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ABSTRACT

Fifty-two brain tumors, consisting of 17 astrocytomas, 4 oligodendrog-
liomas. 20 glioblastomas, 3 neurinomas, 2 ependymomas, 1 neurofibroma,
1 ganglioneuroblastoma, 1 medulloblastoma, 1 plexus papilloma, 1 tera-
toma, and 1 germinonta, were tested for their content of specific soma-
tostatin receptors using autoradiographic techniques or in vitro binding
assays with membrane homogenates. Somatostatin receptors were found
in most of the differentiated glia-derived tumors such as astrocytomas
and oligodendrogliomas whereas the poorly differentiated glioblastomas
were usually free of receptors. Tumors originating from neuroblasts, i.e.,
ganglioneuroblastoma and medulloblastoma, contained a high density of
Somatostatin receptors, whereas neurinomas and neurofibromas as well
as the ependymomas, one teratoma, and one plexus papilloma were
lacking such receptors. In one germinoma, low amounts of Somatostatin
receptors were observed over the lymphocytic elements.

Receptor-positive tumors had saturable and high affinity receptors
with pharmacological specificity for Somatostatin and Somatostatin ana
logues resembling that of normal human central nervous system tissue.
In most instances, they could be labeled with two different iodinated
radioligands, a Somatostatin octapeptide derivative (204-090) or a so-
matostatin-28 analogue.

This is the first time that Somatostatin receptors have been shown to
exist not only on neuronal structures of the central nervous system but
also on glial elements. The precise function of such Somatostatin receptors
on glial cells, which may be different from neurotransmission, remains
to be determined.

INTRODUCTION

SS,2 a tetradecapeptide discovered by Brazeau et al. (1), has

potent inhibitory effects on various secretion processes in pi
tuitary, pancreatic, or gastrointestinal tissue (2). In addition, its
location within CNS neurons and its stimulus-evoked release
from nerve terminals suggests that it might be a neurotrans-
mitter in the CNS (3). The various biological actions of SS,
including those in the brain, seem to be mediated through
specific high affinity receptors (4-7). In the rat and human
brain, a specific and dense distribution in cortical and limbic
areas of predominantly neuronally localized SS receptors (8, 9)
would support indeed a neurotransmitter role of SS.

Not only normal target tissues for SS but also tumorally
transformed tissue of the same origin have SS receptors, as has
been shown for pituitary (10, 11) or pancreatic adenomas (12).
They are probably the molecular basis for the clinical efficacy
of SMS 201-995 therapy in such tumor patients. SS receptors
located on the tumor itself may mediate the inhibition of
hormone secretion as well as perhaps additional intrinsic anti-
proliferative effects (13-19).

Recently we reported that a group of human CNS tumors,
the meningiomas, originating from a tissue not previously as-
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sociated with SS, are bearing high densities of SS receptors
(20). We have now extended the study to intracerebral tumors,
mainly astrocytomas, oligodendrogliomas, and glioblastomas
using both in vitro receptor binding on homogenates and auto
radiographic techniques. Such a study may help to further
define on which cell types within the human CNS the SS
receptors are localized and to trigger future studies about the
mechanism of action of SS within this tissue.

PATIENTS AND METHODS

Samples

Fifty-two tumors originating from the human nervous system were
obtained at surgery from the University Hospital in Rotterdam and
from the Neuropathology Division of the University Hospital in Zurich.
One part was used for histolÃ³gica!examination, all being diagnosed as
CNS tumors and further classified into histological subtypes as shown
in Table 1. The other part was processed as follows. The tissue was
immediately put on ice and within a maximal delay of IS min frozen
at -80Â°C. The storage time of the tumors at -80Â°C before autoradi

ographic processing ranged from 10 days to 4 months. Tumor samples
measured between 5 and 20 mm in diameter. Frozen material was cut
on a cryostat for autoradiographic visualization of SS receptors and, in
some cases, processed to obtain membrane homogenates for in vitro SS
receptor binding assays. Since contamination of the tumor samples
with normal brain tissue, which contains a high concentration of SS
receptors (9), could not be excluded in advance, each sample was first
processed for autoradiography in order to identify the tissue bearing
the receptors. Only the receptor-positive samples containing exclusively
tumorous tissue at the autoradiographic level were used for further
biochemical characterization. All experiments were repeated two or
three times. As shown previously using post mortem human brains (9),
the above mentioned sampling and storage procedure will not affect
the proteolytic stability of SS receptors.

