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Abstract
activation of cellular protooncogenes or loss of
Aimslbackground-Whereas the control function of tumour suppressor genes.3 It is
of hormone secretion from pituitary ad- generally accepted that these alterations typienomas has been studied in considerable cally result in enhanced rates of cellular prolifdetail, the molecular events underlying eration. Recent evidence suggests that the
the development of these tumours are still genetic regulation of apoptosis is also of critical
poorly understood. Abnormalities of some importance during tumorigenesis and that
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oncogenes and tumour suppressor genes
have been previously reported to occur at
very low frequencies. The aim of the
present study was to assess the possible
expression of the bcl-2 oncoprotein and to
compare it with that of c-myc in pituitary
adenomas.
Methods-Monoclonal antibodies were
used, along with microwave antigen retrieval and the avidin-biotin inmunobistochemical method, to investigate expression
of the oncoproteins bcl-2 and c-myc in 30
primary pituitary tumours from five
broad diagnostic groups and in five normal pituitaries.
Results-Bcl-2 and c-myc immunoreactivities were detected in nine (30%) and
eight (27%) tumour samples, respectively.
Of the nine bcl-2 and eight c-myc positive
tumours, seven were positive for both
oncoproteins and included one of the four
corticotrophinomas studied, four of seven
prolactinomas, one of two somatotrophinomas, and one of four oncocytomas. All
13 null cell adenomas studied were negative for both bcl-2 and c-myc immunoreactivities.
Conclusions-These results indicate that
the bcl-2 and c-myc oncoproteins are
expressed abnormally in over one quarter
of pituitary tumours. Most these tumours
co-expressed both oncoproteins. The genetic complementation of simultaneously
deregulated bcl-2 and c-myc is implicated, through the regulation of apoptosis,
in the pathogenesis of pituitary tumours.
(7 Clin Pathol 1996;49:795-797)
Keywords: bcl-2, pituitary tumour, apoptosis.

Pituitary tumours are monoclonal in origin,'2
suggesting that they arise as clonal expansions
of genomically altered cells. Although pituitary
adenomas are benign neoplasms they have the
capacity to develop into large tumour masses
and to invade adjacent structures. Despite
recent advances in the diagnosis, localisation
and treatment of these tumours, their exact
ontogeny and carcinogenesis remain unknown.
Several genetic aberrations have been implicated in initiation of tumorigenicity, including

oncogene and tumour suppressor genes can
regulate the rate, or susceptibility, of cells to
undergo apoptosis.4 5 The participation of
oncogenes and tumour suppressor genes in the
regulation of apoptotic cell death during multistep carcinogenesis has recently become an
area of intense investigation.45
The protein product of the bcl-2 oncogene is
an inner mitochondrial membrane protein that
blocks programmed cell death,6 thus giving the
cells that overexpress this protein a survival
advantage over normal cells. Deregulated
c-myc expression plays a pivotal role in
oncogenesis in a variety of experimental and
naturally occurring tumours. Despite the
apparent importance of c-myc in the induction
of cell proliferation, expression of c-myc has
recently been linked to the induction of cell
death in different cells and cell lines,7 8 suggesting that this may be a general function of this
protein. In this study we have investigated the
expression of the bcl-2 and c-myc oncoproteins, by immunohistochemistry, using commercially prepared monoclonal antibodies, in
30 primary pituitary tumours from five broad
diagnostic groups identified by clinical assessment and immunohistochemical demonstration of hormone content.

Methods
Consecutive pituitary tumours (n = 30), collected between 1992 and 1994, were reviewed
retrospectively from the archives of the Department of Neuropathology, Royal Victoria Hospital, Belfast. The mean (range) age of the
patients was 53 (20-78) years and sex ratio was
1:1.3 (M:F). Tumour classifications are shown
in table 1. Patients were diagnosed by standard
clinical, biochemical and imaging criteria and
the tumour identity was confirmed in each case
by the diagnostic pathology service of the
Royal Victoria Hospital by histological methods, electron microscopy and immunohistochemical staining for adrenocorticotropin
(ACTH), growth hormone (GH), prolactin
(PRL), follicle stimulating hormone (FSH),
luteinising hormone (LH), and thyroid stimulating hormone (TSH). Tumour tissue had
been fixed in formalin and embedded in paraffin wax according to a constant protocol. Five
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Table 1 Immunoreactivity of bcl-2 and c-myc oncoproteins in pituitary tumours

