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Oncogenic ras induces gastrin/ CCKB receptor gene

expression in

human colon cancer cell lines LoVo

and Colo320HSR

HIROYUKI HORI, HIROHISA NAKATA, GENZO IGUCHI, HAJIME YAMADA, KAZUO CHIHARA,

and HISAMITSU BABA
KOBE, JAPAN

astrin, a peptide hormone that mainly stimu-
lates gastric-acid secretion by parietal cells in

the stomach, has

phic factor in colorectal cancer cells,! as well as in

Gastrin has the ability to stimulate cell growth in some colorectal cancer cells and
some of these cells also express gastrin/CCKB receptors, suggesting that gastrin
and its autocrine loop are involved in their proliferation. We previously reported that
oncogenic ras induced gastrin gene expression in colon cancer cells. The aim of
this study was to investigate whether oncogenic ras also induces gastrin/CCKB
receptor gene expression. A transiently transfected activated ras vector stimulated
gastrin/CCKB receptor transcriptional activities in both Colo320HSR and LoVo celis,
but these ras-increased activities were inhibited by a specific MEK inhibitor,
PD98059. An RPA demonstrated that activated ras increased endogenous gastrin/
CCKB receptor mRNA levels and PD98059 decreased them in LoVo cells. These
findings suggest that oncogenic ras induces gastrin/CCKB receptor gene expres-
sion through some intracellular signaling pathways, including MEK, in colon cancer
cell lines. (J Lab Clin Med 2003;141:335-41)

Abbreviations: APC = adenomatous polyposis coli; bp = base pair, CCKB = cholecystokinin
B; DMSO = dimethyisulfoxide; EDTA = ethylenediaminetetraacetic acid; ERK = extracellular
signal-regulated kinase; FCS = fetal calf serum; GAPDH = glyceraldehyde phosphate dehy-
drogenase; gly-gastrin = glycine-extended gastrin; MAPK = mitogen-activated protein kinase;
MEK = MAPK/ERK kinase; mRNA = messenger RNA; RLU = relative light unit; RPA = ribonucle-
ase-protection assay; RT-PCR = reverse transcription-polymerase chain reaction; SDS = so-
dium dodecyl sulfate; SEM = standard error of the mean; TCF-4 = T-cell factor-4

some other malignant tumor cells.?~® However, circu-
lating gastrin is probably not involved in colorectal
tumorigenesis; patients with Zollinger-Ellison syn-
drome, in whom extreme hypergastrinemia develops,
do not have an increased risk of colon cancer.” The
authors of a recent case-control study reported that high

been recognized as a tro-
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serum gastrin levels could account for 8.6% of colo-
rectal cancer cases®; it is therefore possible that gastrin
promotes the progress of colorectal cancer in another
manner.

Gastrin/CCKB receptor is a member of the superfam-
ily of seven-transmembrane guanine nucleotide-bind-
ing protein (G protein)-coupled receptors.” It is mainly
expressed in the central nervous system and stomach
but not, however, in normal colonic mucosa. We pre-
viously reported that gastrin/CCKB receptor was ex-
pressed in some colon cancer cells, including LoVo.'”
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Moreover, a recent study involving a RT-PCR method
demonstrated that gastrin and the gastrin/CCKB recep-
tor were expressed in 78% and 81% of colonic adeno-
matous polyps, respectively, and the receptor was co-
expressed with gastrin in 97% of the polyps that
expressed the gastrin/CCKB receptor gene.'' These
results suggest that gastrin enhances colorectal cancer
cell proliferation in an autocrine manner by way of the
gastrin/CCKB receptor, as noted in another report.'2

The cellular protooncogene ras has a critical role in
transducing extracellular signals for growth and differ-
entiation'® and, when activated, will initiate protein
kinase cascades that ultimately have an effect on the
transcription factors governing gene expression. On the
basis of the finding that ras-activated mutations are
highly prevalent in colon cancer,'* we demonstrated
that oncogenic ras induces gastrin gene expression
through activation of the Ras-Raf-MEK-ERK signal-
transduction pathway.'®

If gastrin is induced by oncogenic ras and promotes
cell proliferation in an autocrine manner in colon can-
cer cells, 1t stands to reason that oncogenic ras also
induces gastrin/CCKB receptor gene expression. Al-
though many researchers have demonstrated the in-
volvement of the gastrin/CCKB receptor in colorectal
tumorigenesis or cell proliferation, few have investi-
gated how it is involved in colorectal cancers. In this
study, we analyzed the effect of oncogenic ras on
gastrin/CCKB receptor gene expression in two human
colon cancer cell lines, Colo320HSR and LoVo, so that
we might examine our hypothesis that oncogenic ras
induces gastrin/CCKB receptor gene expression in
these colon cancer cells.

