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Abstract

Introduction. Ghrelin, originally isolated from the endocrine cells of the gastric mucosa, is also expressed in
many peripheral tissues, including normal adrenals and adrenocortical tumors. It was shown that ghrelin stim-
ulates proliferation and inhibits apoptosis of adrenocortical cells. In the current study, we compared ghrelin
expression at the protein level in various adrenal tumors. We analyzed whether immunoreactive ghrelin could
be considered as a potential marker for different types of adrenal tumors.

Material and methods. Study was carried out on 200 adrenal specimens arranged on microscope slide in tissue
microarray format. We performed standardized immunohistochemical reactions with semiquantitative reaction
intensity measurements.

Results. At the protein level, the expression of ghrelin was significantly reduced in adrenocortical adenocarcino-
ma in relation to the control group and pheochromocytoma as well as cancer-adjacent normal adrenal tissue. In
contrast, a relatively high ghrelin expression was found in pheochromocytoma compared to all analyzed groups,
with the exception of cancer-adjacent normal adrenal tissue.

Conclusions. The ghrelin expression profile at the protein level may be associated with the type of adrenal tumor.
In this context, our results suggest that adrenal immunoreactive ghrelin may be considered as a sensitive and
specific marker for differentiating adrenocortical carcinoma from adrenocortical adenoma and pheochromo-
cytoma. (Folia Histochemica et Cytobiologica 2021, Vol. 59, No. 2, 8§6-94)
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for adrenocortical carcinoma (ACC). In patients with-
out premortem suspicion of adrenal disease, the prev-
alence of adrenal tumors at autopsy is found to be as
high as 32%. The occurrence of adrenal incidentaloma
(Al) in computed tomography series is approximately
5% [1], whereas about 80% of cases are benign ade-
nomas. More complex lesions such as adrenocortical
carcinoma (ACC) or pheochromocytoma are rarely

Introduction

The management of adrenal tumors is quite challeng-
ing, mainly due to their growing frequency, diagnostic
complexity, and limited availability of treatment option

Correspondence address: Hanna Komarowska, MD, PhD

Department of Endocrinology, Metabolism

and Internal Medicine, Poznan University of Medical Sciences,
Przybyszewskiego 49, 60-355 Poznan, Poland

e-mail: hkomar@ump.edu.pl

phone: +4861 869 1330; fax: 61 869 1682

diagnosed at a rate of about 5% each, while 2% of Al
turns out to be metastases [1, 2]. Other lesions including
ganglioneuroma, neuroblastoma, myelolipoma, cysts,
or inflammatory tumors are detected occasionally.
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Ghrelin expression in adrenal tumors

Most of the adrenal tumors remain hormonally in-
active. However, depending on the level of hormonal
activity, these tumors may cause various symptoms.
Patients with active adrenal tumors or suspected ma-
lignancies are usually referred for adrenalectomy [1].

ACC is a rare, highly aggressive cancer. It has an
incidence of about 0.7-2 new cases per million per year.
ACC is more frequently detected in 40-60 years old
people [3]. The diameter of this tumor usually ranges
from 5 to 20 cm [3]. ACC is diagnosed using Weiss
criteria with Aubert’s modifications [4]. Pathological
assessment is crucial for the correct diagnosis of ACC,
but it is difficult to perform. Moreover, the frequency
of misdiagnoses is relatively high. For instance, in
a large consecutive series consisting of 300 cases tested
in Italy, 26 (13%) were misdiagnosed. The most com-
mon problem encountered in the diagnosis of ACC
is the differentiation pheochromocytoma from ACC.
Other diagnostic pitfalls include metastases from
other primary cancers, primary tumors of adrenal
soft tissue, and adrenal adenomas [5-7]. Due to these
reasons, there is a high demand for the identification
of ACC markers.

