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Relation of Bcl-2 expression to androgen receptor,
p21WAF1/CIP1, and cyclin D1 status in prostate
cancer

Z Kolář, P G Murray, K Scott, A Harrison, B Vojtěšek, J Dušek

Abstract
Background—There is currently no eVec-
tive treatment for recurrent hormone re-
fractory carcinomas of the prostate gland.
An understanding of the underlying mecha-
nisms responsible for the progression of
these lesions is likely to be important for the
development of new therapeutic ap-
proaches. Recently, it has been suggested
that the transition to a hormone independ-
ent state is accompanied by increased
proliferation and bcl-2 gene expression, as
well as by a decreased apoptotic state.
Aim—To investigate the possible role of
Bcl-2 and other cell cycle regulating
proteins in the development of prostatic
tumours.
Methods—Immunohistochemistry was
used to study the relation between the
expression of Bcl-2 and the androgen
receptor, as well as p21WAF1/CIP1 (p21),
and cyclin D1 status, in a series of 89 pros-
tate cancer samples taken before andro-
gen withdrawal treatment.
Results—Androgen receptor negative tu-
mours expressed significantly higher
amounts of Bcl-2 than those prostate car-
cinomas with low/medium androgen re-
ceptor values. However, in tumours
expressing the highest amounts of andro-
gen receptor, Bcl-2 expression was also
high. A significant positive relation be-
tween Bcl-2 and p21 expression, as well as
an inverse relation between Bcl-2 and cyc-
lin D1 expression, was noted. Androgen
receptor positive samples also expressed
significantly higher amounts of cyclin D1.
Conclusions—These results suggest that
p21 and cyclin D1 expression in prostatic
cancer might be modulated by Bcl-2 and
by androgens and in turn this could be
relevant to the progression of prostatic
cancer.
(J Clin Pathol: Mol Pathol 2000;53:15–18)
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Tumour progression is usually described as an
imbalance between proliferation and pro-
grammed cell death. It can be caused by altera-
tions in genes that are essential for cell growth,

diVerentiation, and apoptosis. The assessment
of these genetic abnormalities, coupled with
the precise measurement of proliferative poten-
tial, can provide important information about
prognosis and response to treatment.

The prostate gland is dependent on the
presence of circulating androgens to maintain
its normal structure and function. Likewise,
70–80% of prostatic neoplasms are androgen
sensitive tumours that undergo regression after
chemical or surgical androgen ablation.1 The
cell clones that are selected during androgen
withdrawal treatment give rise to androgen
independent prostate carcinomas. Such recur-
rent tumours are clinically more aggressive and
the prognosis after relapse is poor.2 To date, no
eVective treatment has been developed for
these hormone refractory carcinomas.

Recently, it has been postulated that the tran-
sition to a hormone independent state is accom-
panied by increased proliferation and Bcl-2
expression, as well as by a decreased rate of
apoptosis.3 Apoptosis is an active ATP depend-
ent process that, in the prostate, can be mediated
via an increase in the intracellular calcium
concentration.4 The bcl-2 gene encodes a 26
kDa protein Bcl-2, which prevents apoptosis
when overexpressed in prostate cells.5 In previ-
ous studies, Bcl-2 expression was found to be
more frequent in higher grade tumours and to
predict disease progression.6 Therefore, the
involvement of Bcl-2 in the development of hor-
mone refractory prostatic tumours seems
probable.7 In addition, the cyclin dependent
kinase inhibitor, p21WAF1/CIP1 (p21), and
cyclin D1 might be actively involved in these
processes. Therefore, the aim of this study was
to investigate the expression of Bcl-2 in relation
to these various cell cycle regulating proteins.

Materials and methods
PATIENTS AND SPECIMENS

The expression of Bcl-2, the androgen recep-
tor,p21,andcyclinD1wasanalysedbyimmuno-
histochemistry in 89 paraYn wax embedded
prostatic cancer samples (graded between 3
and 9 according to the Gleason system) before
androgen withdrawal treatment. The samples
were obtained from the Institute of Pathology,
Palacký University, Olomouc and from the
department of histopathology, New Cross
Hospital, Wolverhampton.
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MEASUREMENT

The numbers of positive cells were evaluated
semiquantitatively by two independent investi-
gators and by computer image analysis
(LUCIA M; Laboratory Imaging, Prague,
Czech Republic) in identical areas of parallel
sections, and converted to a 0–3 scale (0, no
positive cells; 1, up to 33.3% positive cells; 2,
between 33.3% and 66.6% positive cells; 3,
between 66.6% and 100% positive cells). Any
disagreement between evaluators was checked
and measurements were repeated.

IMMUNOHISTOCHEMISTRY

Primary antibodies to the androgen receptor
(clone F39.4.1; Biogenex, San Ramon, Cali-
forna, USA), Bcl-2 (clone 124; Dako, Copen-
hagen, Denmark), p21 (clone WA1; MMCI,
Brno, Czech Republic), and cyclin D1 (clone
CD2.1; MMCI) were used in standard
immunohistochemical methods. A biotinylated
secondary antibody and streptavidin/biotin
complexed with horseradish peroxidase (HRP)
(streptABComplex/HRP duet kit; Dako) were
also used and HRP activity was developed by
means of 3,3'-diaminobenzidine.

