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Abstract. Adrenocortical adenomas display highly variable
expressions of somatostatin receptor (SSTR) subtypes, whose
expression is mandatory (although not always sufficient) to
achieve the positive effects of somatostatin (SST) analog
therapy. Immunohistochemistry (IHC) is the main method
used to investigate receptor protein expression. The molecular
biology method — polymerase chain reaction (PCR) — is also
often used to investigate receptor expression. Nevertheless,
the expression of receptor mRNA and the respective receptor
protein is not always synchronized. The aim of this study was
to investigate SSTR expression by IHC in adrenal adenomas,
to compare the results to data obtained by real-time PCR
and to determine whether hormonally functioning and non-
functioning adenomas differ in this respect. Adrenocortical
adenomas were removed surgically from 13 females and
2 males. The tissues were obtained from 9 non-functioning
and 6 functioning adenomas. The intensity of IHC reaction
was scored semiquantitatively by two independent observers.
Real-time PCR was performed using pairs of primers in a
reaction amplified along a gradient of temperatures. Amplified
DNA was measured by monitoring SYBR-Green fluorescence.
In non-functioning tumors, compatibility between IHC and
PCR results was observed for SSTR 1 and 2 in 62.5% of the
samples. Fifty percent of patients demonstrated compatibility
for SSTR 4 and 5 and 37.5% for SSTR 3. In hormonally active
adenomas, total compatibility of both methods was noted for
SSTR 2 (100%). The compatibility obtained for SSTR 5 was
66.6%. We conclude that receptor gene and respective receptor
protein expression are not always synchronized. Messenger
RNA detection alone is not sufficient to predict the presence of
the receptor protein acting as a target for SST and its analogs.
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Introduction

It has been documented that adrenal gland tumors are rela-
tively common and constitute 5-9% of all human tumors (1,2).
The majority of them are of adrenocortical origin and most
frequent in the population are adrenocortical adenomas with
or without hormonal activity (3). The adrenal gland is known
as a target organ for somatostatin (SST) and receptors for this
neuropeptide [somatostatin receptors (SSTRs)] have been
identified in physiological as well as in pathological condi-
tions (4-6). Despite several studies, the data concerning the
occurrence of SSTRs in human adrenal gland tumors often
present different conclusions depending on the investigation
method used (7-11). Therefore, the authors agree that there is a
highly variable expression of SSTR subtypes in adrenocortical
adenomas. It is difficult to state for certain which receptor
subtype is dominant in this type of endocrine tumors. SSTRs
mediate the antiproliferative (12-14), anti-angiogenic and
pro-apoptotic actions (15-18) of SST and its analogs, and their
expression is a mandatory (although not always sufficient) part
of successful SST analog therapy.

Immunohistochemistry (IHC) is the main method used
to investigate the expression of the receptor protein as a real
target for SST and its analogs. It uses highly specific poly-
clonal antibodies to detect SSTR subtypes and its results
represent the total amount of immunoreactive receptor
protein. Additionally, in contradistinction to Western blotting
experiments, this method provides insight into the cellular
distribution of the receptor protein. Additionally, molecular
biology methods, in particular the polymerase chain reaction
(PCR), are also often used to investigate receptor expression.
These methods give results at the mRNA level. However, the
expression of mRNA and its respective protein are not always
required to be synchronized (19,20), as post-transcriptional
defects or modifications occur that cause protein translation to
be inhibited (19). Such a situation has already been observed
during our investigation of SSTR expression in thyroid gland
tumors, where discrepancies were noted between the results
of both techniques (21).

Previously, we reported the distribution of all five subtypes
of SSTR (including 2A and 2B isoforms) in various adrenal
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tumors (22). In this study, IHC was used to investigate SSTR
expression in adrenal adenomas and to compare the results to
data obtained by a molecular biology method, such as real-
time PCR.