METHODS

Cell lines. Colo320HSR and LoVo were purchased from
Dainippon Pharmaceutical Co (Osaka. Japan). Cells were
cultured in RPMI-1640 (Colo320HSR) or Ham’s F12 (LoVo)
medium, each supplemented with 10% FCS (ICN, Aurora,
Ohio) and 1% penicillin (5000 U/mL)/streptomycin (5000
mg/mL) (Gibco-BRL, Gaithersburg, Md) in a humidified
atmosphere of 95% air and 5% CO, at 37°C.

Nested RT-PCR. Colo320HSR or LoVo cells were plated
2.0 X 10° cells/dish and cultured for 48 hours. Total RNA
was extracted from the cells with an RNAqueous kit (Am-
bton. Austin, Texas). Total RNA was also extracted with the
same method from a human fundic gastric mucosa biopsy
sample. Five micrograms of total RNA was reverse-tran-
scribed into complementary DNA with the Superscript Pre-
amplication System (Gibco-BRL) and then amplified 35
times with human gastrin/CCKB receptor-specific primers:
5'-TTGGAGCTGGCCATTAG-3' (sense) and 5-CACT-
GTCGCCGTCAAAG-3' (antisense) for the first-round PCR
and S5-ATGCTCATCATCGTGGTC-3' (sense) and 5'-
AGAGATAAGCCCGTAGGC-3' (antisense) for the second-
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round PCR. Denaturation was set at 94°C. annealing at 46°C
for the first round and 50°C for the second round, and exten-
sion at 72°C. Each PCR product was analyzed on 1.0%
agarose gel electrophoresis.

Transfection and transcriptional analysis. Colo320HSR
cells and LoVo cells were each plated 2.0 X 10° cells/well in
six-well plates (Falcon; Becton-Dickinson, Lincoln Park, NJ)
and cultured for 24 hours. Cells were cotransfected with
reporter GaR-Luc and ras expressing pCMV-RasV12 or
pCMV-Ras (Clontech, Palo Alto, Calif) with internal trans-
fection standard pRL-TK (Promega, Madison, Wis) by a
cationic liposome-mediated transfection method employing
Dosper liposomal transfection reagent (Roche Molecular Bio-
chemicals, Mannheim, Germany) and then incubated for 24
hours. GaR-Luc, a gastrin/CCKB receptor plasmid, is a lu-
ciferase reporter containing 514 bp of the 5'-flanking pro-
moter sequence of the human gastrin/CCKB receptor gene
(from —533 to —20) that was amplified on PCR from LoVo
cell gDNA and subcloned into a pGL3 basic vector (Pro-
mega). The expression plasmid pCMV-Ras constitutively ex-
presses the wild-type Ha-ras protein, whereas pCMV-RasV 12
expresses a constitutively active form of the Ha-Ras protein
that contains a glycine-to-valine mutation at residue 12. An
internal transfection standard, pRL-TK. which expresses Re-
nilla luciferase, was used to normalize transfection efficiency.
Luciferase activities were determined with the Dual-Lucif-
erase Reporter Assay System (Promega) and a MinilLumat
LB9506 (Belthold GmbH & Co, Bad Wildbad, Germany).
The medium was exchanged for the same base medium,
supplemented with 0.5% FCS and 100 umol/L PD98059
(Calbiochem) in 0.5% DMSO (Wako Pure Chemical. Osaka,
Japan) or 0.5% FCS and diluent alone. Cells were harvested
for luciferase assay after 30 hours. Cells appeared to tolerate
PD98059 treatment well; no significant differences were de-
tected in cell number or structure between the experimental
and control cells (diluent treatment) at the time of harvest.
LoVo cells were cotransfected with GaR-Luc and pRL-TK.
then incubated with various concentrations of PD98059 (0-
100 pmol/L) for 30 hours. Cells were also harvested for
luciferase assay. Typically, 0.6 ug of the reporter plasmid, 0.6
g of the expression plasmid, and 6 ng of the internal control
plasmid were transfected in each well for Colo320HSR cells,
and 1.5 pg of the reporter plasmid, 1.5 pg of the expression
plasmid, and 15 ng of the internal control plasmid were
transfected for LoVo cells. Data were derived from the mean
of triplicate-transfected wells; transfection experiments were
repeated three times.

