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Somatostatin receptor scintigraphy (SRS) using '"'In-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 %mTc-
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 = 32.8 mL and negative results in 8
meningiomas with a volume of 3.9 + 6.5 mL. 9mTc-DTPA scin-
tigraphy visualized 24 of 35 meningiomas. SRS was positive in
all of them. In contrast, 11 meningiomas were °°*mTc-DTPA
negative. In these meningiomas, SRS was negative in 5 cases
(5.4 = 8.1 mL), whereas the remaining 6 were positive (4.6 + 4.5
mL). None of the meningiomas was 9mTc-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, %°mTc-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
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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 tissugs [ts various
effects -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 methods4,6) and in vivo by means of somatosta-
tin receptor scintigraphy (SRS) usirgfin-octreotide 7).
Application of SRS to successfully allow visualization and
localization of sst-expressing tumors, including gastroen-
teropancreatic tumors3), malignant lymphomag), small

cell lung cancer 10,11, and meningiomas, has been re-
ported (2—19. 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 barrierl3—17. Because the
somatostatin analo@'lin-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 barriel8,19. 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 hs&6)( 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 negativE2(20. Neither his- One hour after intravenous injection of 600 MB¥Tc-DTPA,
tology nor localization of the meningiomas correlated wit§PECT was performed with a triple-head, large-field-of-view
the lack of tracer uptake. In contrast, a small tumor volunf&mma camera equipped with low-energy, high-resolution colli-

was associated with a negative SRS result. Because tecifiors (Multispect 3; Siemens). The 360° data were acquired for

: : .. /2 angles in a step-and-shoot mode, and projections were stored in
cal reasons, such as radiopharmacy or image acqultg)rlZsX 128 matrix. SPECT data were again reconstructed by

7 . . Wiered backprojection using a Butterworth filter of fifth order and
SRS results of meningiomas remained unclear. Besides toff-frequency of 0.3 of the Nyquist frequency. Evaluation was
possibility that SRS-negative meningiomas indeed do ngrformed as described for SRS.

express hsst on their cell surface—and therefore the resuliter surgical resection, sterile samples of the meningioma were
would be true-negative—several particularities of these meacroscopically liberated from vessels and subsequently dissoci-
ningiomas could lead to a false-negative SRS result in thted in 0.075% trypsin for 30 min at 37°C. Thereafter, cells were
case of a positive in vitro receptor finding1j. Therefore, resuspended in Dulbecco’s modified Eagle’s medium containing
the purpose of this study was to discover why these menff2 horse serum, 5% fetal calf serum, 10@/mL penicillin/

giomas had negative SRS resullts. streptomycin, and Z.ﬁg/mL amphotericin B. Aliquots of 4.—5<
10 cells were placed in 75-chtissue culture flasks and cultivated
at 37°C in 5% C@95% air with 100% humidity. For immunoey
MATERIALS AND METHODS tochemical experiments, monolayer cultures were prepared by
. lacing 100,000 cells on sterile potylysine—coated coverslips.
Between February 1996 and October 1997, 46 adult patients &4RNA was isolated from samples of 4 SR8Yn-octreotide)-

women, 12 men; mean age, 53t113.2y; age range, 20—87'Y) ,gitive (OP1-OP4) and 4 SR&Yn-octreotide)-negative (ON1-
with 47 meningiomas were referred for SRS before neurosurgi 4) meningiomas by using a Qiagen total RNA kit (Qiagen
tregtment. Mgnlnglomas yvere either pr.oven or suspegted 9”, ﬁden, Germany). Before reverse transcription, 500 ng RNA were
basis of MRglgm thgse patlents._ln addition K_’ SR_S' brain Sc'nt'%'ubjected to a deoxyribonuclease (DNase) | digestion by adding 1
raphy using®"Tc-diethyleneaminepentaacetic acid (DTPA) as AL of 10x DNase incubation buffer (GIBCO-BRL, Eggenstein,

