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Gastrin Receptor Gene Expression in Several Human Carcinomas
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Gastrin has been shown to enhance the growth of various human tumors. The present study was
designed to examine the gastrin receptor gene expression in various human carcinoma cell lines and
in surgically resected carcinoma tissues. By Northern blot analysis, gastrin receptor mRNA was
detected in 3 out of 7 small cell lung carcinoma cell lines, Gastrin receptor mRNA was also expressed
in one out of 8 colon carcinoma cell lines and 2 out of 10 colon ecarcinoma tissues. Moreover, one of
two small cell carcinoma cell lines of the stomach clearly expressed gastrin receptor mRNA.
However, none of the gastric adenocarcinoma cell lines or surgically resected gastric adenocarci-
nomas tested had any detectable expression of gastrin receptor gene, These findings may suggest a role

of gastrin receptor in the growth and differentiation of certain human carcinomas.
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Gastrin plays an important role in the gastric phase of
acid secretion. In addition, several lines of evidence
suggest that gastrin exerts trophic effects not only on
normal gastrointestinal mucosa,”? but also on various
human tumors.*® Indeed, patients with hypergastri-
nemia due to Zollinger-Ellison syndrome as well as type-
A chronic atrophic gastritis occasionally develop carci-
noid tumor of the stomach.”® Furthermore, binding
studies have revealed the presence of gastrin receptors
in gastric as well as colon cancer cell lines,*'? In addi-
tion, gastrin has been shown to enhance the growth of
various human carcinomas such as small cell lung
cancers (SCLCs),” colorectal cancers,') and gastric
cancers,” ' both in vive and in vitro. Supporting these
observations, we have recently cloned gastrin receptor
cDNA from the gastric enterochromaffin-like (ECL)
carcinoid tumor of Mastomys natalensis.'”> Moreover, we
observed that gastrin significantly enhanced the growth
of CHO cells transfected with human gastrin receptor
cDNA.'™

Sethi et al' have demonstrated expression of the
gastrin receptor gene in some human SCLC cell lines.
However, no data have yet been obtained to indicate
whether or not gastric or colon cancers express gastrin
receptor gene. In the present study, therefore, in addition
to SCLC, we examined the presence of gastrin receptor
gene expression not only in human gastrointestinal
cancer cell lines, but also in surgically resected cancer
tissues.

* To whom requests for reprints should be addressed.
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MATERIALS AND METHODS

Cell lines Seven human SCLC cell lines, 14 gastric
carcinoma cell lines (5 poorly differentiated adenocarci-
nomas, 6 well differentiated adenocarcinomas, 2 small
cell gastric carcinomas, 1 of undetermined origin), and
8 colon carcinoma cell lines were used for this study.
SCLC cell lines, Lul34A, Lul34B, Lul35, Lul39, PCé6
and PCl4, and gastric carcinoma cell lines, HGC27,
HSK-TC and GCIY were supplied by Riken Cell Bank
{Tsukuba). An SCLC cell line, H60, was provided by
Prof. 8. Maeda (Department of Pathology, Kobe Uni-
versity), Gastric carcinoma cell lines MKN1, MKN7,
MEKN28, MKN45, MEKN74, TMK1, KATOIII and
OKAJIMA were purchased from Immunological Bio-
chemical Laboratory (Gunma). A gastric cancer cell line
AGS and colon cancer cell lines COLO201, COLO205,
COLO320DM, COLO320HSR, DLD1, HT29, LoVo
and SW403 were purchased from Dainippon Seiyaku Co.
Lid. (Osaka). ECC10 and ECC12 were established from
small cell gastric carcinomas of Japanese patients.'®
Surgical specimens of gastric and colon cancer tissues
Ten colorectal and 8 gastric carcinoma tissues, histologi-
cally verified, were obtained at surgery. In addition,
normal gastric as well as colonic mucosae, from areas in
close proximity to the cancer tissues, were also obtained.
Immediately after removal, the tissues were stored at
—80°C until RNA extraction.

