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CCK-A AND CCK-B/GASTRIN RECEPTORS IN HUMAN TUMORS

interestingly, the basis for an autocrine feedback growth regulation by

gastrin could also exist in the few CCK-B receptor-positive breast
carcinomas, because many breast cancers (16 of 22), including all
those expressing CCK-B receptors, were shown to have low but
measurable amounts of gastrin mRNA in the tumor cells (Fig. 9). The
same autocrine feedback growth regulation may possibly exist in
ovarian cancers, especially the stromal type (Fig. 9), because all three
cases expressedboth CCK-Breceptorsand gastrinmRNA.

DISCUSSION

The present study shows with two different complementary in vitro
binding methods that selected human tumor types can express CCK-B
or CCK-A receptors. In particular, the medullary thyroid carcinomas,
small cell lung cancers, astrocytomas, and stromal ovarian cancers
(granulosa cell tumors) can frequently express CCK-B/gastrin recep
tors. Several other tumor types, such as gastroenteropancreatic tu
mors, meningiomas, endometrial and ovarian adenocarcinomas, and
breast carcinomas occasionally express CCK-B receptors. CCK-A
receptors are in general expressed rarely in human tumors and were
found primarily in significant numbers in gastroenteropancreatic tu
mors, meningiomas, and neuroblastomas. The incidence of CCK
receptor expression in human tumors is therefore considerably lower
than that for other peptide receptors, such as VIP and somatostatin
receptors (2, 3, 40). To our knowledge, this is the first study evalu
ating CCK receptors in large numbers of primary human cancers with
in vitro receptor autoradiography.

For optimal proof of the receptor identity, the CCK receptors were
evaluated with two different radioligands; identical results were ob
mined with both â€˜251-gastrinand â€˜251-CCKdecapeptide analogue as
radioligands in all CCK-B receptor-positive tumors. Indeed, the tu
mom having CCK-B/gastrmn receptors could, as expected (25), be
labeled with â€˜251-gastrin,which was displaced completely by unla
beled gastrin; similarly, on adjacent tissue sections, these tumors were
labeled with the â€˜251-CCKligand and characterized by a complete
displacement of the ligand by nanomolar concentrations of CCK and
gastrin, as shown previously for canine CCK-B receptors (17). The
rank order of potency and the selectivity of several analogues further
confirmed the identification as CCK-A or CCK-B receptors. Nonsul
fated CCK-8 or CCK-lO analogues and the antagonist L-365,260 were
more potent on CCK-B receptors, whereas the CCK-A-selective
L365â€”7l8 was much more potent on CCK-A receptors.

A novel gastrin receptor, different from the established CCK-BI
gastrmn receptor, has been reported to be expressed by Swiss 3T3
fibroblasts (41). Although this novel receptor has a high affinity for
gastrin, it has only a low affinity for CCK-8 (41). It is unlikely that the
gastrin receptor found in the present study represents this novel
gastrmnreceptor, because the former has, as the CCK-B/gastrin recep
tor, a high affinity both for gastrin and for CCK-8. It is also unlikely
that the present study identifies CCK-C receptors, which have only a
micromolar affinity for gastrin (42).

The present findings indicate indirectly that the role of gastrin in the
body is wider than previously expected, not being restricted to gas
trointestinal or neuronal tissues, but including diseased endocrine
(thyroid, ovary, and endometrium) and breast tissues that had not been
related to a gastrin action previously. The results of the stromal
ovarian cancers are particularly intriguing and will require extensive
additional investigations, once additional samples of this very rare

tumor will have been collected.
A crucial question is whether these expressed CCK-B receptors will

play a role in the development and growth of the receptor-positive
medullary thyroid carcinomas, astrocytomas, breast, or ovarian tu
mors. Indeed, gastrin and CCK have an established role as growth
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Fig. 6. Displacement curve of nonsulfated â€˜@I-(o-Tyr-Gly,Nle2831)-CCK 26â€”33
(1251-ns-CCK-1O). A, curve represents a typical displacement experiment of nonsulfated
â€˜251-(D-Tyr-Gly,Nle2831)-CCK26â€”33analogue in tissue sections from a human CCK-B
receptor-expressing medullary thyroid cancer. Tissue sections were incubated with 20,000
cpm/l00 @slnonsulfated 25I-(D-Tyr-Gly,Nle2831)-CCK 26â€”33and increasing concen
trations of unlabeled sulfated CCK-8 (s), nonsulfated CCK-8 (A), gastrin (), and
nonsulfated CCK-lO (Y), and 100 flMsomatostatin (0; 55-14 B, autoradiograms show
ing total binding of nonsulfated â€˜251-(o-Tyr-Gly,Nle2831)-CCK 26â€”33(left) and 1251
gastrin (right) in a CCK-B receptor-positive medullary thyroid cancer. Nonspecific
binding was negligible in both cases. Both ligands label the same tumor structures.

CCK receptors,suggestingthereforethat the negativereceptorstatus
found in these tumors was not simply due to receptor degradation.

