Triple-Peptide Receptor Targeting In Vitro Allows Detection
of All Tested Gut and Bronchial NETs
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A high proportion of gut and bronchial neuroendocrine tumors (NETS)
overexpresses somatostatin receptors, especially the sst, subtype. It
has also recently been observed that incretin receptors, namely gluca-
gonlike peptide 1 (GLP-1) and glucose-dependent insulinotropic pep-
tide (GIP) receptors, can be overexpressed in gut and bronchial NETs.
However, because not all tumors can express these receptors in suf-
ficient amounts, in vivo imaging with a single radioligand may not al-
ways be successful. We therefore evaluated with in vitro methods
whether a cocktail of radioligands targeting these 3 receptors would
improve tumor labeling. Methods: In vitro receptor autoradiography
was performed on 55 NETs, comparing in each successive section
of tumor the binding with a single radioligand, either '25I-Tyr®-octreo-
tide, 125-GLP-1(7-36)amide, or 128|-GIP(1-30), with the binding using
a cocktail of all 3 radioligands, given concomitantly under identical
experimental conditions. Results: Using the cocktail of radioligands,
all tumors without exception showed moderate to very high binding,
with a receptor density corresponding to 1,000-10,000 dpm/mg of
tissue; conversely, single-ligand binding, although identifying most
tumors as receptor-positive, failed to detect receptors or measured
only a low density of receptors below 1,000 dpm/mg in a significant
number of tumors. In addition, the cocktail of radioligands always
provided a homogeneous labeling of the whole tumor, whereas
single radioligands occasionally showed heterogeneous labeling.
Conclusion: The study suggests that the use of a cocktail of 3
radioligands binding to somatostatin receptors, GLP-1 receptors,
and GIP receptors would allow detecting virtually all NETs and la-
beling them homogeneously in vivo, representing a significant im-
provement for imaging and therapy in NETs.
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Over the past 2 decades, in vitro methods have shown that
peptide receptors are overexpressed in neuroendocrine tumors
(NETs) (1,2). This discovery has had clinical implications for
tumor imaging and tumor radiotherapy, in particular for tumors
overexpressing the somatostatin receptor subtype 2, sst, (3,4).
However, not all NET patients can benefit from the advantages
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of sst, targeting in diagnosis and therapy, because not all tumors
have a high enough sst, density (2). Therefore, new targets, as
alternatives to somatostatin receptors, are being investigated. It
has been observed with in vitro techniques that other peptide re-
ceptors such as glucagonlike peptide 1 (GLP-1), glucose-dependent
insulinotropic peptide (GIP), and cholecystokinin receptors are
also overexpressed in NETs (2,5-7). First clinical implications
using radioligands derived from these regulatory gut peptides
are emerging. For instance, in vivo GLP-1 receptor imaging local-
izes virtually all benign insulinomas (8-/0). But again, unfortu-
nately, not all NETs overexpress these receptors: GLP-1 receptors
are indeed more rarely expressed in ileal NETs and malignant
insulinomas (2,9). More recently, in vitro receptor autoradiography
found that receptors for the GIP are overexpressed in most NETs,
including tumors that lack sst; (6).

It would be a great progress if nuclear medicine could have
a diagnostic imaging method that would not miss any NETs and
detect more metastases than current methods allow. It would not only
permit a more complete picture of the NET distribution in a patient
but also be the basis for a more successful targeted radiotherapy.

We hypothesized in the present study that multireceptor
targeting may be a possible solution. Because sst,, GLP-1 recep-
tors, and GIP receptors are often overexpressed in NETSs, we
performed in vitro receptor autography using a cocktail of 3 radio-
ligands, '>°I-Tyr3-octreotide, '2°I-GLP-1(7-36)amide, and '?3I-
GIP(1-30), and compared the results with autoradiography
performed with each of the single radioligands in successive sec-
tions of a large series of 55 ileal, pancreatic, and bronchial NETs.

The aim of the study was to know whether the use of a cocktail of
3 radioligands would permit not only unequivocal labeling of every
individual tumor but also homogeneous labeling of each tumor, in
order to overcome the problem of heterogeneous expression of
peptide receptors in tumors.

MATERIALS AND METHODS

Tissues

Fresh-frozen samples of 55 tumors obtained from surgical resection
specimens and tested previously for somatostatin, GLP-1, and GIP
receptors (2,6) were used in this study. The 55 tumors consisted of 14
ileal NETs; 29 pancreatic NETs, including 13 insulinomas; and 12
bronchial NETs. The 55 tumors included primaries, metastases, and
tumors with low or high differentiation grade. The study conformed to
the ethical guidelines of the Institute of Pathology, University of Bern.
The institutional review board approved this study, and all subjects
gave written informed consent.

