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Somatostatin receptor scintigraphy (SRS) using 111In-octreotide
has proven useful in the preoperative discrimination of expan-
sive central nervous system lesions. Meningiomas, generally
expressing human somatostatin receptor (hsst) on their surface,
were detected with a sensitivity of about 100%. This finding was
associated with the assumption that meningiomas lack an intact
blood–brain barrier. However, this exclusion procedure became
questionable when histologically proven meningiomas in which
SRS was negative were reported. Therefore, the aim of this
study was to discover why these meningiomas gave negative
SRS results. Methods: Before surgery, 46 patients with 47
meningiomas underwent standard MRI and SRS. Thirty-four of
these patients with 35 tumors were also examined by 99mTc-
diethylenetriaminepentaacetic acid (DTPA) brain scintigraphy.
After surgical resection, hsst subtype 2 (hsst2) messenger RNA
(mRNA) expression of 4 SRS-positive and 4 SRS-negative me-
ningiomas was estimated semiquantitatively by reverse tran-
scriptase polymerase chain reaction (RT-PCR). Translation of
hsst2 mRNA into receptor proteins was proven immunocyto-
chemically on the surface of 1 SRS-positive and 1 SRS-negative
meningioma. Tumor specimens used for RNA extraction and
RT-PCR and cultivated cells used for hsst2 immunostaining
were tested for their meningioma nature by immunochemistry.
Results: SRS yielded positive results in 39 meningiomas with a
tumor volume of 24.1 6 32.8 mL and negative results in 8
meningiomas with a volume of 3.9 6 6.5 mL. 99mTc-DTPA scin-
tigraphy visualized 24 of 35 meningiomas. SRS was positive in
all of them. In contrast, 11 meningiomas were 99mTc-DTPA
negative. In these meningiomas, SRS was negative in 5 cases
(5.4 6 8.1 mL), whereas the remaining 6 were positive (4.6 6 4.5
mL). None of the meningiomas was 99mTc-DTPA positive and
SRS negative. RT-PCR revealed no significant difference of
hsst2 mRNA expression between SRS-positive and SRS-neg-
ative meningiomas but showed varied expression among all
meningiomas regardless of SRS results. Furthermore, hsst2
proteins were visualized immunocytochemically on the surface
of cultivated cells of SRS-positive and SRS-negative meningi-
omas. Conclusion: SRS-negative meningiomas do express
hsst2; thus, in these meningiomas SRS is false-negative. Be-
cause an insufficient sensitivity was excluded, 99mTc-DTPA
scintigraphy identified a permeability barrier in SRS-negative
meningiomas that explains their false-negative SRS results.
SRS-negative meningiomas most likely meet the function of

their tissue of origin (the meninges) to develop more-or-less
intact permeability barriers.
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The cyclic tetradecapeptide somatostatin (SRIF-14),
originally isolated as a hypothalamic somatotropin release-
inhibiting factor, is widely distributed throughout the cen-
tral nervous system and peripheral tissues (1). Its various
effects (2–5) are mediated by 5 different transmembranous
somatostatin receptor subtypes (sst1–sst5), which show dis-
tinct tissue distributions and differ in their affinity to the
extended form of the somatostatin peptide (SRIF-28) and to
synthetic derivatives. Somatostatin receptors have been
identified on the surface of numerous cell types in vitro by
different methods (4,6) and in vivo by means of somatosta-
tin receptor scintigraphy (SRS) using111In-octreotide (7).
Application of SRS to successfully allow visualization and
localization of sst-expressing tumors, including gastroen-
teropancreatic tumors (8), malignant lymphoma (9), small
cell lung cancer (10,11), and meningiomas, has been re-
ported (12–15). SRS studies have shown repeatedly in vitro
and in vivo that meningiomas, regardless of their histologic
grading, express human sst (hsst) with a sensitivity of ap-
proximately 100% (12–15). The extremely high sensitivity
of about 100% of meningiomas in SRS was, among other
things, associated with the assumption that meningiomas
lack an intact blood–brain barrier (13–17). Because the
somatostatin analog111In-octreotide, used as a tracer in
SRS, is a polar, water-soluble octapeptide, it may penetrate
only into those tumors that do not develop, or have a
disrupted, blood–brain barrier (18,19). Therefore, SRS has
been suggested for the preoperative differentiation of me-
ningiomas from neurinomas, which show a predilection for
similar sites and do not express hsst (16). If no tracer
accumulation was detectable, meningiomas were supposed
to be excluded. However, this procedure became question-
able with reports of histologically proven meningiomas in
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which SRS was found to be negative (12,20). Neither his-
tology nor localization of the meningiomas correlated with
the lack of tracer uptake. In contrast, a small tumor volume
was associated with a negative SRS result. Because techni-
cal reasons, such as radiopharmacy or image acquisition
factors, could clearly be excluded, the reasons for negative
SRS results of meningiomas remained unclear. Besides the
possibility that SRS-negative meningiomas indeed do not
express hsst on their cell surface—and therefore the result
would be true-negative—several particularities of these me-
ningiomas could lead to a false-negative SRS result in the
case of a positive in vitro receptor finding (21). Therefore,
the purpose of this study was to discover why these menin-
giomas had negative SRS results.