RNA extraction and Northern blot analysis The total
RNA was obtained from both the confluent cultured cells
and surgically resected tissues by extraction with guani-
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dine thiocyanate (GTC), followed by cesium chloride
centrifugation. The RNA was separated by electro-
phoresis on 0.66 M formaldehyde-1% agarose gel with
0.4 M 3-(N-morpholino)propane sulfonic acid, 0.1 M
sodium acetate and 0.02 M EDTA. The nucleic acid was
transferred to nitrocellulose membranes (Schleicher &
Schuell, Germany), and nucleic acid was permanently
fixed to the membrane by using ultraviolet cross-linking.
The probe used for Northern blot analysis was a frag-
ment of human gastrin receptor cDNA (approx. 1.7 kb),
which we have recently cloned.' Radiolabeled DNA
probes were synthesized using a random prime labeling
kit (Boeringer-Mannheim, Germany). Hybridization
was cairied out at 42°C and the filters were washed twice
for 20 min at 55°C in 0.1:XSSC/0.1% sodium dodecyl
sulfate (SDS), as described previously.!”

Sequencing of gastrin receptor cDNA Total RNA (5 ug)
extracted from ECCI0 was used to synthesize a single-
strand cDNA by the use of a Super Script pre-amplifica-
tion system (Bethesda Research Laboratories Inc.,
Gaithersburg, MD). The single-strand ¢cDNA was then
amplified directly by the polymerase chain reaction
(PCR) method with several 17-mer primers synthesized
according to the sequence of the gastrin receptor cDNA
of human brain.'"¥ The amplified cDNA fragments were
sequenced by a Sequenase Version 2.0 (United States
Biochemical, Cleveland, OH).

DNA Synthesis assay DNA synthesis was measured
in terms of the incorporation of [*H]thymidine
(Amersham, Buckinghamshire, England) into DNA.
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Fig. 1. Northern blot analysis of gasirin receptor mRNA
expression in seven small cell lung cancer cell lines. A total
RNA gel blot containing 20 yg per lane was hybridized with
32P-labeled probes of human gastrin receptor and S-actin. Con-
trol, human fundic mucosa; lane 1, H60; lane 2, Lul34A;
lane 3, Lul34B; lane 4, Lul35; lane 5, Lul39; lane 6, PC6;
and lane 7, PC14.
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Cells were inoculated on 96-well culture plates. When
the cells reached confluence in wells, the medium was
changed to RPMI11640 containing various concentrations
of human gastrin I (Protein Research Foundation,
Osaka). After incubation for 24 h at 37°C, [*H]thymi-
dine was added (final concentration: 1 xCi/ml). The
cultured cells were incubated for a further 4 h and then
washed with 6% trichloracetic acid followed by washing
with ethanol. Cells were then lysed with 1| N NaOH/
0.1% SDS solution and their radioactivity was counted
in a liquid scintillation counter.

RESULTS

A major band, which could hybridize with the labeled
1.7-kb fragment of human gastrin receptor cDNA, was
detected in 3 out of 7 SCLC cell lines, H60,'® Lul34A™
and Lu139® (Fig. 1). The molecular size of these bands
was approximately 2.3 kb, similar to that of human
gastrin receptor mRNA of the brain.'”

On the other hand, only one out of 8 colon carcinoma
cell lines LoVo cells,?” and 2 of 10 colorectal carcinoma
tissues expressed the gastrin receptor transcript; gastrin
receptor gene expression was not detected in any of the
respective normal colon tissues (Figs. 2 and 3). In
contrast, no gastrin receptor mRNA was detected in
12 gastric adenocarcinoma cell lines tested (data not
shown). Furthermore, gastrin receptor gene expression
was observed in none of the 8 gastric adenocarcinoma
tissues tested whereas the surrounding normal gastric
mucosa clearly expressed gastrin receptor mRNA when
the carcinoma was located in the fundus (sample num-
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Fig. 2. Northern blot analysis of gastrin receptor mRNA
expression in eight colon cancer cell lines. Each lane contains
20 pug of total RNA. Control, human fundic mucosa; lane 1,
COLO201; lane 2, COLO205; lane 3, COLO320DM; lane 4,
COLO320HSR; lane 5, DLDI; lane 6, HT29; lane 7, LoVo;
and lane 8, SW403. S-Actin cDNA was used as a control
probe.



