
Immunohistochemical expression of ð class
glutathione S-transferase in the basal cell layer of
benign prostate tissue following chronic treatment
with finasteride

Rodolfo Montironi, Roberta Mazzucchelli, Roberto Pomante, Deborah Thompson,
Vinicius Duval da Silva, Linda Vaught, Peter H Bartels

Abstract
Background—Glutathione S-transferases
(GST) may prevent carcinogenesis
through inactivation of reactive elec-
trophiles by conjugation to reduced glu-
tathione. Treatment directed at the
induction or preservation of GST-ð ex-
pression in normal epithelium could have
a profound impact on the prevention of
prostate neoplasia. Finasteride, a 5-á-
reductase inhibitor, is used as a chemo-
preventive agent because it blocks the
conversion of testosterone to its byproduct
which promotes prostate tumour growth.
Objective—To investigate GST-ð expres-
sion immunohistochemically in benign
prostate tissue from untreated patients
and from patients chronically treated with
finasteride.
Materials—Immunostaining with anti-
GST-ð antibody was performed on 10
(cysto-) prostatectomy, eight simple pros-
tatectomy, and three transurethral prosta-
tectomy specimens. The first set of 10
prostates was from untreated patients
operated on for bladder cancer. The other
cases were from patients with benign pro-
static hyperplasia and chronically treated
with finasteride. None of the specimens in
either group showed prostatic cancer,
prostatic intraepithelial neoplasia, uro-
thelial carcinoma, or chronic prostatitis.
Specimens were evaluated for the pres-
ence, intensity, and distribution of
immunostaining.
Results—DiVuse cytoplasmic immuno-
staining was observed in the basal cell
layer of the untreated specimens. Some
variability in the expression of GST-ð was
seen within each zone and also between
the prostate zones. Only a minority of the
secretory cells was stained weakly, mainly
in the subnuclear region of the cells facing
an uninterrupted basal cell layer. Staining
was more homogeneously diVuse in the
cytoplasm of the luminal cells facing the
basement membrane directly. In the be-
nign epithelium of the finasteride treated
specimens the circumferential staining of
the basal cells appeared to be more
continuous than in the untreated cases,
the gaps in the stained basal cell layer
being fewer, shorter, or even absent in
some ducts and acini. There was no
variability in the intensity of staining of

the basal cell layer, all the cells being
intensely stained in a uniform way. The
intensity of staining of the secretory cells
was not influenced by finasteride treat-
ment.
Conclusions—Following chronic treat-
ment with finasteride the immunohisto-
chemical expression of ð class glutathione
S-transferase in the benign prostate ducts
and acini is upregulated in relation to an
expanded basal cell layer. This could indi-
cate that finasteride acts as a GST-ð
inducer.
(J Clin Pathol 1999;52:350–354)
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Glutathione S-transferases (GST) are a family
of multifunctional isoenzymes that catalyse the
nucleophilic addition of glutathione to a widely
heterogeneous groups of compounds.1 GST
isoenzymes can be characterised on the basis of
substrate specificity, sensitivity to inhibitors,
isoelectric points, immunological cross reactiv-
ity, and amino acid composition and
sequence.2–5 Various biological functions have
been ascribed to this enzyme group, including
intracellular binding and transport of lipophilic
compounds such as bile products, steroid hor-
mones, drugs, and xenobiotics.6 By far the most
studied function of the GST enzymes is their
role in cellular detoxification,7 primarily
against oxygen free radicals and peroxides pro-
duced by physiological cellular processes and
exogenous stimuli. GST may prevent carcino-
genesis through inactivation of reactive elec-
trophiles by conjugation to reduced
glutathione.8 Human GST have been classified
into five families: á, µ, è, ð, and microsomal.1 9

The most widely investigated with respect to
human malignancy is GST-ð.8 10–18

Recently it was reported that the regulatory
sequences near the gene GSTP1, which
encodes the human ð class GST, commonly
appear to be hypermethylated during prostatic
carcinogenesis.19 In addition, it has been noted
that immunohistochemical staining with anti-
GST-ð antibodies failed to detect the enzyme
in most prostatic adenocarcinomas, despite the
presence of abundant staining in normal pros-
tatic epithelial cells and in cells making up
benign proliferative prostatic lesions. The
implications of this study include identification
of GST-ð as the most common genetic
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alteration in the formation of prostate cancer.19

It was shown that total androgen ablation does
not restore the expression of this enzyme, indi-
cating that the genetic defect detected in pros-
tate cancer is not reversible under androgen
manipulation.20

Cookson et al20 and Lee et al19 suggested that
treatments directed at the preservation or
induction of the activity of this enzyme in nor-
mal prostate could have a profound impact on
the possible prevention of prostate cancer and
its precursors. Finasteride (Proscar®; a 5-á-
reductase inhibitor) blocks the conversion of
testosterone to dihydrotestosterone, a byprod-
uct which promotes prostate tumour growth.21

The availability of drugs like finasteride, capa-
ble of suppressing dihydrotestosterone levels
without significantly altering testosterone de-
pendent function, has prompted the US
National Cancer Institute to propose a large
chemopreventive study using this agent.22 23 No
information is currently available on the eVect
of this drug on the expression of GST-ð.

