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Fig. 1. SSTR2 somatostatin receptor subtype in a GH-producing pituitary adenoma (A
and B) and in a TSH-producing pituitary adenoma (C and D). A and C, autoradiograms
showing high amounts of SSTR2 mRNA in the tumors. B and D, autoradiograms showing
total binding of '25I-[LTT]-SS-28 in adjacent sections of the tumor tissue. Nonspecific
binding (in presence of 10~° M SS-28) was negligible. Bar, 1 mm.
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Fig. 2. SSTR2 somatostatin receptor subtype in a meningioma. A, hematoxylin-eosin-
stained section. Bar, 1 mm. B, autoradiogram showing high amounts of SSTR2 mRNA.
C, autoradiogram showing total binding of '?’I-[Tyr’]-octreotide in adjacent sections of
the tumor tissue. D, autoradiogram showing total binding of '>I-[LTT]-SS-28 in adjacent
sections of the tumor tissue. Receptors are located in the tumor but not in the connective
tissue.

SSTR1 receptors which can be detected only with '>I-[LTT]-SS-28
but not with '>I-[Tyr’}-octreotide.

All tumors expressing SSTR2 mRNA had SS-R identified by
binding experiments with 'ZI-[Tyr’]-octreotide and '**I-[LTT]-SS-
28 and were shown to have high affinity for octreotide and SS-28.
Those four tumors expressing only SSTR1 mRNA, however, had
SS-R identified with '>5I-[LTT]-SS-28, but not with 'ZI-[Tyr’}-
octreotide; they showed high affinity for SS-28 but low affinity for
octreotide. Those 3 cases with SSTR1 and SSTR3 mRNAs but no
SSTR2 mRNA were all found to have '*’I-[LTT]}-SS-28 and '*I-
[Tyr’J-octreotide binding, as shown in Fig. 6 in the example of an
insulin-secreting ICC. This suggests that octreotide binding may also
identify to some extent the SSTR3 receptor subtype. However, the
ovarian carcinomas 6/B, the only tumor having only SSTR3 receptor
expression, only bound '?°I-[LTT]-SS-28.

Additional exceptions were the carcinoids 8/WT and 10/LE, which

had a high density of '**I-[Tyr’]-octreotide as well as '**I-[LTT]-SS-
28 binding sites but no detectable SSTR1, SSTR2, or SSTR3 mRNAs.

DISCUSSION

This study shows for the first time the presence of mRNA for three
SS-R subtypes, SSTR1, SSTR2, and SSTR3, in primary human tu-
mors, revealed by in situ hybridization histochemistry. Human tumors
have, therefore, the potential to express all three SS-R subtypes.
However, each individual tumor only rarely expresses the three types
simultaneously. The mRNA most frequently and most abundantly
expressed in these tumor specimens is that for the SSTR2 subtype
since it was found in all pituitary adenomas, meningiomas, neuroblas-
tomas, breast tumors, and SCLCs as well as in a majority of GEP
tumors and lymphomas. The mRNAs for SSTR1 and for SSTR3 in
general were found less frequently: they were most regularly found in
GEP tumors, MTC, and ovarian cancers. In the majority of cases, the
mRNA for the SS-R subtypes was homogeneously distributed in the
whole tumor tissue, suggesting that most tumor cells are expressing
the receptor, an observation also confirmed with the present autora-
diography experiments. Except in one carcinoid case, in which SSTR1
and SSTR2 mRNA were clearly localized in different tumor regions,
it was not possible to evaluate whether the different subtypes, when
simultaneously expressed in a single tumor, are localized on the same
tumor cells.

An important aspect of this study is the comparison of the expres-
sion of the different mRNAs with the receptor detection using in vitro
binding data with '>°I-[Tyr’]-octreotide and '*I-[LTT]-SS-28 in au-
toradiographic studies on adjacent sections. The study clearly dem-
onstrates that all tumors expressing the mRNA for the SSTR2 receptor
subtype have a high affinity for octreotide and can be labeled with the
octapeptide '2’I-[Tyr’]-octreotide. Conversely, the four tumors tested
in the present study, which were shown to express only receptors of
the SSTR1 subtype and not of the SSTR2 subtype were found to bind
1251 [LTT]-SS-28 or 'ZI-[Tyr’]-SS-14 but not labeled octreotide.
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Fig. 3. SSTR1, SSTR2, and SSTR3 receptor subtypes in an islet cell carcinoma. A,

hematoxylin-eosin-stained section. Bar, 1 mm. B, autoradiogram showing low to moder-

ate amounts of SSTR1 mRNA in the tumor. C, autoradiogram showing high amounts of

SSTR2 mRNA in the tumor. D, autoradiogram showing low amounts of SSTR3 mRNA

in the tumor. E, autoradiogram showing total binding of '>*I-[Tyr’]-octreotide in the
tumor tissue. Nonspecific binding (in presence of 10~° M octreotide) was negligible.
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good correlation between SS-R binding using receptor autoradiogra-
phy and mRNA detection using in situ hybridization histochemistry
(17). Interestingly, the three tumors expressing SSTR1 and SSTR3
only, one ICC, one MTC, and one lymphoma, were shown to have a
strong 25I-[LTT]-SS-28 binding and also a significant '*’I-[Tyr’]-
octreotide binding. Since tumors with SSTR1 alone have no affinity

. for octreotide, it is likely that the SSTR3 component is responsible for
- the '>°I-[Tyr’]-octreotide binding. This may be explained by the fact
B that octreotide still has some affinity to SSTR3 stably expressed in
various cell types, with the concentration producing 50% inhibition
varying depending on the study considered (11, 25-27), between 3

