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Bcl-2 is an oncogenic protein that plays a central role tion between p53 and survival. Bcl-2 immunoexpres-
in apoptosis. The association ofBcl-2 expression and sion correlated with improved outcome (p= 0.04). A
prognosis in non-small cell lung cancer (NSCLC) is sub-group ofstrongly Bcl-2 staining cases had a poor
unclear, with some studies showing improved out- survival compared to those that stained weakly
come whilst others show no survival advantage. We (p=O.OI). The strongly staining cases had a similar
evaluated 178 surgically resected NSCLC specimens survival to negative cases. Immunointensity may
for Bcl-2 and p53 immunoexpression. Bcl-2 staining therefore account for the disparity in results regard-
was present in 34.9% of cases (weakly staining ing the prognostic significance of Bcl-2 demonstrat-
24.2%, strongly staining 10.7%), nuclear p53 in 43.3% ed in previous studies. (Pathology Oncology Rese-
and cytoplasmic p53 in 10.7%. There was no associa- arch Vol 6, No 2, 87-92, 2000)
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Introduction

Lung cancer is the leading cause of cancer death in
Europe and the USA. Non-small cell lung cancer
(NSCLC) accounts for approximately 80% of cases.
Neoplastic transformation is brought about through the
activation of oncogenes or the inactivation of tumor sup­
pressor genes. Bcl-Z is a member of a family of genes
involved in the regulation of apoptosis. The Bcl-Z gene
differs from conventional oncogenes as it can neither
promote growth nor directly lead to cellular transforma­
tion. It is thought that Bcl-Z acts as a transmembrane pro­
tein and ion channel and as a docking protein. ll Bcl-Z is
capable of binding p53 and preventing its passage from
the cytoplasm to the nucleus. l4,l9 Increased levels of Bcl­
Z expression prevent apoptosis from a wide range of
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insults including growth factor depletion, ionizing irradi­
ation and chemotherapeutic regimes. 1O ,l2,l5 The associa­
tion of Bcl-Z immunopositivity and prognosis in NSCLC
remains controversial. Several studies have shown a
good prognosis3,7,9,l6,l8,22 whilst others have shown no sur­
vival advantage. 2,6

An alteration in either the p53 gene or protein is the
most common change in human malignancy. p53 causes
arrest of the cell cycle at the Gl-phase, increases DNA
repair time, decreases replicative DNA synthesis and
induces apoptosis. Bcl-Z expression has been shown to
inversely correlate with p53 expression in NSCLC in
some studiesl8,22 but not in others. 3,9

This study sought to evaluate any interrelationships
between Bcl-Z and p53 expression and to assess the
impact of these factors on survival.

Methods

This is a retrospective study of 178 patients with stage
I-IlIa non-small cell lung cancer who underwent surgical
resection between 1991 and 1996. Those who died with­
in 60 days of the operation were excluded to avoid the
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bias of peri-operative death. Minimal follow-up for sur­
viving patients was 24 months. The clinicopathological
features of the specimens were classified according to the
WHO criteria23 and the TNM staging system. 13

4 ]Jm thick formalin-fixed paraffin-embedded sections
taken from the tumor periphery were mounted on silane­
coated slides. Sections were dewaxed in xylene and rehy­
drated through graded alcohols. Antigen retrieval for Bcl­
2 was carried out by placing sections for 12 minutes in 10
mM citrate buffer pH 6.0 in a microwave. Antigen
retrieval for p53 was achieved by pressure cooking in
10mM citrate buffer pH 6.0 for 2 minutes. Endogenous
peroxidase activity was blocked by placing sections in
2% hydrogen peroxide for 30 minutes. Sections were
rinsed in deionised water and then tris buffered saline
(TBS) containing 0.1 % bovine serum albumin (BSA). To
block non-specific staining slides were incubated in 20%
appropriate serum for 10 minutes. Sections were incubat­
ed overnight at 4°C with the primary antibody. The anti­
bodies used were Bcl-2 mouse monoclonal antibody
(Dako, Wycombe, UK) clone 124 dilution I in 25 and
p53 rabbit polyclonal antibody (Novocastra, Newcastle
UK) dilution I in 800. Sections were washed in TBS then
incubated sequentially with either biotinlyated rabbit
anti-mouse IgG (Dako) at a dilution of I in 400 or