bers 3, 4, 5 and 6) (Fig. 4). Interestingly, however, one
of the two small cell gastric carcinoma cell lines, ECC10,
clearly expressed gastrin receptor gene (Fig. 5).

In order to test for possible alteration of the gastrin
receptor gene in ECCI0 and LoVo, their cDNA se-
quences were determined. Several reverse transcriptase-
polymerase chain reaction (RT-PCR) products con-
structed from RNAs extracted from ECC10 and LoVo
were sequenced. The nucleotide sequences of the open
reading frame of gastrin receptor cDNAs prepared from
ECCI10 and LoVo were found to be identical with that of
human brain.'?

Next, we examined whether the DNA synthesis of
these cells expressing gastrin receptor mRNA is stimu-
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Fig. 3. Gastrin receptor mRNA expression in surgically re-
sected colon cancers. Each lane contains 20 pg of total RNA.
Nos. 1 and 2 are cancers of the cecum, No. 3 is a cancer of
the transverse colon, and No. 4 is a sigmoid colon cancer. No. 5
to No. 10 are rectal cancers. T stands for tumor tissue and
N indicates normal colonic mucosa. No normal tissue was ob-
tained in case No, 3.
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Fig. 4. Gastrin receptor mRNA expression in surgically re-
sected gastric cancers. Each lane contains 20 1g of total RNA.
No. | to No. 5 are poorly differentiated adenocarcinomas,
No. 6 is a moderately differentiated adenocarcinoma, and No. 7
and No. 8 are well differentiated adenocarcinomas. T stands
for tumor tissues and N shows corresponding normal gastric
mucosa. No normal tissue was obtained in cases 1, 2 and 8.

Gastrin Receptor Gene in Carcinomas
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Fig. 5. Gastrin receptor mRNA expression in small cell carci-
noma cell lines of the stomach. Each lane contains 20 ug of
total RNA. Lane 1, ECCI10; lane 2, ECCI2; and lane 3,
normal fundic mucosa as a positive control. g-Actin cDNA
was used as a control probe.
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Fig. 6. Effect of human gastrin I on the DNA synthesis of

cultured LoVo human colon cancer cell line. Gastrin dose-
dependently stimulated [*H]thymidine incorporation into the
cells. Vertical lines represent means * SE. FCS; 10% fetal call
serum. *3% P<0.01, * P<0.05 vs. control.
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lated by gastrin. Although the growth of COLQ201 and
COLO205 cells, neither of which express gastrin receptor
mRNA, was not affected up to 107% M (data not shown),
human gastrin I significantly and dose-dependently en-
hanced the DNA synthesis of LoVo cells (Fig. 6). In
contrast, in spite of the presence of gastrin receptor gene
expression, the growth of ECC10 was not influenced by
human gastrin I up to 10~° M (data not shown).

DISCUSSION

In the present study, we demonstrated that approxi-
mately half of the SCLC cells tested expressed gastrin
receptor mRNA, confirming the recent report by Sethi
et al.™® Gastrin has been shown to promote the growth of
some human SCLC cell lines,> ' and pharmacological
studies have revealed the presence of gastrin receptors on
those SCLCs.*? Thus, the fact that gastrin receptor
gene is expressed in some SCLCs accords well with these
previous observations. It is well established that many
SCLC cells not only produce gastrin-releasing peptide
{GRP), but also possess receptors for GRP.? Accord-
ingly, GRP is believed to serve as an autocrine growth
factor in these SCLC cells.” Interestingly, Rehfeld et
al® have demonstrated the presence of gastrin in some
SCLC cells. Therefore, in addition to GRP, gastrin may
also act as an autocrine growth factor in SCLC cells.