None of the patients had been treated with SS or SS analogue prior
to surgery.

SS Receptor Autoradiography. Visualization of SS receptors in CNS
tumors were performed as described previously (9, 21) for brain tissue
using '"1-204-090, a stable octapeptide SS analogue. 204-090 was

iodinated and purified according to the method of Reubi et al. (22, 23)
and characterized in standard binding assays. For autoradiography, the
tumors were cut on a cryostat (Leitz 1720) in 10-Â¿tmsections, mounted
on precleaned microscope slides, and stored at -20Â°C for at least 3

days to improve adhesion of the tissue to the slide. Sections were
preincubated in 50 HIM Tris-HCl buffer (pH 7.4), containing 2 IHM
("a('l: and 5 IHM KC1, for 10 min at ambient temperature and then

washed twice for 2 min in the same buffer without additional salts
added. Incubation was carried out for 2 h at ambient temperature in
170 mM Tris-HCl buffer (pH 7.4), containing bovine serum albumin
(1%), bacitracin (40 Mg/ml), and MgClj (5 HIM),to inhibit endogenous
proteases in the presence of iodinated ligand (0.16 x 10'' dpm/ml).
Nonspecific binding was determined by adding unlabeled 204-090 at a
concentration of 1 u\i. In all SS receptor-positive tumors, nonspecific
binding was performed also using 10 M and 10" M concentrations of
SS or 204-090. Moreover, for specificity control, at least one section
was incubated with a 10~6M concentration of an unrelated peptide such

as LHRH or SS-28(1-12). Incubated sections were washed twice for 5
min in cold incubation buffer containing 0.25% BSA. Prolonged wash
ing times did not change the amount of specifically or nonspecifically
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Table 1 Individual data of 52 patients with CNS tumors and the result of receptor determinations
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' Tumor SS receptors have been characterized biochemically and pharmacologically.

bound tracer. After a brief dip in distilled water to remove excess salts,
the sections were dried quickly, apposed to 3H-LKB films, and exposed

for 1 to 3 weeks in X-ray cassettes.

Additionally, autoradiography was performed on most tumors using
another radioligand also labeling SS receptors in rat and human brain,
the iodinated [Leu8,D-Trp22,Tyr"]-SS-28 (22). This ligand was prepared

as described previously (5), using the same methodology for autora
diography as described above.

Both '"1-204-090 and 125I-LTT-SS-28 radioligands were purified

with high pressure liquid chromatography to single peaks correspond
ing to the respective monoiodinated peptide, with an approximate
specific activity of 2000 Ci/mmol.

Hormone Receptor Assay. Selected tumors in which SS receptors
were visualized with autoradiographic methods were also characterized
biochemically in homogenate binding assay when sufficient tumor
material, not contaminated with normal brain tissue, was available.

SS binding assay with tumor homogenates was performed using '"!-

LTT-SS-28, purified as described previously (5). The membranes were

prepared from frozen pieces of each tumor according to the method
described previously for pituitary adenomas (10). The thawed tumors
were homogenized in 5-20 volumes 10 mM Hepes buffer (Sigma

Chemical Co., St. Louis, MO), pH 7.6, on ice. The homogenate was
centrifugea once for 20 min at 47,000 x g at 4Â°Cand the resulting

pellet was resuspended in 5-10 volumes 10 mM Hepes buffer, pH 7.6.
Aliquots of the homogenate were stored frozen at â€”30Â°C.

Binding studies were performed as described previously (5, 20, 23).
Briefly, human tumor membranes (corresponding to about 20-50 >Â¡K
protein) were incubated in triplicate in a total volume of 100 ;/l at 22Â°C

for 30 min with 40,000 to 60,000 cpm radioligand and increasing
concentrations of tinlabeled peptide in 10 mM Hepes buffer (pH 7.6)
containing 0.5% BSA (Sigma). The incubation was terminated by
addition of 2 ml ice-cold saline followed by rapid filtration of the
mixture through GF/C filters (Whatman, Clifton, NJ) precoated for 2
h in polyethylene-inline, which were then rinsed five times each with 2

ml saline. Filters were counted in an LKB counter (85% efficiency).
Specific binding was taken to be total binding minus binding in the
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presence of 100 nsi SS-28. Protein was determined with the Bio-Rad
(Richmond, CA) protein assay kit.

The dissociation constant (A,,) and number of binding sites (fim,x)
were calculated from 5- to 7-point Scatchard plots of the data.

