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Abstract

Background: While a great deal of attention has been paid to the study of the control of hormone secretion from Pituitary Adeno-
mas (PAs), less attention has been paid to the study of molecular events that underlie the development of these tumors.
Objectives: The goal of the present study was to analyze the expression of p53 tumor suppressor gene to allow for its comparison
with that of oncoprotein bcl-2 in a series of PA patients followed for a minimum of nine years.

Methods: This retrospective study included 51 patients diagnosed with a PA (33 nonfunctioning, 13 acromegaly, 4 Cushing’s disease,
and one prolactinoma), who underwent trans-sphenoidal surgery at a single center between 2006 and 2008. P53 and bcl-2 expres-
sion were immunohistochemically evaluated and correlated with clinico-radiological and histopathological tumor parameters, as
well as post-operative progression/recurrence.

Results: Out of 51 tumors, 40 were categorized as typical and 11 as “atypical” PAs. From typical PAs, 28 showed positivity for p53
(cellular mean: 0.99%) and 20 for bcl-2 (cellular mean: 0.58%); from “atypical”, seven had p53 positive cells and six bcl-2 (mean: 2.02%
and 0.73%, respectively). Nineteen (37.25%) were positive for the two markers. There were no differences in the expression of p53 and
bcl-2 with regards to age or gender of the patient, size, invasiveness or post-operative tumor recurrence.

Conclusions: In the study group, p53 and bcl-2 were abnormally expressed in 68.63% and 50.98% of pituitary tumors, respectively.
One-third of PAs were co-expressed across both immunomarkers. The simultaneous genetic complementation of deregulated p53
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and bcl-2 is implicated through the apoptosis regulation pathway in the pathogenesis of these tumors.

1. Background

Despite recent advances in our understanding of (PAs),
their exact ontogeny and carcinogenesis are still under-
specified. A number of genetic aberrations contribute to
the pathogenesis of these tumours, of which the most no-
table are the suppressor gene function loss and the activa-
tion of cellular proto-oncogenes (1, 2). Research findings
indicate that the genetic regulation of apoptosis is essen-
tial during the stage of tumorigenesis as oncogene and tu-
mour suppressor genes are capable of regulating the sus-
ceptibility or the rate of cells that go through apoptosis
(3, 4). Apoptosis, a type of cell death, in which cells die
in a controlled and programmed manner, is regulated by
a number of different genes (5) and is considered to be a
swiftly processed array of events, leading to the removal of
damaged cells. This takes place in proliferative conditions,
physiological remodelling, as well as neoplastic lesions (6,

7). Apoptosis has been shown to be an important process
in pituitary oncogenesis (7) and in pituitary neoplastic le-
sions (8, 9).

P53 and bcl-2 oncoproteins are only some of many fac-
tors that are involved in cell proliferation and apoptosis,
as well as in the regulation of differentiation and growth
processes (10). Localized on the short arm of chromosome
17 at position 17p13.1 is a tumor suppressor gene, known as
p53. This is a negative regulator of GI-S phase transition in
the cell cycle that is capable of stimulating the death of the
cell in response to DNA damage. In this way, p53 precludes
both the proliferation and the reproduction of abnormal
cancer cells. Of note, the most common genetic alteration
during carcinogenesis (1) that makes up for over 50% of di-
agnosed human cancers (12) is that of sporadic mutations
in this gene. Protection from apoptotic cell death is often
associated with bcl-2 protein, which is a protein that blocks
programmed cell death (13). Finally, the type of gene that
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encodes the bcl-2 protein is localized on chromosome 18
and is the bcl-2 gene (14). Due to its high expression in cells,
this gene counteracts pro-apoptotic protein function and
may potentially contribute to the survival of the cell (15).

2. Objectives

To assess the impact on the biological behavior of PAs,
the goal of the present research was to determine the ex-
pression of p53 tumour suppressor gene and bcl-2 onco-
protein, by immunohistochemical techniques. These tech-
niques were used in a series of primary pituitary tumours
of patients followed for at least nine years, correlating this
expression with clinico-radiological and histopathological
tumoral parameters and its progression or recurrence.