Ghrelin is the ligand of growth hormone secre-
tagogue receptor type 1 (GHS-R1) [8]. It was first
identified by Kojima et al. as a 28-amino acid peptide,
having an n-octanoyl moiety in serine 3 position [§].
Ghrelin is generated from the preproghrelin precursor
during post-translational cleavage. Ghrelin is pre-
dominantly secreted by endocrine cells of the gastric
mucosa, but its expression was also found in many
other organs, including the small and large intestine,
hypothalamus, pituitary, adrenal glands, testes, ova-
ries, thyroid gland, liver or lungs [8-14]. The main
role of ghrelin is to regulate energy homeostasis and
secretion of growth hormone. Thus far, many studies
have confirmed the physiological and pathological
effects of ghrelin on various organs [15-18]. Ghrelin
and its receptors (GHS-R1a and GHS-R1b) were
found in human adrenal glands [19]. Ghrelin does not
influence the secretion of adrenal steroid hormones
[20]. However, it increases the proliferation and de-
creases the apoptosis of adrenocortical cells [21, 22].
The ghrelin mRNA level in the human adrenal glands
was evaluated in previous studies, using mainly the
gqPCR technique [9, 10, 23].

Currently, 13 alternative splice transcript variants
of the ghrelin gene are described in the NCBI data-
base; however, not all of them are translated into pro-
tein. Individual variants of the ghrelin gene also differ
in the length of the 3' and 5' untranslated regions,
which determine the stability of these transcripts [24,
25]. Therefore, it can be assumed that the expression
of ghrelin at the mRNA level may not correlate with

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2021
10.5603/FHC.a2021.0009

ISSN 0239-8508, e-ISSN 1897-5631

87

that at the protein level. Due to the aforementioned
facts, our study aimed to compare the expression of
ghrelin at the protein level in various adrenal tumors
using the immunohistochemical (IHC) technique with
a tissue microarray (TMA) containing 200 human
adrenal samples. We also analyzed whether immu-
noreactive ghrelin can be considered as a potential
marker for different types of adrenal tumors. To the
best of our knowledge, this study is the first to evaluate
the ghrelin protein level in a relatively large group of
tissues derived from various adrenal tumors.

Materials and methods

Tissue material. The unstained adrenal gland disease
spectrum (adrenal cancer progression) tissue microarray
(TMA) slide (AD2081) was purchased from US Biomax,
Inc. (Rockville, MD, USA). This histological slide contained
200 cores of adrenal gland tissue specimens, which included
20 samples of adrenocortical adenocarcinoma, 6 neuroblas-
toma, 2 ganglioneuroma, 60 pheochromocytoma, and 84
adrenocortical adenoma (ACA), in addition to 12 samples
of normal tissue adjacent to ACC and 16 biopsy samples
of normal adrenal tissue. Since we used the commercially
available TMA slide, our study did not require the approval
of local bioethics commission. Research complies with the
Declaration of Helsinki.

Immunohistochemical analyses. For the IHC analyses, we
employed the StreptABComplex/HRP method modified by
biotinylated tyramine (Dako Catalysed Signal Amplification
System, Peroxidase, K1500; Dako, Copenhagen, Denmark).
Briefly, after deparaffinization, the sections were rehydrat-
ed in decreasing concentrations of ethanol and rinsed in
phosphate-buffered saline (PBS). Antigen expression was
enhanced by heat-induced epitope retrieval (HIER) treat-
ment of tissue samples. The slides were placed in Target
Retrieval Solution, Citrate pH 6.1 (S2369; Dako), steamed
for 5 min, and then allowed to cool to room temperature
(RT) in the buffer for 20 min. After rinsing in PBS, the
endogenous activity of peroxidase was blocked by treating
the sections with 10% hydrogen peroxide for 10 min, while
the nonspecific-binding sites were blocked by incubating
with 10%t normal goat serum in PBS for 30 min at RT
(ab7481: Abcam). Following this step, the sections were
incubated with a mouse monoclonal anti-ghrelin antibody
(1:100, ab57222; Abcam) overnight at 4°C. Then, the tissue
samples were rinsed and incubated with a biotinylated
goat anti-mouse antibody (1:300; Dako) for 60 min at RT
before incubation with streptavidin-horse radish peroxidase
conjugate. The peroxidase reaction was developed using
diaminobenzidine (S3000; Dako). Then, the specimens were
lightly counterstained with Mayer’s hematoxylin, dehydrat-
ed, and mounted. The sections incubated with nonimmune
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IgG1 (X 0931; Dako) as well as those in which the primary
or secondary antibody was omitted were treated as negative
controls. To determine the consistency of antibodies reac-
tivity, commercially available serial sections obtained from
the human gastric fundus (NBP2-30204; Novus Biologicals,
Centennial, CO, USA) were used as external positive con-
trols. The whole slide was digitalized with a Mirax-Midi
slide scanner (Zeiss, Jena, Germany). The ITHC staining
was analyzed and documented at a high magnification using
CaseViewer 2.3 (64-bit version) for Windows (3D Histech
Ltd., Budapest, Hungary).

