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Abstract: Aims: To evaluate the frequency of somatostatin-receptor 5 (SSTR 5) in pancreatic neuroendocrine tu-
mors by using monoclonal and polyclonal antibodies. Material and Method: we analyzed 66 proven pancreatic
neuroendocrine tumors immunohistochemically with monoclonal (clone UMB-4) and polyclonal SSTR 5-antibodies.
Immunoreactive score (IRS) and DAKO-score Her2/neu were evaluated. Results: Immunohistochemistry analysis
demonstrated for the IRS a significant higher staining of all specimen using the monoclonal antibodies ( IRS SSTR5
poly vs IRS SSTR 5 mono; 20.0% vs 30.3% p < 0.001) by a correlation of 0.21; p = 0.04. For the HER2 score there
was also a significant higher staining in the monoclonal group (Her2 SSTR 5 poly vs Her2 SSTR 5 mono; 21.5% vs
28.8% p < 0.001) by a correlation of 0.20; p = 0.08. Conclusion: Both antibodies are useful in staining of SSTR, al-
though UMB-4 demonstrated a 10% higher SSTR 5 staining. Due to the previous underestimated expression rate of
SSTR 5, current standards in diagnostics and therapy should be reconsidered. The increasing usage of long-acting
pansomatostatin receptor analogues will rise the adverse effects connected to SSTR5 binding.
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Introduction consuming additional examinations and thera-
pies [5].
Somatostatin receptors (SSTR) are frequently

expressed above-average in neuroendo- The fundamental and largest explorations

crine tumors (NETs) [1]. In humans, five sub-
types are differentiated: SSTR 1, 2A, 3, 4 and
5. SSTR play a decisive role in diagnostics and
therapy of NETs. They are the basis for molecu-
lar in-vivo diagnostics, the antiproliferative and
symptomatic biological therapy with soma-
tostatin analogues and also for the antitumor
radiation therapy, the peptide receptor radionu-
clide therapy (PRRT) [2-4].

The SSTR-IHC status plays another crucial role
in a socio-economic point of view. On surgically
removed or biopsied tissue, the SSTR density
can be analysed quickly and due to the immu-
nohistochemical analysis the indication for
SSTR based diagnostics and therapy can be
evaluated. It is therefore possible to avoid time-

about SSTR distribution in different organs
were made by Prof. Reubi’s team using autora-
diographic methods. The majority of the more
current IHC studies which evaluate frequency
and distribution of SSTR used polyclonal SSTR
antibodies for the examinations. For a couple of
years, a raising number of monoclonal SSTR
antibodies have been developed. The already
generally known high selectivity and sensibility
for monoclonal antibodies was proven. In
Western Blot examinations both for the mono-
clonal SSTR2A antibody (clone UMB-1) and
monoclonal SSTR5 antibody (clone UMB-4) they
demonstrated an excellent and highly selective
SSTR binding without any disturbance by pro-
tein cross reactivities [6, 7]. Schmid H et al.
underlined the high specificity without cross
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Table 1. IRS and Her2-score of the SSTR-staining, comparison of monoclonal (UMB-4) and polyclonal

antibodies in pancreatic neuroendocrine tumors

IRS SSTR5 poly Score / Frequency (%)

Pancreas (n=65) Her2/neu Score / Frequency (%) Pancreas (n=65)

0 18 (27.7%)
1-3 34 (52.3%)
4-8 13 (20.0%)
9-12 0 (0%)

SSTRb5 positive total

0 23 (34.8%)
1-3 23 (34.8%)
4-8 15 (22.7%)
9-12 5 (7.6%)

SSTRb5 positive total

13/ 65 (20%)
IRS SSTR5 mono Score / Frequency (%) Pancreas (n=66)

20 / 66 (30.3%)

0 29 (44.6%)
1+ 22 (33.8%)
2+ 14 (20%)
3+ 0 (0%)
14 / 65 (21.5%)
Her2/neu Score / Frequency (%) Pancreas (n=66)
0 32 (48.5%)
1+ 15 (22.7%)
2+ 13 (19.7%)
3+ 6 (9.1%)

19 / 66 (28.8%)

IRS > 4 points and Her2/neu > 2+ were defined positively for SSTR expression.

reactivities of monoclonal SSTR antibodies [8].
However, despite these high specificities a
comparative study concerning the use of poly-
clonal and monoclonal SSTR antibodies has
not yet been accomplished.