Autoradiography

In vitro receptor autoradiography for sst,, GLP-1, and GIP recep-
tors was performed on successive sections of each tumor for each
receptor individually, as described previously (2,6,7). For sst;
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autoradiography, ' I-Tyr3-octreotide (15,000 cpm/100 pL; 74,000 GBq
[2,000 Ci]/mmol; Anawa) was used as the radioligand (2). For
GLP-1 receptor autoradiography, '>°I-GLP-1(7-36)amide (7,500
cpm/100 pL; 74,000 GBq [2,000 Ci]/mmol; Anawa) was used as
the ligand (7). For GIP receptor autoradiography, '2°I-GIP(1-30)
(10,000 cpm/100 wL; 74,000 GBq [2,000 Ci]/mmol; Anawa) was used
(6). For the cocktail autoradiography, performed on sections adjacent
to those used for single-receptor autoradiography, all 3 radioligands
were given concomitantly, each in the same dose and same amount of
radioactivity as for individual single-receptor autoradiography, using
the same incubation protocol as above. In the case of homogeneously
distributed peptide receptors, the whole sample was quantified; in the
case of heterogeneously distributed peptide receptors, only the area
with highest density was considered. This study was feasible specif-
ically with these 3 radioligands because the incubation protocols for
the autoradiography of somatostatin receptors, GLP-1 receptors, and
GIP receptors are identical. Such is not the case for cholecystokinin
receptor autoradiography, therefore preventing us from including cho-
lecystokinin radioligands in the present study.

RESULTS

Figure 1 shows examples of different NETs tested on successive
tissue sections with receptor autoradiography using either '2>I-Tyr3-
octreotide alone, '2°I-GLP-1(7-36)amide alone, '25I-GIP(1-30)
alone, or a cocktail of all 3 radioligands. The first example, a benign
insulinoma (no. 1), shows that all 3 receptors are expressed in the
tumor, although in different densities, and that the cocktail provides
a very strong labeling of the whole tumor. The bronchial NET (no.
2) has no GLP-1 receptors, a moderate GIP receptor content, and
a high density of somatostatin receptors: again, the cocktail strongly
labels the whole tumor. The malignant insulinoma (no. 3) has both
somatostatin receptors and GLP-1 receptors but no GIP receptors,
and the cocktail provides massive labeling of the whole tumor.

The next 4 cases in Figure 1 show not only that the cocktail
autoradiography results in much stronger labeling of the 4 different
tumors but also, even more importantly, that the cocktail labeling
overcomes the receptor heterogeneity in these tumors. The somato-
statin receptors and GIP receptors are heterogeneously expressed in
the ileal NET (no. 4), with areas of strong receptor positivity adjacent
to receptor-negative areas. The GLP-1 receptors are homogeneously
distributed. The cocktail intensively and homogeneously labels the
whole tumor. A similar conclusion is obtained for the bronchial NET
(no. 5), with the difference being that this tumor lacks GLP-1 recep-
tors. The nonfunctioning pancreatic NET (no. 6) and the bronchial
NET (no. 7) are 2 further examples of inhomogeneous receptor dis-
tribution (at the single radioligand level) that results, however, in
a very strong and homogeneous tumor labeling with the cocktail.

Figure 2 is a quantification of all gut and lung NET receptor
data, with each individual tumor being characterized for its re-
spective receptor density, either measured with 1 of the 3 single
radioligands or with the cocktail radioligands. The main message
of this figure is that, in the cocktail experiment, there are no single
tumors lacking receptor binding. All of the tumors show a receptor
density between 1,000 and 10,000 dpm/mg of tissue, which cor-
respond to a moderate to very high receptor density. None of the
cases have values around or below 1,000 dpm/mg, corresponding
to low density. Conversely, in each of the single-receptor targeting
experiments, there are always several cases that completely lack
receptors or have a low density only (Fig. 2). The respective re-
ceptor profiles as measured by single-receptor binding correspond
in general to previously published data (2,6).
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FIGURE 1. In vitro receptor autoradiography on successive sections from
7 different NETs: 1 = benign insulinoma; 2 = bronchial NET; 3 = malignant
insulinoma; 4 = ileal NET; 5 = bronchial NET; 6 = nonfunctioning pancre-
atic NET; 7 = bronchial NET. From left to right are shown hematoxylin- and
eosin-stained section (HE), autoradiogram showing '25I-Tyr3-octreotide
binding, autoradiogram showing '25|-GLP-1(7-36)amide binding, autoradio-
gram showing '25]-GIP(1-30) binding, and autoradiogram showing cocktail
binding of all 3 radioligands. Cocktail labeling is strongly positive in each
case, whereas several single-receptor labelings are negative. In all cases,
nonspecific binding was negligible and is therefore not shown. x = areas of
receptor heterogeneity with single-ligand labeling that become completely
homogeneous with cocktail labeling. Bars = 1 mm.