Semiquantitative evaluation of ghrelin protein expression.
The expression of ghrelin protein was analyzed using the
densitometric method. First, the blue-violet stain produced
by hematoxylin was removed from the scanned slide, retain-
ing only the brown stain of the appropriate IHC reaction,
using Adobe Photoshop ver. 21.1.0 (Adobe Inc., San Jose,
CA, USA). The image thus prepared was subjected to
densitometric analysis using ImagelJ software (ImagelJ 1.5q,
Wayne Rasband, National Institutes of Health, Bethesda,
MD, USA) according to The Open Lab Book protocol
(https://theolb.readthedocs.io/en/latest/imaging/measur-
ing-cell-fluorescence-using-imagej.html) adapted to the
TMA format. Using this software, the integrated density
from each of the TMA specimens was calculated, with the
fixed diameter covering 8800 pixels/specimen. The signal of
the background was also determined and subtracted from
that of the measured specimens.

Statistical analysis. All the statistical analyses were per-
formed using the R programming language environment
supported by the “ggplot2” library for graph drawing.
Densitometric values determined from each of the studied
groups were presented as a boxplot, with the values of me-
dian and interquartile range (IQR), and the densitometric
data from individual patients were superimposed on the
appropriate boxplots and displayed as dots. Comparisons
between the groups were carried out using Kruskal-Wallis
test followed by Dunn post hoc test. The differences between
the groups were indicated using the letter annotation, where
different letters indicate significant (p < 0.05) differences
between the compared groups. To evaluate the applicability
of ghrelin as a potential biomarker for the differentiation
of different types of adrenal tumors, we used the receiver
operating characteristic (ROC) curve plot generated in the
“pROC?” library [26].

Results

To investigate the ghrelin’s expression in various
types of adrenal tumors and normal adrenal gland
tissues, we used the commercially available adrenal
gland disease spectrum (adrenal cancer progression)
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tissue array. The same experimental conditions were
applied to all the samples, allowing for standardized
IHC reactions and more reliable semiquantitative
measurements. The expression analysis was carried
out on 200 adrenal specimens described in the Mate-
rial and Methods section. The general profile of the
stained specimens is presented in Figure 1. Within
the entire tissue array, the anti-ghrelin IHC staining
of different intensities, ranging from relatively weak
to strong, was observed.

To assess semiquantitatively expression of ghrelin
at the protein level, we performed densitometric
analysis using ImageJ software. The integrated density
values obtained for individual patients assigned to
appropriate groups are presented in Figure 2. Sta-
tistical analysis performed using the nonparametric
Kruskal-Wallis test revealed a very low p-value (p =
6.48e 13), indicating significant differences between
the compared groups. The subsequent Dunn post
hoc test showed that the expression of ghrelin at
the protein level was significantly lower by 30% in
adrenocortical adenocarcinoma (median [IQR] =
78.56 [80.2-65.1]) in relation to the control group
(median [IQR] = 110.87 [118.45-99.44]) as well as
both pheochromocytoma (median [IQR] = 133.4
[147.56-109.77]) and cancer-adjacent normal adre-
nal tissue (median [IQR] = 118.26 [126.35-97.93]).
A relatively low level of ghrelin expression was also
observed in neuroblastoma (median [IQR] = 90.36
[98-82.92]), compared to ACC, pheochromocytoma,
and cancer-adjacent normal adrenal tissue. By con-
trast, a relatively high level of ghrelin expression was
found in pheochromocytoma, in which the expression
was significantly higher by 20% in relation to the
control group. The expression of ghrelin in the phe-
ochromocytoma was also significantly higher than all
the other analyzed groups, except for cancer-adjacent
normal adrenal tissue. Due to its small number, the
ganglioneuroblastoma group was excluded from the
statistical analyses.

