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Abstract

Inactivating mutations of TP53, a tumor suppressor gene, are associ-
ated with abnormal cell proliferation. Although p53 expression is
common in many human malignancies, p53 protein has seldom been
evaluated in pituitary tumors. When detected, the percentage of p53-
positive cells is low, and, in general, it is exclusive for invasive
lesions. The aim of the present study was to use immunohistochemis-
try to determine the presence of p53 protein in pituitary adenomas
from tumor samples of 163 surgeries performed in 148 patients (40%
male, 60% female). In 35% of the cases the adenoma was nonfunc-
tional, while in the others it was associated with PRL, GH and/or
ACTH endocrine hypersecretion syndrome. Macroadenomas were
observed in 83.2% of the cases with available neuroimage evaluation,
of which 28% invaded the cavernous, sphenoid and/or ethmoidal
sinus, bone, third ventricle or subfrontal lobe. p53 protein was de-
tected in 2/148 patients (1.3%). Immunohistochemistry was positive
for PRL and GH in these cases. Due to the high percentage of invasive
pituitary adenomas found in our study, the low frequency of p53
detection suggests that it is inadequate as a routine marker for aggres-
siveness and as a predictive factor of tumor behavior.
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Pituitary adenomas are frequent, being
diagnosed in about 27% of glands examined
in autopsies (1) and incidentally in about
20% of imaging scans of the sellar area (2).
More uncommon are the adenomas diag-
nosed clinically because of either their asso-
ciation with endocrine clinical syndromes or
symptoms resulting from the presence of a
tumor mass.

Pituitary tumorigenesis has classically in-
volved the hypothalamic theory and the pitu-
itary intrinsic defect, the latter involving
clonality, activation of oncogenes and inacti-
vation of tumor suppressor genes. Both theo-
ries are possibly operant, the process starting

from transformed cells, whose progression
depends on hormonal stimuli and other
growth factors (3).

TP53, a tumor suppressor gene located
on chromosome 17, encodes a protein that
exerts antiproliferative effects such as inhi-
bition of cell growth by inhibiting the G1-S
transition of the cell cycle. It is postulated
that the p53 protein also induces apoptosis.
In normal cells, p53 is present at very low
levels, which are undetectable by immuno-
histochemistry. Its mutant forms, however,
have a longer half-life and are more stable
than the original form and accumulate in the
nucleus, being promptly detected by immu-
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nohistochemistry (4). Inactivating mutations
of TP53 are among the most frequent alter-
ations in human neoplasias, but they seldom
have been evaluated in pituitary tumors.
While some investigators did not detect p53
expression in pituitary adenomas (5,6), oth-
ers reported it in invasive (7,8) and noninva-
sive adenomas (9).

The present investigation was designed
to determine the presence of p53 in human
pituitary adenomas of different hormonal
phenotypes.

Tissue from surgeries performed on 148
patients was used. Patients had undergone
resection of pituitary tumors at a reference
neurosurgery hospital in southern Brazil. The
medical records of these patients were re-
viewed for clinical presentation, hormonal
evaluation, pituitary image and surgical
reintervention. Tumors were considered as
microadenomas when they were less than 10
mm in size, and as macroadenomas when
they were 10 mm or larger, regardless of the
presence of suprasellar extension. Invasive
adenomas were those which showed inva-
sion of the cavernous, sphenoid or ethmoi-
dal sinus, bone, third ventricle or subfrontal
lobe. Recurrent tumors were those in which
a new tumor growth resulted in another sur-
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Figure 1. p53 Immunoreactivity (brown nuclei) in adenomatous tissue from one of the
cases.
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gical resection.

Samples embedded in paraftin, stored in
a bank of adenomatous pituitary tissue, were
cutand sections were mounted on glass slides
prepared with organosilane. The immuno-
histochemical study was based on the strepta-
vidin-biotin immunoperoxidase method
(Strept ABComplex/HRP, Dako A/S, Glos-
trup, Denmark). Briefly, the sections were
submitted to deparaftinization, rehydration,
blockade of endogenous peroxidase activity,
antigen retrieval, and incubation with so-
dium citrate, and were then placed in a mi-
crowave oven for 10 min at maximum po-
tency and for 10 min at medium potency.
The primary antibody used for detection of
p53, at 1:50 dilution, was the mouse mono-
clonal antibody (Dako) that recognizes an
epitope at the N-terminus of the human p53
protein and reacts with both the wild type
and mutant type of the protein. The second-
ary antibody was the anti-mouse biotinyl-
ated antibody (Vectastain®, Vector Labora-
tories, Inc., Burlingame, CA, USA). Anti-
gen-antibody complexes were detected with
3,3’-diaminobenzidine. In all assays, posi-
tive (carcinoma of the esophagus) and nega-
tive (exclusion of primary antibody in reac-
tion) controls were used.

