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Expression of bcl-2 in bladder neoplasms is a cell
lineage associated and p53-independent event

Q-L Lu, M Laniado, P D Abel, G W H Stamp, E-N Lalani

Abstract
Aims-To investigate bcl-2 and p53 pro-
tein expression in hyperplastic, metaplas-
tic and neoplastic epithelia of the urinary
bladder in relation to cell lineages (transi-
tional versus glandular epithelia).
Methods-Formalin fixed, paraffin wax
embedded archival tissue blocks of 29
transitional cell carcinomas (TCC), 11
adenocarcinomas, five specimens ofcysti-
tis glandularis, four papillomas, and seven
samples of morphologically normal blad-
der mucosa were examined immunohisto-
chemically with antibodies specific to
bcl-2 and p53. Consecutive sections were
used to assess co-expression of the two
proteins.
Results-bcl-2 protein was expressed het-
erogeneously in basal cells of the normal
transitional epithelium, whereas p53 was
rarely detectable in either normal or
hyperplastic epithelium. Of the 29 TCCs,
20 (69%) expressed inumunodetectable p53
which was positively associated with
grade. In contrast, bcl-2 was detected in
four (14%) TCCs and its expression was
not associated with grade. bcl-2 was
expressed constitutively in all five speci-
mens of cystitis glandularis and in all
adenocarcinomas; p53 was co-expressed
in most of the latter. There was no associ-
ation between bcl-2 and p53 protein
expression in the TCCs. Expression of
bcl-2 protein correlated negatively with
grade of adenocarcinoma.
Conclusion-In bladder adenocarcino-
mas, bcl-2 expression correlated nega-
tively with tumour grade whereas p53 was
associated positively with tumour grade.
The association ofbcl-2 with cystitis glan-
dularis and adenocarcinoma but not TCC
suggests that it may be involved in trigger-
ing a lineage switch converting transi-
tional epithelium to a glandular phenotype.
(7 Clin Pathol: Mol Pathol 1997;50:28-33)

Keywords: bcl-2; p53; cell lineage; differentiation; blad-
der cancer; transitional cell carcinoma.

Expression of the bcl-2 (B-cell lymphoma/
leukaemia-2) gene confers survival advantage
and prevents cell death by apoptosis induced
under a variety of suboptimal culture condi-
tions. Over-expression of bcl-2 was detected
initially in lymphomas and leukaemias with the
t(14;18) chromosome translocation and its
oncogenic potential has been supported fur-
ther by experiments in vitro and in vivo. ' bcl-2

can co-operate with cellular and viral onco-
genes during cell immortalisation or transfor-
mation, or both.3`6 bcl-2 transgenic mice show
polyclonal lymphoid hyperplasia and follicular
hyperplasia, evolving into large cell lymphomas
in association with c-myc gene rearrangement.7
bcl-2/c-myc transgenic mice develop B cell
lymphomas much more quickly than c-myc
transgenic ones.47 Therefore, it has been
postulated that bcl-2 expression prolongs the
life span of cells, thereby increasing the risk of
other genetic changes via mutation or viral
infection, resulting in malignant transforma-
tion or overt tumour progression.7 8 bcl-2 is
also expressed in lymphoid malignancies with-
out t(14;18) and in normal lymphoid cells.9 10

Expression of bcl-2 in normal epithelia is
generally restricted to cells within the stem cell
compartment, such as basal cells of the
squamous epithelium and cells at the base of
the crypts in the intestine... 12 The ductular
cells of exocrine glands (pancreas, salivary and
sweat glands) also express bcl-2. Expression of
bcl-2 in epithelial cells seems to be restricted to
cells at specific stages of differentiation.'2 High
bcl-2 protein concentrations have been re-
ported in human fetal skin basal cells commit-
ted to the development of the hair follicle and
in the emerging glandular buds of the mam-
mary gland.'2-14 Similar results have also been
reported in mice.'" These observations suggest
that the expression of bcl-2 is a highly
conserved event involved in the process of epi-
thelial commitment and differentiation.
The expression ofbcl-2 in different epithelial

