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Abstract

Introduction and Objectives: Prostate cancer is one of the most commonly diagnosed cancers in 
American men. Apelin is an endogenous peptide identified as the ligand of the G protein-associated 
apelin receptor. Apelin and apelin receptor have many tissues distribution and they participate in 
pathological processes, such as cancer. Apelin stimulates cancer angiogenesis. However, there are 
insufficient data in the literature regarding the role of apelin/apelin receptor in normal tissue, high-
grade prostatic intraepithelial neoplasia, and prostatic adenocarcinoma tissues. Therefore, this study 
aimed to investigate the apelin and apelin receptor expression levels in tissues of normal prostate 
tissue, high-grade prostatic intraepithelial neoplasia, and prostatic adenocarcinoma. Materials and 
Methods: In this study, 38 samples of patients undergoing radical prostatectomy were used. Among 38 
samples; 20 patients were with prostatic adenocarcinoma, 18 patients were with high-grade prostatic 
intraepithelial neoplasia and adjacent normal prostatic tissue areas. The immunolocalisation of apelin 
and apelin receptor in these tissues were determined immunohistochemically. Results: Apelin and 
apelin receptor expressions were higher in prostatic adenocarcinoma than normal prostate tissue 
and high-grade prostatic intraepithelial neoplasia. Apelin receptor expression was also increased in 
high-grade prostatic intraepithelial neoplasia compared to normal tissue. Conclusion: Apelin and 
apelin receptor are increase in the process of prostate carcinogenesis. This increase may adversely 
affect the clinical course of prostate cancer patients by stimulating angiogenesis, which is important 
for invasion and metastasis in prostate cancer.
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INTRODUCTION

Prostate cancer (PCa) is one of the most 
common types of cancer in American men. It 
ranks second in cancer-related deaths in men. 
In 2022, 268,490 new cases and 34,500 deaths 
are expected in the USA.1 Although there are 
many studies on PCa, treatment and diagnostic 
options are limited. Nowadays, PSA (prostate-
specific antigen) serum level is widely used for 
the early diagnosis of PCa. However, tumour 
cases cannot be successfully differentiated due 
to the low specificity of the test, which causes 
negative consequences for both treatment costs 

and public health.2 The prognosis of the patient 
in the tissue removed after radical prostatectomy 
is evaluated using various clinicopathological 
features such as tumour volume and pathological 
grade. However, the low specificity of 
clinicopathological features and the differences 
in evaluation among the observers affect the 
results.3,4 Due to insufficient effective treatment 
and diagnostic methods in PCa, there is a need 
to explore the molecular mechanisms involved 
in PCa carcinogenesis. These mechanisms are 
very important for developing effective cancer 
markers and therapeutic targets.
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 Apelin (APLN) is encoded by the APELIN 
gene. APLN is an endogenous ligand for the 
apelin receptor (APLNR).5 APLN and APLNR 
are synthesised in many tissues, such as the liver, 
heart, lung, bone, brain, kidney, adipose tissues, 
and skeletal muscle.6 APLN and APLNR play a 
substantial role in blood vessel morphogenesis 
and are essential for the growth of angiogenic 
blood vessels.7 However, recent studies have 
shown that the APLN/APLNR axis also plays 
an important role in cancer. Kälin et al. have 
reported that APLN and APLNR expression 
is significantly increased in the microvascular 
proliferation of brain tumours.8 Also, Yank et 
al. have demonstrated that APLN may be an 
important pro-angiogenic factor for observed 
angiogenesis in cancer.9 Hypoxia, markedly 
observed in solid tumours, may support the 
malignant progression by increasing invasion 
and metastasis in cancer cells and may cause 
angiogenesis in tumor tissue by stimulating 
proangiogenic factors.10,11 It has been reported 
that hypoxia-inducible factor-1α (HIF-1α) 
mediates hypoxia-induced apelin expression 
and the binding site of HIF-1α on the APELIN 
gene.12 
 APLN may be a good marker of predicting 
treatment response and the patients’ survival. 
Gastroesophageal cancer patients have higher 
serum APLN levels than healthy controls.13 
Zuurbier et al. determined high APLN expression 
in colorectal cancer patients who did not respond 
to bevacizumab treatment.14 The findings suggest 
that the overall survival is shortened in gastric 
cancer patients with high APLN expression. As a 
result, a relationship has been reported between 
prognosis with clinical features of gastric cancer 
patients and APLN level.15 The relationship 
between gastric cancer and APLN has also 
been observed in many types of cancer.7,9,16-24 
Wan et al. have demonstrated that APLN is 
overexpressed in PCa, and this overexpression 
may be associated with tumourigenesis 
and aggressive progression of PCa.18 In 
addition, APLN stimulates lymphangiogenesis 
and contributes to lymph node metastasis.5 
Additionally, APLN supports tumour growth 
and lymph node metastasis.5,6 Tolkach et al. have 
reported that there is a significant correlation 
between APLNR expression and aggressiveness 
of renal cell carcinoma.25 Podgórska et al. have 
reported that in colorectal cancer patients, the 
mRNA and protein levels of APLN and APLNR 
are higher than control tissue.24 However, Yoo 
et al. have shown that APLNR expression in 

