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Fig. 7. Different gastrin mRNA expression in
three different tumor types: medullary thyroid car-
cinoma (A and B), gastrinoma (C and D), and small
cell lung cancer (E and F). A, C, and E, H&E-stained
sections. Bar, 1 mm. B, D, and F, autoradiograms
showing gastrin mRNA. No gastrin mRNA is found
in medullary thyroid carcinoma, whereas high abun-
dance is found in gastrinoma and moderate in small
cell lung cancer.

factors in certain normal tissues and tumors such as small cell lung
cancers and colon cancers (20). It has been questioned recently
whether the growth stimulation of colorectal cancers by gastrin could
be a consequence of tumorally synthesized and secreted gastrin (para-
crine or autocrine action) or whether it was due to physiological,

Fig. 8. CCK-B/gastrin receptors and gastrin
mRNA in small cell lung cancer. A, H&E-stained
section. Bar, 1 mm. B, autoradiogram showing gas-
trin mRNA. C, autoradiogram showing total binding
of '>I-gastrin. D, autoradiogram showing nonspe-
cific binding of '?’I-gastrin. CCK-B receptors and
gastrin mRNA are present in the same tumor.

circulating gastrin originating from distant gastrointestinal tissue; in
particular, the question whether drug-induced hypergastrinemia may
be responsible for an accelerated growth of colon cancers has been
raised (43). Although earlier studies (22) have suggested the presence
of CCK-B receptors in colonic cancers, subsequent studies, including
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Fig. 9. CCK-B/gastrin receptors and gastrin mRNA in a
breast tumor (leff) and a stromal ovarian tumor (right). A,
H&E-stained sections showing the tumor tissue. Bar, 1 mm.
B, autoradiograms showing total binding of '>I-CCK ana-
logue. Tumor tissues are massively labeled. C, autoradio-
grams showing nonspecific binding of '2’I-CCK analogue in
the presence of 50 nM gastrin. D, autoradiograms showing
gastrin mRNA expressed in both tumors.
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the present one, failed to identify high-affinity CCK-B receptors in
these tumors (23). On the basis of the high amount and prevalence of
CCK-B receptors in medullary thyroid carcinomas, small cell lung
cancers, astrocytomas, and stromal ovarian cancers, the extent to
which gastrin could affect the growth of these tumors can be expected
to be larger than for colonic cancers.

The simultaneous expression of a peptide and its receptor in se-
lected tumors has been shown, as in the case of bombesin/gastrin-
releasing peptide in small cell lung cancers (44), to represent a potent
autocrine feedback mechanism for tumor growth regulation. In med-
ullary thyroid carcinomas, our in situ hybridization studies could not
detect gastrin mRNA, whereas gastrinomas, as controls, showed abun-
dant gastrin mRNA, as demonstrated previously (45, 46). In the same
medullary thyroid carcinomas, we were also unable to identify CCK
mRNA. However, a study by Rehfeld et al. (47) showed that medul-
lary thyroid carcinomas can contain nonsulfated CCK, as measured

%lrin mRNA D

A

B 125 -1- CCK
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with specific radioimmunoassays. Although specific, the in situ hy-
bridization methods may not be sufficiently sensitive to identify small
amounts of CCK mRNA, which could lead to small amounts of
nonsulfated CCK. Because nonsulfated CCK binds to CCK-B recep-
tors with high affinity, an autocrine feedback mechanism of growth
control in medullary thyroid carcinomas is conceivable through tu-
morally produced nonsulfated CCK. Alternatively, the nonsulfated
CCK found in medullary thyroid carcinomas may originate from a
distant source. Furthermore, elevated circulating gastrin, in particular
in conditions of drug-induced hypergastrinemia, could also reach the
tumor and lead to gastrin-induced medullary thyroid carcinomas
growth through its CCK-B receptors. Clinical investigations to eval-
uate this aspect should be started in the near future.

The molecular basis for an autocrine growth stimulation by gastrin,
i.e., the presence of gastrin and gastrin receptors, has been well
established in various tumor models (20) and is confirmed by the
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present results for human small cell lung cancers primary tumors.
Moreover, this autocrine regulation by gastrin may also be present in
stromal ovarian cancers and in the few cases of CCK-B receptor-
positive ovarian adenocarcinomas and breast cancers, a finding that
may be of considerable pathogenic importance for these tumors.

A potentially important clinical implication of the present results is
the possible use of '*I-labeled gastrin or CCK analogues, e.g.,
nonsulfated iodinated (D-Tyr-Gly, Nle?®')-CCK 26-33, to identify

10
and localize in vivo in patients the CCK-B-receptor-positive tumors
and their metastases. As shown previously with somatostatin receptor 1!
and VIP receptor scintigraphy, i.v. injected peptide radioligands are
expected to bind rapidly and with high affinity to the respective 12
tumoral receptors and can be then identified with gamma camera |,
scanning techniques (5, 6). For medullary thyroid carcinomas, a high
tumor:background ratio can be expected in the thyroid region, given 14
that the normal thyroid gland does not express measurable amounts of 5
CCK-B receptors. The homogeneous distribution of the receptors seen
in all medullary thyroid carcinomas tested suggests that all tumor 16
tissue grown in a patient, including metastases, is likely to be identi-
fied in vivo. The knowledge that nonmedullary thyroid tumors and
parathyroid adenomas do not express measurable amounts of recep- 17
tors suggests strongly that this diagnostic tool could have a differential
diagnostic value, because a positive scan in the thyroid region may 18
indicate solely the presence of a medullary thyroid carcinoma.

These differential diagnostic implications apply also to CCK-B 19
receptor-expressing small cell lung cancers. Because small cell lung
cancers but not non-small cell lung cancers express CCK-B receptors, 5
labeled gastrin or CCK analogues could be used for the in vivo
differential diagnosis of lung cancers. In this regard, the newly de- 2
signed nonsulfated (p-Tyr-Gly, N1e?®')-CCK 26-33 could represent
a potentially useful tool as an iodinated radioligand to detect CCK-B
receptors expressed by human tumors, in vitro and in vivo, especially 2.
given that iodination can occur on both tyrosines without affecting the 23,
binding properties of the molecule. For the future, however, CCK
analogues linked to a chelator (e.g., diethylenetriaminepentaacetic ,4
acid) would be preferable for practical reasons (5).

Finally, the presence of CCK-B receptors in several tumors may 2>
suggest the use of new generations of nonpeptide CCK-B receptor-
selective antagonists to treat patients, once it has been demonstrated
that gastrin has growth-stimulatory properties in all these CCK-B 2.
receptor-positive tumors, as it was shown in small cell lung cancers.
Although L-365,260 is more potent than L-364,718 on CCK-B recep- 27
tors, it is probably not sufficiently potent and selective to represent an
adequate therapeutical tool; more potent CCK-B antagonists (48) are
needed. 2.

The present results clearly point toward medullary thyroid carcino-
mas, small cell lung cancers, astrocytomas, and stromal ovarian can-  29.
cers as a major target of interest for gastrin research, based on the high
CCK-B receptor content of these tumors. 30.
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