Bur-
lingame, CA, USA) for 3 minutes at 15 psi. Non-
specific protein was blocked by incubation with 1 x
casein (Vector Laboratories) and endogenous avidin
and biotin were blocked using the Avidin/Biotin
Blocking Kit (Vector Laboratory Inc., Burlingame,
CA, USA). One hundred pl of primary antibody was
diluted in 0.2 x casein in TBS to final concentration
for use (Table II) and applied to the test sections. A
negative control with primary antibody omitted was
included in each batch. The slides were incubated at
room temperature for 2 hours. Antibody detection
was carried out using the avidin-biotin complex
(ABC) method using the Duet Kit (K0492, Dako-
Cytomation Ltd, High Wycombe, UK). The slides
were incubated with the chromagen 3,3’-diamino-
benzidine tetrahydrochloride (DAB), and 0.01%
hydrogen peroxide as enzyme substrate until staining
was apparent. Sections were counterstained with
Harris Haematoxylin. Sections were subjectively
scored as either positive or negative by two indepen-
dent investigators using previously established cri-
teria [14]. Any discrepancies were resolved by
further discussion. Sections were scored as positive
for p53 overexpression if strong nuclear staining was
observed in greater than 10% of tumour cells. As
previously described, for anti-apoptotic proteins of
the Bcl-2 family (Bcl-2, Bel-X; and Mcl-1), sections
were scored as positive if overexpression was ob-
served in greater than 10% of tumour cells [14]. For
pro-apoptotic proteins (Bad, Bak, Bax, Bid and Bim)
loss of expression was considered to be significant,

Table II. Details of antibody suppliers and dilutions used.

Antibody Supplier & Catalogue No Dilution
Bad BD Biosciences (610391) 1:50
Bak Neomarkers (RB-1250) 1:50
Bax Neomarkers (MS-1335) 1:100
Bcl-2 Neomarkers (MS-123) 1:50
Bel-X;. Neomarkers (MS-1334) 1:75
Bid BD Biosciences (611528) 1:100
Bim Neomarkers (RB-1612) 1:100
Mcl-1 Neomarkers (MS-681) 1:50
p53 BD Biosciences (554293) 1:100




with sections scored negative if greater than 50% of
tumour cells showed loss of expression [14].

Statistical analysis

SPSS software version 11.0 (SPSS, Chicago, USA)
was used for statistical analysis. Correlation of
protein expression with patient survival was calcu-
lated by log rank and linear regression analysis.
Differences in staining patterns between epithelial
and sarcomatoid MPM were calculated by Fisher
Two Side Exact Test. Probability values p <0.05
were considered statistically significant.

Results

Fifty-four MPM sections were analysed for the
expression of p53 and Bcl-2 family protein members.
Nuclear staining was observed for p53 and Mcl-1,
with the remaining Bcl-2 family proteins demon-
strating cytoplasmic staining. Table III summarises
details of the number of cases demonstrating over-
expression of p53, Bcl-2, Bcl-X; , and Mcl-1 and loss
of expression of Bax, Bak, Bid, Bad and Bim. Over-
expression of p53 was observed in 44/54 (81%)
of cases. The anti-apoptotic proteins Bcl-2, Bcl-X;
and Mcl-1 demonstrated over-expression in 22/54
(40%), 13/54 (24%) and 50/54 (92%) of tumours
respectively. Loss of expression of the pro-apoptotic
family proteins Bad, Bak, Bax, Bid and Bim were
observed in 14/54 (25%), 13/54 (24%), 23/54
(42%), 20/54 (37%) and 10/54 (18%) of tumours
respectively.

Univariate survival analysis with Log Rank analy-
sis indicated statistical significance with histological
subtype (p =0.0001; Figure 1). Multivariant analysis
with Linear Regression confirmed that none of the
members of the Bcl-2 family of proteins analysed
here correlated with survival.
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Figure 1. Kaplan Meier Survival Curve showing the survival
patterns for sarcomatoid and epithelial MPM.

Comparison of apoptotic markers between histo-
logical subtypes indicated a statistically significant
difference between epithelial MPM and sarcomatoid
MPM for loss of expression of Bad (p =0.012) and
Bid (p <0.001) and for overexpression of Bcl-Xp
(p =0.03).

Discussion

This study was designed to analyse the expression of
apoptotic proteins in archival MPM. To date there
have been few reports in the literature on the
expression of apoptotic proteins in MPM using
immunohistochemistry on archival samples. Nine
proteins were investigated: three anti-apoptotic and
five pro-apoptotic Bcl-2 family proteins, in addition
to p53. Results were analysed in relation to survival
and histological subtype to identify proteins that may
be important in assessing prognosis and therapy
response in MPM patients.

Table III. Details of Expression of p53 and Members of the Bcl-2 Family Proteins in Malignant Pleural Mesothelioma.