PCa and colorectal cancer tissues are the same 
as normal tissue.26

 No previous studies were found on expression 
of APLN and APLNR in normal prostate tissue, 
high-grade prostatic intraepithelial neoplasia 
(HGPIN), and prostatic adenocarcinoma. Thus, in 
this study, we investigated the expression pattern 
of APLN and APLNR using tissues taken from 
patients undergoing radical prostatectomy.

MATERIAL AND METHODS

Clinical assessment of patients with prostate 
cancer
In this study, the tissues of 38 patients 
undergoing radical prostatectomy were used. 
Immunohistochemical analysis was performed 
on paraffin-embedded tissues of 20 patients with 
organ-confined prostatic adenocarcinoma, 18 
different patients with high-grade PIN (HGPIN) 
and adjacent normal prostatic tissue regions. The 
patients with a Gleason score 3 or lower were 
evaluated as “low grade” and Gleason score 4 or 
above as “high grade,” but patients’ tissue with 
low-grade PIN and metastatic adenocarcinoma 
were excluded from the present study.

Immunohistochemistry
5 µm sections were taken from paraffin-
embedded tissues and deparaffinised in xylene. 
Then, it was rehydrated in decreasing alcohol 
grades. Antigen retrieval was used by boiling 
in citrate buffer (pH 6.0) and allowed to cool 
at room temperature. After cooling, the sections 
were washed in phosphate-buffered saline 
(PBS) and endogenous peroxidase activity was 
blocked in 3% hydrogen peroxide. Sections were 
washed again in PBS and incubated in UV block 
solution (TA-125UB; Lab Vision) for 7 minutes 
at room temperature. After removing excess 
UV solution, APLN rabbit polyclonal primer 
antibody (1: 200 dilution, Novus Biologicals 
LLC; NBP10730) and APLNR rabbit polyclonal 
primer antibody (1: 400 dilution, Bioss; bs2430R) 
were dropped onto the sections and incubated 
at 4°C overnight. The next day, the sections 
were washed in PBS and incubated in biotin 
conjugated secondary antibody (1: 500 dilution, 
Vector Lab.; BA-1000) for 45 minutes at room 
temperature. Antibody incubation processes were 
performed in a humidified chamber. Later, the 
sections were washed in PBS, and the resulting 
signals were obtained with diaminobenzidine 
(DAB) (D4293; Sigma-Aldrich). The sections 
were counterstained with haematoxylin (Merck, 
MHS32). Then, the sections were dehydrated 
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and subsequently mounted in entellan (Merck; 
107960) after keeping in xylene. Sections were 
examined with a light microscope. In negative 
control sections, non-immune IgG was used at 
the same dilution as the primary antibody.

ImageJ Analysis
Immunohistochemistry result photographs were 
taken using the Olympus CX31 microscope 
and immunolabeling intensities were evaluated 
through ImageJ (http://imagej.nih.gov/ij/) 
program. For this analysis, 10 preparations 
were randomly selected from each group and 10 
photographs were taken from each preparation 
at 400x magnification. The same processes were 
applied, drawing on our previous study.27

Semi-Quantitative Evaluations
Immunostained cells with APLN and APLNR 
and their staining intensity were evaluated 
semiquantitatively. The scoring was performed in 
the following manner: 0 = negative; (+) = weak 
positive; + = positive; + + = strong positive; + 
+ + = very strong positive.

Statistical Analysis
All data were analysed using GraphPad Prism 
8.0.2 (GraphPad Software) for statistical 
significance and were reported as mean±s.e.m. 
For multiple comparisons, a one-way ANOVA 
and the Holm–Sidak method were used to 
evaluate differences. Differences with p<0,05, 
compared to the normal prostate tissue, were 
considered statistically significant.