3. Methods

This retrospective descriptive study included 51 pa-
tients with PA, 26 (51%) females and 25 (49%) males, aged 29
to 81 years (mean: 54.5 =+ 14.5 years), undergoing surgery
for pituitary gland at the Santa Maria University Hospital of
Lisbon, Portugal, between 2006 and 2008. The patients’ di-
agnosis was achieved by using standard clinical, biochem-
ical and imaging criteria. Tumor tissue samples were ob-
tained by trans-sphenoidal resection and each patient was
followed for atleast nine years after surgery, to evaluate the
recurrence rate. From the 51 patients, 33 had clinically non-
functioning tumors, 13 corresponded to acromegaly, four
to Cushing’s disease, and one had elevated prolactin. The
final diagnosis was based on the clinical and histopatho-
logical results of the post-operative samples that were clas-
sified according to the World Health Organization (WHO)
criteria for PAs (16). Following this classification, PAs are
categorized as typical (with a bland histological appear-
ance, rare mitotic figures, and a proliferative index [Ki-67]
lower than 3%), or atypical (with atypical morphological
characteristics, such as invasive growth, a high mitotic in-
dex, a cellular proliferation index [Ki-67] greater than 3%,
and extensive immunostaining for p53 protein). Prior per-
mission for the treatment of patients’ tissues was obtained
from the ethics committee of the hospital, thus complying
with the requirements of the Helsinki Declaration.

3.1. Histology and Immunohistochemistry

Histopathological studies were performed on tissue
sections placed for 24 hours in buffered formalin and em-
bedded in paraffin wax, according to a constant proto-
col. Sections of two microns thickness were cut for his-
tochemical study or three microns thick for the immuno-
histochemical analysis. With regards to the immuno-
histochemical study, the sections underwent antigenic

recovery and were later incubated with individual anti-
bodies directed to specific pituitary hormones (prolactin,
growth hormone, thyroid-stimulating hormone, adreno-
corticotropic hormone, follicle-stimulating hormone, and
luteinizing hormone) or cellular proteins (Ki-67, a marker
of cell proliferation). The detection of oncoprotein ex-
pression was achieved by applying commercially prepared
monoclonal antibodies that are specific for each protein
(Table 1). Immunohistochemical staining was carried out
by using an automated immunohistochemical processor
(Ventana BenchMark XT, CA, USA). Positive and negative
controls were made on the specificity of the primary anti-
bodies, according to the manufacturer’s instructions. His-
tological sections of ten normal pituitary glands were ob-
tained at necropsy from cadavers aged between 26 and 83
years (mean: 67.8 +=12.9 years)and were processed in a sim-
ilar manner and analyzed as a control group.

The researchers were not aware of the pathological and
clinical diagnosis prior to analysis of the immunohisto-
chemical results. The labeling index of the oncoproteins
was evaluated quantitatively by one pathologist as the per-
centage of positive nuclei in 500 to 1000 tumor cells, anal-
ysed under an optical microscope at 400 X magnification.
With regards to more demanding cases, an image process-
ing program for immunohistochemical analysis was used
to calculate the index (Image] 1.49, National Institutes of
Health, USA).

3.2. Statistical Analysis

A basic statistical and comparative analysis appropri-
ate to the distribution of data was performed using the
GraphPad Prism version 7 statistical software for Windows
(GraphPad software, Inc., CA, USA). A two-tailed Fisher’s ex-
act test (bilateral) was used to compare categorical data;
the unpaired t-test was used to compare subgroups. All ef-
fects were reported as significant at P value < 0.05 (with a
95% confidence interval).

4. Results

The current study observed positivity for p53 and bcl-2
in 68.63% (35/51) and 50.98% (26/51) of all PAs, respectively.
Of the 35 p53 positive and 26 bcl-2 positive tumours, 19
(37.25%) were positive for both oncoproteins.

Out of 51 tumors, 40 fell under classification as typical
PA and 11 were classified as “atypical”. From typical cases,
28 showed positivity for p53 (with a mean value of neoplas-
tic cells of 0.99%) and 20 for bcl-2 (mean of neoplastic cells:
0.58%); for nonfunctioning (n = 25) 1.29% and 0.48%, re-
spectively; for patients with acromegaly (n =11), 0.87% and
1.2%, respectively; for patients with Cushing’s disease (n =
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Table 1. Details of Primary Antibodies Used Directed to the Onco-Proteins

Antibody Against Clone Source Dilution Positive Control
p53 Do7 Novocastra 1.70 Colon adenocarcinoma
bcl-2 124 Dako 1:200 Tonsil

3) 0% and 0.33%, respectively, and for the patient with pro-
lactinoma 1% and 0%, respectively. On the “atypical”, seven
showed positivity for p53 (with a mean value of 2.02%) and
six for bcl-2 (mean: 0.73%); for the nonfunctioning (n = 8),
2.7% and 0.89%, respectively; for patients with acromegaly
(n=2),2% and 1%, respectively, and for patients with Cush-
ing’s disease (n =1), 0% for both markers (Figures 1and 2).

Nonfunctioning adenomas with immunohistochemi-
cal positivity for prolactin (n=10) and adrenocorticotropic
hormone secreting adenomas that produced Cushing’s
disease (n = 4), were the highest and lowest of all the sub-
types analyzed in both groups (mean of p53: 4.17% and 0%,
respectively).

