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Detection of apoptosis by the TUNEL technique
in clinically localised prostatic cancer before and
after combined endocrine therapy
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Abstract
Aims-Apoptosis in prostate cancer was
evaluated after three months of combined
endocrine therapy to investigate the as-
sociation with tumour grade, tumour
stage, and the immunohistochemical de-
tection of p53 and bcl-2 in tumour cells
before and after therapy.
Methods-Twenty six formalin fixed, par-
affin wax embedded core biopsies and
corresponding prostatectomy specimens,
excised after three months of combined
endocrine therapy, were analysed for the
presence ofapoptotic cells by the terminal
deoxynucleotidyl transferase mediated
dUTP-biotin nick end labelling (TUNEL)
method, and for p53 and bcl-2 overexpres-
sion by immunohistochemistry.
Results-All 26 adenocarcinomas were
clinically localised at diagnosis. In biop-
sies performed before combined endo-
crine therapy, the apoptotic indices varied
between 0.09% and 1.73%, while the
tumour grade fell between Gleason score 1
and 8. The mean (SD) apoptotic count
pretherapy was 0.71% (0.50). There was a
significant association between elevated
apoptotic counts and higher Gleason
scores in the biopsies (p = 0.005). After
three months oftherapy, the percentage of
apoptotic tumour cells increased inde-
pendently oftumour stage, while a signifi-
cant association with Gleason grade was
found (p = 0.0018) and all the tumours
had Gleason scores of < 7. In eight cases
the apoptotic index was more than twice
its pretherapy value. The remaining tu-
mours showed less of an increase in the
apoptotic index (five cases) or a reduction
in the percentage of apoptotic cells. The
overall moderate increase in apoptotic
index after combined endocrine therapy
was not statistically significant (p = 0.8).
Immunoreactivity to p53 was absent in all
cases, before and after therapy, while a
slight increase in the number of cells
overexpressing bcl-2 was observed in five
of the 13 tumours (38.1%) with reduced
apoptotic indices after therapy.
Conclusions-After three months ofcom-
bined endocrine treatment a minority of
clinically localised prostate neoplasms
showed regressive epithelial alterations,
associated with an increase in apoptotic
tumour cells; an increase in cells overex-

pressing bcl-2 was observed in five of the
13 tumours with reduced apoptotic indi-
ces.
(7 Clin Pathol 1997;50:384-388)
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Combination therapy using a nonsteroidal
antiandrogen in association with a luteinising
hormone releasing hormone (LHRH) agonist
has significant benefits in both advanced and
localised prostate cancer; some authors believe
neoadjuvant total androgen withdrawal to have
some beneficial effects as downstaging, while
others reported that the majority of patients
with locally advanced prostate carcinoma con-
tinue to have extraprostatic carcinoma despite
clinical evidence suggestive of downstaging.IA

Histological changes are commonly ob-
served some months after combined endocrine
therapy: a decrease in tumour size, vacuolisa-
tion of the cytoplasm, and changes in glandular
size, the cell proliferation rate, and nuclear and
nucleolar size are the most frequent. In vivo
studies have identified apoptosis as the mo-
lecular event underlying the regression of
androgen dependent human prostatic tumours
after androgen ablation.5 Indeed, the histologi-
cal appearance of apoptotic bodies is a charac-
teristic early event6 that precedes the dramatic
reduction in tumour volume observed after
three months of combined endocrine therapy.7
The present study investigated the frequency

of apoptosis, using the terminal deoxynucleoti-
dyl transferase mediated dUTP-biotin nick end
labelling (TUNEL) method, in 26 clinically
localised prostatic carcinomas obtained by
radical prostatectomy after three months of
therapy with an LHRH agonist leuprorelin
(Enantone Depot, Takeda, Osaka, Japan) and
an antiandrogen flutamide (Eulexin, Schering
Pharmaceuticals, Milan, Italy). Apoptosis was
also evaluated on ultrasound guided core biop-
sies performed before combined endocrine
therapy. Results were analysed for any associ-
ation with parameters such as Gleason grade,
tumour stage, and immunohistochemical in-
vestigation of p53 and bcl-2 overexpression.
The aim of our study was to examine the
behaviour of these clinically localised prostatic
cancers after androgen ablation therapy.

Methods
Twenty six cases of prostate cancer were
selected from the files of the Pathology
Department, Ospedale Maggiore di Lodi, Italy.
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Each patient had a clinical stage B cancer and
underwent a radical prostatectomy: before sur-
gery all patients had received combined
treatment with leuprorelin (3.75 mg per month
subcutaneously) and flutamide (250 mg orally
three times a day) for three months. The
histopathological material was 26 ultrasound
guided core biopsies performed before the
combined endocrine therapy, and the subse-
quent prostatectomies. Further biopsies were
not performed before radical prostatectomy,
according to the protocol of neoadjuvant
therapy. The biopsies were routinely processed.
Grade was assigned using the Gleason system
in which five distinct histological patterns are
recognised.8 The radical prostatectomy speci-
mens were cut into slices - 0.5 cm thick from
the apex to the base of the prostate and then
fixed for 24 hours in formalin and embedded in
paraffin wax.

