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ABSTRACT. ['""In-DTPA%]octreotide scintigraphy
allows the in vivo visualization of several types of
SS receptor (SSR)-expressing tumors. Among
these, thymomas have been recently detected.
Here we report on 2 patients admitted for myas-
thenia gravis and radiological evidence of thymic
mass. Although these patients had similar clinical
presentation, in vivo SSR scintigraphy displayed a
difference in the degree of the ['"'In-DTPA%oc-
treotide uptake. Considering that both thymic
masses had comparable volume, ['"In-DTPA%oc-
treotide level was significantly higher in one of the
2 tumors (tumor/background ratio of 5.7 vs 2.6).
The SSR subtype expression pattern was studied
in vitro on the surgically resected specimens by
ligand binding techniques, quantitative reverse
transcriptase polymerase chain reaction (RT-PCR)
and immunohistochemistry. According to the re-
cent World Health Organization classification, the
2 tumors were classified A and B2 thymomas re-
spectively. In membrane homogenates, we found
a higher number of high affinity ['2]-Tyr'1]-SS-14
binding sites in the B2 thymomas (23.5+2.5 vs
12.0£0.4 fmol/mg membrane protein; p<0.05).
RT-PCR analysis showed sst;, ssty and sst; mRNA
in the 2 thymoma tissues, whereas SS mRNA was
detectable only in the A thymoma. Quantitative
evaluation of RT-PCR data showed a comparable
expression of the relative amount of sst,, mRNA
in both tumors, whereas a significant higher
expression of sst; MRNA in the B2 thymoma. Sst,,
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immunoreactivity was localized mainly on the
endothelium of intratumoral vessels, whereas sst;
was present on either tumoral epithelial cells or
normal reactive thymocytes. The expression of
sstyp receptors in these tumors is in line with the
in vivo visualization by ['''In-DTPA%octreotide,
which is considered a sst,-preferring ligand.
However, since radioligand uptake was signifi-
cantly higher in the B2 thymoma, which expres-
sed the largest sst; mRNA levels, it might be pos-
sible that this subtype is involved in determining
the tumor visualization during SSR scintigraphy.
Apart from the affinity of the radioligand for the
receptor, also the efficacy of the internalization
of the radioligand-receptor complex might play
a role in radioactivity accumulation during in vi-
vo SSR scintigraphy. In fact, although octreotide
binds with lower affinity to sst; receptors, this
subtype displayed the highest amount of ago-
nist-dependent receptor internalization com-
pared to the other SSR subtypes. Moreover, sst;
was localized on both tumor cells and reactive
thymocytes, and these latter cells are character-
ized by a very active turnover of membrane
molecules. Finally, although more cases need to
be evaluated, the lack of detection of SS mRNA
in the tumor presenting a more aggressive phe-
notype (B2 thymoma) might have physiopa-
thological or prognostic significance.
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INTRODUCTION

SS receptors (SSR) have been demonstrated in vivo
and in vitro in a large number of human neoplasms (1,
2). Human SSR-positive tumors show a high uptake
of ["""In-DTPACoctreotide during in vivo scintigraphy,
which has become a standard procedure in the work-



up of patients with neuroendocrine tumors to obtain
an accurate estimation of disease spreading (2).
Besides, SSR scintigraphy has been proposed to se-
lect candidates responsive to specific peptide treat-
ment (1, 3). SSR scintigraphy has been successfully
employed to visualize sites of disease in patients with
abnormalities of the immune system (4, 5). Neoplastic
and inflammatory lesions have been clearly visualized
in lymphomas, granulomatous diseases and autoim-
mune diseases (4, 5). The in vivo evidence of SS bind-
ing opened new fields of interest for the role of SS
and SSR in the immune system. Moreover, the pres-
ence of SSR has been demonstrated in vitro in lym-
phoid tissues and cells (4-6). A recent novel observa-
tion is the visualization of thymic epithelial tumors us-
ing [""In-DTPA ]octreotide (7-9). Although this seems
to have relevance for selecting patients who may ben-
efit from treatment with SS analogs (10), the real dis-
tribution of SS and its receptor subtypes in this rather
unexplored category of tumors has not been accu-
rately investigated so far. Moreover, considering the
relatively low number of SSR expressed in these tu-
mors and in lymphoid tissues in general, the contri-
bution of different receptor subtypes in determining
the binding of radiolabeled SS analogs has not yet
been well established (4, 6, 9).