Our aim in this study was to investigate
GST-ð expression immunohistochemically in
benign prostate tissue from untreated patients
and from patients chronically treated with
finasteride.

Methods
SPECIMENS

Clinical and morphological data on 10 un-
treated and 11 finasteride treated prostate
specimens were obtained from the files of the
Institute of Pathological Anatomy and Histo-
pathology of the University of Ancona. The
ages of the patients in both groups ranged
between 60 and 70 years. Their serum prostate
specific antigen concentrations were less than
4.00 ng/ml.

The untreated control group was composed
of patients who had urothelial cell carcinoma of
the urinary bladder and had undergone cysto-
prostatectomy without receiving chemo-
therapy, hormone treatment, or radiation
therapy before surgery. Benign prostatic hyper-
plasia was present in three patients. The pros-
tatectomy specimens (prostate and seminal
vesicles) were separated from the bladder at the
level of the bladder neck, covered with India
ink, and fixed for 48 hours in neutral buVered
formalin (4%). After fixation, the distal (api-
cal), proximal (basal), and seminal vesicles
were removed and submitted for histological
examination. The prostate was then step
sectioned at 0.4 cm intervals perpendicular to
the long axis (apical to basal) of the gland.

The second group of patients all had benign
prostatic hyperplasia and were treated before
surgery with 5 mg of finasteride daily for six
months. In none of these patients was a biopsy
available that had been taken before the start of
the treatment. Eight underwent simple prosta-
tectomy and three had transurethral resection
of the prostate, owing to the lack of clinical
relief of their urethral obstruction. The speci-
mens were fixed for 24 hours in neutral
buVered formalin (4%). The prostatic adeno-
mas were then cut into 0.4 cm thick slices.

The cut specimens were postfixed for an
additional 24 hours and then dehydrated in
graded alcohols, cleared in xylene, embedded
in paraYn, and examined histologically as 5 µm
thick sections. The cross sections of both
groups were analysed histologically as whole
mount sections. Using haematoxylin and eosin
stained sections, one of our team (RM)
reviewed all the histological slides, checked the
quality of the material, and selected the slides
for immunohistochemistry. None of the pa-
tients in either group had histological evidence
of prostatic cancer, prostatic intraepithelial
neoplasia, urothelial carcinoma originating
from the urethra, or chronic prostatitis. In this
study the central and peripheral zone are also
referred to together as the outer prostate or
“non-transition zone.” A limited amount of
peripheral and central zone tissue was identifi-
able histologically in all the simple prostatec-
tomy specimens in the finasteride treated
group.

IMMUNOHISTOCHEMISTRY

Immunohistochemistry was performed on 5
µm thick paraYn embedded tissue sections on
poly-L-lysine coated glass slides. The sections
were dried, deparaYnised, and rehydrated.
The sections were then pretreated with 0.3%
hydrogen peroxide in methanol for 30 minutes.
After an initial 20 minute incubation with 2%
normal goat serum, the specimens were
incubated overnight at 4°C with primary rabbit
polyclonal anti-GST-ð antibody at a dilution of
1/500 (Delta Biologicals). Following washings
in stock phosphate buVered saline (PBS), sec-
ondary antibody (Biotinylated antirabbit IgG,
at a dilution of 1/500; Vector Laboratories) was
applied to the sections and incubated for 60
minutes, followed by washing and incubation
with an avidin–biotin–horseradish peroxidase
complex (Vector Laboratories; reagents pre-
pared according to the manufacturer’s specifi-
cations) for 45 minutes. The sections were then
washed in two cycles of stock PBS (five
minutes each), and the peroxidase reaction
developed using 3,3'-diaminobenzidine tet-
rahydrochlorate (DAB) diluted at 1% in PBS.
Sections were incubated with this solution for
five minutes and then thoroughly washed in
water. The sections were diVerentiated with
acid alcohol, washed in tap water and then in
blue ammonia water, counterstained with a
light haematoxylin and eosin, and dehydrated
with three changes of 95% absolute ethanol
and xylene (two minutes each). The sections
were then cover-slipped and mounted. Tissue
sections from normal human liver containing
hepatic bile ducts were used as positive
controls, while omission of primary antibodies
on prostatic and liver sections served as a nega-
tive control.