Although no statistically significant difference was
observed in ghrelin expression between the normal
adrenal and cancer-adjacent normal adrenal tissue,
it should be noted that there was a markedly strong-
er anti-ghrelin reaction in tumor-adjacent normal
adrenal tissue with respect to tumor cells (Figs. 3G
and 3H), which confirmed the previously reported
results. In the detailed analysis of ghrelin expression at
high magnification, we observed a strong cytoplasmic
expression of ghrelin within the adrenal cortex and
chromaffin parenchymal cells compared to the rela-
tively weakly stained connective tissue and vascular
endothelium. Strong nuclear staining was observed in
several ACA and pheochromocytoma samples.
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US Biomax, Inc
AD2081 (serial)

Figure 1. Analysis of ghrelin expression in adrenal gland disease spectrum (adrenal cancer progression) tissue microarray
(TMA) slide. This histological slide contained 200 cores of adrenal gland tissue specimens, which included 20 samples of
adrenocortical adenocarcinoma (ACC), 6 neuroblastoma, 2 ganglioneuroma, 60 pheochromocytoma, and 84 adrenocortical
adenoma (ACA), and 12 samples of normal tissue adjacent to ACC and 16 biopsy samples of normal adrenal tissue. A. The
general profile of the stained specimens. B. TMA map showing the relevant groups marked in appropriate colors.

The ROC curve analysis showed that ghrelin ex-
pression could be considered as a potential biomarker
for differentiating ACC from normal adrenal tissue,
and ACC from other adrenal tumors. The cut-off inte-
grated density values used for differentiating between
the compared groups were as follows: ACC vs. normal
adrenal tissue = 91.7 (specificity 95% and sensitivity
81.2%), ACC vs. ACA = 82.4 (specificity 85% and
sensitivity 92.9%), and ACC vs. pheochromocytoma
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= 91.7 (specificity 95% and sensitivity 90%). All the
compared groups were also characterized by a high
area-under-curve (AUC) value as shown in Figure 4.

Discussion
Thus far, only a few studies have examined the expres-

sion of ghrelin in adrenal tumors [23, 27, 28]. In the
study of Barzon et al., as well as our previous study [27,
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Figure 2. Densitometric analysis of ghrelin expression in adrenal gland disease spectrum (adrenal cancer progression) tissue
array slide. Each of the groups was presented as a boxplot, with the values of median and IQR. Densitometric data from
individual patients were superimposed on the appropriate boxplots and displayed as dots. Comparisons between the groups
were carried out using Kruskal-Wallis followed by Dunn post hoc test. The differences between the groups were indicated
using the letter annotation, where different letters indicate significant (p < 0.05) differences between the compared groups.

Figure 3. Representative images of ghrelin immunohistochemical reactivity in (A-C) ACC, (D-F) normal adrenal tissue,
(G-I) tumor-adjacent normal tissue, (J-L) ACA, (M-0) pheochromocytoma, and (P-R) neuroblastoma. The left column
shows the weakest expression from each group; the middle column presents the medium expression of the analyzed protein,
and the right column shows the strongest expression. Abbreviations as for Figure 1. Scale bar: 20 um.
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Figure 4. ROC analysis of the use of ghrelin immunoreactivity as a biomarker for differentiating ACC from normal adrenal
tissue, ACC from ACA, and ACA from pheochromocytoma. The cut-off values used for differentiation, specificity, sensitivity,
and the AUC values are shown in each of the graphs. Abbreviations as for Figure 1.