MATERIALS AND METHODS

Between February 1996 and October 1997, 46 adult patients (34
women, 12 men; mean age, 59.16 13.2 y; age range, 20–87 y)
with 47 meningiomas were referred for SRS before neurosurgical
treatment. Meningiomas were either proven or suspected on the
basis of MRI in these patients. In addition to SRS, brain scintig-
raphy using99mTc-diethyleneaminepentaacetic acid (DTPA) as a
nonspecific tracer for a permeability barrier (e.g., blood–brain
barrier integrity) was performed on 34 patients with 35 tumors.

Surgical specimens were fixed in 4% formaldehyde and embed-
ded in paraffin for histopathologic examination. Sections (4-mm
thick) were stained with hematoxylin–eosin and with elastica van
Gieson.

MRI was performed on either a 1.5-T Magnetom Vision (Sie-
mens, Erlangen, Germany) or a 1.0-T Magnetom Expert (Siemens)
scanner. T1-weighted (repetition time [TR], 500 ms; echo time
[TE], 12 ms) and T2-weighted spin-echo sequences (TR, 3,600 ms;
TE, 98 ms) were acquired with a slice thickness of 6–8 mm.
Gadolinium-DTPA (Schering, Berlin, Germany) was administered
intravenously at a dosage of 0.1 mmol/kg body weight for contrast
enhancement. Tumor volumes were calculated from MR images
under the assumption of a rotational ellipsoid.

After intravenous injection of 100–200 MBq111In-octreotide
(Mallinckrodt, Petten, The Netherlands), digital whole-body ac-
quisitions were obtained simultaneously in anterior and posterior
projection at 10 min and at 1, 4, and 24 h with a scan speed of 10
cm/min. A large-field-of-view gamma camera equipped with a
medium-energy, parallel-hole collimator (Bodyscan; Siemens, Er-
langen, Germany) was used. The energy window was adjusted to
both 111In peaks at 173 and 247 keV, each with a symmetric 20%
window.

In addition, SPECT was performed at 4 and 24 h with a
single-head, large-field-of-view gamma camera equipped with a
medium-energy, parallel-hole collimator (Diacam; Siemens). The
360° data were acquired for 64 angles in a step-and-shoot mode,
and projections were stored in a 1283 128 matrix. SPECT data
were reconstructed by filtered backprojection using a Butterworth
filter of fifth order and a cutoff frequency of 0.23 of the Nyquist
frequency.

Evaluation of the scintigrams was performed independently by
2 nuclear medicine physicians. Results were considered negative if
neither identified tracer accumulations on any of the scintigrams;
otherwise, results were positive.

One hour after intravenous injection of 600 MBq99mTc-DTPA,
SPECT was performed with a triple-head, large-field-of-view
gamma camera equipped with low-energy, high-resolution colli-
mators (Multispect 3; Siemens). The 360° data were acquired for
72 angles in a step-and-shoot mode, and projections were stored in
a 128 3 128 matrix. SPECT data were again reconstructed by
filtered backprojection using a Butterworth filter of fifth order and
a cutoff-frequency of 0.3 of the Nyquist frequency. Evaluation was
performed as described for SRS.

After surgical resection, sterile samples of the meningioma were
macroscopically liberated from vessels and subsequently dissoci-
ated in 0.075% trypsin for 30 min at 37°C. Thereafter, cells were
resuspended in Dulbecco’s modified Eagle’s medium containing
5% horse serum, 5% fetal calf serum, 100mg/mL penicillin/
streptomycin, and 2.5mg/mL amphotericin B. Aliquots of 4–53
106 cells were placed in 75-cm2 tissue culture flasks and cultivated
at 37°C in 5% CO2/95% air with 100% humidity. For immunocy-
tochemical experiments, monolayer cultures were prepared by
placing 100,000 cells on sterile poly-D-lysine–coated coverslips.