DISCUSSION

The in vitro comparison of single-receptor ligand binding using
1251-Tyr3-octreotide, '*I-GLP-1(7-36)amide, or '2°I-GIP(1-30)
versus cocktail binding with all 3 radioligands in NET's shows several
important features. First, it is evident, and as such confirms previous
reports (2,6,7), that single ligand binding to each of the 3 receptors is
good in a large number of NETs. However, there are with each single
ligand a significant number of tumors that are not labeled or that have
only a low density of receptors, a density that may not be sufficient to
allow in vivo detection (/7). Conversely, cocktail binding also reveals
the expression of receptors, often in high density, for cases in which
binding was negative with at least 1 of the single radioligands. On the
basis of previous experience on the comparison of somatostatin re-
ceptor autoradiography with somatostatin receptor imaging, the high
receptor density detected in the tumors of the present study with the
cocktail suggests that virtually all these tumors should also become
detectable in vivo with the cocktail (/7).

Second, the cocktail may overcome the problem of heterogeneous
receptor distribution seen with single radioligands, a heterogeneity
that is occasionally observed in NETs and that may be a reason for
insufficient imaging in vivo and for poorly successful targeted ra-
diotherapy. For the success of targeted radiotherapy, it may indeed be
decisive that the radioligand reaches every single cell of a tumor. The
general problem of receptor heterogeneity and its consequence for
adequate therapy has recently been emphasized (/2).

To our knowledge, our study was the first to investigate such
a triple receptor in vitro, although the idea for such a possibility
had been introduced many years ago (2,13). However, methodologic
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FIGURE 2. Quantification of receptor density (dpm/mg of tissue) in each
tumor. Values represent total binding minus nonspecific binding. Mean den-
sity of somatostatin receptors for all tumors is 2,542 + 319 dpm/mg of tissue.
Mean density of GLP-1-R for all tumors is 1,102 + 230 dpm/mg of tissue.
Mean density of GIP-R for all tumors is 1,787 + 156 dpm/mg of tissue. Mean
density of cocktail for all tumors is 5,602 + 300 dpm/mg of tissue.
SS-R = somatostatin receptor autoradiography alone (23|-Tyr3-octreotide);
GLP-1-R = GLP-1 receptor autoradiography alone ('25-GLP-1(7-36)amide);
GIP-R = GIP receptor autoradiography alone ('25-GIP(1-30)); triple R = re-
ceptor autoradiography with all 3 radioligands; | = ileal NET; P = pancreatic
NET (A = insulinomas; O = all other pancreatic NET); B = bronchial NET.

considerations made it difficult up to now to have an in vitro cock-
tail experiment such as the present one performed convincingly.
Indeed, to perform a cocktail experiment, it is crucial that the bind-
ing protocol be identical for each of the single radioligands, in order
to have the cocktail experiment performed under controlled condi-
tions suited to all 3 radioligands at the same time. Although the
experimental protocol is different for somatostatin receptors, chole-
cystokinin receptors, and NPY receptors (2,13), the experimental
protocol is, luckily, identical for somatostatin receptors, GLP-1
receptors, and GIP receptors (2,6,7), making it possible to investi-
gate these 3 receptors simultaneously.

What are the consequences of these in vitro data for nuclear
medicine? These data indicate that adequate radioligands for the
detection of these 3 receptors in vivo have to be chosen:
established radioligands exist for somatostatin receptor labeling
(chelated octreotide and octreotate derivatives (/4), or, more re-
cently, chelated somatostatin receptor antagonist (/5)) and for
GLP-1 receptor labeling (chelated exendin derivatives (8)); radio-
ligands for GIP receptors are in development, with the first in vivo
animal imaging studies giving the proof of concept that GIP re-
ceptor targeting is feasible in vivo (16). Better radioligands need
to be developed for therapy: specifically, current GLP-1 and GIP
analogs have an excessive kidney uptake. Incretin receptor antag-
onists may be an option; they would also reduce the pharmaco-
logic impact on glucose metabolism when 2 incretin receptor
agonists are used concomitantly (8). Also, multivalent ligands
may be an option, but it may be difficult to design multivalent
ligands with a sufficiently high affinity for each of the 3 receptors.
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Then, the optimal radioligand dosage will have to be found and the
complex logistic for using 3 different radioligands concomitantly
has to be established. Since these ligands are labeled with radio-
metals, one could envision a procedure in which 3 peptide ligands
are labeled in a single reaction vial, which could make multire-
ceptor targeting clinically feasible.
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