LABELLING OF APOPTOTIC CELLS
The TUNEL method described by Gavrieli et
al was used for apoptotic cell labelling.9 Thus,
after deparaffinisation, sections were incubated
with 20 ig/ml proteinase K for 15 minutes at
room temperature and thoroughly washed in
sterile distilled water. A rinse in terminal
deoxynucleotidyl transferase (TdT) buffer
(30 mM Trizma base, pH 7.2, 140 mM so-
dium cacodylate, 1 mM cobalt chloride) was
performed before immersing the slides in a
mixture ofTdT (0.3 units/,l) and biotin dUTP
(0.03 nmols/,ul) in TdT buffer for 90 minutes
at 37°C in a humidity chamber. Sections were
rinsed in sterile distilled water, immersed in a
2% aqueous solution of bovine serum albumin
(BSA) for 10 minutes at room temperature,
rinsed in 0.05 M Tris buffered saline (TBS),
pH 7.4, and covered with alkaline phosphatase
conjugated streptavidin (1:30) for 30 minutes
at room temperature. After visualisation of the
reaction using new fuchsin, slides were slightly
counterstained with haematoxylin and
mounted.

IMMUNOHISTOCHEMISTRY
Immunohistochemical studies were performed
using the peroxidase conjugated streptavidin-
biotin complex method. The mouse mono-
clonal antibody to p53 protein (Mab D07,
Novocastra Laboratories, Newcastle upon
Tyne, UK) and the mouse anti-bcl-2 (clone
124 Dakopatts, Glostrup, Denmark), were
used, diluted 1:100 and 1:40, respectively. A
threshold of 5% immunoreactive tumour cells
was chosen for the evaluation of p53 overex-
pression. Immunostaining for bcl-2 was as-
sessed semiquantitatively, based on the
proportion of immunoreactive tumour cells;
cases were divided into negative (0%), and
those with < 5% or > 5% immunoreactive
cells.

QUANTITATION OF APOPTOTIC CELLS
The percentages of apoptotic cells (apoptotic
index = number of TUNEL positive cells per
100 cells) were determined by counting 1000
tumour cells in randomly chosen areas of
biopsy sections on a light microscope at x40

magnification. On the sections obtained after
radical prostatectomy, the apoptotic index was
determined by randomly counting 3000 tu-
mour cells per patient.

STATISTICS
The significance of the associations was deter-
mined using the X2 test. The Mantel-Haenszel
x2 test for linear association assessed the
significance of trends. A value of p < 0.05 was
considered statistically significant.

Results
All 26 patients included in the present study
were submitted to preoperative combined
endocrine therapy. Patients' ages ranged from
59 to 72 years (median 67.3). Tumours were
categorised according to the final pathological
stage: seven patients were classified as stage
pT2a, six as stage pT2b, seven as stage pT2c,
four as stage pT3a, and two as stage pT3c.
Only one case, at stage pT3a, revealed a metas-
tasis in the pelvic lymphnodal station.

In the haematoxylin and eosin preparations
of radical prostatectomy, we found an almost
even prevalence of some histopathological
changes: non-tumoural prostatic tissue showed
cell vacuolisation with smaller nucleoli, and
prominence and hyperplasia of basal cells;
adenocarcinoma showed decreased intralumi-
nal crystalloids and areas of individual tumour
cells, separated by abundant connective tissue,
showing inconspicuous nucleoli and cytoplas-
mic vacuolisation.
For the evaluation of apoptosis, we com-

pared TUNEL treated sections with haema-
toxylin and eosin stained sections. In each case,
cells with the morphological characteristics of
apoptosis were identified: chromatin condensa-
tion, formation of crescentic caps of condensed
chromatin at the nuclear periphery, and
formation of apoptotic bodies were visible in
both biopsy and prostatectomy specimens, in
the intercellular space as well as in the lumen,
sometimes ingested by macrophages. As shown
in table 1 the apoptotic count in 1000 tumour
nuclei evaluated by the TUNEL method on
biopsy samples varied considerably (mean
(SD) 0.718 (0.50); range 0.09-1.73%). The
mean apoptotic index in 3000 tumour nuclei
after therapy was 0.75 (Q.51) (range 0.097-
2.10%). The overall moderate increase in
apoptotic index after combined endocrine
therapy was not statistically significant
(p = 0.8). However, two subgroups of patients
with different apoptotic counts were recog-
nised: the first had a twofold, or greater,
increase in the apoptotic index after combined
endocrine therapy; in the second group,
however, the increase in the apoptotic index
was less than twofold and in some cases there
was even a decrease in the apotopic index after
therapy.