RNA was isolated from samples of 4 SRS (111In-octreotide)-
positive (OP1–OP4) and 4 SRS (111In-octreotide)-negative (ON1–
ON4) meningiomas by using a Qiagen total RNA kit (Qiagen,
Hilden, Germany). Before reverse transcription, 500 ng RNA were
subjected to a deoxyribonuclease (DNase) I digestion by adding 1
mL of 103 DNase incubation buffer (GIBCO-BRL, Eggenstein,
Germany) and 10 U ribonuclease (RNase)-free DNase I (Boeh-
ringer, Mannheim, Germany) in a final volume of 10mL for 20
min at 25°C to destroy genomic DNA. DNase was then inactivated
by incubation with 1mL 20 mmol/L ethylenediaminetetraacetic
acid (EDTA) for 15 min at 65°C. The reverse transcription mixture
containing 2mL 103 polymerase chain reaction (PCR) buffer IV
(Biomol, Hamburg, Germany), 2mL 10 mmol/L desoxynucleoside
triphosphates, 2mL 100 mmol/L dithiothreitol, 2mL 25 mmol/L
MgCl2, and 1mL (100 ng/mL) oligo(dT)15 primer (Boehringer)
was added to a final volume of 20mL. After incubation for 5 min
at 65°C and 5 min at 0°C, reverse transcription was performed
after adding 100 U superscript RNase H2 reverse transcriptase
(RT) (GIBCO-BRL) for 75 min at 37°C and stopped by incubation
for 5 min at 95°C. Each probe was divided into 2 equal volumes
and used for amplification of hsst2 and humanb-actin (hb-actin)–
specific complementary DNA. For amplification, PCR mixture
containing 4mL 103 PCR buffer IV, 0.5mL (10 pmol/mL) each
of PCR sense/antisense primers of hsst2 or hb-actin, and 4mL
(hsst2) or 2mL (hb-actin) 25 mmol/L MgCl2 was added to a final
volume of 50mL. After initial denaturation at 94°C for 1 min, the
following cycling conditions were started with 2.5 U Taq DNA
polymerase (Biomol): initial denaturation at 94°C for 5 min, 94°C
for 1 min, 54°C for 1 min, and 72°C for 1.5 min. The 40-cycle
thermal profile included a final 10-min and 72°C extension step.
Aliquots of 12mL each of the amplification mixtures were exam-
ined by 2% agarose gel electrophoresis in 90 mmol/L Tris, 90
mmol/L boric acid, and 20 mmol/L EDTA. Control reactions were
performed by omitting RNA. Primers for hsst2 were 59-CGG-
AGC-AAC-CAG-TGG-GGG-A-39 and 59-GG-GTT-GGC-ACA-
GCT-GTT-AGC-39; fragment, 377 base pairs (bp). Primers for
hb-actin were 59-ACG-CCT-CTG-GCC-GTA-CCA-CTG-GCA-
TCG-39 and 59-CTT-GCT-GAT-CCA-CAT-CTG-CTG-GAA-
GGT-G-39; fragment, 650 bp.

Immunochemical experiments were performed to confirm the
meningioma nature of the tumor resection samples used for RNA
isolation and RT-PCR and of the cell cultures used for visualiza-
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tion of human somatostatin receptor subtype 2 (hsst2). An anti-
body against the astroglial marker glial fibrillary acid protein
(GFAP) (22) was used to exclude possible contamination with
hsst-expressing glial cells. Meningioma cells were identified using
an antibody against the glycoprotein fibronectin, which is ex-
pressed by fibroblasts and cells of meningial origin but not by glial
cells. In addition, cell cultures were tested for their immunoreac-
tivity for von Willlebrand’s factor (vWF) and CD-68 to exclude
contaminating endothelial cells and macrophages.

