Langenbecks Arch Chir (1995) 380: 90-95

© Springer-Verlag 1995

ORIGINAL ARTICLE

S. Jonas - M. John - J. Boese-Landgraf - R. Héring
G. Prevost - F. Thomas - S. Rosewicz - E.-O. Riecken
B. Wiedenmann - P. Neuhaus

Somatostatin receptor subtypes in neuroendocrine tumor cell lines

and tumor tissues

Received: 12 September 1994

Subtypen des Somatostatinrezeptors in neuro-
endokrinen Tumorzellinien und Tumorgeweben

Abstract Somatostatin receptor scintigraphy (SRS) is
positive in approximately 80% of all patients who have
been found to have neuroendocrine (NE) gastroenteropan-
creatic (GEP) tumors. The reasons for negative results are
unclear. The aim of the present study was identification of
the specific somatostatin receptor (SSTR) subtypes that are
responsible for the in vivo binding of the widely used som-
atostatin (SST) analogues octreotide and lanreotide in hu-
man neuroendocrine gastroenteropancreatic tumors. Ten
patients were subjected to SRS with radiolabeled octreo-
tide. Following surgical resection, tumor tissues were an-
alyzed for SSTR subtype mRNA expression by the reverse
transcription-polymerase chain reaction (RT-PCR). In ad-
dition, SSTR subtype transcripts were investigated by
Northern blot analysis and RT-PCR in neuroendocrine tu-
mor cell lines. Expression of SSTR at the protein level was
studied by chemical cross-linking experiments. Three pa-
tients were negative by SRS. However, RT-PCR revealed
most prominently SSTR 2 expression in all tumor speci-
mens. In addition, all tumor tissues analyzed by chemical
crosslinking exhibited SST-14 binding sites, indicating
that at least some NE tumors were false-negative on SRS.
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The heterogeneous SSTR subtype pattern of NE tumor cell
lines with either SSTR 1 (BON, RIN 38) or SSTR 2
(QGP 1, AR 42 J) as the predominant subtype suggests an
additional role for other SSTR subtypes than SSTR 2.

Zusammenfassung In 80% der Fille von neuroendo-
krinen (NE-) Tumoren des gastroenteropankreatischen
(GEP-) Systems ergibt die Somatostatinrezeptorszintigra-
phie (SRS) positive Ergebnisse, wobei Ursachen negativer
Befunde nicht bekannt sind. Ziel dieser Studie war die
Identifizierung spezifischer Subtypen des Somatostatinre-
zeptors (SSTR), an die in NE-Tumoren des GEP-Systems
die verbreiteten Somatostatin(SST-)analoge Oktreotid und
Lanreotid in vivo binden. Bei 10 Patienten mit NE-Tu-
moren wurde eine SRS mit markiertem Oktreotid
durchgefiihrt und anschlieBend eine chirurgische Resek-
tion vorgenommen. Der Nachweis der mRNA-Expression
von SSTR-Subtypen im Tumorgewebe erfolgte mittels re-
verser Transkription und Polymerasekettenreaktion
(RT-PCR). Weiterhin wurden Transkripte von SSTR-Sub-
typen in NE-Tumorzellinien durch Northern-blot-Analyse
und RT-PCR untersucht. Die Expression von SSTR-Sub-
typen auf der Proteinebene wurde anhand chemischer
Quervernetzungsexperimente nachgewiesen. Ergebnisse
der SRS waren in 3 von 10 Patienten mit einem NE-Tumor
des GEP-Systems negativ. In allen Tumorgeweben wurde
mittels RT-PCR hauptsichlich die Expression des SSTR
2-Subtyps nachgewiesen. Weiterhin konnten in allen un-
tersuchten Tumorgeweben bei der chemischen Querver-
netzung SST 14-Bindungsstellen dargestellt werden, so
dafl von falsch-negativen Ergebnissen der SRS ausgegan-
gen werden muf3. Das heterogene Muster von SSTR-Sub-
typen in NE-Tumorzellinien mit vornehmlicher SSTR 1-
oder SSTR 2-Expression in BON- und RIN 38- bzw. in
QGP 1-und AR 42 J-Zellinien konnte fiir eine zusétzliche
Rolle anderer Subtypen als SSTR 2 sprechen.