The present study starts from the in vivo evaluation
by [""In-DTPAC]octreotide scintigraphy of SS-bind-
ing sites in 2 patients admitted for myasthenia
gravis and radiological evidence of thymic mass.
The surgically removed tissues were analyzed in vitro
by classical binding studies, reverse transcriptase
polymerase chain reaction (RT-PCR), and immuno-
histochemistry to unravel the expression and po-
tential significance of SS and SSR subtypes in these
thymic tumors. Using real time quantitative RT-PCR,
we analyzed the relative amount of sst,5 and sst3
mRNAs. By immunohistochemistry, which allows
the localization of the receptor proteins at cellular
level, we further investigated the cellular localiza-
tion of ssty, and sst3 receptors in tumor sections.

PATIENTS AND METHODS
Patients and samples

Two patients (1 male, aged 35 yr, and 1 female, aged
55 yr) were admitted for myasthenia gravis associat-
ed with radiological evidence of mediastinal mass.
Computed tomography (CT) scan confirmed the di-
agnosis of thymic enlargement. ['"1In-DTPA octre-
otide scintigraphy was performed as well. Thereafter,
both patients underwent surgery. The removed tu-
mors were histologically classified as A and B2 thy-
momas according to the World Health Organization
(WHO) classification, corresponding to a benign thy-
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moma of the clinicopathologic classification (medul-
lary thymoma of the histological classification, A) and
to a malignant thymoma (cortical thymoma of the
histological classification, B2). Samples from these
tumors were taken directly at operation, quickly
frozen and stored at -80 C for ligand binding and
RT-PCR studies. Additional samples were fixed in
10% paraformaldehyde for immunohistochemistry.
The protocol was in accordance with the Helsinki
Doctrine on Human Experimentation. Informed con-
sent was obtained from the patients.

Somatostatin receptor scintigraphy

Scintigraphy with ['1TIn-DTPAC]octreotide was per-
formed as previously reported (9). Briefly, planar
images were obtained 24 h after the injection of
228 Mbq [""In-DTPA%Joctreotide (Mallinckrodt,
Petten, The Netherlands). Imaging studies were
performed using a two-headed gamma camera
(Picker 2000, Picker Instruments, Cleveland, Ohio,
USA) equipped with a medium-energy-collimator.
Acquisition time for planar spot images was 15 min.
Tumor/background ratio was calculated dividing
the mean counts in the target region by the mean
counts in a chest region nearby and corrected for
the size of the region, as described elsewhere (9).

SSR binding studies

The method of membrane isolation and the reac-
tion conditions were described elsewhere (11).
Briefly, membrane preparations (30-50 pg protein)
of tissue samples were incubated in a total volume
of 100 pl at room temperature for 60 min with in-
creasing concentrations of [1251-Tyr!"]-S5-14 with-
out and with excess (1 uM) of unlabeled SS-14 in
HEPES buffer (10 mM HEPES, 5 mM MgCl, and
0.02 g/l bacitracin, pH 7.6) containing 0.2% BSA.
After incubation, 1-ml ice-cold HEPES buffer was
added to the reaction mixture, and membrane-
bound radioactivity was separated from unbound
by centrifugation during 2 min at 14,000 rpm in an
Eppendorf microcentrifuge. The remaining pellet
was washed twice in ice-cold HEPES buffer, and the
final pellet was counted in a y-counter (1470 Wizard,
Wallac, Turku, Finland). Specific binding was taken
to be total binding minus binding in the presence
of 1 uM unlabeled ligands.