Glass slides were examined under the
light microscope. The criterion for a positive
p53 immunoreaction was the presence of at
least a group of immunostained cell nuclei
(see Figure 1).

A total of 167 surgeries were performed
on the 148 patients studied here (60% fe-
males and 40% males, ranging in age from
16 to 76 years, mean 44.4 years). Fifteen
patients underwent two surgeries and two
patients were submitted to three surgeries.
Nonfunctioning adenomas made up 35% of
cases, and the others were associated with
endocrine hypersecretion syndrome of
ACTH, GH and/or PRL. Sellar scans (com-
puted tomography or magnetic resonance)
were available for 125 patients. Of these,
104 (83.2% of cases) presented macro-
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adenomas, 35 of which (28% of total) with
invasive characteristics.

p53 protein was positive in 2/148 pa-
tients (1.3%). Immunohistochemistry re-
vealed that both adenomas were GH- and
PRL-producing. One of the patients was a
35-year-old male with clinical acromegaly
and PRL levels above 20,000 ng/ml. He
presented a giant adenoma with invasion of
the sphenoid and nasal fossae. The Ki-67
index of this adenoma (Oliveira MC, Pizarro
CB, Barbosa-Coutinho LM and Ferreira NP,
unpublished results) was 0.20%. The patient
died within a few months. The other patient
was a 71-year-old female also with clinical
acromegaly. The pituitary scan showed an
intrasellar lesion with roof erosion. The Ki-
67 index of this adenoma was 0.36%. Six
years after surgery, the patient remains
healthy.

Mean patient age and sex distribution
were in agreement with the literature (10,11),
as also was the frequency of the different
types of hormonal secretion (11). Most of
the adenomas found were macroadenomas,
and 28% of these were of the invasive type.
The incidence of invasion by pituitary ad-
enomas reported in the literature is high,
ranging from 10 to 85% depending on the
criterion used to define whether an adenoma
is invasive or not. The index is much higher
when microscopic invasion of the dura mater
is considered.

Expression of p53 protein has seldom
been studied in pituitary adenomas and dif-
ferent results were obtained in the available
reports. A number of studies failed to detect
p53 in adenomas and even in pituitary carci-
nomas (5,6,10,12), while others detected the
presence of the mutated protein (7-9,13).
The reasons for these discrepancies are un-
clear, but must be related to difficulties in
the various steps of the immunohistochemi-
cal technique used, criteria for positive reac-
tion, and characteristics of the material stud-
ied, which include small samples, coexist-
ence of normal tissue in the middle of neo-

plastic tissue, and heterogeneity concerning
the function and characteristics of cell repli-
cation in each adenoma.

Sumi et al. (5) did not detect p53 protein
in 40 adenomas of several hormonal pheno-
types, of which 17 were recurrent and 3 were
invasive. Gandour-Edwards et al. (6) did not
detect the presence of p53 in 5 normal pitu-
itary tissues and in 20 invasive and noninva-
sive adenomas. Liibke et al. (12), in a study
of 19 ACTH-secreting adenomas only, ob-
tained negative results, as also did Miiller et
al. (10). The latter group studied patients
with acromegaly, 27 with plurihormonal ad-
enomas and 21 with GH- and PRL-secreting
adenomas. Immunohistochemistry for p53
was negative in all cases studied.

Buckley et al. (7) used three different
antibodies to evaluate 121 adenomas of all
functional classifications, of which 95 were
benign and 26 presented local invasion or
invasion over distance. The presence of p53
was detected in 16% of invasive tumors, but
only in ACTH-secreting tumors (2/4) and in
nonfunctioning tumors (4/15).