Qur study showed that only one colon cancer cell line,
LoVo, and 2 surgically resected colon cancer tissues
expressed gastrin receptor mRNA. Although the number
of colon cancers which show gastrin receptor gene ex-
pression appears to be low, these data seem to be in good
agreement with the previous findings that gastrin en-
hances the growth of some colon cancers.*?® Indeed, in
the present study we also found that gastrin significantly
enhanced the growth of LoVo cells but did not affect that
of COLO201 cells or COLO205 cells, which did not
express gastrin receptor mRNA. However, since we were
unable to detect any gastrin receptor mRNA expression
in normal colonic mucosa, this ectopic expression of
gastrin receptor mRNA even in a small number of colon
cancers is somewhat surprising. At present we do not
have a convincing explanation for it.

Gastrin has also been reported to promote the growth
of some gastric cancer cells,” "> ?%} and indeed, pharma-
cological studies have demonstrated the presence of
gastrin receptors on those carcinoma cells.>*'? There-
fore, the absence of gastrin receptor gene expression in
any of the gastric adenocarcinoma cell lines and gastric
adenocarcinoma tissues tested was rather unexpected.
However, it should be borne in mind that in normal
gastric mucosa, only parietal cells, ECL cells and D cells
have been proved to possess gastrin receptors.' ¥
Moreover, poorly differentiated gastric carcinoma is
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believed to originate from gastric stem cells in the
mucous neck proliferative zone,*® whereas well differ-
entiated gastric carcinoma is considered to be derived
from epithelial cells in atrophic mucosa with or without
intestinal metaplasia.”® Thus, whether these progenitor
cells possess gastrin receptors or not is an interesting
topic for future study.

The most interesting finding in this study was that one
small-cell carcinoma cell line of the stomach, ECCI0,
clearly expressed gastrin receptor mRNA. Although
small cell gastric carcinoma is considered to be the gas-
trointestinal counterpart of SCLC,* it is not yet clear
whether it has any biological characteristics in common
with SCLC. In this regard, the presence of gastrin recep-
tor gene expression in ECCIO observed in this study
appears to lend support to the idea that small cell carci-
noma of the stomach shares some common biological
features with SCLC.

Interestingly, Solcia ef al®® have reported 3 cases of
small cell carcinoma of the stomach which arose in a
background of A-type chronic atrophic gastritis with
hypergastrinemia, suggesting a role of gastrin in the de-
velopment of small cell gastric carcinoma, as in the case
of ECL carcinoid tumor of the stomach.'?® On the
other hand, Fujiwara et al'® observed that the parent
tumor of ECC10 had a composite adenocarcinomatous
lesion, and suggested that ECC10 developed as a result of
a specific process of differentiation from adenocarcinoma
cells to endocrine carcinoma cells. Since we failed to
demonstrate an enhancement of cellular growth of ECC
10 by gastrin in this study, it is possible that gastrin re-
ceptor gene expression in ECC10 has nothing to do with
growth, but merely reflects the differentiation of adeno-
carcinoma toward small cell carcinoma of the stomach.

In summary, the present study has demonstrated that
gastrin receptor mRNA is expressed not only in some
SCLCs but also in colon cancers and a small cell carci-
noma of the stomach. Recently, we have shown that
administration of gastrin accelerates the proliferation of
CHO cells transfected with human gastrin receptor
¢DNA.'" In the present study, we observed that gastrin
enhances the growth of LoVo cells, but not ECC10 cells,
although both cells express gastrin receptor mRNA.,
Thus, whether gastrin receptor gene expression may have
a role in the growth of those carcinomas or whether it
merely reflects some differentiation process is a matter of
considerable interest.
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