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Abstract 
Introduction: Pituitary neuroendocrine tumours (PitNETs), traditionally designated as pituitary adenomas, show relatively frequent invasive 
growth with exceptional metastatic potential, the causes of which are not entirely elucidated. Kisspeptins, which perform their activity 
through KISS1 receptor (KISS1R), are recognised as metastatic suppressors in many malignant tumours. This study aimed to investigate 
the immunohistochemical expression of kisspeptin and KISS1R in different types of PitNETs and to compare it with the expression in the 
normal anterior pituitary, using tissue microarray.
Material and methods: The experimental group consisted of 101 patients with PitNETs, with 45 (37.3%) being of gonadotroph, 40 (33.9%) 
somatotroph, 4 (3.4%) corticotroph, 4 (3.4%) thyrotroph, 3 (2.5%) lactotroph, and 6 (5.1%) null-cell type. The control group consisted of 
anterior pituitary tissue accidentally removed during the surgery for PitNETs in 17 patients.  
Results: Kisspeptin expression was observed in both experimental and control groups, without statistically significant differences in the 
staining intensity. Negative kisspeptin staining was detected in 10 (9.9%), weak in 79 (78.2%), and moderate in 12 tumours (11.9%); none 
of the tumours had strong staining intensity. The weak staining intensity was predominant in all PitNET types except thyrotroph tumours. 
Significant statistical difference in terms of kisspeptin expression between types of PitNET and the control group was not observed. Im-
munohistochemical expression of KISS1R was not observed in the control group or in the experimental group.
Conclusions: We conclude that immunohistochemistry, as a method, cannot confirm the involvement of kisspeptin in tumourigenesis 
and aggressiveness of PitNETs, but potentially supports its antimetastatic role. The absence of KISS1R immunohistochemical expression 
in all anterior pituitaries and PitNETs in our cohort needs verification through the use of different procedures designed for the detection 
of the presence and localisation of proteins in the cell. (Endokrynol Pol 2021; 72 (2): 91–96)
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Introduction

Pituitary neuroendocrine tumours (PitNETs) [1], or tra-
ditionally pituitary adenomas, are the most common 
but heterogenous tumours of the adenohypophysis, 
with relatively frequent invasive growth and with 
exceptional metastatic potential [2]. The invasiveness 
of PitNETs, which leads to the significant morbidity, 
is a complex and still unclear process, at least partially 
governed by angiogenesis, degradation of extracel-
lular matrix, epithelial-to-mesenchymal transition, 
and hypoxia [3], and related to PitNET-type [4]. The 
essence of aggressive biological behaviour and ma-

lignant transformation of PitNETs is still not entirely 
understood [5].  

Kisspeptins are products of the KISS1 gene [6, 7]. 
They are cleaved into peptides 54, 14, 13, and 10 amino 
acids long, which function through binding to the 
same receptor [8], named KISS1R (originally named 
GPR45) [9]. Many studies showed that KISS1 plays the 
role of a metastasis suppressor gene, loss of which was 
observed during progression and metastasis in many 
malignant tumours (including melanoma, gastric, ovar-
ian, endometrial, and bladder carcinoma) [10]. Never-
theless, these conclusions are not unanimous, because 
the elevated expression of kisspeptins in hepatocellular 
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Preparation of the tissue and tissue microarray 
(TMA) 
The fixation of the samples of both the experimental and control 
groups was performed in buffered 10% formalin, dehydrated in 
graded ethanol, and submerged in paraffin blocks. Three represen-
tative areas of each sample were recognised on haematoxylin-eosin-
stained slides and selected for TMA construction with 1.2-mm cores 
[17]. The presence of at least one core was regarded as sufficient 
for the analysis. 

Immunohistochemistry
As advised by the manufacturer, the IHC was done on the 5-μm 
sections of TMA with the following antibodies: anti-cytokeratin 8 
(CK8) (Leica Biosystems, clone TS1, 1:50), anti-growth hormone 
(GH) (DAKO, polyclonal, 1:400), anti-prolactin (PRL) (DAKO, 
polyclonal, 1:300), anti-FSH (Immunotech, polyclonal, 1:3000), 
anti-LH (DAKO, clone C93, 1:50), anti-adrenocorticotropic hor-
mone (ACTH) (DAKO, clone 02A3,1:100), SF-1 (DAKO, Invitrogen, 
clone N1665, 1:200), Pit-1 (DAKO, Novus Biologicals, polyclonal, 
1:500), anti-kisspeptin antibody (ab72804 polyclonal, 1:100), and 
Anti-KiSS1 receptor antibody (ab140839 polyclonal, 14 mg/mL). 
Appropriate positive controls were used in order to standardise 
all immunostains (tissue of anterior pituitary for the pituitary hor-
mones, SF-1, Pit-1, and CK8 and placental tissue for kisspeptin and 
KiSS1R). Immunohistochemistry for SF-1 and Pit-1 was performed 
using DAKO autostainer. For the remaining antibodies, IHC was 
performed manually, using an Ultravision Detection System, Large 
Volume, Anti-Polyvalent HRP (Thermo Scientific). Chromogen 
for all the stains was 3,3’-diaminobenzidine. Negative control was 
achieved omitting the primary antibody. Staining on the same run 
was performed for all antibodies to avoid inter-assay variability. 