RT-PCR studies

RT-PCR was performed as previously described (9).
Briefly, poly A* mRNA was isolated using Dyna-
beads Oligo (dT),s (Dynal AS, Oslo, Norway) from
tissue samples. cDNA was synthesized using the
poly A* mRNA captured on the Dynabeads Oligo
(dT)zs as solid phase and first strand primer. One-
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tenth of the cDNA was used for each amplification
by PCR using primer sets specific for human sst;_s,
SS, and hypoxanthine-guanine phosphoribosil trans-
ferase (HPRT). Several controls were included in the
RT-PCR experiments. To ascertain that no detec-
table genomic DNA was present in the poly A*
mRNA preparation (since the SSR subtype genes
are intron-less), the cDNA reactions were also per-
formed without reverse transcriptase and amplified
with each primer-pair. Amplification of the cDNA
samples with the HPRT-specific primers served as a
positive control for the quality of the cDNA. To ex-
clude contamination of the PCR reaction mixtures,
the reactions were also performed in the absence
of cDNA template in parallel with cDNA samples.
As a positive control for the PCR reactions of SSR
receptor subtypes, 0.001 to 0.1 ug of human ge-
nomic DNA, representing approximately 300 to
30,000 copies of sst-template, were amplified in par-
allel with the cDNA samples. As a positive control
for the PCR of HPRT and SS, aliquots of a cDNA
sample known to contain SS and HPRT mRNA were
amplified, because these primer-pairs did enclose
introns in the genomic DNA. To quantify sst, and
sst3 mRNAs, a quantitative RT-PCR was performed
by TagMan® Gold nuclease assay (The Perkin-Elmer
Corporation, Foster City, CA) and the Abi Prism®
7700 Sequence Detection System (The Perkin-Elmer
Corporation) for real-time amplification, according
to the manufacturers instructions. Specific primer
and probe sequences were used for the quantita-
tive RT-PCR. The amount of sst, and sst; MRNA was
determined by means of a standard curve generat-
ed in each experiment from known amounts of hu-
man genomic DNA. For the determination of the
amount of HPRT mRNA, the standard curve was ob-
tained by including dilutions of a pool of cDNAs
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known to contain HPRT. The amount of sst, and sst;
mRNA was calculated relative to the amount of
HPRT and is given in arbitrary units.

Immunohistochemical localization of sstop
and sst3 receptors

Immunohistochemistry was performed on 5-pm paraf-
fin-embedded sections. The sections were deparaf-
finized, rehydrated, exposed to microwave heating (in
citric acid buffer, pH 6.0) at 100 C for 15 min, rinsed in
tap water followed by PBS. Thereafter, the sections
were incubated for 15 min in normal goat serum (1:10
dilution in PBS+5% BSA), and then incubated with an-
tibodies, raised in rabbit, against ssty (R2-88, gift from
Dr. A. Schénbrunn) and sst3 (Biotrend, Cologne, Ger-
many) overnight at 4 C. The sstya and sst; antibodies
were used at a dilution of 1:500 and 1:2000, respec-
tively in phosphate buffered saline (PBS)+5% BSA. A
standard streptavidin-biotinylated-alkaline phos-
phatase complex (ABC kit, Biogenix, San Ramon, CA,
USA) was used according to the manufacturer’s rec-
ommendation to visualize the bound antibodies. The
sections were developed with New Fuchsine/Naphtol
AS-MX, slightly counterstained with hematoxylin and
mounted. Negative controls for immunohistochem-
istry included: 1) omission of the primary antibody; 2)
preabsorbtion of the antibodies with the respective
immunizing receptor peptides (at a concentration of
100 pM). A tissue was considered positive when the
immunostaining was abolished by pre-absorption of
the antibody with the respective peptide antigen.

Statistical analysis

Data are expressed as mean=SE. Binding experi-
ments were performed at least twice. SSR binding
data on membrane homogenates were analyzed by
the method of Scatchard.

Fig. 1 - Planar (top) and coronal SPECT
(bottom) images of the chest 24 h after
injection of [111In-DTPAC]octreotide.
Planar anterior (left) and posterior (right)
views. There is normal uptake in the thy-
roid and liver. An abnormal uptake in
the region of the left hilum is seen (ar-
rows). A) patient with A thymoma; B) pa-
tient with B2 thymoma.



RESULTS
SSR binding studies

At SSR scintigraphy an abnormal uptake of ['"'In-
DTPAYoctreotide was detected after 24 h in the
mediastinum of both patients with thymoma. The
uptake was significantly higher in the patient with
the B2 thymoma compared to the patient with the
A thymoma (Fig. 1). Tumor/background ratio cal-
culated on SPECT reconstructions was 2.6 in the A
thymoma and 5.7 in the B2 thymoma (Fig. 1).