Table 1. Prognostic significance of tumor variables

biotinylated swine anti-rabbit IgG (Dako) at a dilution of
I in 600 followed by streptavidin combined in vitro with
biotinylated horseradish peroxidase at I in 1000 (Dako).
The reaction product was developed using diaminobenzi­
dine tetrahydrochloride (DAB). Sections were counter­
stained with haematoxylin then dehydrated through grad­
ed alcohols and mounted in resinous mountant. Known
positive controls were included with each run and nega­
tive controls had the primary antibody omitted.

Sections were analysed in a blinded fashion by two
independent observers and the results of the immunohis­
tochemistry, tumor status and patient outcome correlated
subsequently.

Statistical analysis was performed using SPSS for
Windows version 9.0. Survival curves were plotted
using the methods of Kaplan-Meier, and the log-rank
test was used to assess the significance of statistical dif­
ferences between groups. Chi squared-tests were used
to assess associations between categorical variables.
Inter-observer variation was assessed using Kappa sta­
tistics. The influence of clinicopathological factors
including Bcl-2 and p53 on overall survival were
assessed by the Cox proportional hazards regression
model. Statistical significance was determined using a
5% significance level.

p=0.54

70.2%
29.8% p=0.18
62.4%
29.8% p=0.95

7.9%
50.6%
49.4% p=0.29
18.5%
70.8% p=0.22
10.7%
51.7%
30.3% p<O.OOOl
18.0%
48.9%
27.5% p=O.OOOl
23.6%
65.2%
24.2% p=O.Ol
10.7%
56.7%
43.3% p=0.35

Prognostic factor No.

No. patients 178

Age (years) mean 64.5 (SD 7.56)
median 66
range 42-78

Sex male 125
female 53

Histology squamous 111
adenocarcinoma 53
large cell 14

Grade weIll moderate 90
poorly differentiated 88

T 1 33
2 126
3 19

N 0 92
1 54
2 32

Stage I 87
II 49
IlIa 42

Bcl-2 negative 116
weak 43
strong 19

Nuclear p53 negative 101
positive 77

% log-rank survival
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Figure 1. Immunohistochemical staining for Bc1-2 oncoprotein
in non-small cell lung cancer. a) Basal respiratory epithelial
staining b) Weak tumor cell staining c) Strong tumor cell
staining. Positive staining in lymphocytes is used as an inter­
nal con trol.

Results

There was no correlation between Bcl-2 immunoreactiv­
ity and any other clinicopathological parameter. We iden­
tified a sub-group of 19 strongly immunostaining cases
(10.7%) where intracellular and especially perinuclear
membrane staining was intense (inter-observer correla­
tion R=0.94 p<O.OOOI) (Figure 1). Overall Bcl-2 immu­
nopositivity was an indicator of good prognosis (p=0.04)
(Figure 2). The subset of strongly staining cases had a
significantly worse prognosis than cases where the stain­
ing was weak (p=O.OI) and the prognosis of weakly
staining cases was significantly better than negative cases
(p=0.006) (Figure 3) (Table 2).

p53 immunoreactivity was usually found in the nucle­
us of tumor cells and occasionally in the cytoplasm.
43.3% (77/178) demonstrated nuclear positivity and
10.7% (19/178) cytoplasmic reactivity. Both nuclear and
cytoplasmic staining was demonstrated in 11 cases
(6.2%). No correlation was found between p53 and T sta­
tus or grade. Cases with N2 disease were more likely to
be p53 negative (p=O.OI). Both p53 and nuclear p53
immunoreactivity were more frequent in squamous cell

Figure 2. Kaplan-Meier survival plot for Bc1-2 expression.
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178 patients underwent resection with post-operative

survival greater than 60 days. The follow-up ranged from
24-108 months (median 39.9 months). 98 (55.1%) sub­
jects died from a recurrence of their primary lung cancer.
Tumor spread to nodes was associated with poor progno­
sis (p=0.0002) and increasing nodal status was more sig­
nificant (p<O.OOOI). No other clinicopathological find­
ing, including grade, histology, age and sex, was associ­
ated with outcome (Table 1).