Quantification of the IHC Stains
Immunohistochemistry stain was taken into account as cytoplas-
mic for kisspeptin and membranous for KISS1R. Two pathologists 
(EMG and MM) established the definition of the kisspeptin staining 
intensity and chose a few representative cases of negative, weak, 
moderate, and strong intensity (Fig. 1). 
Staining intensity for KISS1R was not established due to the nega-
tive staining in all cases in the experimental and control groups. 

Statistical analysis
For the statistical analysis, for comparison of differences between 
the groups, Mann-Whitney U and Mantel-Haenszel chi-square 
tests were performed. P values less than 0.05 were considered 
significant. All the data were analysed by SPSS 20.0 (IBM corp.) 
statistical software. 

Results

Cytoplasmic expression of kisspeptin was registered in 
both the experimental and the control group (Fig. 1). 
In the experimental group, staining was negative in 10 
tumours (9.9%), weak in 79 (78.2%) tumours, and mod-
erate in 12 tumours (11.9%); strong staining intensity 
was not observed. In the control group, staining was 
weak in 14 (82.4%) and moderate in 3 (17.6%) samples; 
negative staining was not observed. Statistically sig-
nificant differences between the experimental and the 
control group, in terms of kisspeptin expression, were 
not observed (p = 0.199). 

Regarding the expression of kisspeptin in different 
types of PitNETs, weak staining intensity was predomi-

carcinoma was correlated with worse prognosis [11], 
and the association of kisspeptin expression and pro-
gression in breast carcinoma is dependent upon the 
presence of receptor status [12, 13]. 

Further investigations of kisspeptins and KISS1R in 
pituitary gland revealed that they also play an impor-
tant physiological function in the hypothalamic–pitu-
itary–gonadal signalling axis. Being produced by KISS1 
neurons of the hypothalamus, kisspeptins activate hy-
pothalamic gonadotropin-releasing hormone (GnRH) 
neurons through KISS1R, which stimulates production 
of follicle stimulating hormone (FSH) and luteinising 
hormone (LH) in the pituitary gonadotropic cells, giv-
ing signals for puberty and sexual maturation [14]. 

Previous studies of kisspeptin and KISS1R per-
formed on the tissue of human PitNETs analysed the 
presence of their mRNA, using Reverse Transcriptase 
Polymerase Chain Reaction (RT-PCR). KISS1R tran-
scripts were observed in the normal pituitary and Pit-
NETs in both investigations [15, 16]. Results regarding 
kisspeptin were contradictory; kisspeptin transcripts 
were detected in both anterior pituitary and PitNETs in 
one investigation [15], whereas they were absent in the 
other [16]. To the best of our knowledge, the presence 
of kisspeptin and KISS1R in human anterior pituitary 
and PitNETs has not yet been explored by immunohis-
tochemistry (IHC). 

The aim of this study was to explore the immuno-
histochemical expression of kisspeptin and KISS1R in 
tissue of different types of PitNETs and to compare it 
with the expression in the normal anterior pituitary. 

Material and methods

The samples of PitNETs were provided from patients treated 
neurosurgically at the Neurosurgery Clinic, Clinical Centre of 
Serbia, Belgrade. 
Tumours were classified according to WHO classification [4], regard-
ing IHC expression of anterior pituitary hormones and transcription 
factors, steroidogenic factor-1 (SF1), and pituitary-specific transcrip-
tion factor 1 (Pit-1). The antibody for the transcriptional factor T-Pit 
(T-box family member TBX19) was unavailable. 
The experimental group consisted of 101 patients, 54 of whom were 
male (53.5%) and 47 female (46.5%). The age of patients at the mo-
ment of surgery ranged between 20 and 80 years (mean 53 ± 13.9). 
Forty-four patients (43.6%) had gonadotroph tumour, 40 patients 
(39.6%) had somatotroph tumour, 6 (5.9%) had null cell tumour, 4 
(4%) had corticotroph tumour, 4 (4%) had thyrotroph tumour, and 
3 (2.9%) had lactotroph tumour. 
The control group consisted of tissue of the anterior pituitary ac-
cidentally removed during the surgery for PitNETs in 17 patients 
(4 males [23.5%] and 13 females [76.5%]) with the age ranging 
between 34 and 70 years (mean 47.6 ± 12.3). The experimental and 
control groups were matched by age (p = 0.095).
All the experiments were reviewed and approved by the local Ethics 
Committee of the Medical Faculty, University of Belgrade, Belgrade, 
Serbia and were in accordance with the Declaration of Helsinki.
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nant in all PitNET types except thyrotroph tumours 
(Tab. 1, Fig. 1). The comparison between types of PitNET 
and control group in terms of kisspeptin expression did 
not reach statistical significance (Tab. 1). Comparison be-
tween the different types of PitNETs was not performed 
due to the small size of some subgroups, which would 
potentially lead to incorrect results.