HIGH APOPTOPIC INDEX INCREASE GROUP
Eight patients showed a twofold, or greater,
increase in apoptopic index after combined
endocrine therapy. This group contained
Gleason grade 4-6 tumours, with a pretherapy
apoptopic index oscillating between 0.091 and
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Table 1 Comparison of Gleason grades, apoptopic counts
before and after endocrine therapy, and tumour stages in 26
prostatic cancers

Gleason Apoptopic index Apoptopic index Tumour
grade (pretreatment) (post-treatment) stage

4 0.360 1.262 T2cNO
4 0.091 0.964 T2cNO
5 0.269 0.972 T2cNO
5 0.178 0.467 T2bNO
5 0.258 0.969 T2bNO
6 0.486 0.799 T3aNO
6 0.281 0.965 T2cNO
6 0.255 0.261 T3aN1
6 0.433 1.651 T2bNO
6 0.154 0.581 T2aNO
6 0.760 0.593 T2aNO
6 0.769 0.097 T2aNO
7 1.572 0.499 T2bNO
7 1.451 0.694 T2cNO
7 0.452 0.582 T2aNO
7 0.868 0.131 T2aNO
7 1.431 1.439 T2aNO
7 0.172 0.118 T2aNO
7 0.594 0.442 T2cNO
7 0.530 0.229 T2bNO
8 0.897 0.134 T3aNO
8 1.009 0.824 T3aNO
8 1.738 2.109 T3cNO
8 0.725 0.413 T2bNO
8 1.156 0.887 T2cNO
8 1.653 1.448 T3cNO
Total (mean (SD)) (n=26)

0.718 (0.505) 0.751(0.515)

0.433 (mean 0.25 (0.11)), and post-therapy
apoptopic indices of 0.46-1.65 (mean 0.96
(0.34)). All tumours were localised to the pros-

tate gland.

APOPTOPIC INDEX DECREASE/LOW APOPTOPIC

INDEX INCREASE GROUP

After combined endocrine treatment five tu-
mours showed less than a twofold increase in
the apoptopic index, while 13 showed a

decrease. Before therapy, all tumours had
Gleason scores of 6-8, various tumoural
patterns (cribriform, solid, or trabecular), and
a particularly high apoptopic index before
therapy (0.17-1.73, mean 0.91 (0.48)). The
apoptopic index after therapy varied between
0.097 and 2.109 (mean 0.64 (0.54)).

All biopsies were negative for p53, while
bcl-2 immunostaining detected the protein in a

few cells in 10 pretherapy biopsies. After
therapy, p53 immunoreactivity was not
changed, while the bcl-2 immunostaining was

conspicuously increased in five tumours, all
belonging to the low apoptotic index group;

however, the proportion of immunoreactive
tumour cells did not exceed 5% in any of the
cases.
The Mantel-Haenszel test for linear associ-

ation showed a highly significant association of
Gleason grading with apoptotic counts

(p = 0.00 18), with a Gleason grade of < 7 sig-
nificantly found more frequently in the high
apoptopic index increase group. The linear
association between apoptopic index before
therapy and Gleason grade was highly signifi-
cant as assessed by the Mantel-Haenszel test

(p = 0.0051), with well differentiated tumours

showing lower indices. This significant linear
association between a low apoptopic index and
a higher Gleason grade was not present after
endocrine therapy (p = 0.78). There was no

significant predictability oftumoural behaviour

according to the age of patient. Low apoptotic
counts before endocrine therapy were signifi-
cantly associated with an increase in apoptosis
after treatment (Mantel-Haenszsel test for lin-
ear association, p = 0.001).