nonspecific tracer for a permeability barrier (e.g., bIOOd_bra@ermany) and 10 U ribonuclease (RNase)-free DNase | (Boeh-
barrier integrity) was performed on 34 patients with 35 tumors'ringer, Mannheim, Germany) in a final volume of @ for 20
Surgical specimens were fixed in 4% formaldehyde and embeg, 4t 250C to destroy genomic DNA. DNase was then inactivated
ded in paraffin for histopathologic examination. Sectiongu- py jncubation with 1L 20 mmoliL ethylenediaminetetraacetic
th_lck) were stained with hematoxylin—eosin and with elastica vagyq (EDTA) for 15 min at 65°C. The reverse transcription mixture
Gieson. . » _containing 2uL 10X polymerase chain reaction (PCR) buffer IV
MRI was performed on either a 1.5-T Magnetom Vision (Siegjomol, Hamburg, Germany), 2L 10 mmol/L desoxynucleoside
mens, Erlangen, Germany) or a 1.0-T Magnetom Expert (Siemeggynosphates, L 100 mmol/L dithiothreitol, 2uL 25 mmol/L
scanner. T1-weighted (repetition time [TR], 500 ms; echo tim@ycy, and 1l (100 ngful) oligo(dT)ws primer (Boehringer)
[TE], 12 ms) and T2-weighted spin-echo sequences (TR, 3,600 M#s added to a final volume of 20L. After incubation for 5 min
TE, 98 ms) were acquired with a slice thickness of 6—8 MMt g5°C and 5 min at 0°C, reverse transcription was performed
Gadolinium-DTPA (Schering, Berlin, Germany) was administereger adding 100 U superscript RNase leverse transcriptase
intravenously at a dosage of 0.1 mmol/kg body weight for contragkT) (GIBCO-BRL) for 75 min at 37°C and stopped by incubation
enhancement. Tumor volumes were calculated from MR imaggs 5 min at 95°C. Each probe was divided into 2 equal volumes
under the assumption of a rotational ellipsoid. and used for amplification of hsst2 and hungaactin (H3-actin)—
After intravenous injection of 100-200 MBtin-octreotide specific complementary DNA. For amplification, PCR mixture
(Mallinckrodt, Petten, The Netherlands), digital whole-body aontaining 4uL 10X PCR buffer IV, 0.5uL (10 pmolfjuL) each
quisitions were obtained simultaneously in anterior and posterigf PCR sense/antisense primers of hsst2 @rabtin, and 4pL
projection at 10 min and at 1, 4, and 24 h with a scan speed of @t%stZ) or 2uL (hB-actin) 25 mmol/L MgC} was added to a final
cm/min. A large-field-of-view gamma camera equipped with @olume of 50p.L. After initial denaturation at 94°C for 1 min, the
medium-energy, parallel-hole collimator (Bodyscan; Siemens, Eollowing cycling conditions were started with 2.5 U Tagq DNA
langen, Germany) was used. The energy window was adjustecptslymerase (Biomol): initial denaturation at 94°C for 5 min, 94°C
bothlin peaks at 173 and 247 keV, each with a symmetric 20%r 1 min, 54°C for 1 min, and 72°C for 1.5 min. The 40-cycle
window. thermal profile included a final 10-min and 72°C extension step.
In addition, SPECT was performed at 4 and 24 h with Aliquots of 12j.L each of the amplification mixtures were exam-
single-head, large-field-of-view gamma camera equipped withiged by 2% agarose gel electrophoresis in 90 mmol/L Tris, 90
medium-energy, parallel-hole collimator (Diacam; Siemens). Thamol/L boric acid, and 20 mmol/L EDTA. Control reactions were
360° data were acquired for 64 angles in a step-and-shoot mogesformed by omitting RNA. Primers for hsst2 wereGGG-
and projections were stored in a 128128 matrix. SPECT data AGC-AAC-CAG-TGG-GGG-A-3 and 3-GG-GTT-GGC-ACA-
were reconstructed by filtered backprojection using a ButterworhCT-GTT-AGC-3; fragment, 377 base pairs (bp). Primers for
filter of fifth order and a cutoff frequency of 0.23 of the Nyquishp-actin were 5-ACG-CCT-CTG-GCC-GTA-CCA-CTG-GCA-
frequency. TCG-3 and 5-CTT-GCT-GAT-CCA-CAT-CTG-CTG-GAA-
Evaluation of the scintigrams was performed independently iyGT-G-3; fragment, 650 bp.
2 nuclear medicine physicians. Results were considered negative iftmmunochemical experiments were performed to confirm the
neither identified tracer accumulations on any of the scintigramsieningioma nature of the tumor resection samples used for RNA
otherwise, results were positive. 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 art@rget sequence of this antibody is located extracellularly, directly
body against the astroglial marker glial fibrillary acid proteimeighboring the cell surface; thus, it does not participate in the
(GFAP) 22) was used to exclude possible contamination withgand binding. Therefore, fixation or permeabilization of the cells
hsst-expressing glial cells. Meningioma cells were identified usirigat might lead to a loss of antigen reactivity is not needed but the
an antibody against the glycoprotein fibronectin, which is exantibody can be used for hsst2 immunostaining on the surface of
pressed by fibroblasts and cells of meningial origin but not by gliiving, intact cells. Monolayers of meningioma cells grown on
cells. In addition, cell cultures were tested for their immunoreagoverslips were washed with Gey's buffered salt solution
tivity for von Willlebrand’s factor (vWF) and CD-68 to exclude (GIBCO-BRL, Eggenstein, Germany) supplemented with 0.6%
contaminating endothelial cells and macrophages. glucose and 6 mmol/L MgG| cooled down stepwise to 4°C,
For immunohistochemical examination, twoud sections of incubated with a 1:100 dilution of the polyclonal rabbit anti-hsst2
ON4 and OP4 were mounted on adhesion slides (Shandon, Fragitibody for 2.5 h at 4°C, and washed again in the same buffer.
furt, Germany) and dried overnight at 37°C. Sections were deontrol reactions were performed by preincubating the primary
waxed in Histoclear (Shandon) and rehydrated. The sections ugédibody with a surplus of its antigenic peptid (haptene) for 30 min
for fibronectin immunostaining were heated 15 min in 10 mmol/gt 37°C. Cells were then fixed in 3% glutardialdehyde for 30 min
citrate buffer, pH 6.0. After blocking endogenous peroxidase agt "0om temperature, subsequently washed in PBS, and incubated
tivity with 3% hydrogen peroxide for 10 min, sections were rinsefPr 15-20 min in 0.1 mol/L lysine (Merck) in PBS. Coverslips
in Tris buffer (50 mmol/L Tris[hydroxymethyllaminomethaneVere again Washeq twice in PBS Coverslips were then incubated
containing 38.L/mL 1N chloric acid, pH 7.6). Nonspecific bind- overnight at 4°C Wlth a 1:‘30 dl!utlon of the gold-labeled secondary
ing was blocked by incubation for 20 min at room temperatuf®!yclonal goat antirabbit antibody (GAR-GP-ULTRA SMALL;
with normal swine serum (for fibronectin staining; Dako, Glostrug Urion. Wageningen, The Netherlands) in PBS containing 0.2% of