.
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Fig. 4. Nonhomogeneous distribution of SSTR1 and SSTR2 mRNA:s in a carcinoid:
correlation with binding of '25I-[LTT]-SS-28 (SS-28-R) and of '*I-[Tyr’]-octreotide.
A, hematoxylin-eosin-stained section showing a histologically homogeneous tumor.
Arrowheads, tumor parts biologically different from the rest. Bar, 1 mm. B,
Autoradiogram showing SSTR1 mRNA. Arrowheads, tumor parts having a high
hybridization signal, whereas the rest of the tumor has only a moderate mRNA level.
C, autoradiogram showing total binding of '>I-{LTT]-SS-28 showing high density of
labeling in the whole tumor. Nonspecific binding was negligible. D, autoradiogram
showing SSTR2 mRNA. Arrowheads, absence of SSTR2 mRNA (modcratelg present
in the rest of the tumor). E, autoradiogram showing total binding of 'ZI-[Tyr’}-
octreotide. Nonspecific binding is negligible. Arrowheads, parts with no binding,
whereas the rest of the tumor has a high receptor density. This tumor, therefore, has
two biologically distinguishable parts: one expressing SSTR1 only (arrowheads) and
one expressing SSTR1 and SSTR2. 'ZI-{Tyr’}-octreotide identifies SSTR2 but not
SSTR1 sites. SSTR3 mRNA was not detected in this tumor.

Therefore, '*°I-[Tyr’]-octreotide in binding experiments may select,
among the SSTR1 and SSTR2 subtypes, the tumors expressing
SSTR2 receptors. These SSTR2 receptors are likely to be identical
(24) with an SS-R subtype, named SS-1 receptor in earlier pharma-
cological reports and found to have a high affinity not only for SS-14
and SS-28 but also for small synthetic SS analogues such as octreotide
or MK 678 (4-6). The carcinoid case having two tumor regions, one
region expressing the two SS-R subtypes SSTR1 and SSTR2 and the
other region expressing SSTR1 only, is an outstanding example of the
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Fig. 5. SSTR1 somatostatin receptor subtype in medullary thyroid carcinoma. A,
hematoxylin-eosin-stained section. Bar, 1 mm. B, autoradiogram showing high amounts
of SSTR1 mRNA. C, autoradiogram showing the absence of 2I-[Tyr’}-octreotide bind-
ing in an adjacent section of the tumor tissue. D, autoradiogram showing total binding of
1251.[LTT)-SS-28 revealing the high density of receptors in this adjacent section of the
tumor. Notice that SSTR1 mRNA but not SSTR2 or SSTR3 mRNAs were identified. This
is reflected by a high binding of SS-28 ligands but no binding of octreotide radioligands.
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Fig. 6. SSTR1 and SSTR3 receptor subtypes in an insulinoma. A, hematoxylin-eosin-
stained section. Arrowheads, tumor tissue. Bar, 1 mm. B, autoradiogram showing SSTR1
mRNA. C, autoradiogram showing SSTR3 mRNA. D, autoradiogram showing total
binding of '>I-[Tyr’}-octreotide. E, Autoradiogram showing total binding of '>*I-[LTT}-
SS-28.
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and 35 nM. The lack of octreotide binding in the only tumor having
only SSTR3 mRNA, an ovarian tumor, may be due to the relatively
low density of these receptors.

The carcinoids 8/WT and 10/LE, which have a high density of
125L[Tyr’}-octreotide receptors but no SSTR1, SSTR2, or SSTR3
mRNAs, may be tumor specimens expressing a further SS-R subtype,
either not yet discovered or possibly related to the rat SS receptor
subtype identified by O’Carroll et al. (28), having also a high affinity
for octreotide (rSSTRS).

This study is not meant to give information about the exact inci-
dence of the mRNAs for SS-R in the various types of primary human
tumors; indeed, a selection of tumors identified as strongly SS-R
positive in binding experiments was chosen for the present purpose.
The study, however, demonstrates for the first time that human tumors
shown previously to have binding sites for SS also have the corre-
sponding mRNAs: this is the case for pituitary adenomas (14), men-
ingiomas (22), GEP tumors (17), neuroblastomas (20), breast tumors
(19), lymphomas (29), and SCLCs (18), most often characterized by
having the SSTR2 subtype. Furthermore, the study confirms other
binding data suggesting that selected tumors, such as MTC (8),
ovarian cancers (9), or several GEP tumors (15, 17), are characterized
by receptor subtypes other than SSTR2, also previously known as
SS-1. We do not know to what extent the in siru hybridization
histochemistry technique presently used would be sensitive enough to
detect mRNAs in tumors with a low density of SS-R measured with
binding methods. Neither can we exclude that a very low abundant
mRNA for one of the subtypes would have remained undetected with
this technique.

The exact function mediated by the 3 SS-R subtypes is not yet
clearly established. Interestingly, a preliminary study has suggested
that the SSTR2 subtype may be responsible for the antiproliferative
effects of SS analogues (30). The fact that a majority of human
primary tumors as well as tumor cell lines (31) express this particular
receptor type is promising for the therapeutic potential of SS ana-
logues in such tumors. Also of importance is the fact that these SSTR2
receptors have a high affinity for small, stable SS analogues, such as
octreotide or lantreotide, used worldwide for the treatment of acro-
megaly and GEP tumors by inhibition of hormone release.
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