RPA. LoVo cells were plated 2.0 X 10° cells/dish and
cultured for 24 hours. The medium was exchanged for the
same base medium with 0.5% FCS, with or without 100
umol/L of PD98059, and the cells were incubated for an
additional 30 hours. Total RNA was extracted from the cells
as described above. In addition, LoVo cells were transfected
with pCMV-Ras or pCMV-RasV12 and incubated for 48
hours, after which total RNA was extracted as described
above. Riboprobes were generated from sense templates from
human gastrin/CCKB receptor exon 2 (388 nucleotides di-
gested to 249 nucleotides) and human GAPDH (360 nucleo-
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Fig 1. Expression of human gastrin/CCKB receptor in Colo320HSR,
LoVo, and human stomach cells. Five micrograms each of total RNA
from Colo320HSR, LoVo, and a human fundic gastric mucosa biopsy
sample were reverse-transcribed into complementary DNA and am-
plified consecutively with two sets of human gastrin/CCKB receptor-
specific primers. Each PCR product was analyzed on 1.0% agarose
gel electrophoresis. M, ®X174/Haelll size marker.

tides digested to 250 nucleotides). Riboprobes were prepared
by means of in vitro transcription (Riboprobe System; Pro-
mega) incorporating [a>?Plcytidine triphosphate (3000 Ci/
mmol; Amersham Pharmacia Biotech, Buckinghamshire,
UK). Probes were isolated after urea gel electrophoresis and
extraction (shaking in 300 mmol/L sodium acetate, 0.1
mmol/L EDTA, and 0.2% SDS at 50°C for 1 hour). Gastrin/
CCKB receptor (5 X 10° cpm) and GAPDH (5 X 10° cpm)
riboprobes were combined with 50 ug (for gastrin receptor )
and 10 pg (for GAPDH) of total RNA for each reaction,
respectively, and hybridized for 16 hours at 57°C (1 mmol/L
EDTA;10 mmol/LL.  piperazine-N.N-bis[2-ethanesulfonic
acid], pH 6.4; 400 mmol/L. NaCl; and 80% formamide). After
hybridization, samples were digested with ribonuclease A (20
pg/mL) and ribonuclease T1 (250 U/mL) in 300 mmol/L
NaCl, 10 mmol/L Tris (pH 7.4), and 5 mmol/L EDTA at 37°C
for 30 minutes. After digestion was stopped, RNA was pre-
cipitated and resolved by means of denaturing gel electro-
phoresis. Density was determined with the use of digitally
scanned radiographs, and the results were normalized to
GAPDH levels.

Statistical analysis. Results are expressed as mean *
SEM. Student’s ¢ test for random differences was applied. We
considered P values of less than .05 statistically significant.

RESULTS

Detection of gastrin/CCKB receptor gene expression.
Nested RT-PCR successfully amplified the specific se-
quence of the human gastrin/CCKB receptor gene, as
shown in the 506-bp bands displayed in Fig 1, from
total RNA extracted from LoVo, Colo320HSR, and
human stomach cells. The 980-bp bands for ColoHSR
and human stomach cells were consistent with the
amplified sequence from genomic DNA.

Effect of oncogenic ras and MEK inhibitor PD98059 on
gastrin/CCKB receptor gene transcriptional activi-
ty. Transient  transfection  experiments  with
Colo320HSR cells, which demostrate very slight gas-

Horietal 337

4 * % % * % N

[T NI -

Relative luciferase activity

o N » o & -

ras wt wt V12 Vi2
PD098059(uM) (-) 100 (-) 100

B 2 16 . - .
% 1.4 4 * % * % -
® ] ] P | 8
o 12
«
g 1
b ed
&
S .8
=2
o 6
2
§ 4
& =2
0

ras wt wt vi2 vVig
PD098059( M) (-) 100 (-) 100

Fig 2. Oncogenic ras activation of gastrin/CCKB receptor-luciferase
transcription in (A) Colo320HSR cells and (B) LoVo cells. Cells
were transfected with expression vector pCMV-RasV12 (V12) or
pCMV-Ras (wild-type); a reporter plasmid, GaR-Luc; and an internal
control plasmid, pRL-TK, by means of a cationic liposome-mediated
transfection method. Medium was changed to the same base medium,
supplemented in some cases with 100 wmol/L. of PD98059 after 24
hours. Luciferase activity was determined after 30 hours of incuba-
tion and then normalized to Renilla luciferase activity. The relative
luciferase activity was the rate of normalized RLUs between each
sample and the control sample. Each data point represents the mean
of triplicate determinations (=SEM).