RESULTS

Evaluation of APLN immunolocalisation on 
normal tissue, HGPIN, and human prostatic 
adenocarcinoma
APLN immunolocalisation was membranous 

in normal tissue, luminal surface in HGPIN 
and adenocarcinoma cells. According to 
APLN immunohistochemistry results in the 
normal tissue region, there was weak positive 
immunoreactivity in luminal epithelial and 
stromal cells and positive immunoreactivity in 
endothelial cells (Table 1, Figure 1.A). However, 
APLN expression was not observed in basal cells 
of normal tissue glands (Table 1, Figure 1.A). 
In the HGPIN region, APLN immunoreactivity 
was positive in luminal epithelial cells and weak 
positive in basal, stromal, and endothelial cells 
(Table 1, Figure 1.B). In the adenocarcinoma 
region, there was very dense positive APLN 
immunoreactivity in luminal epithelial cells 
and weak positive APLN immunoreactivity in 
stromal cells (Table 1, Figure 1.C). However, 
APLN expression was not observed in 
endothelial cells of the adenocarcinoma region 
(Table 1, Figure 1.C).
 According to ImageJ analysis results, 
APLN immunoreactivities were higher in 
adenocarcinoma than in normal tissue and HGPIN. 
This increase observed in adenocarcinoma was 
statistically significant (p<0.05) (Table 1, 
Figure 1.E). However, there was no significant 
difference between the normal tissue and HGPIN 
regions (p>0.05) (Table 1, Figure 1.E).

Evaluation of APLNR immunolocalisation on 
normal tissue, HGPIN and human prostatic 
adenocarcinoma
APLNR immunolocalisation was cytoplasmic 
in normal tissue cells, nuclear in HGPIN and 
adenocarcinoma cells. APLNR immunoreactivity 
in HGPIN and adenocarcinoma regions increased 
compared to normal tissue. In the normal tissue 
region, APLNR immunoreactivity was weak 
positive in luminal epithelial cells, positive 
in stromal cells, and very dense positive in 
endothelial cells (Table 1, Figure 2.A), but there 

Table 1

Cells
Normal Tissue HGPIN Adenocarcinoma

APLN APLNR APLN APLNR APLN APLNR
Luminal Epithelial 
Cells

(+) (+) + ++ +++ +++

Basal Cells 0 0 (+) 0 - -
Stromal Cells (+) + (+) 0 (+) 0
Endothelial Cells + +++ (+) +++ 0 +++

Semi-quantitative distribution of Apelin (APLN) and Apelin Receptor (APLNR) labeling in normal tissue, 
high grade prostatic intraepithelial neoplasia (HGPIN), and adenocarcinoma of human prostate. 0: negative; 
(+): weak positive; +: positive; ++: dense positive; +++: very dense positive. 
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FIG. 1: Immunostaining of Apelin (APLN). APLN immunostaining level particularly in prostatic adenocarcinoma 
was observed to be significantly increased compared to normal tissue and HGPIN (high grade prostatic 
intraepithelial neoplasia). A, Normal tissue; B, HGPIN; C, Prostatic adenocarcinoma; D, Negative control. 
Luminal secretory cells (black arrowhead), basal cells (black arrow), smooth muscle cells (red arrow), 
endothelial cells (red arrowhead). E, Quantitative analyze of APLN immunolabeling intensity, ‘*’ indicates 
the significance between HGPIN and prostatic adenocarcinoma (P< 0,05). ‘**’ indicates the significance 
between normal tissue and prostatic adenocarcinoma (P< 0,05).

was no APLNR immunoreactivity in basal cells 
(Table 1, Figure 2.A). In the HGPIN region, 
APLNR immunoreactivity was dense positive in 
luminal epithelial cells and very dense positive 
in endothelial cells (Table 1, Figure 2.B),
but there was no APLNR immunoreactivity in 
basal and stromal cells (Table 1, Figure 2.B).
In the adenocarcinoma region, APLNR 

immunoreactivity was very dense positive in 
luminal epithelial and endothelial cells, but there 
was no APLNR immunoreactivity in stromal 
cells (Table 1, Figure 2.C). There is no basal 
cell compartment in adenocarcinoma.27

 According to ImageJ analysis results, 
APLNR immunoreactivities were higher in 
HGPIN and adenocarcinoma than in the normal 
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FIG. 2: Immunostaining of Apelin Receptor (APLNR). APLNR immunostaining level was observed to be 
significantly increased in HGPIN compared to normal tissue, in prostatic adenocarcinoma compared to 
normal tissue, and HGPIN (high grade prostatic intraepithelial neoplasia). A, Normal tissue; B, HGPIN; 
C, Prostatic adenocarcinoma; D, Negative control. Luminal secretory cells (black arrowheads), basal 
cells (black arrow), smooth muscle cells (red arrow), endothelial cells (red arrowhead). E, Quantita-
tive analyze of APLNR immunolabeling intensity. ‘*’ indicates the significance between normal tissue 
and HGPIN (P< 0,05). ‘**’ indicates the significance between HGPIN and prostatic adenocarcinoma 

 (P< 0,05). ‘***’ indicates the significance between normal tissue and prostatic adenocarcinoma (P< 0,05).