Specific binding of ['?°I-Tyr"]-SS-14 was found on en-
riched membrane preparations of thymoma tissues.
Scatchard analysis of the binding data showed an es-
timated K4 values of 0.4+0.1 and 0.5+0.2 nM, with a
maximum binding capacity (B,,,) of 12.0+0.4 and
23.5%2.5 fmol/mg membrane protein in the A and
B2 thymomas, respectively (p<0.05 for B, values).

RT-PCR studies

By RT-PCR, ssty, sstyp and sst3 mRNA was found in
the thymoma tissues, whereas sstyg, sst4 and ssts
mRNA was undetectable. SS mRNA was expressed
in the A thymoma, while it was undetectable in the
B2 thymoma. Quantitative analysis of the sst,5 and
sst MRNA content showed a comparable expression
of sstya MRNA in both tumor tissues (Fig. 2A). Conver-
sely, the number of sst; mMRNA copies was approxi-
mately 4-fold higher in the B thymoma compared to
the A thymoma (Fig. 2A). This is also evident in Figure
2B, which shows the sstz/sst,, mRNA ratio.

Immunohistochemistry

By immunohistochemistry, sst,5 immunoreactivity was
found on the endothelium of few small intratumoral
vessels (Fig. 3A), while sstz immunoreactivity was ob-
served on tumor cells and reactive thymocytes (Fig.
3B). In all cases, immunostaining could be completely
abolished by pre-absorption with 100 nM of the re-
spective peptide antigens (Fig. 3C and D).

DISCUSSION

Thymoma is the most common tumor of the anteri-
or-superior mediastinum. Metastases are rare, where-
as locally aggressiveness, with infiltration of lungs,
pleural and pericardial space, may occur (12).
Thymomas are frequently associated with immu-
nological disorders. Myasthenia gravis is the most
common one, and occurs as typical complication of
WHO type A, AB and B1-3 thymomas (12). Thymo-
mas can be visualized by [""In-DTPAfoctreotide
scintigraphy (7-10), currently used as diagnostic tool
for neuroendocrine tumors, as well as experimental-
ly for pathological entities involving the immune sys-
tem (2, 4, 5). Moreover, therapy with SS analogs re-
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Fig. 2 - Quantitative analysis of reverse transcriptase polymerase
chain reaction (RT-PCR) data showing the different relative
amount of sst,5 and ssts mRNAs in thymoma tissues calculated
relative to the amount of hypoxanthine-guanine phosphoribosil
transferase (HPRT) and given in arbitrary units.

sulted in effective control of tumor growth in thy-
momas not responsive to conventional treatments
(8, 10). We have recently demonstrated the in vitro
expression of ssty ssty5 and sst3 in the normal human
thymus and in one thymoma (9, 11). Conversely, by
autoradiography Reubi et al. failed to demonstrate
SS-binding sites in 4 thymomas (6). To clarify the pos-
sible mechanisms involved in determining tumor up-
take of ['""1In-DTPAC]octreotide, we investigated SSR
expression in 2 human thymomas, analyzing and
comparing the in vivo scintigraphic results to in vitro
ligand binding, quantitative RT-PCR and immuno-
histochemical results. RT-PCR revealed a comparable
expression of ssty, and the absence of ssts in both
cases, whereas a significantly higher sst; mRNA ex-
pression in the B2 thymoma was found. Indeed, this
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latter tumor showed a higher number of SS-binding
sites at membrane binding study, as well as a signif-
icant higher tumor/ background ratio compared to
the A thymoma during in vivo SSR scintigraphy, sug-
gesting that the involvement of sst; receptors in the
uptake of [""In-DTPAP]octreotide cannot be ruled
out. Radiolabeled octapeptides SS-analogs are in-
ternalized in a high amount by SSR-positive tumor
cells (13, 14). ['""'In-DTPAC]octreotide is considered a
sst,-preferring ligand, suggesting a crucial role of
sst, receptor in determining the accumulation of ra-
dioactivity following internalization of the radioli-
gand-receptor complex. Evidence for the importance
of sst, receptor derives from studies showing that
ssty-expressing cells internalize SS and octreotide.
However, on the basis of the higher agonist-de-
pending internalization rates of sst; compared to
ssty, it cannot be excluded that sst; receptor might
play a role as well (15). Moreover, sst; has been
detected by immunohistochemistry on both tumor
cells and reactive thymocytes, whereas sst,, recep-
tors were found on endothelial cells only. Thymo-
cytes are characterized by an active membrane mo-
lecule turnover. Indeed, B2 thymomas (also called
cortical thymomas) contain the largest number of re-
active thymocytes compared to the other tumor his-
totypes (12). The majority of human SSR-positive tu-
mors that display a significant in vivo uptake of ["1In-
DTPAP]octreotide express multiple SSR subtypes
(16). As further evidence, it has been recently shown
that among several SSR scintigraphy-positive tumors,
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Fig. 3 - Immunohistochemical detection
of sstys and sst3 receptors in paraffin-
embedded sections from B2 thymoma.
A) sty immunoreactivity localized on the
endothelium of an intratumoral vessel. B)
sstz immunoreactivity within the thymo-
cytes and tumor cells. C, D) Adjacent sec-
tions showing displacement of immuno-
staining after pre-absorption of the anti-
bodies with 100 nM of the respective
peptide antigens. Magnification 200 X.
Sections developed with New Fuchsine/
Naphtol AS-MX. The sections are slight-
ly counterstained with hematoxylin.