The following peptides were used: SS-28, SS-28(1-12), LHRH
(Bachern, Marina del Rey, CA), SS, SMS 201-995
[H-D-Phe-Cys-Phe-D-Trp-Lys-Thr-Cys-Thr(ol)] and its Tyr3 ana
logue code-named 204-090 (synthesized by W. Bauer, Sandoz, Ltd.,
Basel, Switzerland), and [Des-Trp*]-SS, a kind gift from Dr. J. Rivier

(The Salk Institute, San Diego, CA). The visualization of mitoses was
performed using specific monoclonal antibodies against nuclear pro
teins (Ki 67) (24). Immunostaining against glial fibrillary protein was
performed as described elsewhere (25).

RESULTS

Table 1 summarizes the clinical and biochemical data from
52 patients suffering from CNS tumors. From 17 astrocytomas
investigated, a tumor originating from the astrocytic glial cell
type, 14 were found to be SS receptor positive. The receptor
density varied among the tumors, possibly being dependent on
the degree of differentiation. The sometimes higher density of
receptors in astrocytomas II or even III may be due to the
higher cellular density of these tumor types compared to type
I. Four of the tumors were characterized biochemically in
addition to autoradiographic visualization. The SS receptors
were shown to be saturable and of high affinity (KD = 1.9, 2.1,
0.2, and 1.09 nM) and often of high density (5maâ€ž= 505, 179,
277, and 370 fmol/mg protein). Pharmacological specificity for
somatostatin was observed since SS, SS-28, and SMS 201-995
displaced with high affinity the radioligand l25I-LTT-SS-28,
whereas the biologically inactive SS-28(1-12) and the unrelated
peptide LHRH (both at IO"6 M) did not displace the radioligand

in the astrocytoma membrane preparations (Fig. 1). Fig. 2
visualizes SS receptors in two different cases of astrocytomas.

Among the 4 tested oligodendrogliomas, a tumor originating
from another glial cell type, the oligodendrocyte, 2 of them
contained also high amounts of SS receptors (Table 1; Fig. 3,
A-D). These receptors were also of high affinity since IO"7 M
204-090 totally and 10~8M 204-090 partially displaced the '"I-

204-090 ligand in autoradiographic sections. Moreover, inac
tive analogues such as SS-2S( I-l 2) did not displace the radioli

gand.
A third group of tumor consisting of one ganglioneuroblas-

toma and one medulloblastoma, originating from primitive
neuronal cells, i.e., the neuroblast cells, were also rich in SS
receptors (Table 1; Fig. 4). Interestingly, whereas all tumoral
tissue in the medulloblastoma contains SS receptors, only one
part of the ganglioneuroblastoma, the one with lower cellularity,
was SS receptor positive. Biochemical characterization of the
medulloblastoma receptors showed a very high density of high
affinity SS receptors in the in vitro binding assay (Fig. 1). The
dissociation constant (Kn) for SS was 3.4 nM and the total
number of sites (fimax) equivalent to 2366 fmol/mg protein.
Biologically active analogues such as SS-28 or SMS 201-995
were potent inhibitors of '"I-LTT-SS-28 binding whereas the
biologically inactive analogue SS-28(1-12) did not compete with
the radioligand. Moreover, SS was approximately equipotent
with SS-28. SMS 201-995 had a profile compatible with that
seen in rat cortical membranes (26, 27) and its binding affinity
was Na+- and Mg2+-dependent (28).

None of the 20 undifferentiated glioblastomas contained
specific SS receptors except for one, in which SS receptors were
found, but exclusively in a region surrounding a necrosis. Fig.
3 (E-H) shows an example of an SS receptor-negative glioblas-

Somotostatin Receptors in Human Astrocytoma

10 100

Peptides (nM)

Somatostatin Receptors in Human Medulloblastoma

Fig. 1. Binding of ' "I-LTT-SS-28 to membranes from a human astrocytoma

(case 9) and a human medulloblastoma (case 44). Displacement of radioligand by
increasing concentrations of SS-28, SS, SMS 201-995, SS-28(1-12). and LHRH.
Points, average of triplicate tubes. Insets, Scatchard plot of the inhibition curve
with SS-28. Astrocytoma: KD= 0.21 nM, Bâ€žâ€ž= 277 fmol/mg protein; medullob
lastoma: KD= 3.4 HM,ÃŸâ€žâ€ž= 2366 fmol/mg protein. Membranes were incubated
for 30 min at 22*C with 40,000 cpm radioligand. B/F, bound versus free.

toma, surrounded by normal brain tissue containing high
amounts of SS receptors, as a positive control.