Furthermore, long-acting somatostatin-ana-
logues are recommended due to their anti-pro-
liferative and symptomatic efficacy. Besides
the well tolerated drugs there are some main
adverse events as diarrhea, gallstones and
hyperglycemia [9]. New developed analogues
present a broader receptor spectrum which is
supposed to improve treatment efficacy and
lower incidence of adverse effects [9, 10].
Previous studies have already shown the supe-
riority in treatment of Cushing or Acromegaly
diseases but they also report a high impact on
the glucose homeostasis using new panso-
matostatin-analogues with a higher binding
affinity to SSTR5 [11-13].

Is the frequency of SSTR5 distribution still
underestimated in pancreatic neuroendocrine
tumors? Therefore the aims of this study was
to quantify the frequency of SSTR5 expression
with a highly selective monoclonal antibody
and moreover, to accomplish a correlation of a
monoclonal with a polyclonal SSTR antibody for
the first time.

Material and methods
50 patients with primary pancreatic neuroen-
docrine tumors underwent surgical treatment.

66 paraffin-embedded blocks were immunohis-
tologically quantified. The paraffin-embedded
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blocks were generated from the Department of
General and Visceral Surgery, the Laboratory of
Pathology and Cytology Bad Berka und the
Department of Pathology, Technical University
of Munchen.

Immunohistochemistry

The detection of SSTR-subtypes was performed
using the streptavidin-biotin method and coun-
terstaining was done with haematoxylin. The
monoclonal antibody used for detection of
SSTR5 (clonal UMB-4, SSTR5 mono) was pro-
duced by Epitomics, Burlingame, CA (USA) and
the polyclonal one (SSTR5 mono) by Gramsch
Laboratories, Schwabhausen (Germany)
against the same amino acid sequence of the
carboxyl terminal tail of the human SSTR5. The
semi-quantitative analysis of the stained sec-
tions was done with light microscopy according
to the immunoreactive score (IRS) by Remmele
and Stegner and the DAKO score Her2/neu as
previously described [14]. Only IRS > 4 points
and Her2/neu = 2+ were considered positively
for SSTR staining.

Statistics

Data were analysed using SigmaPlot 11.0.
Spearman’s rank correlation analysis and
Kendalls tau-tests were used.

Results

66 paraffin-embedded blocks of 50 patients
with immunohistopathologically proven neuro-
endocrine pancreatic tumors have been worked
on and were examined. In the polyclonal SSTR
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antibody group, one specimen had to be
removed because of technical deficiency.

Immunohistochemistry analysis

For the IRS a significant higher staining of all
specimen using the monoclonal antibodies (
IRS SSTR 5 poly vs IRS SSTR 5 mono; 20.0%
vs30.3% p < 0.001) by a correlation of 0.21; p
= 0.04 was seen (Table 1).

For the HER2 score a significant higher staining
in the monoclonal group (Her2 SSTR 5 poly vs
Her2 SSTR 5 mono; 21.5% vs 28.8% p < 0.001)
by a correlation of 0.20; p = 0.08 was observed
(Table 1).

Limitations

The study is limited by its retrospective design
as well as by the semiquantitative evaluation of
the immunohistochemical staining.

Discussion

Somatostatin receptors are present throughout
the exocrine and endocrine pancreatic tissue.
The SSTR subtypes 2A, 3 and 5 are the most
frequently expressed SSTR and form the basis
for molecular diagnostics and pharmacological
therapy with long acting SSTR analogues
(octreotide, lanreotide, pasireotide) [15]. The
current pharmacological therapy, but also the
molecular imaging via SSTR-PET/CT, are strong-
ly interconnected with the SSTR subtype 2A
expression. However, during the last few years
the important role of the SSTR5 within the pan-
creas has become more and more evident.

Due to the SSTR5 associated adverse events of
new somatostantin-analogues which cause an
inhibitory effect on insulin secretion the rate of
hyperglycaemia is rising. Furthermore, immu-
nohistochemical studies have proven a positive
correlation of SSTR2A staining and the percent-
age decrease of growth hormone level after
long-term octreotide treatment. After prolonged
octreotide treatment, however, a significant
reduction in SSTR2A staining was observed,
which, in contrast could not be shown for the
SSTR5 [16]. From these observations it can
thus be postulated that even if the SSTR2A as
most commonly used therapeutic target is sup-
pressed after long-term octreotide treatment,
the SSTR5 still remains as a promising thera-
peutic reserve target.
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Thus, the aim of the present study was not only
to quantify the frequency of SSTR5 expression
in a large series of pancreatic neuroendocrine
tumors. For the first time, the correlation of a
monoclonal with a polyclonal SSTR antibody
was examined too.