For immunohistochemical examination, two 4-mm sections of
ON4 and OP4 were mounted on adhesion slides (Shandon, Frank-
furt, Germany) and dried overnight at 37°C. Sections were de-
waxed in Histoclear (Shandon) and rehydrated. The sections used
for fibronectin immunostaining were heated 15 min in 10 mmol/L
citrate buffer, pH 6.0. After blocking endogenous peroxidase ac-
tivity with 3% hydrogen peroxide for 10 min, sections were rinsed
in Tris buffer (50 mmol/L Tris[hydroxymethyl]aminomethane
containing 38mL/mL 1N chloric acid, pH 7.6). Nonspecific bind-
ing was blocked by incubation for 20 min at room temperature
with normal swine serum (for fibronectin staining; Dako, Glostrup,
Denmark) or normal rabbit serum (for GFAP staining; Dako), each
diluted 1:20 in Tris buffer. Sections were incubated for 1 h at37°C
with polyclonal rabbit antihuman fibronectin antibody (diluted
1:200 with Tris buffer containing 1% bovine serum albumin;
Dako) and with monoclonal mouse antihuman GFAP antibody
(diluted 1:1,000 with Tris buffer containing 1% bovine serum
albumin; Dako). Sections were then washed 3 times for 5 min in
Tris buffer. Thereafter, the biotinylated secondary swine antirabbit
and rabbit antimouse antibodies (each diluted 1:200 with Tris
buffer; Dako) were applied for 30 min at 37°C. Sections were
washed again in Tris buffer before and after incubation for 20 min
at 37°C with peroxidase-conjugated streptavidin (diluted 1:300
with Tris buffer; Dako). Bound peroxidase was visualized by the
reaction with the chromogen 3-amino-9-ethylcarbazole (Sigma, St.
Louis, MO) containing 0.015% hydrogen peroxide, and cells were
counterstained with Mayer’s hemalum (diluted 1:5; Merck, Darm-
stadt, Germany) and viewed by light microscopy (Axiophot; Zeiss,
Oberkochen, Germany).

For immunocytochemical identification of cultivated meningi-
oma cells, an avidin-biotin complex peroxidase method–based kit
(Universal Immunostaining kit; Coulter Immunotech, Marseille,
France) was used. Monolayers of meningioma cells were washed
twice at 37°C in phosphate-buffered saline (PBS; Seromed, Berlin,
Germany) before and after fixation in ice-cold acetone (Merck) for
10 min. After incubation with protein blocking agent for 10 min,
1:100 dilutions of monoclonal mouse antihuman GFAP, poly-
clonal rabbit antihuman fibronectin, monoclonal mouse antihuman
vWF (all Dako), and monoclonal antihuman CD-68 antibodies
(23) were applied. After overnight incubation at 4°C, all of the
following steps were performed. Finally, cells were counterstained
with Mayer’s hemalum and viewed by light microscopy.

Somatostatin receptor subtype 2 protein on the surface of cul-
tivated cells of the OP4 and ON4 meningioma was detected by
immunocytochemistry. Polyclonal primary antibodies were gener-
ated in 2 rabbits against the amino acids 43–53 (QTEPYYDLTSN)
of the human somatostatin receptor subtype 2 protein. The anti-
body was purified from rabbit serum by affinity chromatography.
Although the antigenic sequences of previously published hsst2
antibodies (24) were located intracellularly, and, therefore, cells
had to be fixed and permeabilized before immunostaining, the

target sequence of this antibody is located extracellularly, directly
neighboring the cell surface; thus, it does not participate in the
ligand binding. Therefore, fixation or permeabilization of the cells
that might lead to a loss of antigen reactivity is not needed but the
antibody can be used for hsst2 immunostaining on the surface of
living, intact cells. Monolayers of meningioma cells grown on
coverslips were washed with Gey’s buffered salt solution
(GIBCO-BRL, Eggenstein, Germany) supplemented with 0.6%
glucose and 6 mmol/L MgCl2, cooled down stepwise to 4°C,
incubated with a 1:100 dilution of the polyclonal rabbit anti-hsst2
antibody for 2.5 h at 4°C, and washed again in the same buffer.
Control reactions were performed by preincubating the primary
antibody with a surplus of its antigenic peptid (haptene) for 30 min
at 37°C. Cells were then fixed in 3% glutardialdehyde for 30 min
at room temperature, subsequently washed in PBS, and incubated
for 15–20 min in 0.1 mol/L lysine (Merck) in PBS. Coverslips
were again washed twice in PBS. Coverslips were then incubated
overnight at 4°C with a 1:30 dilution of the gold-labeled secondary
polyclonal goat antirabbit antibody (GAR-GP-ULTRA SMALL;
Aurion, Wageningen, The Netherlands) in PBS containing 0.2% of
gelatin (Aurion, Cologne, Germany). Thereafter, coverslips were
washed extensively in PBS containing 0.1% gelatin, twice in PBS,
once in 10 mmol/L EDTA, and twice in doubly distilled water
before cells were incubated with silver enhancer (Aurion R-Gent;
Aurion, Cologne, Germany) for 20–35 min at room temperature.
Finally, coverslips were washed 4 times in doubly distilled water
for 5 min each, counterstained with Mayer’s hemalum, and viewed
by light microscopy.