Levy et al. (9) detected p53 in 5 of 29
noninvasive adenomas and Thapar’s group
(8), in a study of 70 adenomas and 7 pituitary
adenocarcinomas, found p53 expression in 12
tumors. Among those with a positive reaction
were all the adenocarcinomas and 15.2% of
invasive adenomas. None of the noninvasive
tumors was positive for p53. Thus, these in-
vestigators concluded that there is a significant
association between expression of p53 and
aggressive tumor behavior, with no connec-
tion with functional tumor state, indicating
that expression of p53, though rare among
pituitary tumors as a whole, appears to some
extent in aggressive tumors, particularly in
those with massive local invasion or dis-
semination at a distance. Suliman et al. (13)
evaluated p53 expression in 40 pituitary ad-
enomas and obtained positive results in 24
cases, while no correlation between positive
immunoreaction and tumor volume or extent
of invasion was observed.
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An analysis of the above data shows that
findings are inconsistent and that positive
reaction for p53, when detected, is restricted
either to a given type of hormonal secretion
(or to its absence) or to aggressiveness char-
acteristics. The highest frequency of p53
immunoreaction in ACTH-secreting ad-
enomas has not been clarified (14). More-
over, the percentage of positive results, even
if it was significant within the unique subset
in which it was found, was too low in rela-
tion to the whole sample studied.

The present series is the largest among
those reviewed. Here p53 was detected in a
very low percentage (1.3%) of the total
sample of 148 and in 5.7% of invasive ad-
enomas. It is remarkable that in both cases of
positive immunoreaction, concomitant se-
cretion of GH and PRL by the tumor was
observed. There is one study in the literature
reporting a PRL-secreting adenoma, a GH-
secreting adenoma, and a stem cell adenoma
among five p53-positive adenomas found
(8), and another study reporting a PRL-se-
creting adenoma and another one secreting
GH + PRL + ACTH (9), but such findings
are rare. Unlike Buckley’s report (7), p53
was not detected in any of the nonfunction-
ing or ACTH-secreting adenomas, though
Thapar et al. (8) suggested that there is no
link between positive reaction for p53 and
tumor functional profile.

The possible association between p53
detection and cell replication indices has not
been explored in the literature. The Ki-67
index is a nuclear antigen expressed in pro-
liferating cells during the G1, S, G2 and M
phases of the cell cycle (15). Pituitary ad-
enomas in general are associated with either
absence of a positive reaction for Ki-67 anti-
gen or low levels of it, usually under 1%.
However, a significant difference has been
established between invasive and noninva-
sive tumors. The mean Ki-67 index (in stud-
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ies using MIB-1 for detection of Ki-67 anti-
gen in material embedded in paraffin) ranges
from 0.15 (16) to 2.01 for noninvasive ad-
enomas (11) and from 1.27 (17) to 4.66 for
invasive adenomas (18). Our figures are 0.86
for microadenomas, 1.12 for macroadenomas
with or without suprasellar extension, and
2.01 for invasive adenomas (Oliveira MC,
Pizarro CB, Barbosa-Coutinho LM and Fer-
reira NP, unpublished data). Both patients
with a positive reaction for p53 in this series
were evaluated for Ki-67 index, showing
low positive values of 0.2 and 0.36. The
small number of cases precludes correlating
p53 with the Ki-67 index.

Concerning genomic alterations in p53,
the data suggest that mutations are unusual
events in pituitary tumorigenesis. It is well
known that 90% of the mutations in TP53
occur in the region of exons 5 through 8, but
when evaluating these exons, no mutation
was detected (19). However, immunohis-
tochemistry alone is not a good method to
predict TP53 mutations detected by sequenc-
ing, because there is no adequate association
between the results obtained by the two tech-
niques (9), and accumulation of protein may
coexist with a normal TP53 (20). In the
literature, conclusions concerning the role
of TP53 and the expression of its mutated
protein in pituitary tumors are not in agree-
ment, ranging from suggestions that these
changes are not involved in tumorigenesis or
in the progression and recurrence of tumors
(5) to claims that pS3 may play a role in
tumor progression but not in tumor initiation
(20). The findings reported here allow us to
suggest that the presence of p53 protein is a
rare event in pituitary adenomas that appears
to be associated with invasion of adjacent
structures, though there is no indication of
its efficacy as a routine marker of tumor
aggressiveness.
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