Schliisselworter Somatostatinrezeptor-Subtypen
Neuroendokrine Tumorzellinien
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Introduction

Neuroendocrine (NE) tumor cells of the gastroenteropan-
creatic (GEP) system contain high-affinity binding sites
for somatostatin (SST) and its analogues octreotide and
lanreotide [23-26]. Stable somatostatin analogues (e.g.,
octreotide and lanreotide) are clinically used both to lo-
calize NE GEP tumors by somatostatin receptor scintig-
raphy (SRS) and, therapeutically, to control specific hy-
persecretion syndromes [9, 12, 28, 33]. Although most of
these tumors are positive on SRS, approximately 20-25%
of all NE GEP tumors are not detected by SRS when oc-
treotide is used as ligand [28, 33]. Interestingly, some of
the scintigraphically negative tumors exhibit in vitro bind-
ing sites for the “pan-ligand” somatostatin 14 (SST 14),
but not for octreotide. This suggests that different soma-
tostatin receptor subtypes must exist in NE tumor cells
[11,13].

Recently, five distinct somatostatin receptor (SSTR)
subtypes have been identified and characterized by molec-
ular cloning and expression studies [1, 2, 4, 5, 15-17, 22,
27, 29-32]. All SSTRs have been shown to be G-protein-
coupled and to exhibit seven putative membrane-spanning
domains [1, 17]. SSTR subtypes differ in their affinities
for specific ligands, such as SST-14, SST-28, or stable SST
analogues, such as octreotide [2, 22]. In vitro experiments
showed that lanreotide and octreotide mainly bind SSTR 2
with high affinity. Thus, different SSTR subtypes ex-
pressed in NE GEP tumors cells may account for the pos-
itive or negative results obtained with SRS.

In the present study, we investigated the expression of
SSTR 1-3 mRNA in both pancreatic NE cell lines and NE
GEP tumor tissues. In addition, expression of SSTR at the
protein level was studied by chemical crosslinking experi-
ments using SST-14 as ligand.

Materials and methods
Cell culture

The NE pancreatic tumor cell lines AR 42 J (rat) [7], RIN 38 (rat)
[18], BON (human) [6] and QGP 1 (human) [8] were cultured in plas-
tic flasks or in 60-mm-plastic petri dishes as previously described.
Cells were harvested at >90% confluence.

Tumor tissues

Tumor tissues of 10 patients with NE GEP tumors were obtained by
surgery at the Universititsklinikum Rudolf Virchow (UKRV) and
Universitdtsklinikum Benjamin Franklin (UKBIJ), Berlin, Germany.
Informed consent was obtained from all patients, and the study was
performed in accordance with the standards set by the ethical com-
mittee of the UKRV and UKBJ. Tissue samples were quick-frozen
in liquid nitrogen and stored at —80 °C. The NE tumor histology was
verified by conventional and immunohistological methods prior to
either RNA or protein preparation.

Somatostatin recentor scintigraphv (SRS) was nerformed nreon-
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RNA isolation

RNA extraction from reference tissue (rat brain) and cells (AR 42 J,
RIN 38, BON, QGP 1) was performed by the guanidinium isothio-
cyanat/cesiumchloride method as previously described [14]. Subse-
quent mRNA preparation was done by the use of a PolyAtract kit
(Promega, Serva, Heidelberg, FRG) according to the manufacturer’s
instructions.

Total RNA from minor amounts of tissue was purified following
the method of Chomczynski and Sacchi [3} with minor modifica-
tions. Briefly, 10-20 mg tumor tissue were homogenized in guani-
dinium thiocyanate homogenization buffer. RNA purification was
performed in an acidified solution by phenol/chloroform/isoamyl al-
cohol extraction. Aqueous phase was subsequently extracted twice
by chloroform.

RNA samples were precipitated using isopropanol, the pelleted
RNA was washed twice with 75% ethanol, stored in 75% ethanol at
—80°C and redissolved in RNase-free water prior to use for North-
ern blotting or reverse transcription.

Northern blotting

mRNA analysis was done by Northern blotting using 20 pg of dena-
tured mRNA separated on a formaldehyde-agarose-gel and trans-
ferred to a nylon membrane (Hybond N, Amersham, Braunschweig,
Germany) by standard capillary blotting methods [14].

pPUC 18 containing mouse SSTR 1 cDNA and pGEM 3 Z con-
taining SSTR 2 ¢cDNA were kind gifts from S. Seino, Chiba, Japan.
pBluescript SK containing rat SSTR 3 cDNA was a kind gift of W.
Meyerhof, Hamburg, FRG. A 0.95-kb Pstl/Sall fragment of the
mouse SSTR 1, a 1.2-kb Xbal fragment of the mouse SSTR 2 and a
3.6-kb EcoRI fragment of the rat SSTR 3 were used as SSTR-sub-
type- slz)ecific cDNA probes. The respective cDNAs were labeled
with 3*P-dCTP (NEN) using a random prime labeling kit (Amer-
sham, Braunschweig, FRG). Hybridization using SSTR-specific ra-
diolabeled cDNA probes was carried out overnight in buffer contain-
ing formamide at 42 °C, followed by high-stringency washes. North-
ern blots were exposed to X-ray films at -80 °C 24-72 h.