Differences between genders regarding kiss-
peptin IHC expression in PitNETs were not observed 
(p = 0.212). 

Immunohistochemical expression of KISS1R was not 
observed in the control group (anterior pituitary) or in 
the experimental group, although intensive positive 
staining was present in the external positive control 
(placental tissue) (Fig. 1). 

Discussion

Immunohistochemical analysis in this study revealed 
predominantly weak positivity of kisspeptin and the 
absence of KISS1R expression in PitNETs, without sig-
nificant differences in staining compared to the expres-
sion in the anterior pituitary (control group).  

Although PitNETs are classified as benign neoplasms, 
they can show aggressive biological behaviour through 
the invasion of the surrounding structures, which is 
especially seen in some types (lactotroph PitNETs in 
males, silent corticotroph PitNETs, sparsely granulated 
somatotroph PitNETs, plurihormonal Pit-1 positive 
PitNET, and Crooke cell adenoma) [4]. Incomplete un-
derstanding of the causes of the aggressive biological 
behaviour of basically benign neoplasms, associated 
with exceptional development of metastases, inspired 

us to investigate how kisspeptin, widely known to 
participate in metastasis suppression, plays a role in 
PitNETs. Predominantly low kisspeptin immunohisto-
chemical expression in PitNETs and anterior pituitary, 
which was without statistical difference compared to 
the control group of anterior pituitaries, suggests that 
the IHC method cannot confirm its role in the process of 
tumourigenesis of PitNETs. The decrease of kisspeptin 
expression in tumour tissue, compared to normal tis-
sue, previously observed in the colorectal carcinoma 
[18], non-small cell lung carcinoma [19], and bladder 
cancer [20] advocates the involvement of the loss of 
kisspeptin expression in cancerogenesis. In our study, 
negative kisspeptin expression was observed only in the 
minority of tumours, including 1 lactotroph in a male, 
5 gonadotroph tumours, 1 corticotroph tumour, and 3 
somatotroph tumours (of which 2 were sparsely and 1 
was densely granulated) (Tab. 1). Bearing in mind the 
small proportion of kisspeptin-negative PitNETs in 
our cohort, of which only some belong to potentially 
aggressive types [4], and that the aggressiveness of the 
other kisspeptin-negative PitNET cannot be excluded 
due to the lack of the clinicopathological correlation in 
our investigation, we speculate that the IHC method 
is not able to endorse the involvement of kisspeptins 
in the aggressiveness of PitNETs. However, the pres-
ence of kisspeptin positivity in 90.1% tumours in our 
study (although the majority of them were of weak 
intensity) potentially supports the antimetastatic role of 
kisspeptin in PitNETs, considering that their metastatic 
potential is extremely low in spite of the aggressive bio-
logical behaviour of some subtypes. Further investiga-
tion of the involvement of the kisspeptin/KISS1R system 

Table 1. Kisspeptin immunohistochemical expression in the anterior pituitary (control group) and types of pituitary 
neuroendocrine tumours (PitNETs), and the results of the comparison of the kisspeptin staining intensity between anterior 
pituitary (control group) and types of PitNETs 

Groups:
Kisspeptin expression p value  

(control vs. experimental)  Negative Weak Moderate

Control

   Anterior pituitary 0 (0.0%) 14 (82.4%) 3 (17.6%)

Experimental

   Lactotroph 1 (33.3%) 2 (66.7%) 0 (0.0%) 0.148

   Gonadotroph 5 (11.4%) 36 (81.8%) 3 (6.8%) 0.095

   Corticotroph 1 (25.0%) 3 (75.0%) 0 (0.0%) 0.185

   Thyrotroph 0 (0.0%) 1 (25.0%) 3 (75.0%) 0.053

   Null-cell 0 (0.0%) 4 (66.7%) 2 (33.3%) 0.576

   Somatotroph — all subtypes 3 (7.5%) 33 (82.5%) 4 (10.0%) 0.297

      Sparsely granulated 2 (11.1%) 14 (77.8%) 2 (11.1%)

      Densely granulated 1 (4.5%) 19 (86.4%) 2 (9.1%)

*Results are presented as count (%)
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in PitNET types with clinically confirmed aggressive 
biological behaviour and pituitary carcinomas, which 
were not included in this study, would be advised.  