28], ghrelin expression was tested only at the mRNA
level. Ueberberget al. [23] investigated the expression
of ghrelin at the level of both mRNA and protein in
adrenal adenoma, pheochromocytoma, and healthy
adrenal tissue, while Raghay er al. [10] studied its
expression in the adrenal medulla and pheochromocy-
toma. To our knowledge, our present study is the first in
which the expression of ghrelin at the protein level was
evaluated in ACC compared with other tumors derived
from the adrenal cortex or medulla. Ghrelin is synthe-
sized in normal human adrenal glands [23]. This result
was also confirmed in our current study; however, we
found low immunoreactivity of ghrelin protein in ACC
compared with normal adrenals, ACA, and pheochro-
mocytoma. Based on the ROC curves, we suggest that
ghrelin may serve as a potential immunohistochemical
marker of ACC due to its high sensitivity and specificity.
It should be noted that during the histopathological
examination, the diagnosis of ACC can be very diffi-
cult. In such a scenario, ghrelin immunostaining may
form a valuable prognostic marker for distinguishing
malignant and aggressive ACC from benign ACA and
pheochromocytoma.

Various hypotheses can be proposed to explain
the low expression of ghrelin in ACC. First, there may
be a mutation in the ghrelin gene that would cause
disturbances in the protein expression. If the high
immunoreactivity of ghrelin is assumed to be due to
the presence of binding sites (i.e. ghrelin receptors)
in the examined tissues, then the low immunoreac-
tivity could be linked to a decrease in the number
of receptors — negative feedback-based defense
downregulation.

Furthermore, ghrelin acts as a stimulatory factor
for adrenocortical proliferation [20-23, 28]. There-
fore, it can be assumed that locally produced ghrelin
could stimulate adrenal tumor cell proliferation via
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auto or paracrine way. However, due to the low ex-
pression of ghrelin in ACC this mechanism appears
unlikely.

The role of ghrelin splice variants in carcinogen-
esis was also previously described [29]. Different
posttranslational cleavage sites of ghrelin precursor
may lead to the formation of new peptides with other
functions. Thus, one of the splice variants that our
IHC method has not identified might be involved in
the etiopathogenesis of ACC.

In our previous work [28], we evaluated the
mRNA expression of ghrelin in adrenal tumors.
However, our current results are quite surprising
— the mRNA expression of ghrelin was the highest
and the protein expression was the lowest in ACC.
Furthermore, in pheochromocytomas, we found
low mRNA expression, whereas the highest protein
expression. Nonetheless, our results were not un-
predictable. Ghelardoni et al. compared the gene
and protein expression of ghrelin in different human
tissues and observed that the protein expression was
discordant with the gene expression. The authors
suggested that different tissues may significantly
differ in their rate of ghrelin mRNA translation
or posttranslational events [11]. The regulation of
posttranscriptional and translational processes and
protein degradation can contribute as much to var-
iations in protein concentration as transcription and
transcript degradation [30].

Perhaps, the low expression of ghrelin protein
results from the epigenetic regulation of gene expres-
sion by circulating microRNAs (miRNAs). miRNAs
are small (30-32)-nucleotide noncoding RNA that
act as regulators of posttranscriptional stability and/
Jor translation of RNA (mRNA) [31]. Certain types
of miRNAs are more expressed in ACC tissues than
in ACA [31-33]. It is assumed that miRNAs might
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interfere with translation or enhance the degradation
of ghrelin.

Alternative splicing of preproghrelin mRNA is
complicated and can lead to the formation of many
variants of mRNA and, consequently, proteins. Over a
dozen transcript variants of the human preproghrelin
gene exist, but it is not known if they are all transcribed
into protein. The lack of relationship between RNA
expression and protein formation may be due to
changes in processing during translation, post-trans-
lation, and protein degradation. New peptides result-
ing from alternative splicing may perform different
functions than ghrelin. For instance, in breast cancer,
the ghrelin variant Inl-ghrelin was reported to be
overexpressed and to promote basal proliferation in
the breast cancer cell line [32]. In addition, an increase
in the risk of breast cancer was associated with the
polymorphisms of ghrelin gene [29].

Ghrelin gene-derived splice variants are over-
expressed in breast cancer, which suggests that an
imbalance in the ghrelin system’s regulation may
be associated with the pathogenesis of breast tumor
[33]. Perhaps, a similar mechanism is involved in the
development of adrenal tumors.

We can also assume that if low mRNA expression
is associated with high protein levels, we are dealing
with a very stable transcript, which implies that a small
amount of transcripts will give us a large amount of
protein. On the other hand, if there are many unsta-
ble, easily degraded transcripts, the protein level will
remain low.