Reverse transcription-polymerase chain reaction (RT-PCR)

First-strand cDNA for PCR was generated from about 1 ug of total
RNA or mRNA. Reverse transcription was carried out according to
standard protocols of the manufacturer using M-MLYV reverse tran-
scriptase (Gibco-BRL, Berlin, Germany). Control experiments were
carried out without M-MLYV reverse transcriptase or with water in-
stead of mRNA solution (control RT). Unless otherwise indicated,
the RT mixture was used directly as template for PCR in a 1/500
dilution. Control amplifications were performed with control RT as
template to exclude contamination of the reaction mixtures. No am-
plified cDNA was found in any of the control experiments. The iden-
tity of the amplified cDNA fragments was confirmed by Southern
blotting and subsequent hybridization with SSTR-subtype-specific
cDNA probes as described below.

For semiquantitative determination of SSTR subtype mRNA
of NE tumor cell lines, RT mixtures were amplified at consecutive
PCR cycles using subtype-specific primer pairs: human SSTR 1:
5-TCCCAGAACGGGACCTTGAGC and 5-AACCTGGGCGTGT
GGGTGCTA, human SSTR2: 5-GGCTCTGTGGTGTCAAC-
CAAC and 5-TGCACCATCAACTGGCCAGGT, human SSTR 3:
5-TCGGTGTCCACGACCTCAGAA and 5-CGCTACCTGGCC
GTGGTACAT, rat SSTR 1: 5-GGTCAGGGTAGCGCCATTCTC
and 5-TGCGGTGCGTGAGAAGACCAC, rat SSTR 2: 5’-CTG-
GCCTCCGGAGCAACCAGT and 5-CGTGGTCTCATTCAG-
CCGGGA, rat SSTR 3: 5-CTGGACACGTCCCTGGGGAAT and
5-ATGAAGGCTGTTCGCCAGGCA. The reaction was carried out
in 10 mM Tris-HCI buffer pH 9.0 containing 50 mM KCl, 0.1% Tri-
ton X-100, 1.0 mM MgCl,, 100 uM of each ANTP, 12.5 pmol of each

nrimer_and 2.5 UJ Taa DNA Polvmerase (Promega-Serva. Heidel-

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

92

a Trio Thermocycler (Biometra, Géttingen, FRG). Following an in-
itial denaturing step for 5 min at 95 °C, Taqg DNA polymerase was
added. The amplification program consists of 28-38 cycles with 30 s
denaturation at 94 °C, 1 min annealing at 63 °C and 1.5 min extend-
ing at 72 °C.

Human and rat glyceraldehyde-3-phosphate dehydrogenase-spe-
cific primers (Clontech, ITC, Heidelberg, FRG) were used to ampli-
fy the respective cDNA fragment (about 1000 bp in size) as internal
standard according to the manufacturer’s instructions.

Amplificates from consecutive cycles were analyzed by agarose
gel electrophoresis (2% agarose), DNA was visualized by ethidium
bromide, and photographs of the respective gels were scanned and
subsequently examined by densitometry. The PCR resulted in single
bands of the expected size (human SSTR 1, 417 bp; human SSTR 2,
531 bP; human SSTR 3, 420 bp; rat SSTR 1, 428 bp, rat SSTR 2,
521 bp; rat SSTR 3, 551 bp).

RNA samples from tumor tissued were analyzed in RT-PCR
using a pair of degenerated primers chosen from highly conserved
regions of all known SSTR subtypes from rat, mice and hu-
mans (srcom 1: 5-AYCGITAYSTGGCYGTRGTICAYC, srcom 2:
5-VGG -GTTKGCRCAGCTRTTRGCRTA). The amplification was
carried out in 10 mM Tris HCI buffer at pH 9.0, containing 50 mM
KCl, 0.1% Triton X-100, 1.6 mM MgCl,, 200 uM of each dNTP,
50 pmol of each primer and 2.5 U Taqg DNA Polymerase (Promega-
Serva, Heidelberg, FRG) in a final volume of 50 ul. Following an
initial denaturing step for 3 min at 95 °C, Tag DNA polymerase was
added. The amplification program consists of 35 cycles with 40 s
denaturation at 95°C, 1.5 min annealing at 55°C and 1.5 min ex-
tending at 72 °C.