Lymphocytic staining was used as an internal control.
Bcl-2 immunostaining was often detected in the basal
layer of normal bronchial epithelium. Bcl-2 immunoreac­
tivity was localised to the cytoplasm and the perinuclear
region. Any case with >20% tumor cells showing immu­
nostaining were evaluated as positive. 16 Bcl-2 positivity
was detected in 62 out of 178 (34.9%) cases. Bcl-2
immunopositivity was more common in squamous cell
carcinoma cases than in other histological types (p=O.OI).
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Discussion

Figure 3, Kaplan-Meier survival plot for Bc1-2 immunointensity

carcinoma than in other histological subtypes (p=0,003
and <0,001 respectively), Neither nuclear p53 nor cyto­
plasmic p53 reactivity correlated with survival (p=0,35
and p=0,3l respectively),

Of 62 Bcl-2 positive tumors, 30 (48.4%) showed nuc­
lear p53 expression compared to 47 out of 116 Bcl-2 neg­
ative tumors (40,5%) (NS),

Cox proportional hazards regression analysis was used
to define biological markers with independent predictive
value with respect to cancer-specific survival (Table ~,

The most significant independent prognostic factor was
nodal status, The addition of Bcl-2 immunointensity pro­
duced a statistically significant improvement in the modeL

ty,3,6 In this regard we observed a subset of strongly
staining cases with a significantly worse prognosis com­
pared to the more weakly immunopositive cases
(p=O,Ol), The outcome for strongly Bcl-2 staining cases
was similar to those that showed no immunoreactivity,
Bcl-2 immunointensity was shown to be an independent
prognostic factor (p=0,015), Although one study in
NSCLC demonstrated intense Bcl-2 immunostaining to
be associated with the squamous cell histological sub­
type,3 we are unaware of any study in NSCLC showing
the intensity of Bcl-2 immunoreactivity to have any
influence on outcome,

Bcl-2 is a member of a family of genes involved in the
regulation of apoptosis, The Bcl-2 gene differs from
conventional oncogenes as it neither promotes growth
nor directly leads to cellular transformation, The Bcl-2
gene codes for an integral membrane protein localised
to the cytoplasm on the outer nuclear and mitochondri­
al membranes and the endoplasmic reticulum where it
may be involved in the control of calcium flux and pro­
tein translocation,l1 Bcl-2 inhibits apoptosis and there­
fore, theoretically, Bcl-2 over-expression should favour
the malignant process and result in a poor outcome,
Paradoxically Bcl-2 expression is associated with
improved survival in various solid tumors including
breast and lung cancer. 3,7,9,16,18,21,22

Weak Bcl-2 staining is present in the basal cells of
normal bronchial epithelium,9,22 A study of dysplastic
bronchial epithelium has shown increasing Bcl-2
expression as the dysplasia becomes more severe asso­
ciated with loss of basal cell staining whilst Bcl-2
expression is reduced in overt NSCLC, 22 A similar find­
ing has been demonstrated in cervical intraepithelial
neoplasia (CIN) where Bcl-2 immunoexpression is
more frequently seen in CIN-3 than CIN-l and -2
lesions2o with reduced expression found in cervical
squamous cell carcinoma,4 These observations suggest
that the loss of Bcl-2 expression could be a late event in
tumorigenesis, occurring as the malignant process
evolves,9,2022 This is in keeping with the finding that the
majority of tumors in our study were Bcl-2 negative in
contrast to the high levels of expression in dysplasia
reported in previous studies, The weakly staining
tumors, which have a good prognosis, show an
immunointensity similar to that of basal respiratory
epithelial cells raising the possibility that these tumors
have not lost their inherent Bcl-2 expression, Loss of
Bcl-2 expression may indicate more severe molecular
dedifferentiation resulting in a more aggressive pheno­
type,