Denmark) or normal rabbit serum (for GFAP staining; Dako), e<51(91e|"jltin (Aurion,_ Colqgne, Ge”“a_”Y)- Thereafter, _cove_rslips were
diluted 1:20 in Tris buffer. Sections were incubatedXd at37°C washed extensively in PBS containing 0.1% gelatin, twice in PBS,

with polyclonal rabbit anthuman fibronectin antbody (diuted'¢® " 10 mmol/L. EDTA, and twice in doubly distilled water
efore cells were incubated with silver enhancer (Aurion R-Gent;

1:200 with Tris buffer containing 1% bovine serum albumin; .
Dako) and with monoclonal mouse antihuman GFAP antiboc@unon' Cologne, Germany) for 20-35 min at room temperature.

(diluted 1:1,000 with Tris buffer containing 1% bovine serun) inally, coverslips were washed 4 times in doubly distilled water

albumin: Dako). Sections were then washed 3 times for 5 min @r 5 min each, counterstained with Mayer’s hemalum, and viewed

Tris buffer. Thereafter, the biotinylated secondary swine antirabb|¥ light microscopy.

and rabbit antimouse antibodies (each diluted 1:200 with Tris

buffer; Dako) were applied for 30 min at 37°C. Sections werEESULTS

washed again in Tris buffer before and after incubation for 20 min MRI revealed pronounced and homogenous contrast en-
at 37°C with peroxidase-conjugated streptavidin (diluted 1:3Q9ancement in T1-weighted spin-echo sequences in all 47
with Tris buffer; Dako). Bound peroxidase was visualized by thmeningiomas of the 46 patients_ Figure 1 shows examp|es of
reaction with the chromogen 3-amino-9-ethylcarbazole (Sigma, $hronal images of OP4 and ON4 meningiomas.

