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INTRODUCTION

Pituitary adenomas are the most common type of benign 
neoplasm arising in the sellar region, and account for approx-
imately 10% of all intracranial tumors in adults. A  high inci-
dence is observed in patients aged between 30 to 60  years. 
Pituitary adenomas occur earlier in women (between 20 and 
45 years) compared with men (between 35 and 60 years), and 
this is mainly due to a higher frequency of prolactinoma in 
younger women [1]. These tumors have a variable prolifera-
tion rate, invasion, and recurrence potential. Some of them 
are fast-growing, others remain dormant for a long period of 
time [2].

In earlier classification systems, pituitary adenomas 
were classified according to the tumor size (microadenomas 

<10 mm and macroadenomas >10 mm), cellular morphology, 
and cell affinity for basic or acidic dyes (acidophilic, baso-
philic, or chromophobe pituitary adenomas). Today, several 
subtypes of pituitary adenomas can be differentiated based 
on their hormonal profiles, using immunohistochemistry 
(IHC) [3]. For prognostic purposes, the diagnostic criteria for 
the group of atypical pituitary adenomas (APAs) are revised 
in the World Health Organization (WHO) classification of 
endocrine organ tumors from 2004. Moreover, according to 
the WHO classification of central nervous system tumors, 
APAs are characterized as tumors with the Ki-67 index of 
proliferation >3% and overexpression of tumor protein p53. In 
addition, APAs were considered as precursor lesions of rare 
pituitary carcinomas, representing the only malignant pri-
mary sellar tumor entity (0.2%) able to produce systemic or 
cerebrospinal metastases [4]. Pituitary carcinomas have been 
reported to metastasize to the cerebral cortex, cerebellum, spi-
nal cord, cervical lymph nodes, liver, and ovaries. In most of 
the cases, pituitary carcinomas secrete adrenocorticotrophic 
hormone (ACTH) and prolactin (PRL) [5].
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ABSTRACT

Pituitary adenomas represent the third most common primary intracranial tumor in neurosurgical practice. To understand the biological 
behaviour of the pituitary adenomas previous studies have determined the tumor proliferation rate using monoclonal antibodies targeted 
against the Ki-67 antigen. The aim of this study was to correlate the Ki-67 index with hormonal profiles of pituitary adenomas. The study included 
50 pituitary adenomas. For histopathologic evaluation, the sections were stained with routine hematoxylin and eosin method. Additional 
paraffin sections from each tumor were immunostained using primary antibodies against the following pituitary hormones: somatotropin 
(STH), prolactin (PRL), adrenocorticotrophic hormone (ACTH), thyroid-stimulating hormone (TSH), follicle-stimulating hormone (FSH), 
and luteinizing hormone (LH). To detect the expression of Ki-67 we used a mouse anti-human monoclonal antibody (clone K2). The percent-
age of Ki-67 positive nuclei (Ki-67 labeling index) was assessed by counting approximately 1000 nuclei of the tumor cells at ×400 magnification. 
Out of the 50 tumor samples, 31 (62%) pituitary adenomas showed proliferative activity, and the proliferation rate was variable in this group. The 
overall mean Ki-67 labeling index was 1.59 ± 1.47, ranging from 0.3% to 6.6%. In 5 cases, the Ki-67 index was >3%, all of them being prolactinomas. 
The Ki-67 index was higher in PRL-secreting adenomas (mean ± SD was 3.37 ± 1.80, range 0.9 - 6.6%). Our study provides the evidence that a 
higher Ki-67 value is associated with pituitary adenomas that secrete PRL (prolactinomas and mixed STH/PRL-secreting adenomas).
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Several studies in this field have been focused on the iden-
tification of new markers that may predict the tumor behavior.

In pituitary adenomas, increased Ki-67 index has been 
observed in patients with high recurrence rates [2]. The 
Ki-67 antigen is a protein responsible for cell proliferation 
throughout the entire cell cycle [6]. The ability to predict the 
proliferative potential of pituitary adenomas may have major 
implications for clinical management. Currently, there is lack 
of accurate information about the association between the 
hormonal profile of pituitary adenomas and their proliferative 
index. The purpose of the present study was to investigate the 
relation between pituitary hormones and the rate of prolifera-
tion in pituitary adenomas.