malignancies arising from the same organ is
variable and cell lineage dependent.'6-22 In the
lung, over twice as many (69%) small cell car-
cinomas express bcl-2 compared with a much
smaller percentage (26%) of non-small cell
carcinomas.23 Most (88%) gastric adenocarci-
nomas of intestinal type express bcl-2, whereas
only a small fraction (7%) of diffuse type do.24
Most importantly, nearly all basal cell carcino-
mas examined in a study by Verhaegh et at25
were bcl-2 positive in contrast to squamous
carcinomas which were all bcl-2 negative.
These studies suggest that expression of bcl-2
seems to be dependent on type of tumour cell
and its degree of differentiation.
The molecular mechanism underlying bcl-2

gene expression in epithelial malignancies is
undefined as yet. However, several recent stud-
ies have shown that p53 is involved in the regu-
lation of bcl-2 expression.26 28 p53 has two dis-
tinctive functions-inducing G1 arrest and
apoptosis. The pathway by which p53 induces
apoptosis is yet to be identified. The involve-
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ment of p53 in the bcl-2 related cell survival
pathway was first suggested from the observa-
tion that p53 induced cell death was prevented
by bcl-2 expression.26 Further in vitro studies
have demonstrated that p53 down-regulates
endogenous bcl-2 expression.27 Miyashita et alf7
reported that bcl-2 expression was greatly
increased, particularly in the prostatic epithe-
lium of p53-deficient mice.27 Furthermore, a
p53-dependent negative response element has
been identified 5' upstream of the bcl-2 gene."8
A regulatory effect of p53 on bcl-2 expression
has also been suggested in epithelial
malignancies."9 30

In this study, we investigated the expression
of bcl-2 and p53 in normal, hyperplastic and
malignant epithelia of the urinary bladder
using immunohistochemistry. The aims of this
study were (1) to determine the expression of
bcl-2, (2) its relation to cell lineages (transi-
tional and glandular epithelia) and (3) the
changes in the levels of expression during
hyperplastic, metaplastic and neoplastic trans-
formation.

Methods
SAMPLES
Formalin fixed, paraffin wax embedded tissue
blocks of bladder samples accrued over the
period 1980-1994 were selected from the
archives of the Department of Histopathology,
Hammersmith Hospital, London. Samples
from 56 patients were examined, comprising
29 transitional cell carcinomas (TCCs; six
grade I, 12 grade II, and 11 grade III), 11
adenocarcinomas (three well, six moderately,
and two poorly differentiated), five specimens
of cystitis glandularis, four papillomas, and
seven samples of morphologically normal
bladder mucosa. Associated foci of transitional
epithelial hyperplasia were found in five of the
TCCs. Diagnosis of primary adenocarcinoma
of bladder was made on the basis that no other
primary adenocarcinoma had been identified
in the patients. A locally invasive prostatic car-
cinoma was excluded by negative immuno-
staining with antibody directed against prostate
specific antigen (PSA) in male patients.

ANTIBODIES AND IMMUNOHISTOCHEMISTRY
Serial sections, 4 gm thick, were cut and
mounted on 3-aminopropyltriethoxysilane
coated slides. Alternate sections were exam-
ined to see whether they expressed bcl-2 and
p53 proteins by the three step (ABC) peroxi-
dase method. Briefly, dewaxed sections were
incubated with 2% hydrogen peroxide in
methanol to block endogenous peroxidase
activity, and microwaved at 750 watts for 10
minutes in 0.1 M citrate buffer (pH 6.0). All
antibodies were diluted in phosphate buffered
saline (PBS, pH 7.2) unless otherwise stated.
Following microwaving, sections were incu-
bated for one hour at room temperature with
monoclonal antibodies bcl-2/124 (Dako, Glos-
trup, Denmark; 1 in 15 dilution) for bcl-2,
D07 (Dako; 1 in 200 dilution) for p53, and
ER-PR8 for human PSA (Dako; 1 in 100 dilu-
tion; male patients only) followed by bioti-
nylated rabbit anti-mouse antibody (Dako; 1 in

200 dilution), and horseradish peroxidase
(HRP) conjugated streptavidin (Dako; 1 in
200 dilution). Enzyme activity was developed
with 3,3'-diaminobenzidine tetrahydrochlo-
ride (DAB; Sigma, Poole, Dorset, UK) and
0.1% hydrogen peroxide. Sections were coun-
ter stained with haematoxylin. Prostatic carci-
nomas known to express detectable levels of
p53 and bcl-2 were used as positive controls. In
negative controls the primary antibody was
replaced with normal rabbit serum.
The intensity ofbcl-2 expression in epithelial

cells was determined by comparing expression
in the epithelial cells with that observed in the
lymphocytes in the same section (internal
positive control). Immunostaining was graded
as follows: weakly positive (±, weaker than that
seen in lymphocytes), positive (+, similar
intensity to staining in lymphocytes) or
strongly positive (++, stronger than that seen in
lymphocytes). For p53 expression, tumours
were graded according to the percentage of
positive tumour cells as follows: tumours
containing less than 10% positive nuclei were
regarded as weakly positive (±); those with
more than 20% positive nuclei as strongly
positive (++); and those in the intermediate
range as positive (+).