The main value of p53 and bcl-2 expression in the post-
mortem pituitary glands, used as a control group, was 0%
and 0.2%, respectively. No significant differences were ob-
served in the expression of both oncoproteins with regards
to the number of immunoreactive tumors and the percent-
age of immunopositive cells, and the age or gender of the
patient (women compared to men: P=1.0000). No differ-
ences were found in the expression, according to the tu-
moral size previously determined by magnetic resonance
imaging (MRI) (microadenomas [tumors < 1 cm] versus
macroadenomas [tumors > 1cm]: P =1.0000). No differ-
ences were found in patients with invasive tumors of the
surrounding tissue as compared to patients without these
types of tumors (P=0.4941).

In this study only primary tumors were considered; at
the time of the last post-operative follow-up, in 35.3% of the
patients (18/51) a progression or recurrence of the pituitary
tumor was reported, defined as reappearance of the tumor
in imaging studies for nonfunctioning as functioning ade-
nomas, as well as hormonal hypersecretion for function-
ing tumors. No differences were found in patients with tu-
mor recurrence when compared to patients without recur-
rence (P = 0.1877). The p53 and bcl-2 immunoreactivities
with regards to the different pituitary tumour groups are
presented in Table 2.

5. Discussion

In conclusion, PAs can be divided to functional and
non-secreting. While a great deal of research attention has
been devoted to the control of hormone secretion from
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these adenomas, less attention is paid to molecular events
that give rise to the development of such tumours.

Prior research has shown that the deregulation of pro-
grammed cell death appears to play a crucial role in mul-
tistep tumorigenesis (3, 4). A number of candidate genes,
among which p53 and bcl-2 deserve special mention, con-
tribute substantially to the regulation of programmed cell
death (13, 17). Not least important, the deregulation of
these genes is essential in the development of malignant
tumours (18,19).

The research reported in this paper concerns the ex-
pression of the p53 and bcl-2 oncoprotein human pituitary
tumours. Out of a total sample of 51 PAs, p53 immunore-
activity was detected in 35 and bcl-2 immunoreactivity in
26 PAs. Still other 19 cases turned out to be positive with
regards to both oncoproteins, and thus it is proposed that
thereisanassociation of expression between p53 and bcl-2.

P53 is crucial in protecting the integrity of the cellu-
lar genome as well as defending the cell from malignant
transformation. A more stable protein, which can now
be effectively detected via immunohistochemistry, may be
produced through the mutation of the gene. The data
demonstrated p53 immunoreactivity in 68.63% of adeno-
mas. At the same time, no evidence was found concern-
ing immunoreactivity in any of the normal pituitary tis-
sues. These findings point to the apparent disconnect be-
tween earlier studies showing that p53 gene abnormali-
ties constitute the minority of PAs and the majority of pi-
tuitary carcinomas (18), and the data showing a high level
of p53 immunoreactivity. The reason for such a disparity
in the results may be related to the high number of “atyp-
ical” PAs in the study group. Indeed, in line with Wier-
inckx et al’s (19) results, the current study observed that
adenomas with immunohistochemical positivity for pro-
lactin were associated with higher expressions of p53. In
another study (20), Ki-67, p53, and bcl-2 expressions were
found significant in the PRL-secreting group. The routine
use of p53 immunohistochemistry for PAs was controver-
sial. These mixed findings seem to suggest that p53 can-
not be considered an independent prognostic factor capa-
ble of determining the aggressive behavior of pituitary tu-
mors.

The expression of bcl-2 in a number of PAs leads to the
conclusion that it plays an important role in their patho-
genesis. The reason for this is that in these kinds of tu-
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Figure 1. Microscopic images of a typical GH-secreting PA in a patient with acromegaly (left) and an “atypical” nonfunctioning PA with immunohistochemical positivity for
prolactin (right). The immunohistochemical technique for p53 demonstrates the immunoreactive cells in the tumor (0.7% and 24.9%, respectively; antibody p53). With the
image processing program, the proportionality of these cells (in brown color) is evidenced with respect to the rest of tumor cells (blue nuclei) (Image], InmunoRatio plugin)

mors, which are slow growing, it could represent an initial
event leading to indolent tumour growth. The current re-
search found bcl-2 immunoreactivity in 50.98% of adeno-
mas as compared to 75% of Ozer et al. (7) as well as in 20% of
normal pituitary tissue, thus pointing to its potential as an
important marker in the event of tumor progression. Bcl-
2 is of utmost importance for the regulation of apoptosis.
It has been well-established that bcl-2 guides cell survival
even in the event of low rate of cell proliferation, hence
providing a growth advantage that may in turn give rise to
neoplastic transformation.