MATERIALS AND METHODS

The study included 50 pituitary adenomas. The tissue 
specimens were fixed in 10% buffered formalin for 48 hours 
and paraffin embedded. Five micrometers thick serial sections 
were obtained from each paraffin block and the sections were 
mounted on silanized slides. The sections were stained with 
routine hematoxylin and eosin (H&E) method for histopatho-
logic evaluation.

All procedures were done according to the principles 
embodied in the Declaration of Helsinki and approved by 
the Institutional Review Board of „Victor Babeş” University of 
Medicine and Pharmacy Timişoara.

Based on histopathological examination, sections from 
each sample were selected to determine their hormonal pro-
files and immunostained using the specific antibodies against 
pituitary hormones, including: somatotropin (STH), PRL, 
ACTH, thyroid-stimulating hormone (TSH), follicle-stim-
ulating hormone (FSH), and luteinizing hormone (LH) 
[DAKO, Carpinteria, California, USA]. IHC workflow was 
completely automated, performed according to the exist-
ing protocols selected from the list of BondMax Autostainer 
(Leica Biosystems, Newcastle upon Tyne, UK), using a bio-
tin-free system specific for this device. Briefly, according to the 
selected program, incubation with primary antibodies was 
followed by the use of Bond Polymer Refine Detection System 
with 3,3’-diaminobenzidine dihydrochloride applied as chro-
mogen for 10 minutes, and hematoxylin applied for 5 minutes, 
as counterstain. The immunostaining results for each patient 
were graded as 0 (0-10% of positive cells), 1+ (11-30% of posi-
tive cells), 2+ (31-50% of positive cells), or 3+ (over 50% of pos-
itive cells). If more than 10% of hormone-positive cells was 
observed, the tumors were classified as secretory.

Heat-induced epitope retrieval with a ready-to-use 
Novocastra Bond Epitope Retrieval Solution 2, pH 9.0 solu-
tion (Leica Biosystems, Newcastle Ltd, Newcastle upon Tyne 
NE 12 8EW, UK) was performed for 20 minutes to detect the 

expression of Ki-67. Endogenous peroxidase blocking was 
achieved with 3% hydrogen peroxide for 5  minutes. Then, 
incubation with the primary antibody Ki67 (Leica Biosystems, 
Newcastle Ltd, Newcastle upon Tyne NE 12 8EW, UK) mono-
clonal mouse anti-human (clone K2, RTU) was performed 
for 20  minutes. The results were visualized with the Bond 
Polymer Refine Detection System using 3,3’-diaminobenzi-
dine dihydrochloride as chromogen for 10 minutes and hema-
toxylin as counterstain for 5 minutes. The entire immunohis-
tochemical procedure was performed on a Leica Bond-Max 
(Leica Biosystems, Newcastle upon Tyne, UK) autostainer.

Immunoreactivity was estimated as positive in the cells 
with nuclear expression. The percentage of Ki-67 positive 
nuclei (the Ki-67 labeling index) was assessed by counting 
approximately 1000 nuclei of the tumor cells at ×400 magni-
fication. Microscopic evaluation was performed using Nikon 
Eclipse E600 Microscope (Nikon CEE GmbH Microscopes/
Instruments Division, Austria, Europe). Image acquisition 
was performed with Coolpix 950 Digital Camera (Nikon 
CEE GmbH Microscopes/Instruments Division, Austria, 
Europe) followed by image analysis using Version 13 Lucia 
G software.

Statistical analysis

Statistical Package for the Social Sciences (SPSS) Statistics 
for Windows, Version 17.0 (SPSS Inc., Chicago, IL, USA) was 
used for statistical analysis. Correlation analysis was done 
using Pearson’s chi-squared, Kendall rank correlation coef-
ficient, and Spearman’s rank correlation coefficient tests. 
A value of p < 0.05 was considered statistically significant.