*P < 05; **P < .01 *EP < 001.

trin/CCKB receptor expression, were performed to di-
rectly examine the transcriptional effects of oncogenic
ras on gastrin/CCKB receptor-promoter (Fig 2, A).
Colo320HSR cells were cotransfected with GaR-Luc,
pCMV-RasV 12, or pCMV-Ras, as well as pRL-TK.
Transfection of pCMV-RasV12 stimulated the expres-
sion of the cotransfected gastrin/CCKB receptor-pro-
moter-luciferase reporter gene GaR-Luc approximately
twofold compared with pCMV-Ras, suggesting up-reg-
ulated gastrin/CCKB receptor transcriptional activity
by oncogenic ras. A specific MEK inhibitor, PD98059,
inhibited the transcriptional activity stimulated by on-
cogenic ras. Transfection of LoVo cells with pCMV-
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Fig 3. Suppressive effect of PD98059 on gastrin/CCKB receptor-
luciferase transcription in LoVo cells. Cells were transfected with a
reporter plasmid. GaR-Luc (3 pg/well), and an internal control plas-
mid, pRL-TK (30 ng/well), by means of a cationic liposome-medi-
ated transfection method. Medium was changed to the same base
medium, supplemented with PD98059 (0-100 wmol/L) after 24
hours. Luciferase activity was determined after (A) 10 and (B) 30
hours of incubation and then normalized to Renilla luciferase activity.
The relative luciferase activity was the rate of normalized RLUs
between each sample and the control sample. Each data point repre-
sents the mean of triplicate determinations (=SEM).

*P < 05; FFP < 01 ¥HF¥P < 001; FFEP <0001,

RasV12 stimulated the expression of cotransfected
GaR-Luc approximately 1.4-fold compared with
pCMV-Ras (Fig 2, B). This stimulation of transcrip-
tional activity by oncogenic ras was also inhibited by
PD98059.

To investigate the dose effect of PD98059 on the
transcriptional activity of gastrin/CCKB receptor-pro-
moter, we transfected LoVo cells with GaR-Luc and
treated them with various concentrations of PD98059
(0-100 pwmol/L). Luciferase activity was determined
after 10 hours (Fig 3, A) and 30 hours (Fig 3, B) of
PD98059 treatment. PD98059 reduced gastrin/CCKB
receptor-promoter transcriptional activity after 10 and
30 hours in a dose-dependent manner.

J Lab Clin Med
May 2003
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Fig 4. Oncogenic ras activation of gastrin/CCKB receptor mRNA in
LoVo cells. A, RPA for gastrin/CCKB receptor (GaR) and GAPDH
message. LoVo cells were transfected with expression vector pPCMV-
Ras (wild-type) or pCMV-RasV12 (V12). Total RNA was extracted
after 48 hours and subjected to RPA as described in the Methods.
Digested gastrin/CCKB receptor riboprobes (249 bp) are shown in
lane 4 (pCMV-Ras) and lane 5 (pCMV-RasV12), and digested
GAPDH riboprobes (250 bp) are shown in lane 8 (pCMV-Ras) and
lane 9 (pCMV-RasV12). The size marker of 231 bp is shown in lane
1. Undigested gastrin/CCKB receptor probes (388 bp) are shown in
lane 2, and the undigested GAPDH probes (360 bp) are shown in lane
7. The positive control for gastrin/CCKB receptor message is shown
in lane 3, and the negative control with transfer RNA is shown in lane
6. B, Gastrin/CCKB receptor mRNA levels relative to those of
normalized GAPDH mRNA. Gastrin/CCKB receptor and GAPDH
mRNA levels from RPA (A) were measurcd with the use of densi-
tometry. A shorter radiographic exposure was used for GAPDH-
signal determination.