Materials and methods

This project received the approval of the Ethics Committee of
the Medical University of £L6dZ, no. RNN/97/06/KE. Samples
of adrenocortical adenomas were received from 15 patients
operated on in our Department of General and Endocrine
Surgery during 2010. This group consisted of 13 females
and 2 males, aged between 35-74 years (mean, 58.4). The
tissues were obtained from 9 clinically non-functioning
adenomas (7 females and 2 males, aged between 48-74 years,
mean, 59.7) and 6 functioning adenomas from 6 females aged
35-74 years, mean, 56.5 (3 with primary hyperaldosteronism
and 3 with ACTH-independent Cushing's syndrome). The
diameters of removed adenomas ranged between 0.7 and
5 cm. Histopathological examinations revealed all of them to
be adrenal adenomas with a mitotic index of 0/20 HPF.

IHC. The tissue samples were fixed in 10% formalin and
paraffin-embedded. Immunohistochemical examination of
SSTR subtypes was performed as previously described by
Schulz er al (23), using commercially available rabbit poly-
clonal antisera raised against carboxyl-terminal fragments
of specific human SSTR subtypes, including SSTR 2A and
SSTR 2B isoforms (GRAMSCH Laboratories, Schwabhausen,
Germany): SSTR 1 (named SS-840 antibody, corresponding
to amino acid sequence 377-391 of the receptor peptide chain),
SSTR 2A (SS-800, specific for 355-369 sequence), SSTR 2B
(SS-860, specific for 342-356 sequence), SSTR 3 (SS-850,
specific for 381-395 sequence), SSTR 4 (SS-880, specific for
374-388 sequence) and SSTR 5 (SS-890, specific for 350-364
sequence).

Following overnight incubation at 4°C in a humidified
chamber with primary antibodies (dilution 1:1000 in 0.05 M
TRIS buffer, pH 7.6, containing 2% goat serum), the cells
were treated with anti-rabbit IgG biotinylated goat antibody
(dilution 1:800; Dako, Denmark) and streptavidin complex
(Strept ABC/HRP; Dako). The immunoreaction was visual-
ized with 3.3'-diaminobenzidine (DAB; Dako) solution. For
the negative control, the primary antibody was omitted and
normal goat serum was used. At least six sections were exam-
ined per tumor. The intensity of immunoreaction for specific
receptor proteins was scored semiquantitatively by two
independent observers using a descriptive scale as follows:
Marked staining (score, 3.00), moderate staining (score, 2.00),
weak staining (score, 1.00) and trace staining (score, 0.50). A
marked staining was defined as displaying maximal intensity
of immunoreaction observed in the investigated material;
moderate, as the average intensity observed; and weak, as the
weakest intensity still considered as undoubted positive reac-
tion. The mean scores obtained from both investigators were
calculated. Those results with scores of at least 2.00 were
taken into further consideration.

Real-time PCR. Total RNA was isolated from 1 g of frozen
tissue from 14 patients using the Magna Pure Compact
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RNA Isolation kit (Roche Molecular Biochemicals Cat.
No. 04 802 993 001). Total RNA was DNase-treated using
DNase I (RNase free) reagent (Ambion Cat. No. AM2222).
First-strand cDNAs were synthesized from equal amounts of
total RNA (0.5 ug/reaction) using oligo(dT) and the iScript
cDNA Synthesis kit (Bio-Rad Cat. No. 70-8890) according to
the manufacturer's instructions. All primers were purchased
from Oligo PAN, Warsaw, Poland (Table I). RT-PCR was
performed using pairs of primers in a reaction amplified
across a gradient of annealing temperatures to identify
optimal reaction conditions. The iCycler iQ System (Bio-
Rad Cat. No. 170-8701, 170-9750) was used for the reaction.
The rate of accumulation of amplified DNA was measured
by continuous monitoring of SYBR-Green I fluorescence. A
melt curve of the reaction products was generated in each
experiment.