The tumour microenvironment and its intrinsic 
biology are likely to be crucial factors for the influ-
ence of kisspeptins and KISS1R on tumour behaviour, 

Figure 1. Immunohistochemical expression of kisspeptin and KISS1R in the placental tissue (control), anterior pituitary, and pituitary neuroendocrine tumours 
(PitNETs). Placental tissue showed intensive membranous positivity for KISS1R (A) and cytoplasmic for kisspeptin (B). The anterior pituitary showed negative 
staining for KISS1R (C), whilst kisspeptin positivity was predominantly weak (D). PitNETs were immunonegative for KISS1R (E). Kisspeptin immunopositivity 
in PitNETs was negative (F), weak (G), and moderate (H). All microphotographs were performed with magnification ×400
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invasiveness, and metastatic potential [10, 21], which 
is particularly seen in thyroid tumours, where the ag-
gressiveness and stage of different types of thyroid 
carcinomas could be related to kisspeptin/KISS1 expres-
sion [22, 23]. PitNETs are rather heterogenous types of 
tumours, classified according to their lineages of differ-
entiation and hormone production [24]. Even though 
statistical analysis of the potential differences in IHC 
expression of kisspeptin between PitNET types was not 
performed in our study (due to the bias risk from small 
sample numbers in some subgroups, which could lead 
to incorrect conclusions), predominant weak positivity 
was observed in all groups.  This finding suggests the 
potential absence of the correlation between the lineage 
of differentiation and/or hormone production and IHC 
expression of kisspeptin in PitNETs. 

Kisspeptins perform their function presumably 
through KISS1R [8]. Intriguingly, investigations in cell 
culture models suggest that the effect of kisspeptins 
to metastasis suppression is not necessarily driven 
through KISS1R [25]. Our immunohistochemical find-
ings of the absence of KISS1R in both anterior pituitary 
and various types of PitNETs are in disagreement with 
the previous immunohistochemical investigations of 
KISS1R in anterior pituitary in rats [26] and cell culture 
of human pituitary adenoma cells [15], discouraging po-
tential treatment of aggressive PitNETs with kisspeptin 
analogues, previously proven in cell lines and preclini-
cal models of cancers [10]. Nevertheless, it is known that 
of the many commercial antibodies for IHC only a few 
have gained the trust of pathologists and are used in 
routine practice. Even though the polyclonal antibody 
against KISS1R used in our investigation gave negative 
results in experimental tissue with positive control in 
placental tissue, it would be beneficial to perform ad-
ditional immunohistochemical studies with multiple 
types of IHC antibodies against KISS1R, to verify the 
presence of KISS1R on the cell membrane of PitNETs. 

The investigation of the presence and the function 
of any protein is very complex, requiring the use and 
validation by multiple detection systems. The dis-
crepancy in the expression of KISS1R in PitNETs and 
anterior pituitary between our investigation, where it 
was not detected by IHC, and previous investigations, 
where KISS1R mRNA was detected by RT-PCR [15,16], 
could be explained by differences in methodological 
approach. Namely, the amount of mRNA in a cell is not 
in direct proportion to the amount of its transcribed pro-
tein in a cell, because some mRNAs remain untranslated 
and some are translated suboptimally. Furthermore, 
translation rates are also diverse among different mRNA 
species [27]. On the other hand, IHC is a highly sensitive 
and specific method for the detection of proteins in the 
tissue, whose results could be obscured by preanalyti-

cal conditions, such as the quality of tissue fixation, or 
mis-interpreted, because read-outs of the results of IHC 
are prone to subjective interpretation [28, 29]. Neverthe-
less, disagreement in kisspeptin expression in PitNETs 
and anterior pituitary in our IHC study with one [15], 
but not with the other [16], RT-PCR study emphasises 
the need for further investigation, in which simultane-
ous detection of mRNA (by RT-PCR) and its transcript 
protein (by IHC) would be performed.

We conclude that immunohistochemistry, as a meth-
od, cannot confirm the involvement of kisspeptin in the 
tumourigenesis and aggressiveness of PitNETs, but po-
tentially supports its antimetastatic role. The absence of 
KISS1R immunohistochemical positivity in all anterior 
pituitaries and PitNETs in our cohort needs verification 
through the use of different types of antibodies and 
procedures designed for the detection of the presence 
and localisation of proteins in the cell.  
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