Gastrin mRNA and CCK mRNA were measured with in situ
hybridization histochemistry in several types of tissues. All the gas
trinomas (5 of 5), all the small cell lung cancers (10 of 10), and a
majority of ovarian cancers (5 of 10 adenocarcinomas and 3 of 3
stromal cancers), all tumors previously reported to synthesize gastrin
(14, 37â€”39),were positive for gastrin mRNA, whereas the 24 med
ullary thyroid carcinomas were all negative. Examples of a gastri
noma, a small cell lung cancer, and a medullary thyroid carcinoma are
shown in Fig. 7. CCK mRNA was not detected in medullary thyroid
carcinomas, but was shown as positive control to be expressed in the
human brain. This suggests that medullary thyroid carcinomas have
no autocrine growth stimulation by gastrin or CCK. This is different
from small cell lung cancers, which can have simultaneously CCK-B
receptors and gastrin mRNA, as seen in an example in Fig. 8. Most
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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(Eand F). A, C, and E, H&E-stained
sections. Bar, 1 mm. B, D, and F, autoradiograms
showinggastrinmRNA.NogastrinmRNAis found
in medullary thyroid carcinoma, whereas high abun
danceis foundin gastrinomaandmoderatein small
cell lung cancer.
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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
crime or autocrine action) or whether it was due to physiological,

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. 8. CCK-B/gastrin receptors and gastrin

mRNA in small cell lung cancer. A, H&E-stained
section. Bar, I mm. B, autoradiogram showing gas
trin mRNA. C, autoradiogram showing total binding
of â€˜@â€˜I-gastrin.D, autoradiogramshowingnonspe
cific binding of â€˜@â€˜I-gastrin.CCK-B receptors and
gastrin mRNA are present in the same tumor.

D .4.. â€˜â€˜S@

.i,@

1383

Research. 
on October 25, 2020. © 1997 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


CCK-A AND CCK-B/OASTRIN RECEPTORS IN HUMAN TUMORS

A
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Fig. 9. CCK-B/gastrin receptors and gastrin mRNA in a
breast tumor (left) and a stromal ovarian tumor (right). A,
H&E-stainedsectionsshowingthetumortissue.Bar. I mm.
B, autoradiogramsshowing total binding of lasI.CCK ma
logue. Tumor tissues are massively labeled. C. autoradio
grams showing nonspecific binding of â€˜@â€˜I-CCKanalogue in
the presence of 50 nsi 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-Breceptorsin medullarythyroidcarcinomas,smallcell 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 colomccancers.

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 mcd
ullary thyroid carcinomas, our in situ hybridization studies could not
detectgastrinmRNA,whereasgastrinomas,as controls,showedabun
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 a!. (47) showed that medul
lary thyroid carcinomas can contain nonsulfated CCK, as measured

with specific radioimmunoassays. Although specific, the in situ hy
bndizationmethodsmaynotbe sufficientlysensitiveto identifysmall
amounts of CCK mRNA, which could lead to small amounts of
nonsulfated CCK. Because nonsulfated CCK binds to CCK-B recep
tom 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 medullarythyroid carcinomasmay originatefrom a
distant source. Furthermore, elevated circulating gastrin, in particular
in conditions of drug-induced hypergastrinemia, could also reach the
tumor and lead to gastrin-inducedmedullary thyroid carcinomas
growth through its CCK-B receptors. Clinical investigations to eval
uate this aspect should be started in the near future.

The molecularbasisfor an autocrinegrowthstimulationby 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 potentiallyimportantclinicalimplicationof the presentresultsis
the possible use of â€˜231-labeledgastrin or CCK analogues, e.g.,
nonsulfated iodinated (D-Tyr-Gly, N1e28'31)-CCK 26â€”33,to identify
and localize in vivo in patients the CCK-B-receptor-positive tumors
and their metastases. As shown previously with somatostatin receptor
and VIP receptor scintigraphy, i.v. injected peptide radioligands are
expected to bind rapidly and with high affinity to the respective
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
that the normal thyroid gland does not express measurable amounts of
CCK-Breceptors.Thehomogeneousdistributionof thereceptorsseen
in all medullary thyroid carcinomastested suggests that all tumor
tissue grown in a patient, including metastases, is likely to be identi
fled in vivo. The knowledge that nonmedullary thyroid tumors and
parathyroid adenomas do not express measurable amounts of recep

tomsuggestsstronglythatthisdiagnostictoolcouldhavea differential
diagnostic value, because a positive scan in the thyroid region may
indicate solely the presence of a medullary thyroid carcinoma.

These differential diagnostic implications apply also to CCK-B
receptor-expressing small cell lung cancers. Because small cell lung

cancers but not non-small cell lung cancers express CCK-B receptors,
labeled gastrin or CCK analogues could be used for the in vivo
differential diagnosis of lung cancers. In this regard, the newly de
signed nonsulfated (o-Tyr-Gly, N1e28'31)-CCK 26â€”33could represent
a potentially useful tool as an iodinated radioligand to detect CCK-B
receptors expressed by human tumors, in vitro and in vivo, especially
given that iodination can occur on both tyrosines without affecting the
binding properties of the molecule. For the future, however, CCK
analogues linked to a chelator (e.g., diethylenetriaminepentaacetic
acid) would be preferable for practical reasons (5).

Finally, the presence of CCK-B receptors in several tumors may
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
receptor-positive tumors, as it was shown in small cell lung cancers.
Although L-365,260 is more potent than L-364,7l8 on CCK-B recep

tom, it is probably not sufficiently potent and selective to represent an
adequate therapeutical tool; more potent CCK-B antagonists (48) are
needed.

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