Aliquots of the PCR mixtures were analyzed by agarose gel elec-
trophoresis using a 2% agarose gel. The PCR resulted in cDNA frag-
ments of the expected size of about 500 kb. After electrophoresis,
gels were denatured in buffer A (0.5 M NaOH, 1.5 M NaCl) about
30 min and subsequently blotted on positively charged nylon mem-
branes (Amersham Hybond N+, Braunschweig, Germany) for a min-
imum of 2 h using a standard capillary blotting protocol with buf-
fer A as blot buffer. After blotting, membranes were washed briefly
in neutralization buffer and baked for 2 h at 80°C.

Southern blot analysis

Southern blots of PCR amplificates were probed with fluorescin-la-
beled probes of the respective SSTR ¢DNA fragments. Labeling, hy-
bridization and ECL detection were carried out according to the man-
ufacturers protocol (Amersham, Braunschweig, Germany) with three
high-stringency washes at 65°C. -

Chemical crosslinking of somatostatin receptors with SST-14

Chemical crosslinking of SSTR with radiolabeled SST-14 was per-
formed as previously described [19, 20]. Briefly, frozen tumor tis-

Fig. 1 SSTR subtype mRNA
expression in NE pancreatic
tumor cell lines as revealed by
Northern blot analysis. Poly(A)
RNA samples from cell lines ;
(RIN 38, QGP 1, BON,

AR 42 J) and rat brain (control)
were denatured, electrophor-
esed, transferred to nylon mem-
branes and hybridized with
radiolabeled SSTR subtype-
specific cDNA probes
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sue samples or frozen cell pellets from about 10 cells of each cell
line (AR 42 J, RIN 38, BON) were homogenized by sonication in
cold buffer containing 20 mM Tris-HCl pH 7.4, 1 mM PMSF, 20%
glycerol, diluted at 1 g protein/ml and stored at —20 °C. The protein
concentration was determined by a colorimetric method (Sigma, Par-
is, France). The solution was diluted at a protein concentration of
1 mg/ml in cold binding buffer containing 20 mM Tris-HCI pH 7.4,
5 mM MgCl,, 1 mM PMSE. Then 100 Jﬂ of the respective protein
solution was mixed with 50 ul of '*’I-labeled somatostatin-14
(10° dpm) solubilized in 100 mM Tris-HCI pH 7.4, 5 mM MgCi,,
1 mM PMSEF, 0.1% bovine serum albumin (BSA). The mixture was
incubated at 4 °C for 30 min. Chemical crosslinking was achieved
by the use of 0.1 mM ethylene-glycol-bis(succinimidyl-succinate)
(Sigma, Paris, France), and crosslinking was done at 4 °C for 15 min.
Crosslinking was stopped by the addition of 50 ul gel loading buf-
fer (125 mM Tris-HCI pH 7.4, 10% SDS, 50% glycerol, 20% mer-
captoethanol, 0.025% bromophenol blue). To confirm specific bind-
ing of SST-14, control binding experiments were performed with un-
labeled SST-14 in excess. Samples were heated at 95 °C for 2 min
and proteins were separated in 12.5% SDS polyacrylamide gel. Gels
were dried and autoradiographed at —80 °C.

Results

SSTR subtype expression in NE tumor cell lines

The distribution of SSTR 1, SSTR 2, SSTR 3 was exam-
ined by Northern blotting in rat brain as reference tissue
and in cell lines from rat (AR 42 J, RIN) and humans
(QGP 1, BON). By Northern blotting, readily detectable
levels of SSTR 1 mRNA (3.6 kb) were found only in rat
brain and RIN insulinoma cells (Fig. 1, Table 1). After pro-
longed times of exposure, a weak signal for SSTR 1,
mRNA was found in the case of AR 42 J cells. SSTR 2
mRNA was detected at high levels in rat brain and in AR
42 J cells, but only at a low signal strength in RIN cells
(Fig. 1, Table 1). Transcripts of 2.2 kb hybridized with the
SSTR 2 probe. The SSTR 3 mRNA transcripts of approx-
imately 4.4 kb were only detected in rat brain and not in
any of the cell lines studied (Fig. 1, Table 1).