3 thyroid tumors lacked the expression of sst, re-
ceptor (17), suggesting that tissue expression of sst,
is not a prerequisite for positive imaging. Since the
thyroid gland is constantly visualized during [""1In-
DTPAC]octreotide scintigraphy, an additional impor-
tant observation is the lack or faint expression of sst,
mRNA in normal thyroid tissue (17, 18). Although the
presence of SS in the tumor does not seem to influ-
ence the outcome of in vivo SSR imaging, as it has
been shown for medullary thyroid cancer (19), it can-
not be fully excluded that the lack of SS mRNA ex-
pression in the B2 thymoma might play a role in the
higher uptake of ['"'In-DTPAoctreotide by this tu-
mor as well.

The in vivo visualization of thymomas during SSR
scintigraphy seems to be a rather complex phe-
nomenon. First, in vitro binding studies showed that
the number of SS-binding sites is significantly low-
er compared to neuroendocrine tissues and tumors.
Second, the heterogeneity of receptor expression
and perhaps additional regulatory mechanisms oc-
curring in vivo may influence the affinity of a given
receptor for radiolabeled SS-analogs and then the
uptake of the tracer during SSR scintigraEhy. It can
be hypothesized that, while in vitro ['?°I-Tyr3]oc-
treotide can be considered a rather “pure” sst,-pre-
ferring ligand, in vivo the uptake of ['"In-DTPA%joc-
treotide may occur in tissues or tumors expressing
SSR with lower affinity for octapeptide SS analogs.
Besides the role played in regulating radiolabeled
SS-analog uptake, the significance of SSR expression



pattern in thymoma is intriguing, considering that an
important aspect about these tumors has recently
emerged. An original study demonstrated the pres-
ence of neuroendocrine differentiation in non-neu-
roendocrine thymic epithelial tumors (20). While “clas-
sic” neuroendocrine markers or cells are common
features in thymic carcinoids, the presence of focal
or dispersed neuroendocrine cells in thymic carcino-
ma and thymoma may reflect multidirectional differ-
entiation within the tumor. The neuroendocrine dif-
ferentiation may represent an additional marker of
thymomas, next to cell atypia, expression of specific
epithelial cell clusters and lack of immature T cell in-
filtration (20). Finally, the lack of detection of SS
mRNA in the tumor displaying a more aggressive
phenotype (B2 thymoma) might also have phys-
iopathological or prognostic significance.

Further data on the internalization of SSR ligands
by cells endogenously expressing SSR are manda-
tory in order to elucidate several remaining ques-
tions regarding the role of the different subtypes. In
fact, apart from [""1In-DTPAC]octreotide, other ra-
diolabeled SS analogs suitable for diagnostic or
therapeutic applications have been synthesized (21,
22). Moreover, radiotherapy and targeted chemo-
therapy using SS analogs is considered a future ef-
fective and feasible approach to treat patients with
advanced metastatic SSR-positive tumors (23, 24).
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