In contrast, our strongly staining cases, which have a
significantly worse prognosis compared to weakly stain­
ing cases (p=O,Ol), may represent Bcl-2 amplification or
up-regulation, This may be in response to other tumor-
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The results of our study show Bcl-2 immunoreactivity
to correlate with a favourable outcome in NSCLC,
(p=0,04), This is in agreement with several stud­
ies3,7,9,16,18,22 whilst others have not demonstrated a sur­
vival advantage,2,6 The different findings may be in part
due to various staining techniques and inconsistent or ill­
defined criteria for Bcl-2 positivity, Some studies used
frozen tissue,9,18 the APPAP technique7,9,18 or the Bcl-2
monoclonal antibody clone 1003,9,18, The defining criteria
for immunopositivity varied between >0,5% (median
value)3 and >20%16 of tumor cells staining and in two
studies the criteria was not clear.9,18

Two previous studies in NSCLC performed a semi­
quantitative intensity scoring system for Bcl-2 reactivi-
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Table 2. Relationships with Bcl-2 expression

Bc1-2 expression Bc1-2 immunointensity
Prognostic factor neg pas neg weak strong

(no. cases) X
2 (no. cases) X

2

Age
below median 58 26 58 19 7
above median 58 36 p=0.30 58 24 12 p=0.51

Sex
male 81 44 81 27 17
female 35 18 p=0.87 35 16 2 p=0.11

Histology
squamous 64 47 64 33 14
adenocarcinoma 43 10 p=O.Ol 43 8 2 p=0.02
large cell 9 5 9 2 3

Grade (differentiation)
weIll moderate 62 28 62 22 6
poor 54 34 p=0.29 54 21 13 p=0.21

Stage
I 57 30 57 21 9
II 29 20 p=0.47 29 14 6 p=0.82
IlIa 30 12 30 8 4

T
1 19 14 19 10 4
2 84 42 p=0.59 84 28 14 p=0.79
3 13 6 13 5 1

N
0 61 31 61 22 9
1 31 23 p=0.24 31 16 7 p=0.56
2 24 8 24 5 3

Nuclear p53
negative 69 32 69 25 7
positive 47 30 p=0.31 47 18 12 p=0.18

related poor prognostic markers; for instance c-myc reg­
ulated proliferations or hypoxia. s Furthermore Bcl-2
transfection has been shown to enhance malignant trans­
formation and to induce the expression of transcription
activator protein-l (AP-l).l Tumors with strong Bcl-2
immunostaining may therefore activate this pathway
facilitating tumor growth and invasion.

We found no correlation between p53 and Bcl-2
expression, consistent with other studies. 3

,9,22 A previous
study has shown apoptosis occurring independently of
Bcl-2 and p53 expression in NSCLCY This suggests the
effects of Bcl-2 and p53 may be altered by other onco­
gene products or regulators of apoptosis.

In conclusion the prognostic role of Bcl-2 immunore­
activity in NSCLC remains controversial. We found that
strongly staining tumors had a worse outcome than
tumors that stained weakly. Strongly staining cases may
represent amplification or up-regulation whereas weak

Vol 6, No 2, 2000

Table 3. Multivariate analysis

Factor
Hazard 95% conf1dence

p-value
ratio interval

Nodal status
0 1.00 0.0001
1 1.60 0.97-2.63
2 3.04 1.82-5.07

Bcl-2 expression
negative 1.00 0.015

weak 0.48 0.28-0.82
strong 1.27 0.66-2.44

Grade
weIllmoderate 1.00 0.23

poor 1.28 0.85-1.94
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normal Bcl-2 expression

/
Bcl-Z+

good prognosis

basal epithelial stem cell loss of Bcl-2 expression
normal Bcl-2 expression malignancy

~
Bcl-Z-

Bcl-Z+ poor prognosis

Bcl-2 gene deregulation
raised Bcl-2 expression

Bcl-Z+++

poor prognosis

Proposed pathway for Bc1-2 expression in non-small cell lung cancer

staining may represent normal levels of Bcl-2 expression.
Further studies should emphasise the different intensity
and localisation of staining as this may in part account for
the disparate results in prognosis from previous studies.
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