tissue. Differences between the normal tissue 
and the HGPIN regions (p<0.05), between the 
normal tissue and adenocarcinoma regions, and 

between the HGPIN and adenocarcinoma 
regions (p<0.05) were statistically significant 
(Table 1, Figure 2.E).
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DISCUSSION

In this study, we investigated the expression 
pattern and cellular distribution of APLN and 
APLNR in normal prostate tissue, HGPIN, 
and prostatic adenocarcinoma. PCa is the most 
common cancer observed in American men.28 
APLN has been identified as an endogenous 
ligand for the APLN receptor (APLNR).29 APLN 
has previously been shown to be expressed in 
many tissues.6 APLN supports angiogenesis 
and plays an important role in vascular 
morphogenesis.7 Recently, APLN has been 
shown to play crucial roles in several human 
cancers.7,30,31 However, cellular expression and 
distribution of APLN/APLNR in normal prostate 
tissue, HGPIN, and prostatic adenocarcinoma of 
humans remain unclear.
 In this study, the findings showed that 
APLN expression of prostatic adenocarcinoma 
was higher than normal prostate tissue and 
HGPIN. APLN expression increased in HGPIN 
compared to normal tissue, but this result was 
not statistically significant. In adenocarcinoma, 
increased APLN expression was consistent 
with previous study results. Wan et al. have 
demonstrated that APLN expression is high in 
PCa and this overexpression may be associated 
with tumourigenesis and aggressive progression 
of PCa.18 In addition, Berta et al. and Rayalam et 
al. have shown that APLN has lymphangiogenic 
potential and it is related to tumour growth 
and lymph node metastasis in vivo.5,6 In many 
studies, it has been shown that increased APLN 
expression decreases the overall survival period 
in different types of cancer.7,9,16,19-24 In this 
study, APLN expression increased in prostatic 
adenocarcinoma. Thus, the findings suggest that 
increased APLN expression may promote blood 
vessel growth and lymphangiogenic potential, 
which may cause invasion and contribute to the 
migration of cells. Consequently, it may be a 
strong correlation between high apelin expression 
and shortened overall survival period of patients 
with PCa. Thus, to reveal this correlation, further 
studies are needed to see the relationship of 
APLN with clinicopathological prognostic 
parameters.
 In our study, APLNR expression of HGPIN 
and adenocarcinoma was higher than normal 
prostate tissue. Also, in adenocarcinoma, 
APLNR expression was higher than in the 
HGPIN group. When previous studies were 
examined, APLNR was up-regulated in different 
cancer types. Hall et al. have demonstrated that 
APLNR is overexpressed in cholangiocarcinoma 

tissue compared to non-malignant liver tissue.16 
Podgórska et al. have reported that the mRNA 
and protein levels of APLN and APLNR are 
higher in colorectal cancer patients than control 
tissue.24 These results are consistent with our 
findings. Our findings are different from Yoo et 
al., who suggested that the APLNR expression 
in PCa and colorectal cancer tissues is the same 
as in normal tissues.26 Also, the study results 
of Podgorska et al.24 are inconsistent with 
the study results of Yoo et al.26 in colorectal 
cancers. Tolkach et al. showed that APLNR 
mRNA and protein expression correlate 
significantly with histological grade of clear-
cell renal cell carcinoma.25 If we evaluate our 
findings together with the findings obtained in 
previous studies, increased APLNR expression 
in HGPIN, which is accepted as the onset of 
prostate cancer, may trigger the necessary 
stimulation for angiogenesis. This stimulation 
necessary for angiogenesis can become stronger 
in adenocarcinoma and increase both angiogenic 
and lymphangiogenic spread potential. Perhaps, 
at the end of this process, prostate cancer may 
have the opportunity to open a new door for 
invasion and metastasis.
 As a result, APLN and APLNR significantly 
increased in PCa as in other types of cancer. 
In this study, we observed the pattern and 
distribution of APLN and APLNR expression 
in normal prostate tissue, HGPIN, which is 
considered the onset of prostate cancer, and 
prostatic adenocarcinoma. APLN and APLNR 
expressions gradually increased in high-
grade prostatic intraepithelial neoplasia and 
adenocarcinoma compared to normal prostate 
tissue. In addition, in our study, the findings 
suggest the APLN/APLNR axis might be 
important in the diagnosis of HGPIN and prostate 
cancer. APLN and APLNR interaction; may 
increase angiogenesis and lymphangiogenesis 
in the tumour microenvironment and affect 
the patients’ prognosis.5,7-9 Therefore, the use 
of APLN/APLNR axis inhibitors may inhibit 
invasion and metastasis patients with prostate 
cancer and prevent deterioration of prognosis. 
Further studies are needed for these inhibitors 
to be used clinically.
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