Effect of oncogenic ras expression or PD98059 on en-
dogenous gastrin/CCKB receptor mRNA. An RPA as-
say, in which endogenous gastrin/CCKB receptor gene
expression in LoVo cells was examined, showed that
oncogenic RasV12 up-regulated the gastrin/CCKB re-
ceptor mRNA level compared with the control (Fig 4,
A). Furthermore, the RPA density with results normal-
ized to GAPDH levels demonstrated that RasV12 in-
creased gastrin/CCKB receptor mRNA level approxi-
mately 1.45 times greater than that of control Ras (Fig
4, B), whereas other RPA results showed that PD98059
down-regulated the level of gastrin/CCKB receptor
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Fig 5. Suppressive effect of PD98059 on gastrin/CCKB receptor
mRNA in LoVo cells. A, RPA for gastrin/CCKB receptor (GaR) and
GAPDH message. LoVo cells were treated for 30 hours with or
without PD98059 and subjected to RPA as described in the Methods.
Digested gastrin/CCKB receptor riboprobes (249 bp) are shown in
lane 4 (without PD98059) and lane 5 (with PD98059); digested
GAPDH riboprobes (250 bp) are shown in lane 8 (without PD98059)
and lane 9 (with PD98059). The size marker of 231 bp is shown in
lane 1. Undigested gastrin receptor probes (388 bp) are shown in lane
2, undigested GAPDH probes (360 bp) in lane 7. The positive control
for gastrin/CCKB receptor message is shown in lane 3, and the
negative control with transfer RNA is shown in lane 6. B, Gastrin/
CCKB receptor mRNA levels relative to those of normalized
GAPDH mRNA. Gastrin/CCKB receptor and GAPDH mRNA levels
from RPA (A) were measured with the use of densitometry. A shorter
radiographic exposure was used for GAPDH-signal determination.

mRNA compared with the control (Fig 5, A). The RPA
density with results normalized to GAPDH levels dem-
onstrated that PD98059 decreased the level of gastrin/
CCKB receptor mRNA approximately 0.84 times lower
than that of nontreated control cells (Fig 5, B). How-
ever, an RPA assay with Colo320HSR cells failed to
demonstrate the effect of oncogenic ras on gastrin/
CCKB receptor mRNA expression; gastrin/CCKB re-
ceptor mRNA is extremely low in Colo320HSR cells
(data not shown).

DISCUSSION

Several studies have revealed that gastrin has a tro-
phic effect on colorectal cancer cell proliferation. Ishi-
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zuka et al' reported that gastrin-17 induced cell prolif-
eration in some colon cancer cell lines, including LoVo
and Colo320, through the gastrin/CCKB receptor and
its intracellular signal-transduction pathways, which
were specific in each cell line. Moreover, Smith and
Watson'' demonstrated that gastrin and gastrin/CCKB
receptor were expressed in almost all colonic polyps
they examined, suggesting that their early activation in
the adenoma-carcinoma sequence promoted the pro-
gression of colon cancer. Because colon cancers have
heterogenous presentations with multifactorial origins,
it is reasonable to conclude that colon polyps express
the gastrin/CCKB receptor more frequently than do
colon cancers.

Fearon and Vogelstein'® introduced a model for the
genetic pathway in the development of colorectal can-
cer and speculated that a series of gene mutations,
including APC tumor suppressor gene and ras onco-
gene, occur in the progression from normal cells to
colorectal cancer. Furthermore, Koh et al'® demon-
strated that gastrin is a target of the B-catenin/TCF-4
growth-signaling pathway in APC™" /" mice intesti-
nal polyps and suggested that activation of gastrin by
B-catenin represents an early event in colorectal tumor-
igenesis and neoplastic progression. In contrast, we
suggested that oncogenic ras promotes gastrin gene
transcription to cause a proliferation of colorectal can-
cer cells.”” Koh et al concluded that gastrin is not a
necessary mediator of ras-induced polyp growth, noting
that the mutation rate of the ras gene was not signifi-
cantly different in large polyps between gastrin-defi-
cient and control mice. They only analyzed the codon
12 mutation of the ras gene. However, gene mutations
responsible for promoting cell proliferation occur in
codons 13 and 61, as well as codon 12, and we found
mutations of the K-ras gene in codons 13 and 61 as
frequently as we did in codon 12 in human colorectal
cancer cells.'” It therefore seems inappropriate to con-
clude that gastrin is not a necessary mediator of ras-
induced polyp growth. Further investigation is needed,
but it is highly possible that gastrin induced by B-cate-
nin as well as that induced by oncogenic ras is involved
in colorectal tumorigenesis.