Discussion
Previous work concerning the evaluation of
apoptosis in vitro has shown that the time win-
dow during which the morphological changes
due to programmed cell death occur is
relatively short (between 30 minutes and two
hours); thus, many cells in the early stages of
apoptosis may escape detection in vivo.10 The
TUNEL method is based on direct, specific, in
situ labelling of DNA breaks in the nuclei.
Gorczyca and coworkers applied this method
to human solid tumours sampled by fine needle
biopsy, and reported that the apoptotic phase
characterised by the presence of DNA strand
breaks, which precedes the gross changes in
cell morphology, is very long.11 The TUNEL
technique labels the small (< 2 gm) apoptotic
bodies as well as the classical crescentic caps of
condensed chromatin at the nuclear
periphery,'2 thus avoiding confusion with other
cells that have condensed chromatin, such as
telophase mitotic cells or polymorphic granulo-
cytes (fig 1). Furthermore, this technique
allows one to differentiate the condensed chro-
matin of apoptotic nuclei from the nuclei of
lymphocytes that diffusely infiltrate prostate
adenocarcinomas after combined endocrine
therapy. Therefore, according to Gavrieli and
coworkers,9 by detecting DNA fragmentation
that occurs before the appearance of morpho-
logical features, the TUNEL method is a highly
sensitive technique that "enables a determina-
tion of the actual fraction of cells undergoing
programmed cell death". The presence of
apoptosis after combined endocrine therapy is
a well known phenomenon,7 13 14 but the focal-
ity of apoptosis evaluated in some series by
nuclear morphology alone, suggested that the
majority of residual carcinoma cells are resist-
ant to apoptosis following three months of
combined therapy. As Armas et al postulated,7
data concerning the apoptopic index could be
underestimated, either because of the possible
completion of hormone regulated apoptosis
after three months of therapy, the heterogeneity
of androgen sensitivity among subpopulations
of tumour cells, or the difficulty of detecting
apoptosis by the observation of nuclear mor-
phology in haematoxylin and eosin stained sec-
tions.
Using the TUNEL method on 26 biopsies

with prostate adenocarcinoma, we found
higher percentages of apoptotic bodies than
Aihara and colleagues did15 who evaluated 39
untreated cases of prostate cancer by nuclear
morphology in haematoxylin and eosin stained
sections. Indeed, while Aihara et al (who
reported only the principal Gleason score)
found apoptotic bodies ranging from 0.05% in
Gleason grade 1 tumours, to 0.66% in Gleason
grade 5 tumours, in the present study, in which
the Gleason sum was used, the apoptopic index
before combined therapy ranged from 0.09%
in tumours with a Gleason sum of 4 (2 + 2), to
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Figure 1 Apoptotic bodies detected within tumoural glands in prostatic cancer after
combined endocrine therapy (TUNEL technique).

1.73% in tumours with a Gleason sum of 8
(4 + 4). However, a clear positive linear associ-
ation between the apoptopic index and the
Gleason score came out in both papers.
Gaffney assessed apoptosis semiquantitatively
by light microscopy on routine haematoxylin
and eosin stained sections in 15 high grade
adenocarcinomas of the prostate, and reported
a mean apoptopic index of 1.7% (range
0.2-2.4%) in nine solid undifferentiated carci-
nomas. He found higher counts in more

unusual high grade neoplasms; three small cell

undifferentiated prostate cancers (mean apop-
topic index 25.2%) and three transitional
carcinomas of the bladder involving the

prostate (mean apoptopic index 5.5%).16
Our series of prostate cancers showed a vari-

able behaviour after therapy: eight patients
(30.8%) showed a considerable increase in

apoptopic index (twofold or more); all had

well, or moderately, differentiated p53 negative
tumours with a Gleason sum of < 6 and were

stage pT2 (a, b, or c) prostate cancers. Andro-

gen withdrawal had different effects in the

remaining 18 tumours, with a decrease or

minimal increase in apoptopic index. These

findings are similar to the short term effects
reported after castration therapy in 18 core

biopsies of prostate cancer by Westin et al,17
who reported that one-third of the tumours

had a twofold increase in apoptopic index after
one week. They were WHO grade 1 or 2

tumours, and were p53, c-myc, and bcl-2
negative, or contained some bcl-2 or c-myc
positive tumour cells.

In our study, all 26 clinically stage B prostate
cancers were p53 negative as in other series of
clinically localised prostate adeno-
carcinomas.'8 22 The absence of immunohisto-
chemically p53 positive cases avoided the
evaluation of the different behaviour of p53
negative and positive prostate cancers. Accord-
ing to Westin and coworkers,'7 the p53 positive
cancers are all responsive to castration therapy,
while variable results were reported for p53
negative tumours.

Bcl-2 expression increases in prostatic tu-
mours two or three months after combined
endocrine therapy23; we have observed a
relevant increase in five tumours with de-
creased apoptopic indices after therapy (5 of
13, 38.1%). As Westin et alreported,'7 it could
be important to evaluate the number of bcl-2
positive cells before therapy, to assess the
resistance to combined endocrine therapy and
the decrease in apoptopic index in bcl-2
positive tumours. In fact, initiation of apoptosis
may occur as a consequence of conflicting
growth signals and "a hierarchical relationship
between bcl-2, p53, c-myc and other genes
indicate a complex pattern of regulation of
programmed cell death".24

In conclusion, the TUNEL method is a use-
ful tool for the evaluation of different apoptotic
counts in prostatic cancer after combined
endocrine therapy, particularly as it demon-
strated differences between the behaviour of
low Gleason grade (% 6) cancers, confined to
the organ, and confined or locally advanced
higher Gleason grade (¢ 6) cancers.
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