SSTR subtype gene expression was also analyzed by
RT-PCR technique using SSTR subtype specific primer
pairs in the subsequent PCR step. In all PCR experiments,
the amplification products were of the expected sizes
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Table 1 Specific somatostatin receptor (SSTR) subtype mRNA ex-
pression in neuroendocrine (NE) tumor lines as revealed by North-
ern blot analysis (+ hybridization signal; (+) low signal after pro-
longed exposure time; — negative)

SSTR 1 SSTR 2 SSTR 3
Rat brain + + +
QGP 1 - - -
BON - — -
RIN 38 + +) -
AR42] ) + -

Table 2 SSTR subtype mRNA levels and SST-14 binding in NE
pancreatic tumor cell lines. Relative abundance of SSTR subtype
transcripts was estimated from the signal strength of the electrophor-
esed amplifications yielded by consecutive PCR cycles in relation to
glyceraldehyde-3-phosphate dehydrogenase mRNA expression (n.d.
not detected; n.t. not tested; RT-PCR: (+), +, ++, +++ relative abun-
dance; chemical crosslinking: + signal for specific SST-14 binding,
i.e., specific binding of radiolabeled SST-14 to polypeptide of 42,
57,70 or 90 kDa in SDS-PAGE)

RT-PCR Crosslinking
SSTR1 SSTR2 SSTR3 SST-14
QGP 1 ++ + n.d. n.t.
BON +++ + (+) +
AR42] ++ +++ +) +
RIN 38 +++ ++ ) +

Table 3 SSTR subtype expression in human NE GEP tumor tissues.
RT-PCR analysis was performed using degenerated primer pairs.
PCR-generated DNA fragments were analyzed by Southern blot
analysis using SSTR subtype-specific probes [, (+), +, ++, intensi-
ty of the hybridization signal] (SRS somatostatin receptor scinti-
graphy (performed preoperatively in all patients: + positivity as
described elsewhere [7, 81); chemical crosslinking: + positive signal
for specific SST-14 binding as described in Table 2, p primary tu-
mor, m metastasis)

Tumor tissue RT-PCR SRS Cross-
linking
SSTR1 SSTR2 SSTR 3
Insulinoma (liver m.) + ++ - - +
Atypical carcinoid (p.) - ++ _ _ +
Carcinoid 1 (ovary, m.) (+) ++ - - +
Carcinoid 2 (liver m.)  + ++ - + +
Carcinoid 3 (p.) + ++ — + Lt
Carcinoid 4 (p.) - ++ — + +
Carcinoid 5 (liver m.) - ++ — + +
Gastrinoma 1 (p.) - ++ ~ + +
Gastrinoma 2 (liver m.) + ++ - + +
Gastrinoma 3 (liver m.) (+) ++ - + n.t.

(Fig. 2). In addition, the specificity of the primer pairs was
confirmed by Southern blotting and subsequent hybridiza-
tion of the respective amplified DNA fragments with SSTR
subtype specific cDNA probes (data not shown).

Figure 1 shows the results of a representative RT-PCR
experiment using mRNA of the indicated NE tumor cells
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Fig. 2 SSTR subtype mRNA expression in NE pancreatic tumor cell
lines as revealed by RT-PCR analysis. Poly(A) RNA samples from
cell lines were reversely transcribed, subsequent PCR was performed
using SSTR subtype specific primer pairs (h, human; r, rat). Reac-
tion mixtures were analyzed by electrophoresis in ethidium bromide
stained agarose gels. The PCR resulted in single bands of the expect-
ed size (hSSTR 1 — 417 bp, hSSTR 2 ~ 531 bp, hSSTR 3 — 420 bp,
rSSTR 1 — 428 bp, rSSTR 2 - 521 bp, rSSTR3 - 551 bp)

the subtype transcripts (Table 2) was estimated from the
signal strength of the electrophoresed amplificates yielded
by consecutive cycles in relation to glyceraldehyde-3-
phosphate dehydrogenase mRNA expression. SSTR 1
transcripts were detected most prominently in RIN 38 cells
and in BON cells, and at lower levelsin AR 42 Jand QGP 1
cells. The SSTR 2 transcript was found to be the predom-
inant SSTR mRNA in AR42 J and QGP 1 cells and to oc-
cur at lower levels in BON and RIN cells. The expression
levels of SSTR 3 mRNA were very low in both BON and
AR 42 J cells, and not detectable in QGP 1 and RIN cells.