STATISTICAL ANALYSES
Spearman's rank correlation coefficient was
calculated taking into account tied ranks using
Social Package for the Statistical Sciences
(SPSS), version 6.1, to assess the association
between tumour grade and expression of either
bcl-2 or p53. These are expressed with their
respective probability values and 95% confi-
dence intervals (CI). Co-expression ofp53 and
bcl-2 was assessed using McNemar's test for
paired proportions. Unpaired proportions are
described using the normal approximation to
the Binomial distribution.

Results
bcl-2 EXPRESSION
Normal transitional epithelium
Only the basal and occasional suprabasal cells
expressed bcl-2 in morphologically normal
transitional epithelium in the seven samples of
normal mucosa. Three distinct patterns of
expression were observed: (1) areas with
expression in the majority (>50%) of basal
cells; (2) areas totally devoid of bcl-2; and (3)
only a small proportion of positive cells among
a mainly negative basal cell population. These
patterns were often seen in different areas of
the same sample, but patterns (2) and (3) pre-
dominated. The intensity of staining in the
basal cells was comparable with that found in
lymphocytes.

Hyperplastic transitional epithelium and
papillomas
The three patterns (1-3) described in the pre-
vious paragraph were also observed in foci of
hyperplastic transitional epithelium in which
pattern (3) predominated. Only two of the four
papillomas examined contained some focally
positive basal cells and the intensity in these
cells was less than that observed in the control
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(R = -0.77, p = 0.005, 95% CI -0.32 to
-0.94) (fig 4A).

Figure 1 bcl-2 expression in transitional epithelium with hyperplasia. Expression of bcl-2
is mainly localised to the basal layer cells of the surface epithelium, but strong
immunoreactivity is observed in nearly all cells of hyperplastic epithelial buds in lamina
propria (inverted papilloma). (Immunoperoxidase; original magnification, x200.)

lymphocytes. By contrast, the majority of basal
and suprabasal epithelial cells in the three
inverted papillomas stained intensely (++) for
bcl-2 (fig 1).

Cystitis glandularis
Glandular epithelial cells in all five samples of
cystitis glandularis expressed bcl-2. In two
(40%) samples, high concentrations of bcl-2
protein were detected (table 1). All foci of
transitional epithelial hyperplasia in samples
containing cystitis glandularis were negative.
This was clearly demonstrated in one of the
samples in which the two (transitional epithe-
lial hyperplasia and cystitis glandularis) were

juxtaposed (fig 2A).

Transitional cell carcinomas
Only 14% (four of 29) of the TCCs weakly
expressed bcl-2 (table 1). There was no corre-

lation between expression and grade
(R = -0.21, 95% CI -0.54 to 0.17, p = 0.27).
However, in two TCCs there was intense focal
bcl-2 expression which contrasted sharply with
the predominantly negative surrounding tu-
mour (fig 3).

Adenocarcinomas
All 11 adenocarcinomas expressed bcl-2 pro-
tein (table 1). The level of expression was

maximal in the well differentiated tumours and
decreased in the poorly differentiated ones

p53 EXPRESSION
Normal transitional epithelium and papillomas
No detectable p53 expression was identified in
morphologically normal transitional epithe-
lium. An occasional cell with weakly positive
nuclear staining was noted in the hyperplastic
transitional epithelium and in the inverted
papillomas. In two of the four papillomas
heterogeneous, weak expression of p53 was
observed in less than 5% of the cells.

Cystitis glandularis
p53 was expressed in only one of the five sam-
ples of cystitis glandularis. In this sample
nuclear p53 expression was found sporadically
in glandular epithelial cells with no expression
in the adjacent hyperplastic transitional epithe-
lium (fig 2B).