All the sections were examined by light
microscopy to assess qualitatively the presence
or absence of immunostaining, its intensity of
positivity or strength, and its distribution.
Among the tissues which stained positive, a
distinction was made between staining of the
basal cell layer and the secretory acinar
epithelium.
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Results
The GST-ð antibody primarily stained the
cytoplasm of the cells lining the ducts and
acini. In general, staining was stronger and
more diVuse in the basal cell layer than in the
luminal (or secretory) cell layer (fig 1A and
1B). Short gaps in the immunostained basal
cell layer were present (fig 1C). Some variabil-
ity in the expression of GST-ð in the benign
ducts and acini was seen within each zone and
also between the prostate zones. In no instance
was secretory layer staining present in the
absence of basal layer staining. In the luminal
cells, positivity was mainly seen in the subnu-
clear region of those cells facing an uninter-
rupted basal cell layer, and was more homoge-
neously diVuse in the cytoplasm of those cells
directly facing the basement membrane and
the stroma. There was no appreciable diVer-
ence of intensity in the secretory cells either
facing or not facing an intact basal cell layer.
No plasma membrane staining was observed.
Focal and weak nuclear staining was present in
the basal epithelial layer. The prostatic stroma
was not immunoreactive, whereas the urothe-
lium and squamous metaplastic epithelium
were. Rare cells undergoing mitotic division
were seen and did not express GST-ð. There
were no diVerences between the samples with
benign prostatic hyperplasia and those of

normal tissue from patients unaVected by this
disease.

In the finasteride group, two types of ducts
and acini were observed. These represent suc-
cessive steps of involution. Their proportion
diVered from case to case and, within each
case, from field to field. The first type was rep-
resented by ducts and acini of approximately
the same size as those in the untreated group,
though without undulations of the epithelial
border. The pattern of staining was similar, the
main diVerence being that the gaps in the
stained basal cell layer were either fewer or
shorter. The other type was represented by
ducts and acini smaller than the former and
usually round in shape. The basal cell layer was
easily identifiable at low magnification because
it was composed of a continuous ring of
strongly stained cells (fig 1D). In addition the
cells showed nuclei that did not appear
elongated and slender as in the first type, but
rounder and occasionally plump and crowded.
There was no variability in the intensity of
staining of the basal cell layer, all the cells being
intensely stained in a uniform way. The
strength of staining in the secretory cells was
not influenced by the treatment. Rare apop-
totic cells were seen in both types of ducts and
acini, and did not express GST-ð. In both
groups of patients, the luminal cell staining was

Figure 1 (A) Peripheral zone of the untreated prostate. The GST-ð antibody primarily stains the cytoplasm.
Immunostaining is strong in the basal cell layer and weak in the secretory cell layer (haematoxylin and eosin counterstain,
magnification ×170). (B) Central zone of the untreated prostate. The immunohistochemical staining is stronger and more
diVuse in the basal cell layer than in the luminal (or secretory) cell layer (haematoxylin and eosin counterstain,
magnification ×170). (C) Transition zone of the untreated prostate. Short gaps in the immunostained basal cell layer were
present (haematoxylin and eosin counterstain, magnification ×170). (D) Prostate tissue from a patient chronically treated
with finasteride. The basal cell layer is easily identifiable as a continuous ring of strongly GST-ð stained cells
(haematoxylin and eosin counterstain, magnification ×170).
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increased in the presence of chronic inflamma-
tion (table 1).

Discussion
The expression of GST-ð in normal prostate
tissue specimens, including those from patients
with benign prostatic hyperplasia, has been
investigated in previous studies.2 3 5 19 20 24 25 In
those reports, normal prostatic tissue showed
intense cytoplasmic staining in the basal
epithelial cells. These findings were confirmed
in our present study. Cookson et al20 and Lee et
al19 also noted that some normal luminal cells
stained weakly for GST-ð, while most con-
tained no detectable enzyme. In the benign tis-
sues from our study, while some degree of
staining was seen in the secretory epithelium in
almost all cases, the proportion of positive cells
was very small. In addition, the pattern of posi-
tivity was such that the staining was mainly in
the subnuclear region of the cells facing an
intact basal cell layer and homogeneously
diVuse in those secretory cells facing the base-
ment membrane directly. Although most of the
GST-ð was cytosolic, nuclear staining was
reported by Moskaluk et al,25 who found that
approximately 50% of cases also showed focal
nuclear staining, primarily in the basal epithe-
lial layer. Our findings on the nuclear staining
pattern were similar to those reported by
Moskaluk et al.25