RESULTS

MRI revealed pronounced and homogenous contrast en-
hancement in T1-weighted spin-echo sequences in all 47
meningiomas of the 46 patients. Figure 1 shows examples of
coronal images of OP4 and ON4 meningiomas.

Visual analyses exhibited positive somatostatin receptor
scintigrams in 39 meningiomas with a mean tumor volume
of 24.16 32.8 mL (sic) (Figs. 2A and 2B). In contrast, no
tracer accumulation was observed in any of the obtained
somatostatin receptor scintigrams of 8 histologically proven
meningiomas (Figs. 3A and 3B). The volume of these ON
meningiomas amounted to 3.96 6.5 mL (sic) and was
significantly lower than the volume of OP meningiomas.
Neither a correlation with the localization or with histologic
types of the meningiomas was observed. OP meningiomas
were distributed among 14 different localizations and ON
meningioma among 5 different localizations. Histologically,
OP meningiomas were meningotheliomatous (n 5 22), fi-
broblastic (n 5 7), transitional cellular (n 5 6), psammo-
matous (n 5 1), atypical (n 5 2), or malignant (n 5 1),
whereas ON meningiomas were meningotheliomatous (n 5
5), fibroblastic (n 5 2), or psammomatous (n 5 1).

99mTc-DTPA scintigraphy visualized 24 of 35 examined
meningiomas as shown in Figure 2C (volume, 28.26 33.9
mL [sic]). All of them showed an even stronger accumula-
tion of 111In-octreotide in SRS. In contrast, 11 meningiomas
remained undetected by99mTc-DTPA scintigraphy as shown
in Figure 3C. Of these, SRS was negative in 5 cases (vol-
ume, 5.46 8.1 mL), whereas the remaining 6 meningiomas
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were SRS positive (volume, 4.66 4.5 mL). Interestingly,
no meningioma was positive for99mTc-DTPA but negative
for 111In-octreotide. Table 1summarizes the results of
99mTc-DTPA scintigraphy with respect to the SRS result and
the tumor volume.

Somatostatin receptor subtype 2–specific messenger RNA
(mRNA) expression of 4 OP and 4 ON meningiomas was
estimated by RT-PCR. Although this is not a quantitative
method, the occurrence of amplificates after a certain num-
bers of cycles with the same amount of mRNA and the
simultaneous amplification of a high-copy transcript such as
hb-actin out of the same complementary DNA as reference
yields semiquantitative results when comparing different
samples. Before the isolation of RNA that was used for
RT-PCR, immunohistochemical experiments were per-
formed to confirm the meningioma nature of the tumor
samples. None of the meningiomas exhibited immunoreac-
tivity for the astroglial marker GFAP. Therefore, contami-
nation with hsst2-expressing glial cells that could have led

to false-positive RT-PCR results was excluded. In contrast,
almost all cells were strongly immunoreactive for fibronec-
tin, which further confirms the histologic diagnosis. As
shown in Figure 4, all examined OP and ON meningiomas
expressed hsst2 and hb-actin mRNA, though in different
amounts. For example, OP4, ON1, ON2, and ON4 menin-
giomas exhibited almost the same signal intensity for hb-
actin, whereas the corresponding hsst2 signals were stron-
ger in ON1 and ON2 than in OP4 and ON4 meningiomas;
this finding indicates a higher expression of hsst2 in ON1
and ON2 than in OP4 and ON4 meningiomas. Taken to-
gether, RT-PCR revealed no significant difference of hsst2
mRNA expression between OP and ON meningiomas but
showed varied hsst2 expression among all meningiomas,
regardless of SRS results.

In addition to analyses of hsst2 mRNA, the receptor
protein was visualized on the surface of cultivated cells of
OP4 and ON4 meningiomas using an antibody specifically
directed against amino acids 43–53 of the hsst2 protein and

FIGURE 1. Coronal gadolinium-DTPA–
enhanced T1-weighted MRI slices of SRS
OP4 meningioma (A) and SRS ON4 menin-
gioma (B).