Louis, MO) containing 0.015% hydrogen peroxide, and cells were y/i a1 analyses exhibited positive somatostatin receptor

counterstained with Mayer’s hemalum (diluted 1:5; Merck, Dafngcintigrams in 39 meningiomas with a mean tumor volume

stadt, Germany) and viewed by light microscopy (Axiophot; Ze|s§jf 24.1+ 32.8 mL (sic) (Figs. 2A and 2B). In contrast, no
Oberkochen, Germany).

.tracer accumulation was observed in any of the obtained

For immunocytochemical identification of cultivated meningi- . . . .
oma cells, an avidin-biotin complex peroxidase method—based RRMatostatin receptor scintigrams of 8 histologically proven

(Universal Immunostaining kit; Coulter Immunotech, MarseilleM€ningiomas (Figs. 3A and 3B). The volume of these ON
France) was used. Monolayers of meningioma cells were wasH&@ningiomas amounted to 3.8 6.5 mL (sic) and was
twice at 37°C in phosphate-buffered saline (PBS; Seromed, Berlfignificantly lower than the volume of OP meningiomas.
Germany) before and after fixation in ice-cold acetone (Merck) fddeither a correlation with the localization or with histologic
10 min. After incubation with protein blocking agent for 10 mintypes of the meningiomas was observed. OP meningiomas
1:100 dilutions of monoclonal mouse antihuman GFAP, polywere distributed among 14 different localizations and ON
clonal rabbit antihuman fibronectin, monoclonal mouse antihumaneningioma among 5 different localizations. Histologically,
VWF (all Dako), and monoclonal antihuman CD-68 antibodiegp meningiomas were meningotheliomatons=( 22), fi-

(23) were applied. After overnight incubation at 4°C, all of thgyrgplastic 6 = 7), transitional cellularr{ = 6), psammo-
following steps were performed. Finally, cells were counterstaingf|5tous 6 = 1), atypical 6 = 2), or malignantif = 1),

with Mayer's hemalum and viewed by light microscopy. hereas ON meningiomas were meningotheliomataus (
Somatostatin receptor subtype 2 protein on the surface of c% fibroblastic f = 2), or psammomatous (= 1)

tivated cells of the OP4 and ON4 meningioma was detected Dyyq - . . .
immunocytochemistry. Polyclonal primary antibodies were gener- "Tc-DTPA scintigraphy visualized 24 of 35 examined

ated in 2 rabbits against the amino acids 43-53 (QTEPYYDLTSI{B'emng'OmaS as shown in Figure 2C (volume, 28.33.9

of the human somatostatin receptor subtype 2 protein. The arfi- [SIC]). All of them showed an even stronger accumula-
body was purified from rabbit serum by affinity chromatographyion of *Hin-octreotide in SRS. In contrast, 11 meningiomas
Although the antigenic sequences of previously published hsg@mained undetected 89™Tc-DTPA scintigraphy as shown
antibodies 24) were located intracellularly, and, therefore, celldn Figure 3C. Of these, SRS was negative in 5 cases (vol-
had to be fixed and permeabilized before immunostaining, theme, 5.4= 8.1 mL), whereas the remaining 6 meningiomas
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FIGURE 1. Coronal gadolinium-DTPA-
enhanced T1-weighted MRI slices of SRS
OP4 meningioma (A) and SRS ON4 menin-
@ gioma (B).