RESULTS

The results of histopathological evaluation of pituitary ade-
noma samples showed that solid pattern was most frequently 
observed (31/50; 62%), followed by trabecular (8/50; 16%), pap-
illary (3/50; 6%), and mixed pattern (8/50; 3.2%) (Figure 1).

Based on the IHC analysis, the following hormonal pro-
files were observed in the pituitary adenomas: 8 PRL-secreting 
adenomas (16%) (Figure 2), 13 STH-secreting adenomas (26%), 
5 mixed STH/PRL-secreting adenomas (10%), 7 gonadotro-
pin-secreting (LH-FSH) adenomas (14%), 13 null cell adeno-
mas (non-secreting) (26%), and 4 plurihormonal adenomas 
(8%) which were represented by 2 subtypes (STH/PRL/
ACTH and STH/PRL/LH).

Out of the 50 tumor samples, 31 (62%) pituitary adenomas 
showed proliferative activity, and the proliferation rate was 
variable in this group. The overall mean Ki-67 labeling index 
was 1.59 ± 1.47, ranging from 0.3% to 6.6%. In 5 samples (all of 
them being prolactinomas), the Ki-67 index was >3%.



Bogdan Bălinişteanu, et al.: High Ki-67 expression in prolactinomas

106

The Ki-67 index was higher in PRL-secreting adenomas 
(mean ± SD = 3.37 ± 1.80, range 0.9 - 6.6%). In STH-secreting 
adenomas, the Ki-67 index ranged from 0 to 2.1% (0.67 ± 0.64), 
for mixed STH/PRL-secreting adenomas the index ranged 
from 0 to 2.1% (0.76 ± 1.04). For LH-FSH-secreting adenomas 
the Ki-67 index ranged from 0 to 1.7% (0.32 ± 0.61), and five 
cases were negative. Plurihormonal adenomas showed a low 
proliferative index that ranged from 0 to 1.5 % (1 ± 0.68). Out of 
13 null cell adenomas, 8 were negative; all samples ranged from 
0 to 1.1% [0.28 ± 0.40] (Figure 3). The results of Ki-67 index in 
the pituitary adenoma samples are shown in Table 1.

Finally, we correlated the Ki-67 index with hormone 
expression of the pituitary adenomas (0 to 3+). A significant 
direct correlation was observed between the Ki-67 index 
and tissue expression of prolactin (r = 0.048, p < 0.001). No 
other hormones showed significant correlation with the Ki-67 
proliferation index (STH, p = 0.268; ACTH, p = 0.847; FSH, 
p = 0.479; LH, p = 0.170).

DISCUSSION

The first report about Ki-67 expression in pituitary adeno-
mas and its potential role in these tumors was published in 
1986, where the percentage of Ki-67 positive tumor cells var-
ied between 0.2% and 1.5% [7]. Another study, conducted by 
Mastronardi et al. [8], has shown that the overall mean (SD) 
Ki-67 labeling index was 2.64 (3.69). Our Ki-67 labeling index 
was 1.59% and this is in agreement with data from the literature.

Recent series have reported that in some cases the Ki-67 
index can be higher, 15.48% [9] or 23% [10]. It seems that the 
increased proliferation rate is associated with a more aggres-
sive behavior in pituitary adenomas compared with the 
low proliferation rate, observed in noninvasive tumors [11]. 
Moreover, a significantly higher Ki-67 index was reported 
in younger patients versus older patients [12]. Mastronardi 
et al. [8] used the Ki-67 index to determine the invasive 
potential in pituitary adenomas by establishing two different 
thresholds: 3.5% for invasive adenomas and 5% for adenomas 
with invasion of the cavernous sinus. Recently, Miermeister 
et al. [13] suggested a new cut-off value for the Ki-67 index 
(>4%), as the best marker in diagnosis of atypical pituitary 
adenomas [13].

FIGURE 2. Cytoplasmic immunoreactivity for prolactin in pitu-
itary adenoma samples (magnification ×40).