Corticotrophinoma
Prolactinoma
Somatotrophinoma
Oncocytoma
Null cell tumour
Normal pituitary

4
7
2
4

Sex (M:F)
3:1
1:6
1:1
3:1
7:6
1:4

13
5

Number positive for
bcl-2

Number positive for

2
4
2
1
0
0

1
5
1
1
0
0

c-myc
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IMMUNOREACTIVITY OF ONCOPROTEIN BCL-2 AND
C-MYC

All five normal pituitary tissues were negative
for both bcl-2 and c-myc.
.'
,_
The bcl-2 and c-myc immunoreactivities in
~
~
~ ~
the different pituitary tumour groups are summarised in table 1; table 2 gives details of the
Figure 1 Intense cytoplasmic bcl-2 immunoreactivity in a pituitary prolactinoma.
Streptavidin-biotin peroxidase reaction with light haematoxylin counterstaining.
semiquantitative scores for the individual positive
cases.
normal pituitary glands obtained at necropsy
immunoreactivity was present in nine
Bcl-2
were processed in a similar manner.
(30%) tumours, including two corticotrophinomas, four prolactinomas, two somatotrophiIMMUNOHISTOCHEMISTRY
and one oncocytoma. The percentage
Oncoprotein expression was detected using nomas,
of
tumour
displaying positivity was
commercially prepared monoclonal antibodies variable (tablecells
as
was the intensity of the
2)
specific for each protein. Immunohistochemi- reaction, which ranged
from weak to strong.
cal studies were performed by the avidin-biotin Immunostaining was cytoplasmic
and conmethod. Briefly, 4 gm paraffin wax sections fined to the neoplastic cells (fig 1). Immunorewere dewaxed and subjected to microwave
activity for c-myc was observed in eight (27%)
antigen retrieval immersed in citrate buffer tumour
including one corticotrophi(pH 6.0) as described previously.9 Endogenous noma, samples,
one somatoprolactinomas,
five
peroxidase was blocked with 3% hydrogen per- trophinoma, and one oncocytoma.
indioxide for 15 minutes and sections were then vidual tumour cells showed aThediffuse
treated with 20% normal rabbit serum for 20 cytoplasmic staining pattern and the intensity
minutes. Oncoprotein immunoreactivity was of staining varied from case to case, but was
studied by incubation with primary antibodies generally moderate.
directed against bcl-2 (diluted 1 in 50) (clone
124, Dako, Glostrup, Denmark), c-myc (diluted 1 in 100) (clone 9E1 1, Novocastra, New- COMPARISON OF IMMUNOREACTIVITY OF BcL-2
castle upon Tyne, UK) for one hour at room AND C-MYC
temperature, according to the manufacturer's All positive cases for bcl-2 or c-myc, or both,
instructions. Sections were then washed and are shown in table 2. Of the nine bcl-2 positive
incubated with a biotinylated secondary anti- and eight c-myc positive tumours, seven were
positive for both oncoproteins and included
Table 2 Comparison of bcl-2 and c-myc oncoprotein
one corticotrophinoma, four prolactinomas,
immunoreactivities
one somatotrophinoma, and one oncocytoma.
All 13 null cell adenomas examined were
bcl-2
Tumour type
c-myc
negative for both bcl-2 and c-myc immunore++
Corticotrophinoma ++
activity. There is, therefore, an association
between the expression of the bcl-2 and c-myc
-+++
Prolactinoma
+++
~~++
oncoproteins in pituitary tumours.

4-4~~~~~~~~.

'S

+++

~~+

+++

Somatotrophinoma ++

+++

Oncocytoma

+

++

Semiquantitative score: -, negative; +, less than 10% of tumour
cells positive; ++, 10-50% of tumour cells positive; and +++,
greater than 50% of tumour cells positive.