were SRS positive (volume, 46 4.5 mL). Interestingly, to false-positive RT-PCR results was excluded. In contrast,
no meningioma was positive f8?™Tc-DTPA but negative almost all cells were strongly immunoreactive for fibronec-
for Mn-octreotide. Table 1summarizes the results oftin, which further confirms the histologic diagnosis. As
9MTc-DTPA scintigraphy with respect to the SRS result anshown in Figure 4, all examined OP and ON meningiomas
the tumor volume. expressed hsst2 an@{actin mRNA, though in different
Somatostatin receptor subtype 2—specific messenger RBmounts. For example, OP4, ON1, ON2, and ON4 menin-
(mRNA) expression of 4 OP and 4 ON meningiomas wagiomas exhibited almost the same signal intensity &+ h
estimated by RT-PCR. Although this is not a quantitativactin, whereas the corresponding hsst2 signals were stron-
method, the occurrence of amplificates after a certain nuigrer in ON1 and ON2 than in OP4 and ON4 meningiomas;
bers of cycles with the same amount of mMRNA and theais finding indicates a higher expression of hsst2 in ON1
simultaneous amplification of a high-copy transcript such and ON2 than in OP4 and ON4 meningiomas. Taken to-
hB-actin out of the same complementary DNA as referengether, RT-PCR revealed no significant difference of hsst2
yields semiquantitative results when comparing differemiRNA expression between OP and ON meningiomas but
samples. Before the isolation of RNA that was used fahowed varied hsst2 expression among all meningiomas,
RT-PCR, immunohistochemical experiments were peregardless of SRS results.
formed to confirm the meningioma nature of the tumor In addition to analyses of hsst2 mRNA, the receptor
samples. None of the meningiomas exhibited immunoreagarotein was visualized on the surface of cultivated cells of
tivity for the astroglial marker GFAP. Therefore, contamiOP4 and ON4 meningiomas using an antibody specifically
nation with hsst2-expressing glial cells that could have ledirected against amino acids 43-53 of the hsst2 protein and

A ‘ B

FIGURE 2. SRS and *Tc-DTPA scintig-
raphy of SRS OP4 meningioma. (A) Planar
somatostatin receptor scintigram 4 h after
injection of 200 MBq '""In-octreotide in an-
terior and posterior projection. R = right;
L = left; V = ventral; D = dorsal. (B) Cor-
responding transverse SPECT slice at 4 h.
(C) Transverse SPECT slice 1 h after injec-
tion of 600 MBq *mTc-DTPA.
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FIGURE 3. SRS and *mTc-DTPA scintig-
raphy of SRS ON4 meningioma. (A) Planar
somatostatin receptor scintigram 4 h after
injection of 200 MBq '""In-octreotide in an-
terior and posterior projection. R = right;
L = left; V = ventral; D = dorsal. (B) Cor-
responding transverse SPECT slice at 4 h.
(C) Transverse SPECT slice 1 h after injec-
tion of 600 MBq *mTc-DTPA.

its localization through a gold-labeled secondary antibod}SCUSSION

followed by silver intensification. In accordance with im- gecause meningiomas and neurinomas show a predilec-
munohistochemistry, the nature of cultivated meningiomgyn, for similar sites (e.g., cerebellopontine angle, cavernous
cells was verified to avoid false-positive results. Almost allin ;s or spine), but surgical treatment may require different
OP4 and ON4 cells exhibited strong immunoreactivity fogtegies because of different biologic behavior, preopera-
fibronectin, but none of them showed positive staining Qe giscrimination is desired by the neurosurgeon. In addi-
GFAP. In addition,<1% of cells was positive for anti-vWF 4o, 5 MR, which allows successful discrimination of
and anti-CD-68, respectively, which indicates that the nur]:h'eningiomas and neurinomas in most ca@&, GRS was

ber of contaminating endothelial cells and macrophages W&?ggested for further differentiation on a functional basis. In

comparatively low. In OP4 and ON4 meningiomas, 'MMYsiv0 and in vitro studies have shown repeatedly that me-

noreactivity for hsst2 was detected at the Iight-microscophcmgiomas express hss1Z-15, whereas neurinomas are

level as shown in Figures 5A and 5B. Preincubation of the : . .
. . ; ) S . completely devoid of hsstlg). This exclusion procedure
primary antibody with a surplus of its antigenic peptid

. - s came questionable when we reported histologically
abolished receptor staining as shown in Figures 5C and 5D, L . . .
o s . proven meningiomas in which SRS was negat/220. In
Both meningiomas showed the samig distribution of Imrm(j:_ontrast to localization and histologic type of meningioma
nostained somatostatin receptor subtype 2 proteins on théir gic typ 9 '

surface: The silver particles, indicating bound anti-hssfp SMall tumor volume was associated with a negative SRS

antibodies, decorated the processes and somata ofnumeFSﬁdEIt'l Because ‘eCh”'C?" rsasonls werﬁ excluded a?d ht_he
(but not all) cells in a fine, stippled pattern (Figs. 5A an{f"d€rlying reason remained unclear, the purpose of this
5B). However, a difference in the density of immunostainegudy Was to discover why negative SRS meningioma re-

hsst2 was noticed between the 2 meningiomas. AlthougH!tS occurred. _
most ON4 cells were intensively stained and hsst2 proteins! © Investigate whether the observed negative SRS results

appeared to be densely packed, the density of hsst2 protefs® true-negative or false-negative, hsst expression of SRS

on the surface of OP4 cells seemed to be markedly low@P @nd SRS ON meningiomas was compared, on both
(Figs. 5A and 5B). mRNA and the protein level. Because the 8—amino acid

somatostatin analog octreotide interacts with only 3 of 5
known somatostatin receptor subtypes (hsstl—hsst5), with