In most of the published studies, the Ki-67 proliferation 
index has been correlated with hormonal profile, size, and 

FIGURE 1. Histopathological features of pituitary adenomas: 
(A) solid pattern (B) trabecular pattern (C) mixed pattern (D) papil-
lary pattern (Hematoxylin and eosin staining, magnification ×20).
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FIGURE 3. Immunostaining for Ki-67 antigen in pituitary ade-
noma samples. (A) Null cell adenoma (0% Ki-67 expression); 
(B) Prolactin (PRL)-secreting adenoma with 4.3% of Ki-67 expres-
sion; (C) PRL-secreting adenoma with 4.5% expression of Ki-67; 
(D) PRL-secreting adenoma with 6.6% expression of Ki-67.
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TABLE 1. Ki-67 labeling index (mean±SD) in pituitary adenoma 
samples according to their hormonal profiles

Subtype of pituitary adenoma Ki-67 index
PRL-secreting adenomas 3.37±1.80
STH-secreting adenomas 0.67±0.64
Mixed STH/PRL adenomas 0.76±1.04
LH-FSH-secreting adenomas 0.32±0.61
Plurihormonal adenomas 1±0.68

PRL - prolactin; STH - somatotropin; LH - luteinizing hormone; 
FSH - follicle-stimulating hormone
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degree of tumor invasion. Variable expression of Ki-67 anti-
gen, observed in different types of pituitary adenomas, sug-
gests the implication of pituitary hormones in the prolifera-
tion potential of those tumors.

Thapar et al. [14] reported that hormone-secreting ade-
nomas had a significantly higher mean Ki-67 labeling index 
(3.25%) than non-functioning adenomas (2.06%). The high-
est Ki-67 labeling index was found in prolactinomas [14]. In 
addition, other series, in which prolactinomas were studied, 
have demonstrated that a higher Ki-67 index is related to 
higher prolactin levels and larger macroprolactinomas [15-17]. 
In 2010, Pawlikowski et al. [18] suggested that plurihormonal 
adenomas, especially ACTH-secreting tumors, have a higher 
Ki-67 index, as compared to monohormonal tumors. A high 
Ki-67 index in ACTH-secreting adenomas was found in 
another study as well [9]. In the case of gonadotropin-secret-
ing and null cell adenomas, other studies showed low levels of 
the Ki-67 proliferation marker [19,20]. A study performed on a 
relatively low number of pituitary carcinoma samples [15] con-
cluded that the mean Ki-67 index was 2.6% for primary tumors 
and 11% for metastatic tumors [21].

In this study, prolactin appeared to be an important indica-
tor of proliferative potential in pituitary adenomas compared 
with the other hormones, based on the highest value of the 
Ki-67 index observed in the PRL-secreting tumors.

In addition to the pituitary gland, the PRL gene expression 
has been confirmed in various regions of the brain, decidua, 
myometrium, thymus, spleen, circulating lymphocytes, lym-
phoid cells of bone marrow, and mammary epithelial cells and 
tumors [22].

PRL is involved in both, mammary gland development and 
lactation, and it may play a role in the malignant changes of 
the breast [22-24]. Also, prolactin and its receptors affect the 
immune system by inducing lymphocyte proliferation [25], 
and are involved in tumorigenesis of prostate cancer [26]. PRL 
receptors (PRLRs) are highly expressed in breast cancer, sug-
gesting that the PRL pathway may be a potential therapeutic 
target in these tumors [24]. The relation between increased 
secretion of PRL and high Ki-67 proliferation index supports 
the role of Ki-67 proliferation index as a predictive marker for 
invasive tumors.

CONCLUSION

Our study provides the evidence that a higher Ki-67 value 
is associated with PRL-secreting pituitary adenomas, mainly 
prolactinomas and mixed GH/PRL-secreting adenomas. The 
high Ki-67 labeling index and PRL expression in tissue samples 
suggest the need for careful clinical and radiological follow-up. 
Variable expression of Ki-67 antigen in different immuno-
phenotypes of pituitary adenomas suggests that pituitary 

hormones affect the tumor proliferation rate in a specific 
manner, despite controversial data reported in the literature 
regarding its utility as a predictive marker of recurrence in 
pituitary adenomas.
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