Discussion
Pituitary tumours may be hormonally functional or non-secreting. Whereas the control of
hormone secretion from these adenomas has
been studied in considerable detail, the molecular events underlying the development of
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Number of
patients

Tumour type

body (Dako). After 35 minutes' incubation in
avidin-biotin complex (Dako), the reaction
product was visualised by 3,3-diaminobenzidine tetrahydrochloride (DAB) (Sigma,
Poole, Dorset, UK). Finally, the sections were
counterstained with haematoxylin.
Controls used throughout the staining procedure included staining of tissues that were
either known positives or negatives for each
oncoprotein, as well as incubation and development of sections using only normal blocking
serum without incubation in primary antibody.
The immunocytochemical results were assessed without knowledge of the pathological
and clinical diagnosis. Tumours were scored
semiquantitatively according to the number of
positive cells: -, negative; +, less than 10% of
tumour cells positive; ++, 10-50% of tumour
cells positive; and +++, greater than 50% of
tumour cells positive.
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the oncogenic synergy between these two protooncogenes in pituitary tumours.
In conclusion, the abnormal expression of
oncoprotein bcl-2 in some pituitary tumours
may contribute to their carcinogenesis. The
genetic complementation of simultaneously
deregulated bcl-2 and c-myc may be implicated in the multistep tumorigenesis of pituitary tumours.
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these tumours are still poorly understood.
Mutations of the gsp oncogene have been
reported to occur in 40% of somatotroph
adenomas."'° c-myc also has been reported to
be overexpressed in a subgroup of pituitary
tumours.21' Retinoblastoma, ras and p53 gene
abnormalities as well as other genetic lesions
have been reported to occur at very low
frequencies.'"'7 The present study reports, for
the first time, expression of the bcl-2 oncoprotein in human pituitary tumours. Immunoreactivity for bcl-2 occurred in 30% of tumours
and displayed a wide range of immunostaining
intensities. As this investigation examined only
paraffin wax embedded material, in which the
immunoreactivity of many proteins is compromised, the true incidence of bcl-2 expression in
pituitary tumours may be higher than reported
here.
Previous studies have demonstrated that the
deregulation of programmed cell death is a
critical component in multistep tumorigenesis.45 Several candidate genes, including bcl-2
and c-myc have been implicated in the
regulation of programmed cell death.6 18 Deregulation of these genes has also been
implicated as important events during the
development of malignant tumours.'9 20 In the
present study bcl-2 and c-myc immunoreactivity was found in nine and eight of 30 pituitary
tumours, respectively. As seven cases were
positive for both oncoproteins it is suggested
that there is an association of expression
between bcl-2 and c-myc.
The expression of bcl-2 in some pituitary
tumours suggests that it may be involved in
their pathogenesis. Korsmeyer" suggested that
alterations of a gene such as bcl-2, which
controls cell death, could be a frequent
primary aberration in follicular lymphoma
along with other types of neoplasms. The
observation of bcl-2 expression in some
pituitary tumours, which are slow growing,
suggests that in these tumours, bcl-2 expression may represent an initial event leading to
indolent tumour growth. It is known that bcl-2
promotes cell survival even when the rate of
cell proliferation is low, thereby providing a
growth advantage that may eventually lead to
neoplastic transformation.22
Recently, it has been demonstrated that constitutive c-myc expression can result in the
induction of apoptotic cell death in cell lines
under growth limiting conditions. 1823 However,
c-myc induced apoptotic cell death is inhibited
by bcl-2, while cell proliferation enhanced by
deregulated and overexpressed c-myc is not
reduced.24 25 While studies of the possible
co-localisation of bcl-2 and c-myc in individual
cells were beyond the scope of the present
investigation, a notable association was observed between the presence of bcl-2 and
c-myc immunoreactivities between tumours.
This co-expression of bcl-2 and c-myc could
indicate that bcl-2, by mitigating the apoptotic
effects of deregulated c-myc expression without affecting its ability to promote continuous
cell growth, provides a mechanistic basis for
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