Frequency of SSTR subtypes

In previous studies the frequency of SSTR5 has
been evaluated using polyclonal antibodies
including all gastroenteropancreatic NET enti-
ties between 19 and 83%. If pancreatic NETs
are looked at separately, frequencies between
56 and 78% are observed [15, 17-20]. In the
present study, a strict selection was made;
thus, only cases of IRS > 4 points und Her2/
neu > 2+ were observed to be strongly positive
for SSTR expression. If all positive cases,
including IRS > 1 and Her2 > 1+ are taken into
account our study revealed frequencies
between 52 and 72%, respectively. Therefore,
the overall frequency of SSTR5 is in accordance
with the results of other studies.

The correlation of IRS poly versus IRS mono
resulted in a low but significant correlation
(C:0.241; p=0.04). In contrast, the correlation
between Her2/neu poly and mono could not
reach statistical significance (C:0.20; p=0.08),
despite displaying also a low positive
association.

To our best knowledge, no other studies about
correlation of polyclonal versus monoclonal
SSTR antibodies exist. Thus, a comparison to
other studies, applying SSTR is not possible
yet.

Surprisingly, clearly 8-10% more positive SSTR5
stainings were noticed with the monoclonal
antibody both in the Her2 and in the IRS analy-
sis, as compared to the results obtained with
the polyclonal anti-SSTR5 antibody. The reason
for this discrepancy could be, that although
polyclonal and monoclonal SSTR antibodies
are made against the same peptide, they bind
on specific but different epitopes. A polyclonal
antibody consists of several antibodies with dif-
ferent recognition sites which assign specific
subepitopes. However, there may also be an
overlap in the target structures, which means
that a competitive inhibition occurs, in which
the first antibody on the receptor assigns the
target, thus preventing the binding of the other
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Figure 1. SSTR5 expression (red colour) of a pancre-

atic neuroendocrine tumor stained with the monoclo-
nal antibody UMB-4.
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antibodies. Compared to the polyclonal ones
the selectivity of the monoclonal antibodies is
clearly higher. Only a specific epitope of the
carboxyl-terminal section of the peptide is
detected. There is no competition at the target.
Thus, the highly specific binding of UMB-4 to its
target receptor without any signs of cross reac-
tions seems to be responsible for the increased
SSTR staining. In the study of Lupp et al. 2011,
these excellent and highly selective qualities of
UMB-4 have been proven; in particular, there
were no interferences because of cross reac-
tions to other proteins [7]. Figure 1 shows a
pancreatic neuroendocrine tumor with a typical
mainly cytoplasmatic SSTR5-staining demon-
strated by using UMB-4. Figure 2 presents the
same pancreatic specimen but with a staining
caused by a polyclonal SSTR5-antibody.

From the clinical point of view, the observation
of a higher SSTR5 incidence is of special impor-
tance for application possibilities in terms of
reserve receptor and with regard to the SSTR-
associated adverse effects. After decreased
response of SSTR2A following sustained
octreotide therapy and/or in the course of can-
cer progression, SSTR5 can additionally
become important as a new target in molecular
diagnostics and therapy. However, by applying
new pansomatostatin analogues (e.g. pasireo-
tide) an increase in possible adverse effects,
as e.g. hyperglycaemia, should be taken into
account, since they are particularly connected
to SSTR5 [10, 13, 21].
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Figure 2. SSTR5 expression (red colour) of a pancre-
atic neuroendocrine tumor stained with a polyclonal
anti SSTR5-antibody.

Conclusion

Both antibodies are useful in staining of SSTR,
although UMB-4 demonstrated a 10% higher
SSTR 5 staining. Due to the previous underesti-
mated expression rate of SSTR 5, current stan-
dards in diagnostics and therapy should be
reconsidered. The increasing usage of long-act-
ing pansomatostatin receptor analogues will
rise the adverse effects connected to SSTR5
binding.
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