Neither neurinomas (n = 3) nor a neurofibroma were SS
receptor positive. A teratoma, a rare tumor derived from plu-
ripotential cells, as well as two ependymomas and one plexus
papilloma, were also negative (Table 1). Interestingly, in one
case of germinoma (Fig. 5) accumulations of lymphocytic cells
appeared to be radiolabeled.

Sections of most CNS tumors were also incubated in separate
autoradiographic experiments with ' "I-LTT-SS-28 radioli

gand. As seen in Table 1 all tumors in which SS receptors were
measured with the '"1-204-090 ligand were also shown to be
receptor positive with the '"I-LTT-SS-28 tracer. Interestingly,

in some tumors, an apparent higher density of receptors was
observed with the ' "I-LTT-SS-28 ligand. This may be related
to the fact that '"204-090 labels only a subpopulation of SS

receptors in some brain regions (22, 23). A comparative quan
tification of the SS receptors with each tumor has not been
performed, due to the heterogeneity of the tumor material from
one section to the next, as well as to the different degradation
properties of the tracers. In two astrocytomas (cases 11 and
12), SS receptors were detected only with ' "I-LTT-SS-28,

suggesting that only one subpopulation of receptors, namely
the SS2 type, was present there. Some brain regions, i.e., sub-
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Fig. 2. Localization of SS receptors in two astrocytomas. (case 9, A-I>, and
case 5. E-H). A and E, hematoxylin-stained tissue sections; B and F, autoradi
ograms showing total binding: C and G, nonspecific binding. Radioligand, '"I-
204-090. Inset D from tissue section A represents a differentiated, grade II
astrocytoma. Insel H from tissue section E represents a low grade (I), well
differentiated astrocytoma with microcystic changes in the neuropil. 'H-LKB
Ultrofilms. exposure time 1 week. Bar. \ mm.

stantia nigra of the human brain, are known to contain only
SS2 receptors (22).

The sex or the age of the patients was not related to the
presence or absence of receptors in any discernible way.

DISCUSSION

The main result of this study is the demonstration of specific
high affinity receptors for SS on well differentiated CNS tumors
originating either from glial cells, the astrocytomas and the
oligodendrogliomas, or from primitive neuronal neuroblasts. In
contrast, undifferentiated glial tumors, the glioblastomas, did
not possess SS receptors. Although we have shown recently (9)

*â€¢*.
Â«*Â«Â«

Fig. 3. SS receptors in an oligodendroglioma (case 20, .!-!>) and a glioblas-
toma (case 24,1. ID. A and /â€¢..hematoxylin-stained tissue sections; B, C, F, and
G, autoradiograms showing total (B + F) or nonspecific binding (C + G). Inset
D from the tissue section A represents a well differentiated oligodendroglioma
with moderate cellularity. Absence of SS receptors in the glioblastoma 24 (F) is
representative for most glioblastomas. Notice the sharp transition between glio
blastoma tissue with high cellularity (upper pan) and brain tissue (lower part),
shown in detail in Inset H. Only brain tissue is labeled (F). Radioligand, '"1-204-
090. Exposure time. I week. Bars, I mm.

that the human brain contains high numbers of SS receptors,
it could usually not be clearly determined whether such recep
tors were localized on neuronal or glial membranes. Direct
evidence solely for a neuronal localization of SS receptors in
the hippocampus was obtained from lesion experiments in the
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Fig. 4. Localization of SS receptors in aganglioneuroblastoma (Ai', case 43) and a

medulloblastoma (F-l, case 44). A and F, he-
matoxylin-stained tissue sections. //. C, G, and
//, autoradiograms showing total (B + G) or
nonspecific (C + H) binding. Radioligand. '"I-
204-090. In the ganglioneuroblastoma I I).
only the right part, characterized by low cellu-
larity and trabecular structures (Inset E),
shows SS receptors whereas the cell-dense left
part (Inset D) is virtually free of SS receptors.
Inset I, detail from the medulloblasloma in /.
Exposure time, I week. Bars, I mm.

rat hippocampus (8) and from the description of a vascular
lesion in a human hippocampus (9). The present results now
clearly support a glial localization of some SS receptors in
addition to a neuronal location, if we assume that the SS
receptors measured in the present study are not simply newly
expressed material due to tumorous transformation (29). This
would imply that in normal brain both astrocytes and oligoden-
drocytes may bear SS receptors. The role of such SS receptors
on glial cells is for the moment largely unknown. Nevertheless,
there is evidence that some glial cells in the rat brain are
sensitive to SS, as shown by the effects of SS on cyclic AMP
production or on the modulation of some glia-mediated neu-
rotransmitter actions (30-33). Moreover, it could be speculated
that, in analogy to the endocrine system, SS may inhibit the
release of some glial (growth) factors or have a trophic function
0,2).