In particular, quantitative real-time PCR on the iCycler iQ
was performed in triplicate on 1 ul of template cDNA per 25 ul
reaction. iQ supermix reactions consisted of iQ SYBR-Green
Supermix (Bio-Rad Cat. No. 70-8882) at a final concentra-
tion of 1X, 10 nM fluorescein calibration dye, SYBR-Green 1
and 500 nM of each primer. Reactions were amplified in a
96-well thin-wall PCR plate (Bio-Rad Cat. No. 223-9441)
using the following PCR parameters: 95°C for 3 min followed
by 50 cycles of 95°C for 10 sec, 60°C for 30 sec and 72°C
for 30 sec. Melt-curve analysis was performed immediately
following amplification by increasing the temperature in 0.4°C
increments starting at 60°C for 85 cycles of 10 sec each. The
presence of a single PCR product was verified by the presence
of a single melting temperature peak.

Real-time RT-PCR reactions for the detection of the
endogenous control gene [hypoxanthine-guanine phospho-
ribosyltransferase (HPRT)] were run in parallel with each
experimental run as a reference for sample dilution accuracy.
The result for the endogenous control gene (HPRT) was
treated as negative (score, 0.000) and according to this, all
remaining mRNAs were calculated relative to the amount
of HPRT and given in arbitrary units (expression). Positive
results of subtype-specific mRNA expression with values of
=>1.000 were taken into further consideration.

For each experiment, the 3-point standard curve was
performed with commercial control RNA [Applied Biosystems
Control Total RNA Human 4307281 (100 ul concentrate 50 ng/
ul) —dilution x1, x10 and x100].

Results

IHC was performed on 15 samples, while RT-PCR was
performed on 14 as the mRNA isolation failed in 1 sample
(no. 3). SSTR subtypes 2A and 2B present two splicing vari-
ants and differ only in the length of their cytoplasmic tail.
They are coded by the same gene (SSTR 2), thus molecular
analysis concerned only one SSTR 2 mRNA. Therefore,
the immunohistochemical results for each isoform alone
were also presented as the mean value of scores, 2A and
2B. Only the cytoplasmic immunostaining was taken into
consideration in estimating the level of receptor protein
expression. SSTR scores were compared between non-
functioning and functionally active adenomas. It should be
pointed out that multiple SSTR subtypes coexisted in each
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Table I. Primer sequences applied for quantitative real-time PCR.
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Name Sequence Size of PCR product (bp) GenBank accession no.
SSTR 1 (forward)  5'-TATCTGCCTGTGCTACGTGC-3' 217 (25) NM 001049
SSTR 1 (reverse) 5'-GATGACCGACAGCTGACTCA-3'

SSTR 2A (forward) 5'-ATGCCAAGATGAAGACCATCAC-3' 171 (24) NM 001050
SSTR 2A (reverse) S-TGAACTGATTGATGCCATCCA-3'

SSTR 3 (forward)  5'-CTGGGTAACTCGCTTGGTCATCTA-3' 86 (24) NM 001051
SSTR 3 (reverse) 5-AGCGCCAGGTTGAGGATGTA-3'

SSTR 4 (forward)  5'-ATCTTCGCAGACACCAGACC-3' 321 (24) NM 001052
SSTR 4 (reverse) 5'-ATCAAGGCTGGTCACGACGA-3'

SSTR 5 (forward)  5'-GTGACAACAGGACGCTGGT-3' 156 (25) NM 001053
SSTR 5 (reverse) 5-TGGTGACGGTCTTCATCTTG-3'