TABLE 1 the highest affinity to hsst2 and a much lower affinity to
Results of ®mTc-DTPA Scintigraphy, SRS, and Respective  hsst3 and hsst®6,27), meningiomas were tested for their
Number (n) and Tumor Volume expression of hsst2. Semiquantitative estimation of hsst2

MRNA expression by RT-PCR revealed no significant dif-

Group pTPA SRS n volume Mb) _ ference between OP and ON meningiomas but showed
1 Positive Positive 24 28.2 + 33.9 varied hsst2 expression among all meningiomas, regardless
2 Negative  Positive 6 4.6 £ 45 of SRS results. Various authors have reported that the
3 Negative Negative 5 5.4+ 81

MRNA level of hsstl-hsst5 was accompanied with a cor-
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800 bp

650 bp
377 bp
FIGURE 4. Ethidium bromide-stained
agarose electrophoresis gel after separat-
ing RT-PCR amplificates with primers of
hsst2 (377 bp) and h-actin (650 bp) from 4
800 bp SRS OP1-OP4 meningiomas (top) and 4
650 bp SRS ON1-ON4 meningiomas (bottom).
Control reactions were performed by omit-
377 bp ting RNA. Sizes (bp) of marker fragments

are indicated (left lane, top; left and right
lanes, bottom).

responding level of its proteir2{—29. hsst3 was expressed orments did not reveal any significant difference on mRNA
MRNA only in the cerebellum and not on the protein levdevel and immunocytochemical experiments showed a
(28). To prove that hsst2 mRNA is translated into the receptoather higher receptor density on the surface of ON menin-
protein on the cell surface of ON meningiomas, immunaioma cells and, furthermore, histology was not associated
cytochemical visualization was performed. We found hss#ith a negative SRS result, this possibility can clearly be
expression on the surface of cultivated cells of OP and O#xcluded. Second, tumors with a high endogenous soma-
meningiomas, with a higher density on ON meningiomepstatin production may be found to be receptor negative in
cells. Culture conditions possibly led to a selection of celldvo because of occupancy of available somatostatin recep-
that exhibited stronger hsst2 expression than did the averages. Numerous tumors are known to synthesize growth
tumor cell of the ON meningioma because no difference fdictors that stimulate their own growth in an autocrine or
hsst2 expression was observed on the mRNA level. Howaracrine manner. In this way, most meningiomas are
ever, our in vitro studies clearly indicated that the results &hown to produce and secrete the platelet-derived growth
SRS-negative meningiomas were false-negative. factor and the epidermal growth factd30j. Also, soma-
Possible explanations for discrepancies between sonastatin generally exhibiting antiproliferative effec&#) is
tostatin receptor imaging in vivo and somatostatin receptnown to stimulate growth of meningioma in vitr@)(
status in vitro are multitudinou2q). A tumor may have However, to our knowledge, an endogenous somatostatin
several particularities that may lead to a false-negative SR®duction of meningiomas has not been reported. Third,
result. First, a low tumor cellularity combined with a lowsome somatostatin receptors may not be recognized because
receptor density may not give sufficient specific binding tthey belong to subtypes—for example, sstl—having no
allow tumor detection in vivo. Because RT-PCR experiffinity to certain types of somatostatin analogs such as