The absence of SS receptors in undifferentiated glial tumors
such as glioblastomas may indicate that SS receptors are mark
ers for the differentiation grade of CNS tumors.

Among other positive results are the numerous SS receptors
found in tumors originating from primitive neuroblasts. There,
however, they can be easily explained, considering the wide and
very strong distribution of SS receptors within the human CNS

in general. It is not clear whether the high receptor density in
the medulloblastoma is a particularity of this type of tumor,
since only one case could be analyzed. However, it should be
remembered that high variability in SS receptor density has
been observed in tumors and that for instance 10-fold differ
ences in SS receptor number has been observed in pituitary
adenomas (10).

It has been shown recently that certain regions of the rat and
of the human brain contain two different populations of SS
receptors. This conclusion is based on the differentiated affinity
of a reduced-size SS analogue, SMS 201-995 (22, 26, 27). We
were able to show recently (22) that different regions of the
human brain possess different proportions of each of these
receptor subtypes. The present study does not suggest that one
of these SS receptor types is glia cell specific, since one would
then expect that astrocytomas and oligodendrogliomas express
only one of both subtypes. However, the fact that the tumoral
SS receptors can be labeled by the reduced-size SS analogue
'"1-204-090 as well as or by the iodinated SS-28 analogue

suggests that both types of SS receptors may be present on
most of the investigated tumor cells, reflecting the variability
in subtype ratio seen in the normal brain. As seen from the
pharmacological specificity of SMS 201-995 in most tumors of
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Fig. S. SS receptor distribution in one case of germinoma (case 52). This
tumor (stained tissue section in A, inset magnified in C) consists of large cells
(arrow) and lymphocytic elements. As seen in the autoradiogram in B, the
radioligand is selectively localized over the lymphocytic elements. D, nonspecific
binding. Radioligand, '"1-204-090. Exposure time, 1 week. Bars, 1 mm.

the present study, there is no significant difference in this
respect between the tumors and brain regions containing both
types of SS receptors such as cortex. In most cases, SMS 201-
995 does displace the radioligand '"I-LTT-SS-28 in the high

affinity range (26, 27), however, not always completely.
Germinoma is a rare tumor originating from primitive stem

cells, consisting of large epithelial human chrionic gonadotro-
pin-producing cells on one hand and lymphocytes on the other
hand (34). The lymphocytes in our case seem to bear a low
density of SS receptors. This finding would support an earlier
report suggesting the presence of SS receptors in monocytes
and lymphocytes (35). Moreover, a potential role for SS in such
cells as inhibitor of proliferation has been demonstrated (36,
37).

The elucidation of the potential functional role of the high
density of SS receptors in brain tumors, such as glial tumors or
meningiomas, is of particular importance. Since very little is
known from physiological studies in healthy brain tissues, the
question may be approached with tumor material directly. In
preliminary studies, where SS receptor-bearing meningiomas
are grown in cell culture, only a minimal effect of SS or SMS
201-995 is observed on growth parameters such as [3H]thymi-
dine incorporation.3 Although such studies suggest that the

main functional role of SS is not growth regulation, it is still
possible that optimal testing conditions have not yet been found.
Indeed, evidence that SS may have an antiproliferative role in
some tumor types has been reported; in gerbil fibroma and
HeLa cells, SS is able to inhibit the epidermal growth factor-
induced DNA synthesis and cell replication (38). Preliminary
results in our laboratory suggest that the molecular basis for
such an interaction is given in meningiomas also, since these
tumors bear a high number of both epidermal growth factor
receptors and SS receptors.4 Although the identification of SS

receptors in selective brain tumors is of basic interest, more
information will be necessary before the therapeutic potential
of SS in brain tumors can be conclusively evaluated. Moreover,
it should be considered that all the tumors investigated in this
report are localized within the blood-brain barrier. Although
this barrier may no longer be completely intact in the tumor
region (39), it is probable that the low brain permeability of
peripherally applied peptides currently used such as somato-
statin and their analogues will partly hinder such compounds
to reach their targets within the brain easily.
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