FIGURE 2. SRS and 99mTc-DTPA scintig-
raphy of SRS OP4 meningioma. (A) Planar
somatostatin receptor scintigram 4 h after
injection of 200 MBq 111In-octreotide in an-
terior and posterior projection. R 5 right;
L 5 left; V 5 ventral; D 5 dorsal. (B) Cor-
responding transverse SPECT slice at 4 h.
(C) Transverse SPECT slice 1 h after injec-
tion of 600 MBq 99mTc-DTPA.
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its localization through a gold-labeled secondary antibody
followed by silver intensification. In accordance with im-
munohistochemistry, the nature of cultivated meningioma
cells was verified to avoid false-positive results. Almost all
OP4 and ON4 cells exhibited strong immunoreactivity for
fibronectin, but none of them showed positive staining for
GFAP. In addition,,1% of cells was positive for anti-vWF
and anti–CD-68, respectively, which indicates that the num-
ber of contaminating endothelial cells and macrophages was
comparatively low. In OP4 and ON4 meningiomas, immu-
noreactivity for hsst2 was detected at the light-microscopic
level as shown in Figures 5A and 5B. Preincubation of the
primary antibody with a surplus of its antigenic peptide
abolished receptor staining as shown in Figures 5C and 5D.
Both meningiomas showed the same distribution of immu-
nostained somatostatin receptor subtype 2 proteins on their
surface: The silver particles, indicating bound anti-hsst2
antibodies, decorated the processes and somata of numerous
(but not all) cells in a fine, stippled pattern (Figs. 5A and
5B). However, a difference in the density of immunostained
hsst2 was noticed between the 2 meningiomas. Although
most ON4 cells were intensively stained and hsst2 proteins
appeared to be densely packed, the density of hsst2 proteins
on the surface of OP4 cells seemed to be markedly lower
(Figs. 5A and 5B).

DISCUSSION

Because meningiomas and neurinomas show a predilec-
tion for similar sites (e.g., cerebellopontine angle, cavernous
sinus, or spine), but surgical treatment may require different
strategies because of different biologic behavior, preopera-
tive discrimination is desired by the neurosurgeon. In addi-
tion to MRI, which allows successful discrimination of
meningiomas and neurinomas in most cases (25), SRS was
suggested for further differentiation on a functional basis. In
vivo and in vitro studies have shown repeatedly that me-
ningiomas express hsst (12–15), whereas neurinomas are
completely devoid of hsst (16). This exclusion procedure
became questionable when we reported histologically
proven meningiomas in which SRS was negative (12,20). In
contrast to localization and histologic type of meningioma,
a small tumor volume was associated with a negative SRS
result. Because technical reasons were excluded and the
underlying reason remained unclear, the purpose of this
study was to discover why negative SRS meningioma re-
sults occurred.

To investigate whether the observed negative SRS results
were true-negative or false-negative, hsst expression of SRS
OP and SRS ON meningiomas was compared, on both
mRNA and the protein level. Because the 8–amino acid
somatostatin analog octreotide interacts with only 3 of 5
known somatostatin receptor subtypes (hsst1–hsst5), with
the highest affinity to hsst2 and a much lower affinity to
hsst3 and hsst5 (26,27), meningiomas were tested for their
expression of hsst2. Semiquantitative estimation of hsst2
mRNA expression by RT-PCR revealed no significant dif-
ference between OP and ON meningiomas but showed
varied hsst2 expression among all meningiomas, regardless
of SRS results. Various authors have reported that the
mRNA level of hsst1–hsst5 was accompanied with a cor-

FIGURE 3. SRS and 99mTc-DTPA scintig-
raphy of SRS ON4 meningioma. (A) Planar
somatostatin receptor scintigram 4 h after
injection of 200 MBq 111In-octreotide in an-
terior and posterior projection. R 5 right;
L 5 left; V 5 ventral; D 5 dorsal. (B) Cor-
responding transverse SPECT slice at 4 h.
(C) Transverse SPECT slice 1 h after injec-
tion of 600 MBq 99mTc-DTPA.

TABLE 1
Results of 99mTc-DTPA Scintigraphy, SRS, and Respective

Number (n) and Tumor Volume

Group DTPA SRS n Volume (mL)

1 Positive Positive 24 28.2 6 33.9
2 Negative Positive 6 4.6 6 4.5
3 Negative Negative 5 5.4 6 8.1
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responding level of its protein (27–29). hsst3 was expressed on
mRNA only in the cerebellum and not on the protein level
(28). To prove that hsst2 mRNA is translated into the receptor
protein on the cell surface of ON meningiomas, immuno-
cytochemical visualization was performed. We found hsst2
expression on the surface of cultivated cells of OP and ON
meningiomas, with a higher density on ON meningioma
cells. Culture conditions possibly led to a selection of cells
that exhibited stronger hsst2 expression than did the average
tumor cell of the ON meningioma because no difference of
hsst2 expression was observed on the mRNA level. How-
ever, our in vitro studies clearly indicated that the results of
SRS-negative meningiomas were false-negative.