- 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). (x170)
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octreotide. For this reason, our in vitro studies were focusé&t elements of the meninges, it is not surprising that me-
on hsst2. Fourth, a false-negative in vivo result may b@ngioma cells in culture were found to reflect the barrier
obtained if the tumor is located in regions of high backiunctions of the leptomeninx3g). Furthermore, whorl for-
ground activity such as the pituitary gland, the liver, thenation, or concentric wrapping of tumor cells around each
kidneys or the urinary bladder, in which hsst2-positivanother or around blood vessels in an onionskin pattern, is
tumors may be masked. Because no association with theseell-known feature of meningiomas and probably repre-
regions was found, this explanation does not account for teents a recapitulation of the function of leptomeningeal cells
negative SRS result of meningioma(20Q. Finally, SRS to cover surfaces and separate compartmets Accord-
may fail to detect tumors that are located inside an intaicigly, it is thinkable that meningiomas—especially in the
permeability barrier (e.g., the blood—brain barrier). Becaubeginning of their growth—meet the function of their tissue
octreotide is a polar, water-soluble peptide, it cannot pengforigin to develop more-or-less intact permeability barri-
trate into those tumors that are provided with an intaets that could give an explanation for the false-negative SRS
permeability barrier{7-19. In particular, the sensitivity of result of meningiomas.
about 100% of meningiomas in SRS was associated with theTherefore, permeability conditions of meningiomas were
assumption that meningiomas are devoid of an intact bloothvestigated in a further attempt using gadolinium-DTPA
brain barrier 13-17. contrast-enhanced MRI arf@™Tc-DTPA brain scintigra
Considering anatomic conditions, meningiomas are iphy. Because gadolinium-DTPA a8 Tc-DTPA are ex
deed devoid of a blood—brain barrier, but this does naemely hydrophilic substances, they cannot cross the intact
necessarily allow the implication that meningiomas are abarriers of the central nervous systed8(19; thus, an
cessible unrestrictedly fétlin-octreotide in SRS. The sys accumulation is observed only under circumstances that
tem of the brain and its meninges, by far, is too complex féead to blood—brain barrier disruption (e.g., tumor, multiple
a model of 2 spaces (blood—brain) separated from eastierosis, and infection)18,40. Whereas MRI always
other by only 1 barrier to explain it. Moreover, severashowed strong and homogeneous contrast enhancement
compartments exist that are flanked by different barrieesd, thereby, suggested that meningiomas were devoid of a
(31). These compartments are again separated from termeability barrier, all 5 ON meningiomas remained un-
blood compartment by highly specific permeability barrierdetected by brain scintigraphy usiPRfTc-DTPA (Table 1,
that are found mainly in 3 different location32). First, the group 3). Of 30 OP meningiomas investigated with both,
endothelium of the cerebral vessels, including the clos&RS and brain scintigraphy usifi§yTc-DTPA, 24 showed
envelope of astrocytic end feet, forms the blood—brain b&Tc-DTPA enhancement (Table 1, group 1), whereas 6
rier in the strict sense3@). Second, the cerebrospinal fluidmeningiomas remained undetected (Table 1, group 2). As
(CSF) of the brain ventricle, which is continuous with thexpected from our previous results2(20, the volume of
cerebral interstitium, must be separated from the bloo@N meningiomas was much lower than the volume of
Because of this requirement, 1 barrier is formed by tH&™Tc-DTPA—positive OP meningiomas. Additionally, itte
epithelium of the choroid plexu84). Another site of leaky, came evident that the volume ¥ Tc-DTPA-negative OP
fenestrated capillaries includes 6 of the 7 circumventriculareningiomas also was markedly lower than that%flc-
organs where tanycytes hinder the free diffusion of plasntal PA—positive OP meningiomas. Because the smallest
proteins from these blood vessels into the ventri@B).( %"Tc-DTPA—positive meningioma had a volume of 1.5 mL
Third, the outer CSF within the arachnoidal space, which &nd the largest® Tc-DTPA-negative meningioma had a
not strictly separated from the brain interstitium, must beolume of 19.3 mL an insufficient sensitivity can be ex-
separated from the hemal milieu of the dura. This task ¢duded to account for negativV& Tc-DTPA results. There
performed by the CSF-blood barrier, which consists of ttfere, it can be concluded that brain scintigraphy had iden-
outer arachnoidal layeiB() that represents the outer layetified a permeability barrier, e.g., blood—tumor barrier as an
of the outer leptomeningeal lamelld1). All of these bar- explanation for the false-negative SRS results of ON me-
riers are characterized by 2 distinct properties: Tight junaingiomas.
tions limit the paracellular flux and specific transport mech- Because a small tumor size is associated with a false-
anisms control the transcellular flux. In a way that is similaregative SRS result, this blood—tumor barrier possibly more
to the manner in which the leptomeninx guarantees tlamd more loses its integrity with progressive growth of the
function of the CSF-Dblood barrier, negatively charged exaeningiomas. In the course of this increasing loss of barrier
tracellular glycoproteins and its 3 lamellae (inner, interméntegrity, 1 method might still indicate an intact barrier
diate, and outer31)) are responsible for delimitation of thefunction and another more sensitive method might imply
other compartments3(,39. In addition, leptomeningeal free permeability conditions. As our results show, less in-
tissue also provides an enzymatic barrier function, whidense uptake was noted in brain scintigraphy ushigc-
protects the central nervous system from catecholamir@$PA than in SRS. This finding is in accordance with
produced in the periphers$,37. results published by 2 other groups(17), both of which
Bearing this in mind and taking under consideration thapeculated that the extravasation of the receptor-specific
meningiomas are defined as tumors originating from celltracer**lin-octreotide would result in stronger contrast than
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13. Hildebrandt G, Scheidhauer K, Luyken C, et al. High sensitivity of the in vivo
detection of somatostatin receptorsByndium (DTPA-octreotide)-scintigraphy