HPRT (forward) 5-TGCTTTCCTTGGTCAGGCAGTAT-3' 109 (24) NM 000194
HPRT (reverse) 5-TCAAATCCAACAAAGTCTGGCTTATATC-3'

of them. Of the 9 non-functioning tumors, 5 were positive
for SSTR 5 (55.5%) with at least moderate staining intensity
(score =2.00), while 4 of the 9 expressed SSTR 2B (44.4%), 3
of the 9 expressed SSTR 2A and 3 (33.3%) (Fig. 1), and 2 of
the 9 expressed SSTR 1 (22.2%) with the same staining score
(Table II). Positive SSTR 5 gene expression with a value
of =1.000 was observed in 75% of tumors; SSTR 2 and 3
mRNASs were observed in 62.5%, and SSTR 1 and 4 mRNA
occurred in 50% of tumors. An association was identified
between positive SSTR 2 (A+B) and SSTR 5 staining and
high receptor mRNA expression (patient no. 6). In the case
of patients no. 2 and 9, this association was with SSTR 5, and
in patient no. 10 it was with SSTR 1, 2 (A+B) and 3 (Table
IT). Another association was observed between low receptor
protein expression and a low level of respective receptor
mRNA (patient no. 1, for SSTR 1 and 4; patients no. 2 and
9, SSTR 1-4; patient no. 14, SSTR 1-5). Compatibility (both
results positive or negative) between IHC and PCR methods
was detected for SSTR 1 and 2 in 62.5% of the samples.
Fifty percent of patients demonstrated compatibility for both
SSTR 4 and 5 subtypes, and 37.5% for SSTR 3. Finally, a
high expression of mRNA and lack or weak receptor subtype
levels were observed in patients no. 5 and 7 (for SSTR 1-5),
patient no. 6 for SSTR 1, 3 and 4, and patient no. 10 for
SSTR 4 and 5.

A similar analysis performed on 6 samples from hormon-
ally-active adrenal adenomas revealed SSTR 1 expression
in 5 (83.3%) (Fig. 2), and SSTR 5 expression in 4 samples
(66.6%) (Table IIT). The SSTR 2B subtype was detected in 3
out of 6 adenomas (50.0%) and SSTR 2A and 3, in 2 out of
6 tumors (33.3%). In 66.6% of the sections, SSTR 5 mRNA
was observed. The mRNA of the remaining subtypes was
equally distributed in 50% of the samples. A concordance
between high SSTR protein expression and a high level of
corresponding mRNA was observed in patients no. 4 (SSTR
1-3 and 5), 8 (SSTR 1,2 and 5), 11 (SSTR 5) and 15 (SSTR 2).
For the following patients, an agreement between low levels of
receptor protein and mRNA detection was observed: Patients
no. 11 (SSTR 2-4), 12 (SSTR 2 and 4) and 13 (SSTR 2-5).
Total compatibility of both methods was detected for SSTR 2

Figure 1. Expression of SSTR 2A in non-functioning adrenocortical
adenoma (patient no. 10). Immunohistochemical reaction revealed strong
immunostaining with membranous and cytoplasmic localization (magnifica-
tion, x400).

Figure 2. Expression of SSTR 1 in functionally active adrenocortical
adenoma (patient no. 4). Immunohistochemical reaction revealed strong
immunostaining with cytoplasmic localization (magnification, x400).

(100%). The results for SSTR 5 were compatible in 66.6%
of samples for SSTR 3 and in 50% for SSTR 4. The lowest
compatibility was observed for SSTR 1 (33.3%). Lastly, high
receptor mRNA expression and lack of or weak receptor
subtypes protein levels were detected in patients no. 4
(SSTR 4) and 8 (SSTR 3 and 4).
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Discussion

It is difficult to make an unequivocal statement regarding the
differences between non-functioning and functionally active
adenomas. However, certain conclusions concerning the relation-
ship between tumor functionality and SSTR subtype expression
can be drawn. In non-functioning tumors, SSTR 5 is the most
frequently expressed SSTR subtype (55.5%), whereas SSTR 1
was detected in 22.2%. The reverse results were obtained for
hormonally active adrenal cortex adenomas: SSTR 1 was the
most frequent (83.3%) and SSTR 5 was observed in 66.6% of
the samples. Also, in the case of SSTR 2B, higher immunoposi-
tivity in functioning adrenal adenomas occurred (44.4 vs. 50%).