Overall Epithelial MPM  Sarcomatoid MPM  Significance® Significance®
Protein n =54 n =39 n=15 With Survival Between Histology
p53 44/54 (81%) 33/39 (84%) 11/15 (73%) ns ns
Anti-apoptotic Bcl-2 22/54 (40%) 17/39 (43%) 5/15 (33%) ns ns
(overexpression)
Bcl-Xp 13/54 (24%) 6/39 (15%) 7/15 (46%) ns p=0.03
Mcl-1 50/54 (92%) 37/39 (94%) 13/15 (86%) ns ns
Pro-apoptotic Bad 14/54 (25%) 6/39 (15%) 8/15 (53%) ns p=0.012
(loss of expression)
Bak 13/54 (24%) 10/39 (25%) 3/15 (20%) ns ns
Bax 23/54 (42%) 18/39 (46%) 5/15 (33%) ns ns
Bid 20/54 (37%) 8/39 (20%) 12/15 (80%) ns p <0.001
Bim 10/54 (18%) 5/39 (12%) 5/15 (33%) ns ns

#Univariate Analysis: significance calculated with Log Rank analysis for results of 54 MPM cases (ns- not significant).

®Univariate Analysis: significance calculated with Fisher’s Exact Test (2-sided) for results of epithelial against sarcomatoid cases.
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Previously published results from other MPM
studies that assessed p53 overexpression by immu-
nohistochemistry gave values of 70% and 67%
positivity [15,16]. These studies were carried out
on samples sizes of 20 and 15 archival MPM sections
respectively. There are numerous antibodies against
p53 and in our study, using clone DO1, 81% of
tumours demonstrated overexpression of p53, with
no significant difference between subtypes. It is
worth noting that p53 mutations are uncommon in
MPM and the overexpression of p53 detected using
immunohistochemistry may represent an increase in
the wild type protein [7,17,18]. The results obtained
in this study may give a more comprehensive view of
p53 immunohistochemistry in MPM sections than is
currently available in the literature as this test series
was larger and is the only archival immunohisto-
chemical study to date which presented survival
analysis.

The frequency of Bcl-2 expression observed in this
study is higher than previously reported in the
literature with 40% of section showing overexpres-
sion. There was no significant difference between
subtype. Previous archival studies reported 20% and
8% [19-21]. The slight discrepancy may be due
to differences in scoring criteria, for example, Soini
et al. [20] used a cut off value of 25% positive
tumour cells whereas our laboratory used 10%
positivity as the cut off point for overexpression.

To our knowledge, Bcl-X; expression has not
previously been reported in archival MPM. Soini et
al.,, [20] assessed the expression of Bcl-X and
reported that 100% of test sections were positive.
However, the Bcl-X antibody may detect both
Bcl-X; and Bcl-Xg and our antibody was specific
to Bcl-Xj..

Overexpression of Mcl-1 was observed in 92% of
cases. This is in agreement with the one previous
report in the literature using immunohistochemistry,
which reported expression in 100% of 34 test
sections [20].

To our knowledge this is the first immunohisto-
chemical study to assess loss of expression of a series
of pro-apoptotic Bcl-2 family proteins in archival
MPM. Since it is the abnormal loss of expression of
pro-apoptotic proteins that may be associated with
poor prognosis or poor response to therapy, we
specifically noted this feature.

Immunohistochemical analysis of Bax in MPM
has not been frequently reported in the literature.
Soini et al. [20] reported that 100% of a series of 35
mesothelioma sections expressed bax. We identified
loss of expression in 23/54 (42%). The expression of
the pro-apoptotic proteins Bad, Bak, Bid and Bim
has not been previously described using immuno-
histochemistry in MPM.

Log Rank analysis indicated that the histological
subtype of MPM was the only factor which showed
a significant correlation with patient survival.
Patients with epithelial tumours survived signifi-
cantly longer than patients with sarcomatoid tu-
mours. This is in agreement with previously reported
studies [2—4]. To our knowledge, the only previous
study that analysed the prognostic association of
members of the Bcl-2 family of proteins in MPM
was performed by Kaarteenaho-Wiik et al. [22] who
also reported that Bcl-2 expression did not correlate
with survival.

Comparison of expression levels of members of
the Bcl-2 family of proteins between histological
subtypes in MPM has not been previously reported
to our knowledge. Our study found that expression
levels of Bad, Bid and Bcl-X; differed significantly
between epithelial and sarcomatoid MPM subtypes.
The Bcl-X; protein was overexpressed more fre-
quently in sarcomatoid tumours (46% versus 15%,
p =0.03). The Bad and Bid proteins demonstrated
loss of expression more frequently in sarcomatoid
MPM (53% versus 15%, p =0.012 and 80% versus
20%, p <0.001 respectively).

To our knowledge, this is the first immunohisto-
chemical study to analyse the expression of this panel
of apoptotic markers in MPM in correlation with
survival or histological subtype. This study has
shown that the expression levels of p53 and a series
of the members of the Bcl-2 family of proteins have
no effect on the prognosis of MPM. Variation in the
levels of expression of Bad, Bid and Bcl-X; between
epithelial and sarcomatoid tumours indicate that
expression levels of these apoptotic proteins may be
important in the differentiation of the histological
subtypes. This optimised panel of apoptosis-related
antibodies may be of use in the investigation of
chemotherapy response in MPM patients.
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