The expression of SSTR at the protein level was con-
firmed by chemical crosslinking experiments using SST-
14 as ligand. As shown in Table 2, all cell lines tested ex-
hibited positive signals for SST-14 binding. Cell lines pos-
itive by chemical crosslinking showed specific binding of
radiolabeled SST-14 to polypeptides of 42, 57, 70 or
90 kDa in SDS-PAGE, owing to the molecular heteroge-
neity of the SSTR found in this analytical approach [21].

SSTR subtypes in human NE GEP tumors

Tumor tissue samples of ten patients preoperatively sub-
jected to somatostatin receptor scintigraphy (SRS) were
studied by RT-PCR and chemical crosslinking (Table 3).
The NE GEP tumors of seven patients (4 with carcinoids,
3 with gastrinomas) were positive on SRS. In three patients
with, variously, an insulinoma, an atypical carcinoid and
an ileal carcinoid, the primary tumor or metastases failed
to be detected by SRS. Interestingly, all tumor tissues in-
vestigated were positive by chemical crosslinking with
SST-14 (Table 3). As mentioned above, tumor tissues pos-
itive by chemical crosslinking showed specific binding of
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SDS-PAGE. Thus, all tumor tissues tested exhibited som-
atostatin-binding sites in vitro. RT-PCR analysis of the ex-
pression of the SSTR subtype transcripts using degener-
ated primer pairs revealed a heterogeneous pattern. SSTR 2
mRNA was found at high levels in all tumor tissues,
whereas SSTR 1 subtype mRNA was detectable in only six
of the ten tissue samples. SSTR 3 transcripts were not de-
tected in any of the tumor tissues tested under the PCR con-
ditions used.

Discussion

Binding sites for SST-14, SST-28 and the clinically rele-
vant SST analogues octreotide or lanreotide have been
found in a large number of NE tumors by in vitro radioli-
gand binding techniques [23-26]. Using SRS, in vivo bind-
ing of the SST. analogue octreotide to NE tumors was
initially observed by Lamberts and co-workers [9, 12] and
was later confirmed by others [28, 33]. To date, the expres-
ston of the known SSTR subtypes (for nomenclature see
[2]) has only been examined in a small number of patients
with NE tumors of the pancreas and intestine by a non-
quantitative RT-PCR approach [10]. The authors suggested
that only SSTR 2 was functionally relevant, but the study
lacks data on the expression of SSTRs at the protein level.
In addition, the data obtained were not correlated to in vivo
binding conditions, i.e. SRS.

In this study, we have assessed the composition of SSTR
subtypes in human NE tumor tissue by RT-PCR and by in
vitro crosslinking using SST-14 as the SSTR ligand as well
as by in vivo imaging using SRS. In addition, we studied
SSTR subtypes in NE tumor cell lines by Northern blot-
ting, RT-PCR and in vitro crosslinking using SST-14 as
SSTR ligand.

SRS was performed in all ten patients and failed to de-
tect tumors in three patients. As demonstrated both by
RT-PCR and by crosslinking experiments, all tumor tissues
exhibited at least one SSTR subtype transcript and all tu-
mor tissues investigated contained SST-14-binding sites.
At present, we cannot exclude the possibility that the ex-
pression of SSTRs was due to the presence of some nor-
mal tissue surrounding the tumors and expressing SSTR.
However, our data indicate that at least some NE tumor le-
sions were false-negative by SRS.

The observed SSTR subtype pattern determined by
RT-PCR of NE GEP tumor tissues and cell lines implies a
central role for SSTR 2 as target for octreotide or lanreo-
tide in tumor diagnostics (SRS) and therapy (control of hy-
persecretion syndromes). However, as SRS-negative tu-
mor tissues showed somatostatin-binding sites in vitro, the
development of additional SSTR-subtype-specific ligands
may be proposed for these tumors to avoid false-negative
results in SRS.

In addition, the heterogeneous SSTR subtype pattern of
NE tumor cell lines with either SSTR 1 (BON, RIN) or
SSTR 2 (QGP 1, AR 42 J) as the predominant subtype sug-
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GEP tumor tissues and tumor cell lines should be also stud-
ied by semiquantitative PT-PCR to determine the complete
SSTR subtype pattern, including the recently described
subtypes 4 and 5.

Further studies, using SSTR subtype-specific ligands
may help to clarify the role of SSTR subtypes other than
SSTR 2. Such investigations may lead to improved diag-
nosis and treatment of NE GEP tumor disease.
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