Notably, the immunopositivities of SSTR 1, 5 and 2B in
the active adenomas were higher than in those without func-
tionality, which raises the question of whether the hormonal
activity of adenomas had an effect on SSTR expression. There
were no differences observed for SSTR 2A and 3: they were
equally detected in 33.3% of samples in both groups. No
SSTR 4-positive staining with strong or moderate intensity
occurred in any group. In our previous immunohistochemical
study concerning SSTR subtype expression in adrenal gland
tumors (22), 100% expression of SSTR 1 and 5 with the same
score (moderate and strong) was observed in adrenocortical
adenomas. SSTR 2A with this score was detected in 9 out
of 11 samples (81.8%) and SSTR 3 in 10 out of 11 samples
(90.9%). Unfortunately, in this study the investigated tumors
were not differentiated with regard to their functionality.
The localization of the receptor protein was found to be both
cytoplasmic and membranous, as well as a mixture of the
two, independent of the functional activity of the investigated
adenomas. The character of hormonal activity did not reflect
the cellular distribution of SSTR subtypes.

Our results are compatible with those reported by previous
authors, where differential distribution of SSTR subtypes
in various adrenocortical adenomas was detected either by
IHC (9,11) or by PCR (10,26). Reubi et al (20), noted that a
high level of endogenous somatostatin mRNA corresponds
to cytoplasmic SSTR 2A staining, whereas plasma membra-
nous staining was mostly observed in tumors lacking SST
mRNA. In our samples, there was no specific data regarding
the autocrine activity of endogenous SST, but certain obser-
vations may still be made. The specimens with primarily
membranous receptor protein localization and lack of mRNA
(low PCR score), (patients no. 2,9, 11, 12, 13 and 14) belonged
to hormonally non-active and to functioning adenomas.
Analogically, cytoplasmic receptor distribution and high
expression of mMRNA (patients no. 4, 5, 7 and 8) were observed
in both categories of adrenocortical adenomas.

As can be observed, our results taken from adrenocortical
adenomas confirm that receptor subtype gene expression deter-
mined by RT-PCR is not always synchronized with the receptor
protein expression values estimated by IHC. In the present
study, the highest (100%) compatibility for both methods
occurred only for SSTR 2 in functionally active adrenocortical
adenomas. A lower result was obtained for SSTR 5 (66.6%). In
the group of non-active tumors, the highest agreement for IHC
and PCR methods was demonstrated equally for SSTR 1 and
2 (62.5%). For both SSTR 4 and 5 subtypes, this agreement
was detected in 50% of patients. Thus, despite the presence

PISAREK et al: SSTR: GENES AND PROTEINS IN ADRENAL ADENOMAS

of receptor mRNA, there were cases in which the respective
receptor proteins were not detectable. Messenger RNA detec-
tion alone is not sufficient to prejudge the presence of the
receptor protein, which is the molecular target for SST and its
analogs. Our findings are in concordance with earlier state-
ments of Reubi et al (20) and Pawlikowski (27). This may also
confirm the thesis that a post-transcriptional defect or modifi-
cation could occur after gene expression, causing the protein
translation to be inhibited (19). One alternative explanation is
that the quantity of SSTR proteins is below the detection limit,
despite their expression on the cell surface. Another is that
the detection methods used may have different sensitivities.
The PCR technique is very sensitive and may overestimate
the actual mRNA score and give false positive results due to
expression of SSTRs in structures, such as the vascular endo-
thelium or tumor infiltrating immune cells (27,28). The false
results may also be due to the presence of adrenomedullar cells
included in the adrenal cortex adenomas visible in our slides.
It could also be possible that the coexpression of several SSTR
subtypes in one tumor leads to their heterodimerization and,
in consequence, their activity is altered. Such a situation was
observed by other authors (8,29,30) in the cases of SSTR 2A
and 3. Finally, sample fixation and processing or other associ-
ated technical issues may have had an effect.
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