Transitional cell carcinomas
Nuclear p53 was detected in 69% (20/29) of
the TCCs. The number of p53 positive nuclei
increased with grade (R = 0.44, n = 29, p =
0.016, 95% CI 0.1-0.70; table 1). Intense
expression (++) was noted in 45% (five of 11)
of grade III TCCs, 18% (two of 12) of grade II
TCCs, and in none of the grade I TCC
samples.

Adenocarcinomas
p53 was detected in 90% of the samples: weak
to moderate expression was seen in 64% (seven
of 11) and intense expression in 26% (three of
11). The association between grade and inten-
sity of p53 staining was weak and non-

significant (R = 0.25, n = I 1, p = 0.43, 95%
CI -0.41 to 0.74). Intense p53 immunoreac-
tivity was seen in two poorly differentiated
adenocarcinomas but only in one of nine mod-
erately and well differentiated adenocarcino-
mas (table 1 and fig 4).

ASSOCIATION OF bcl-2 WITH p53 EXPRESSION
Papillomas and TCCs
There was no correlation between bcl-2 and
p53 expression in papillomas and TCCs
(p = 0.51). Of the four TCCs which expressed
bcl-2, 50% were either positive or negative for
p53. Similarly, in 25 bcl-2 negative samples,
seven tumours showed no p53 expression and
the other 18 tumours expressed p53. The dis-

Table 1 Expression of bcl-2 and p53 in bladder neoplasms

bcl-2 Total p53 Total
positivity positivity

Histological types and grading - + + ++ (%) - + + ++ (%a)

Papilloma 3 1 0 0 25 2 2 0 0 50
Cystitis glandularis 0 1 2 2 100 4 1 0 0 20
TCC
Grade I 4 2 0 0 33 4 2 0 0 33
Grade II 11 1 0 0 8 3 4 3 2 75
Grade III 10 1 0 0 9 2 3 1 5 82
Total no. 25 4 0 0 14 9 9 5 6 69

Adenocarcinoma
Well differentiated 0 0 1 2 0 1 1 1
Moderately differentiated 0 3 3 0 1 2 3 0
Poorly differentiated 0 2 0 0 0 0 0 2
Total no. 0 5 4 2 100 1 3 4 3 90
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Figure 2 bcl-2 and p53 expression in glandular hyperplasia. (A) bcl-2 is homogen
expressed in the epithelial cells ofglandular hyperplasia, whereas interdigitating hyp
transitional epithelium is bcl-2 negative. (B) Nuclear stainingfor p53 is localised
sporadically to the glandular epithelial cells, but not observed in hyperplastic transiti
epithelium. (Immunoperoxidase; original magnification, x200.)
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Figure 3 bcl-2 expression in a grade I TCC. Strong immunoreactivity for bcl-2 is
to cells of one epithelial bud, which cannot be distinguished morphologically from th
surrounding bcl-2 negative tumour cells. (Immunoperoxidase; original magnificatio?
x200.)

tribution patterns of p53 or bcl-2 positiF
were distinctive: bcl-2 expression was si
basally and distributed focally, where.
positive cells were distributed relative]
domly among the tumour cell populatio

Cystitis glandularis and adenocarcinoma
In only one cystitis glandularis sample was
co-expression of bcl-2 and p53 found. In this
sample the glandular epithelial cells which
expressed p53 also expressed bcl-2, whereas

+T- the foci of hyperplastic transitional epithelium
were negative for both proteins (figs 2A and
2B).
Most of the adenocarcinomas co-expressed

bcl-2 and p53. Generally, the level of expres-
sion of these two proteins was inversely related:
stronger staining for bcl-2 was more apparent
in well differentiated and less apparent in
poorly differentiated tumours. In contrast, p53
immunoreactivity was less apparent in well dif-
ferentiated and more apparent in poorly differ-
entiated tumours (table 1). However, in one
well differentiated tumour sample co-
expression of high levels of bcl-2 and p53 was
noted. Both proteins were expressed within the
same tumour cells as demonstrated by staining
on consecutive sections which showed that
bcl-2 was expressed in nearly all cells and p53
in more than 50% of cells (figs 4A and 4B).