STATISTICS

Statistical analysis was performed using a ÷2

test for independence and homogeneity of
variance (department of biometry, Palacký
University, Olomouc, Czech Republic).

Results
Figure 1A–C shows representative immuno-
histochemical results. Androgen receptor posi-
tive prostate cancers (more than 10% positive
cells) occurred in both low (Gleason 3–5) as
well as high (Gleason 8,9) grade carcinomas. In
medium grade (Gleason 6,7) carcinomas
expression of the androgen receptor was gener-
ally lower. These results were not significant
because of the low number of high grade carci-
nomas. Analysis of the relation between Bcl-2
and androgen receptor expression revealed that
Bcl-2 expression was significantly higher in
androgen receptor negative prostatic cancers
than in those samples with low/medium andro-
gen receptor scores (score, 0.5–2.0; p < 0.05).

Figure 1 (A) Typical nuclear staining for the androgen
receptor in prostatic cancer. (B) Nuclear staining for p21 in
Bcl-2 positive prostatic cancer. (C) Intense nuclear staining
for cyclin D1 in androgen receptor positive prostatic cancer. Figure 2 (A) Relation between Bcl-2 and p21 expression

in prostatic cancer. (B) Relation between Bcl-2 and cyclin
D1 (CD) expression in prostatic cancer. (C) Relation
between androgen receptor (AR) and cyclin D1 expression
in prostatic cancer.
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However, in samples with the highest androgen
receptor positivity, a slightly higher amount of
Bcl-2 expression was noted, which was not sig-
nificantly diVerent from that found in andro-
gen receptor negative samples. Bcl-2 expres-
sion was significantly higher in p21 positive
tumours compared with those tumours in
which p21 expression was absent (p < 0.05)
(fig 2A). There was also a significant inverse
relation (p < 0.05) between expression of Bcl-2
and cyclin D1 (fig 2B) and a significant positive
relation (p < 0.05) between expression of the
androgen receptor and cyclin D1 (fig 2C). No
other significant associations were seen, but a
trend towards increasing p21 expression in
cases with high concentrations of cyclin D1
was noted (data not shown).

Discussion
Recent reports suggest that combined endo-
crine treatment induces tumour regression by
greatly reducing proliferation.8–10 However,
other studies have also identified programmed
cell death as the molecular mechanism under-
lying regression of androgen dependent human
prostatic cancer after androgen ablation.8–14

Many recent papers have examined the role
of p21 in the control of cell proliferation.15 This
nuclear protein is an inhibitor of several cyclin
dependent kinases and a component of the
quaternary complex (including cyclin D1, spe-
cific cyclin dependent kinase, and proliferating
cell nuclear antigen).16 The expression of p21 is
variable among diVerent human tissues,17 and
has been implicated in the mechanisms of cell
cycle arrest that allow DNA repair in response
to wild-type, but not to mutant, p53.18–20 How-
ever, some recent findings demonstrate that
p21 might also be induced in a p53 indepen-
dent manner, for example by transforming
growth factor â.15 p21 has also been postulated
as an inducer of cyclin D1 in vitro and a
significant association has been shown between
p21 and cyclin D1 expression in breast
cancer.21

Given the association between high concen-
trations of cyclin D1 and the increased
proliferative activity found in some tumours, it
was expected that overexpression of this
protein would be associated with poor progno-
sis. Kallakury and co-workers22 analysed the
expression of cyclin D1 in prostatic carcinoma
and found that it was expressed in a minority of
cases, where it was associated with a high
Gleason grade. Detailed studies, however, did
not show any significant association with
recurrence or overall survival.23 On the other
hand, overexpression of cyclin D1 was found
more commonly in oestrogen receptor positive
breast cancer, suggesting that cyclin D1
expression could be considered a marker of
good prognosis.21

In untreated prostatic carcinoma, we found
that there is a direct relation between androgen
receptor and cyclin D1 expression, which is in
accordance with the findings in breast cancer.
This could be explained by steroid upregula-
tion of cyclin D1. We have also found an
association between increasing androgen re-
ceptor score and lower concentrations of the

antiapoptotic protein Bcl-2. This supports the
concept that Bcl-2 expression is developing in
hormone independent prostate cancer. The
finding of higher Bcl-2 concentrations in a few
samples with the highest androgen receptor
scores is in agreement with the theory that high
grade prostatic cancers often synthesise high
concentrations of mutant androgen
receptor.24 25

One of the most interesting results was that
increasing Bcl-2 expression was correlated with
increasing concentrations of p21 but decreas-
ing concentrations of cyclin D1. We suggest
that this could be the consequence of a specific
regulatory pathway in which Bcl-2, probably in
accordance with androgens, upregulates the
expression of p21, whereas the expression of
cyclin D1 is suppressed. However, the relation
between hormone responsiveness and expres-
sion of these various regulatory genes in
prostate cancer remains unclear, although
Chen et al have shown that p21 expression as
well as expression of another cyclin dependent
kinase inhibitor, p27, can be regulated, either
directly or indirectly, by androgens.26

In conclusion, our results show that the
expression of p21 and cyclin D1 in prostatic
cancer might be modulated by Bcl-2 and
androgens and that it may well be related to the
progression of prostate cancer.
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