An additional interesting observation is the nucle-
ar ghrelin immunostaining in ACC. Similar reactions
have previously been observed in human normal
and polycystic ovaries and in the rat testes [12, 34].
The authors conclude that the nuclear expression of
ghrelin suggests its particular role in the intracellular
regulation, where ghrelin could control the expres-
sion of other genes, acting as a specific transcription
factor [35].

Thus far, no data have been published regarding
the IHC analysis of ghrelin in ACC, but our observa-
tions are in line with the studies on different cancer
types. Aydin et al. evaluated the immunoreactivity of
ghrelin in gastric adenocarcinoma and mucoepider-
moid carcinoma of the salivary glands. They found
that negative ghrelin immunostaining can differenti-
ate tumors from normal tissues [36]. Similarly, in renal
cell carcinoma and oral squamous cell carcinoma, the
ghrelin protein expression was frequently lower than
that in normal tissues or was even absent [37, 38].
Ghrelin expression has also been associated with bet-
ter outcomes in various malignancies. For example,
patients with breast cancer expressing ghrelin have
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a lower risk of death compared to those lacking gh-
relin expression in tumors [33]. It seems that reduced
ghrelin immunoexpression is associated with an in-
creased risk of malignancy of some lesion.

Data on the expression of ghrelin protein in phe-
ochromocytoma are scared. In the present study, we
showed that ghrelin expression was significantly lower
in ACC than pheochromocytoma. Ueberberg et al.
investigated ghrelin expression in 43 ACA (17 func-
tional and 16 nonfunctional) and 13 pheochromocy-
tomas. They found that ghrelin protein was expressed
in 54-87% of ACA and 0% of pheochromocytoma
samples tested [23]. In turn, Raghay et al. evaluated
the expression of ghrelin protein using two types of an-
tibodies — goat and rabbit [10]. The authors used goat
antibody to evaluate ghrelin immunoexpression in
both human normal medulla and pheochromocyto-
mas. Ghrelin immunoexpression was observed in the
medulla. Chromaffin cells were immunostained with
ghrelin, whereas the neurons were negative. The
five human pheochromocytomas studied showed
positivity for goat anti-ghrelin with focal or diffuse
immunostaining patterns. The intensity of immuno-
reactivity varied between different tumors and also
between different cells of the same tumor. However,
when rabbit antibodies were used, no reaction was
found in the normal medulla and pheochromocy-
tomas. The authors suggested that the difference
could be due to the fact that rabbit antibody can
recognize only the mature peptide form having 28
amino acids, whereas goat antibody can detect all
ghrelin forms — precursors, proghrelin, and mature
form [10]. Ueberberg et al. used rabbit antibody
while we performed tests with a goat antibody,
which may be the reason for the different results
observed in the case of pheochromocytomas. Both
results suggest that in pheochromocytoma, mature
ghrelin is not produced or is rapidly degraded. Phe-
ochromocytoma is the only adrenal tumor in which
the effect of ghrelin on the secretory activity of the
tumor has been confirmed [39, 40]. Nanmoku ef al.
observed stimulatory ghrelin’s effect on dopamine
secretion in rat pheochromocytoma PC 12 cells [40].
It is unlikely that ghrelin directly affects the produc-
tion and secretion of adrenocortical hormones [20],
but some reports suggest that ghrelin stimulates
dopamine secretion in pheochromocytomas [40].
The difference associated with protein expression
in pheochromocytomas, may be related to its effect
on dopamine secretion.

In our study, the lowest immunoexpression of
ghrelin protein was noted in ganglioneuroblastoma,
which might be attributed to the origin of this tumor.
However, due to the small size of this group, the data
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obtained are difficult to be discussed. There no data
on this subject in the available literature.

In conclusion, the histopathological diagnosis of
ACC is often difficult. Our research suggests that
ghrelin immunoreactivity may be considered as
a sensitive and specific marker for differentiating
ACC from ACA and pheochromocytoma. However,
further research is required to determine the causes
of differential ghrelin expression in adrenal tumors.
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