in meningioma patientsActa Neurochir (Wien)1994;126:63-71.

Maini CL, Cioffi RP, Tofani A, et al. Indium-111 octreotide scintigraphy in
neurofibromatosisEur J Nucl Med 1995;22:201-206.

Scheidhauer K, Hildebrandt G, Luyken C, Schomacker K, Klug N, Schicha H.
Somatostatin receptor scintigraphy in brain tumors and pituitary tumors: first
experiencesHorm Metab Res Suppl993;27:59—-62.

Barth A, Haldemann AR, Reubi JC, et al. Noninvasive differentiation of menin-
giomas from other brain tumours using combiriétihdium-octreotideP™ech
netium-DTPA brain scintigraphyActa Neurochir (Wien)1996;138:1179-1185.
Haldemann AR, Rosler H, Barth A, et al. Somatostatin receptor scintigraphy in
central nervous system tumors: role of blood-brain barrier permeatilijucl

Med 1995;36:403—-410.

Rhine WD, Benaron DA, Enzmann DR, et al. Gd-DTPA MR detection of

CONCLUSION 18
RT-PCR and immunocytochemistry showed that SRS- blood-brain barrier opening in rats after hyperosmotic shdcomput Assist
;Tomogr 1993;17:563-566.

r.legatlve meningiomas do expre.ss hsst2. Thus, t,hese ,n,e:l.g%elaya FO, Rose SE, Nixon PF, et al. MRI demonstration of impairment of the
tive SRS results are false-negatlve. Because an InSLIffICIen'[blood-(:SF barrier by glucose administration to the thiamin-deficient rat brain.
sensitivity was excluded®®Tc-DTPA scintigraphy idemti Magn Reson Imagingl995;13:555-561.

fied a permeability barrier in SRS-negative meningiom&g' Klutmann S, Bohuslavizki KH, Tietje N, et al. Clinical value of 24-hour delayed
imaging in somatostatin receptor scintigraphy for meningiothaucl Med

that explains their false-negative SRS results. SRS-negative; g99:40:1246-1251.
meningiomas—especially in the beginning of theirl. Reubi JC. Neuropeptide receptors in health and disease: the molecular basis for

rowth—m likelv m he function of their ti f in vivo imaging.J Nucl Med 1995;36:1825-1835.
growt ost ely meet the function of their tissue 022 Mentlein R, Buchholz C, Krisch B. Somatostatin-binding sites on rat telence-

Origin (|e, the meninges) to devlel(')p morg—or—less intact phalic astrocytes: light- and electron-microscopic studies in vitro and in vivo.
permeability barriers. Because this is the first report of a Cell Tissue Res1990;262:431-443.

blood=tumor barrier in meningiomas that might be of majc?F' Parwaresch MR, Radzun HJ, Kreipe H, Hansmann ML, Barth J. Monocyte/
macrophage-reactive monoclonal antibody Ki-M6 recognizes an intracytoplasmic

importance for possible systemic therapy concepts in future, anigen.am J Pathal 1986:125:141-151.

the nature of this barrier needs further investigation. 24. Dournaud P, Gu YZ, Schonbrunn A, Mazella J, Tannenbaum GS, Beaudet A.
Localization of the somatostatin receptor SST2A in rat brain using a specific
anti-peptide antibodyJ Neurosci 1996;16:4468—4478.
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