Possible explanations for discrepancies between soma-
tostatin receptor imaging in vivo and somatostatin receptor
status in vitro are multitudinous (21). A tumor may have
several particularities that may lead to a false-negative SRS
result. First, a low tumor cellularity combined with a low
receptor density may not give sufficient specific binding to
allow tumor detection in vivo. Because RT-PCR experi-

ments did not reveal any significant difference on mRNA
level and immunocytochemical experiments showed a
rather higher receptor density on the surface of ON menin-
gioma cells and, furthermore, histology was not associated
with a negative SRS result, this possibility can clearly be
excluded. Second, tumors with a high endogenous soma-
tostatin production may be found to be receptor negative in
vivo because of occupancy of available somatostatin recep-
tors. Numerous tumors are known to synthesize growth
factors that stimulate their own growth in an autocrine or
paracrine manner. In this way, most meningiomas are
known to produce and secrete the platelet-derived growth
factor and the epidermal growth factor (30). Also, soma-
tostatin generally exhibiting antiproliferative effects (3,5) is
known to stimulate growth of meningioma in vitro (6).
However, to our knowledge, an endogenous somatostatin
production of meningiomas has not been reported. Third,
some somatostatin receptors may not be recognized because
they belong to subtypes—for example, sst1—having no
affinity to certain types of somatostatin analogs such as

FIGURE 4. Ethidium bromide–stained
agarose electrophoresis gel after separat-
ing RT-PCR amplificates with primers of
hsst2 (377 bp) and hb-actin (650 bp) from 4
SRS OP1–OP4 meningiomas (top) and 4
SRS ON1–ON4 meningiomas (bottom).
Control reactions were performed by omit-
ting RNA. Sizes (bp) of marker fragments
are indicated (left lane, top; left and right
lanes, bottom).

FIGURE 5. Immunocytochemical visual-
ization of somatostatin receptor subtype 2
on surface of OP4 (A) and ON4 (B) culti-
vated cells. Control reactions were per-
formed by preincubating primary antibody
with surplus of its antigenic peptide, OP4
(C) or ON4 (D). (3170)
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octreotide. For this reason, our in vitro studies were focused
on hsst2. Fourth, a false-negative in vivo result may be
obtained if the tumor is located in regions of high back-
ground activity such as the pituitary gland, the liver, the
kidneys or the urinary bladder, in which hsst2-positive
tumors may be masked. Because no association with these
regions was found, this explanation does not account for the
negative SRS result of meningiomas (12,20). Finally, SRS
may fail to detect tumors that are located inside an intact
permeability barrier (e.g., the blood–brain barrier). Because
octreotide is a polar, water-soluble peptide, it cannot pene-
trate into those tumors that are provided with an intact
permeability barrier (17–19). In particular, the sensitivity of
about 100% of meningiomas in SRS was associated with the
assumption that meningiomas are devoid of an intact blood–
brain barrier (13–17).

Considering anatomic conditions, meningiomas are in-
deed devoid of a blood–brain barrier, but this does not
necessarily allow the implication that meningiomas are ac-
cessible unrestrictedly for111In-octreotide in SRS. The sys-
tem of the brain and its meninges, by far, is too complex for
a model of 2 spaces (blood–brain) separated from each
other by only 1 barrier to explain it. Moreover, several
compartments exist that are flanked by different barriers
(31). These compartments are again separated from the
blood compartment by highly specific permeability barriers
that are found mainly in 3 different locations (32). First, the
endothelium of the cerebral vessels, including the closed
envelope of astrocytic end feet, forms the blood–brain bar-
rier in the strict sense (33). Second, the cerebrospinal fluid
(CSF) of the brain ventricle, which is continuous with the
cerebral interstitium, must be separated from the blood.
Because of this requirement, 1 barrier is formed by the
epithelium of the choroid plexus (34). Another site of leaky,
fenestrated capillaries includes 6 of the 7 circumventricular
organs where tanycytes hinder the free diffusion of plasma
proteins from these blood vessels into the ventricle (35).
Third, the outer CSF within the arachnoidal space, which is
not strictly separated from the brain interstitium, must be
separated from the hemal milieu of the dura. This task is
performed by the CSF–blood barrier, which consists of the
outer arachnoidal layer (31) that represents the outer layer
of the outer leptomeningeal lamella (31). All of these bar-
riers are characterized by 2 distinct properties: Tight junc-
tions limit the paracellular flux and specific transport mech-
anisms control the transcellular flux. In a way that is similar
to the manner in which the leptomeninx guarantees the
function of the CSF–blood barrier, negatively charged ex-
tracellular glycoproteins and its 3 lamellae (inner, interme-
diate, and outer (31)) are responsible for delimitation of the
other compartments (31,36). In addition, leptomeningeal
tissue also provides an enzymatic barrier function, which
protects the central nervous system from catecholamines
produced in the periphery (35,37).