Despite the fact that studies investigating the possible
co-localisation of p53 and bcl-2 in individual cells were be-
yond the intended scope of this research, it is neverthe-
less worth pointing out a notable association concerning
the presence of p53 and bcl-2 immunoreactivities across
tumours. The above-mentioned co-expression could indi-
cate that bcl-2 establishes a mechanistic basis for onco-

genic synergy that takes place between these two proto-
oncogenes in PAs. The establishment of such a basis
is achieved by lessening the apoptotic effects of deregu-
lated p53 expression without affecting its ability to stim-
ulate continuous cell growth. Decreased expression of
bcl-2 and accumulation of p53 has been associated with
bromocriptine-induced apoptosis in PA cells (21).

One study revealed that the p53 protein was co-
expressed with the bcl-2 protein during the formation of
the normal pituitary gland (10). In another study, Ahlbom
et al. demonstrated that the cell remodeling of the an-
terior pituitary, after the termination of lactation, occurs
through the process of apoptosis and involves changes in
Bax, bcl-2, and p53 (22). It could be speculated that in re-
gions of intense cell division, the expression of p53 might
be necessary to prevent inappropriate and uncontrolled
proliferation that is generally related to severe modifica-
tions in cell alignment, as well as the appearance of differ-

Arch Neurosci. 2019; 6(1):e68867.
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Figure 2. Microscopic images of two typical pituitary adenomas: one nonfunctioning (left) and another secretor of growth hormone in a patient with acromegaly (right).
The immunohistochemical technique for bcl-2 demonstrates scant immunoreactive cells in the tumor (0.6 and 1.1%, respectively; antibody bcl-2). With the image processing
program, the proportionality of these cells within the tumor is evident (ImageJ, ImmunoRatio plugin)

ent disorders.

While Ozer et al. (7) suggested a significant relation-
ship between the proteins related to apoptosis and hor-
monal function in PAs, Green et al. (23) found no signif-
icant association between apoptosis and p53 protein ex-
pression.

Although the sample size (51 patients, with a wide
range of age and different histological groups of PA) was
larger relative to other studies in this area, it is neverthe-
less still limited, allowing for limited ability to detect sig-
nificant differences between groups. The study’s limita-
tions include the retrospective nature of the data collec-
tion that can introduce bias because of differential loss
to follow-up. Although the current results differed from
those reported in earlier studies, one cannot but notice
that there is still a paucity of research on p53 and bcl-2 ex-
pression in pituitary tissues. Thus, further exploration of
this topic is warranted to confirm these preliminary find-

Arch Neurosci. 2019; 6(1):e68867.

ings.

In summary, the abnormal expression of p53 and bcl-2
in certain pituitary tumors could play a role in their car-
cinogenesis. The simultaneous genetic complementation
of deregulated p53 and bcl-2 could be implicated through
multistep tumorigenesis of pituitary tumours.
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Table 2. Clinico-Histopathologic Characteristics of 51 Patients Undergoing Immunohistochemistry for P53 and Bcl-2

No. of Patients Positivity
Characteristics PValue®
Patients Typical Adenoma “Atypical” p53 bcl-2
Adenoma
Total No. of patients 51 40 1 35 26 0.1057
Age,y
Mean =+ SD 54.5 £14.5 53.6 +14.5 50.8 £12.5
Range (29-81) (29-77) (29-81)
Gender 1.0000
Female 26 21 5 19 14
Male 25 19 6 16 12
Clinical manifestation
Prolactinomas 1 1 0 1 0 1.0000
Acromegaly 3 1 2 10 9 0.7805
Cushing’s disease 4 3 1 (] 1 0.4262
Nonfunctioning 33 25 8 24 16 0.5965
Tumor size 1.0000
Microadenoma 1 10 1 7 5
Macroadenoma 40 30 10 28 21
Extension/invasion in MRI study 9 4 5 7 3 0.4941
Recurrence 18 12 6 1 13 0.1877
Histopathological subtype
PRL 10 6 4 8 4 0.5316
GH 13 1 2 10 9 0.7805
ACTH (Cushing’s syndrome) 4 3 1 0 1 0.4262
Silent ACTH 5 4 1 4 2 1.0000
FSH/LH 14 1 3 9 8 0.7751
TSH 5 5 (0] 4 2 1.0000
Normal tissue 10 0 2

Abbreviations: ACTH, adrenocorticotropic hormone; FSH, follicle-stimulating hormone; GH, growth hormone; LH, luteinizing hormone; MR], magnetic resonance imag-

ing; PRL, prolactin; TSH, thyroid-stimulating hormone.
*Statistical significance: P < 0.05.
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