Discussion
During human and murine embryonic devel-

.'t opment, high concentrations of bcl-2 protein
are found in the basal cells of the developing

* hair follicles and in the epithelial buds of the
mammary gland.12-15 From these observations
an association between bcl-2 and normal

'vt epithelial morphogenesis has been suggested.3'
6 In this study, we found that bcl-2 was strongly

expressed in the epithelial cells of inverted
papillomas and in samples of cystitis glandula-
ris, whereas the surface transitional epithelium

ieously was mainly bcl-2 negative. The patterns of
erplastic expression observed in the inverted papillomas
ional and cystitis glandularis are similar to those

observed in the developing hair follicle and in
the epithelial buds of the mammary gland.'2
These observations suggest that bcl-2 expres-
sion may be a conserved event associated with
glandular morphogenesis.

Cystitis glandularis is regarded by some
authors as a premalignant lesion and there are
several reports in the literature of its conversion
to adenocarcinoma.12-3' This hypothesis is sup-
ported in part by the results of this study. All
samples of cystitis glandularis and adenocarci-
noma examined in this study expressed high

f * levels of immunodetectable bcl-2. We also
' found that bcl-2 expression correlated nega-

tively with tumour grade in adenocarcinomas
e A (p = 0.005). As bcl-2 expression confers a sur-

vival advantage to cells under a variety of
4,N ^ stressful conditions and has been implicated as

an early event in gastrointestinal and respira-
rv| tory tract malignancies,36-38 we postulate that
limited high levels of bcl-2 may be an initiating event
e conferring a survival advantage for the devel-
n, opment of cystitis glandularis, and potentiating

further promoting events necessary in the
development of frank malignancy.

ve cells Is bcl-2 expression an early event in the evo-
ituated lution of TCCs? Our results suggest that
as p53 activation of the bcl-2 gene is not a key event in
ly ran- the development of TCCs as we did not
in. observe bcl-2 over-expression in either hyper-
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A

B

Figure 4 bcl-2 and p53 expression in a well differentiated adenocarcinoma. Consecutive
sections were stainedfor bcl-2 and p53. All tumour cells are stainedfor bcl-2 (A). Intensive
immunoreactivity is observed in the nuclei of the majority of tumour cells (B).
(Immunoperoxidase; original magnification, x200.)

plastic transitional epithelium or transitional
cell papillomas, both ofwhich are recognised as

precursors of TCC. Furthermore, heterogene-
ous bcl-2 expression was found in only 14% of
TCCs examined. These results strongly indi-
cate that bcl-2 is unlikely to play an important
role in the development of TCC.
Thus, two patterns of bcl-2 expression have

been demonstrated in bladder carcinomas: (1)
high prevalence in glandular lesions of the
bladder (cystitis glandularis and adenocarcino-
mas and (2) low prevalence in TCC and asso-

ciated premalignant lesions. This was most

clearly demonstrated in one case with cystitis
glandularis and adjacent hyperplastic transi-
tional epithelium, in which high bcl-2 expres-
sion was seen in the glandular component only.
Our observations suggest that activation and
expression of the bcl-2 gene in transitional epi-
thelium may be involved in triggering a lineage
switch converting it to a glandular phenotype.

Little is known about the regulation of bcl-2
expression in normal and neoplastic epithe-
lium. The regulatory effect of p53 on the
expression of bcl-2 is controversial. bcl-2
expression has been shown to be raised in epi-
thelial cells of p53 deficient mice, suggesting
that bcl-2 may be negatively regulated by p53.27
Several studies examining p53 and bcl-2
expression in breast adenocarcinomas have

shown an inverse relation between p53 and
bcl-2 expression, further suggesting negative
regulation of bcl-2 by p53.'8.20 As strongly
immunohistochemically detectable p53 is usu-
ally mutated, these results suggest that mutated
p53 may directly or indirectly modulate bcl-2
expression. This has been supported by Haldar
et al who demonstrated inhibition of bcl-2
expression in a mammary epithelial cell line
transfected with mutant p53.3° In contrast Dai-
done et a!9 observed no change in bcl-2 protein
concentrations when p53 expression was dra-
matically reduced after chemotherapy in breast
carcinomas, suggesting that there was no
inhibitory effect of p53 on bcl-2 expression. In
this study, there was no clear correlation
between bcl-2 and p53 expression and a possi-
ble negative regulatory effect of p53 on bcl-2
expression could not be found.

This study was supported by the Medical Research Council,
Stanley Thomas Johnson Foundation, the Sir Ratanji Dalal
Scholarship (Royal College of Surgeons of England), and the
British Medical Association.
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