Bearing this in mind and taking under consideration that
meningiomas are defined as tumors originating from cellu-

lar elements of the meninges, it is not surprising that me-
ningioma cells in culture were found to reflect the barrier
functions of the leptomeninx (38). Furthermore, whorl for-
mation, or concentric wrapping of tumor cells around each
another or around blood vessels in an onionskin pattern, is
a well-known feature of meningiomas and probably repre-
sents a recapitulation of the function of leptomeningeal cells
to cover surfaces and separate compartments (39). Accord-
ingly, it is thinkable that meningiomas—especially in the
beginning of their growth—meet the function of their tissue
of origin to develop more-or-less intact permeability barri-
ers that could give an explanation for the false-negative SRS
result of meningiomas.

Therefore, permeability conditions of meningiomas were
investigated in a further attempt using gadolinium-DTPA
contrast-enhanced MRI and99mTc-DTPA brain scintigra-
phy. Because gadolinium-DTPA and99mTc-DTPA are ex-
tremely hydrophilic substances, they cannot cross the intact
barriers of the central nervous system (18,19); thus, an
accumulation is observed only under circumstances that
lead to blood–brain barrier disruption (e.g., tumor, multiple
sclerosis, and infection) (18,40). Whereas MRI always
showed strong and homogeneous contrast enhancement
and, thereby, suggested that meningiomas were devoid of a
permeability barrier, all 5 ON meningiomas remained un-
detected by brain scintigraphy using99mTc-DTPA (Table 1,
group 3). Of 30 OP meningiomas investigated with both,
SRS and brain scintigraphy using99mTc-DTPA, 24 showed
99mTc-DTPA enhancement (Table 1, group 1), whereas 6
meningiomas remained undetected (Table 1, group 2). As
expected from our previous results (12,20), the volume of
ON meningiomas was much lower than the volume of
99mTc-DTPA–positive OP meningiomas. Additionally, it be-
came evident that the volume of99mTc-DTPA–negative OP
meningiomas also was markedly lower than that of99mTc-
DTPA–positive OP meningiomas. Because the smallest
99mTc-DTPA–positive meningioma had a volume of 1.5 mL
and the largest99mTc-DTPA–negative meningioma had a
volume of 19.3 mL an insufficient sensitivity can be ex-
cluded to account for negative99mTc-DTPA results. There-
fore, it can be concluded that brain scintigraphy had iden-
tified a permeability barrier, e.g., blood–tumor barrier as an
explanation for the false-negative SRS results of ON me-
ningiomas.

Because a small tumor size is associated with a false-
negative SRS result, this blood–tumor barrier possibly more
and more loses its integrity with progressive growth of the
meningiomas. In the course of this increasing loss of barrier
integrity, 1 method might still indicate an intact barrier
function and another more sensitive method might imply
free permeability conditions. As our results show, less in-
tense uptake was noted in brain scintigraphy using99mTc-
DTPA than in SRS. This finding is in accordance with
results published by 2 other groups (16,17), both of which
speculated that the extravasation of the receptor-specific
tracer111In-octreotide would result in stronger contrast than

1344 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 42 • No. 9 • September 2001



the extravasation of nonspecific99mTc-DTPA in hsst2-ex-
pressing tumors. Accordingly, SRS, because of its receptor
specificity, most likely allows an earlier detection of a
blood–tumor barrier disruption in hsst2-expressing menin-
giomas, which would fit to the observation that none of the
meningiomas was positive for99mTc-DTPA but was nega-
tive for 111In-octreotide. Correspondingly, the blood–tumor
barrier integrity of ON meningiomas was apparently insuf-
ficient to prevent contrast enhancement in MRI.

CONCLUSION

RT-PCR and immunocytochemistry showed that SRS-
negative meningiomas do express hsst2. Thus, these nega-
tive SRS results are false-negative. Because an insufficient
sensitivity was excluded,99mTc-DTPA scintigraphy identi-
fied a permeability barrier in SRS-negative meningiomas
that explains their false-negative SRS results. SRS-negative
meningiomas—especially in the beginning of their
growth—most likely meet the function of their tissue of
origin (i.e., the meninges) to develop more-or-less intact
permeability barriers. Because this is the first report of a
blood–tumor barrier in meningiomas that might be of major
importance for possible systemic therapy concepts in future,
the nature of this barrier needs further investigation.
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