The purpose of previous immunohisto-
chemical work, either on normal prostate tissue
or on benign prostatic hyperplasia, was to
establish the reference expression of this
enzyme for its subsequent evaluation in
prostatic intraepithelial neoplasia and
cancer.2 6 20 The zone of origin of the normal
prostate tissue was not always specified. No
attempt was made to compare the findings of
the transition zone, either aVected or not
aVected by benign prostatic hyperplasia, with
the expression of GST-ð in the other prostate
zones. In our study there was some variability
in the strength and proportion of staining of
benign acini within each of the three zones and
also between the prostate zones. However, the
staining of the basal cell layer in the transition
zone was qualitatively similar to that of the
non-transition zone. No substantial differences
were seen between the samples with benign
prostatic hyperplasia and those derived from
patients unaVected by this disease. Our find-
ings on benign prostatic hyperplasia are in

agreement with the data derived from a
biochemical study performed by Tew et al.17

Finasteride causes intraprostatic dihydrotes-
tosterone levels to decrease by more than 90%,
whereas intraprostatic testosterone levels in-
crease by a small factor.21 This drug was
approved by the United States Food and Drug
Administration in 1992 for the treatment of
benign prostatic hyperplasia. The Division of
Cancer Prevention and Control of the National
Cancer Institute started a Prostate Cancer
Prevention Trial in 1993.23 The hypothesis of
the trial is that a prolonged finasteride induced
decrease in androgenic stimulation of the pros-
tate will inhibit or retard the progression of
prostate cells through the carcinogenic process,
resulting in a decreased prevalence of diag-
nosed prostate cancer.

Some of the prostate samples in the present
study were from men treated with finasteride
before simple prostatectomy or transurethral
resection of the prostate was performed. Mor-
phologically, the involution eVects induced by
finasteride on the epithelial cells were of a
minor degree in comparison with the findings
usually present following total androgen
ablation.26 27 This is linked to the fact that tes-
tosterone, being less active than dihydrotesto-
sterone, still exerts some eVect on the epithe-
lium. Finasteride blocks the proliferative
activity of the epithelium rather than inducing
severe cell loss through apoptosis.

In the current study it was seen that the
immunostaining of GST-ð appeared to in-
crease following treatment. This finding gives
support to the view that hormonal manipu-
lation, when finasteride is involved, aVects not
only the preservation of enzyme expression but
also its induction. This is at odds with the
results of an investigation made by Cookson et
al on the expression of GST-ð in benign
prostatic tissue associated with hormonally
treated prostatic carcinoma.20 Since they failed
to show diVerences in the proportion of
positive cells between treated and untreated
normal looking tissue, they concluded that
total androgen ablation treatment has no effect
on the GST-ð activity in the normal prostate.
They questioned its role in the malignant
transformation of prostatic acinar cells. The
discrepancy between the data presented by
Cookson et al20 and our results is caused by the
fact that Cookson and his colleagues investi-
gated the proportion of positive cells without

Table 1 Summary of the results in the GST-ð immunostaining of the normal prostate tissue

Basic pattern of staining
The GST-ð antibody primarily stains the cytoplasm of the cells lining the ducts and acini

Staining is stronger and more diVuse in the basal cell layer than in the secretory cell layer

Pattern of staining in the untreated prostate
Short gaps in the immunostained basal cell layer are present
Some variability in the intensity of GST-ð in the benign ducts and acini is seen within each zone and also between the
prostate zones

Only a minority of the secretory cells were stained weakly; this was mainly in the subnuclear region of the cells facing an
uninterrupted basal cell layer

Pattern of staining in the treated prostate
The circumferential staining of the basal cells appeared to be more continuous than in the untreated cases, the gaps in the
stained basal cell layer being either fewer or shorter, or even absent in some ducts and acini

There was no variability in the intensity of staining of the basal cell layer, all the cells being intensely stained in a uniform way
The intensity of staining of the secretory cells was not influenced by this treatment
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considering the degree of circumferential
staining of the basal cell layer. Our approach
takes account of the changes in the gaps
observed among the basal cells which always
express GST-ð.

In conclusion, the immunohistochemical
expression of ð class glutathione S-transferase
appears to be upregulated in the basal cell layer
of benign prostate ducts and acini following
chronic treatment with finasteride. We specu-
late that the chemopreventive eVect of this
drug could also be mediated by the induced
activity of GST-ð in the basal cells, which exert
a protective influence on the secretory cells.
When the basal cells are not present, this role
might be taken on by the secretory cells. Quan-
titative analytical studies employing image
analysis systems are in progress and should
provide us with additional information on the
activity of GST-ð.
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