Recent studies have demonstrated that progastrin and
gly-gastrin, as well as amidated fully processed gastrin,
cause proliferation of colorectal cancer cells!”'?; novel
receptors to which progastrin and gly-gastrin bind spe-
cifically have been reported to exist on colon cancer
cells but have not been extensively character-
ized.'”*%2' In contrast, gastrin/lCCKB receptors are
reported to be expressed on colorectal cancer cells'®
and to be involved in cell proliferation. Moreover, some
gastrin/CCKB receptor antagonists have been shown to
suppress colorectal cancer cell proliferation in vivo and
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. . 2 . . .
in vitro,”™** and an antiserum against the gastrin/

CCKB receptor has been shown to inhibit liver invasion
by a human colon tumor.”” These results support the
hypothesis that gastrin/CCKB receptor is involved in
the proliferation and progression of colorectal cancers.

In this study, we analyzed the effect of oncogenic ras
on the expression of gastrin/CCKB receptor gene, spec-
ulating that the gastrin/CCKB receptor is located in the
autocrine loop if gastrin is involved in the proliferation
of colorectal cancer cells. The human colon cancer cell
lines examined — LoVo and Colo320HSR — both
express the gastrin/CCKB receptor gene. LoVo ex-
presses the gastrin gene and has an oncogenic mutation
in the ras gene (K-ras), whereas Colo320HSR does not
express the gastrin gene but has the wild-type ras gene.
Gastrin/CCKB receptor gene expression was demon-
strated on nested RT-PCR analysis (Fig 1). LoVo cells
demostrate a higher level of gastrin/CCKB receptor
gene expression than Colo320HSR cells, and therefore,
because our previous experiments demonstrated that
LoVo has the K-ras gene mutation in codon 13 and
Colo320HSR does not,'” the finding of greater gastrin/
CCKB receptor gene expression in LoVo cells was
consistent with our hypothesis that oncogenic ras in-
creases gastrin/CCKB receptor gene expression. Trans-
fection of pCMV-RasV 12 stimulated the luciferase ac-
tivity of GaR-Luc in Colo320HSR and LoVo cells (Fig
2), suggesting that oncogenic ras expression stimulated
gastrin/CCKB receptor transcriptional activity in both
cells. We considered the effect of oncogenic ras more
prominent in Colo320HSR than in LoVo because the
former possessed the wild type K-ras gene. If activation
of the ras signal-transduction pathway is in part respon-
sible for induction of gastrin/CCKB receptor transcrip-
tional activity. inhibition of this pathway likely results
in decreased activity. The increased effect of oncogenic
ras expression on gastrin/CCKB receptor transcrip-
tional activity was partially blocked by PD98059, a
specific MEK inhibitor (Fig 2). suggesting that the
intracellular signal-transduction pathway that stimu-
lates gastrin/CCKB receptor transcriptional activity in-
cludes MEK (eg, the Ras-Raf-MEK-ERK pathway).
The inhibition rate of PD98059 on the transcriptional
activity of the gastrin/CCKB receptor gene was approx-
imately 42% in both pCMV-ras—transfected cells and
pCMV-rasV12—transfected cells in  Colo320HSR,
which have the wild-type K-ras (Fig 2, A), whereas the
rate was about 36% in pCMV-ras—transfected cells and
27% in pCMV-rasVI12-transfected cells in LoVo,
which express oncogenic K-ras (Fig 2, B). The abun-
dant ras signaling from constitutively activated K-ras in
LoVo cells may cause a lower level of efficacy of
PDY8059 on the transcriptional activity of the gastrin/
CCKB receptor gene. We determined that PD98059

J Lab Clin Med
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had enough of an effect on pCMV-rasV12—transfected
Colo320HSR cells to suppress their transcriptional ac-
tivity of the gastrin/CCKB receptor gene to a level
similar to that seen with pCMV-ras—transfected
Colo320HSR cells; Colo320HSR cells have lower lev-
els of ras signaling from wild-type K-ras than LoVo
cells, which express oncogenic K-ras. We also found
increased expression of gastrin/CCKB receptor mRNA
by oncogenic ras demonstrated in LoVo RPA; the spe-
cific MEK inhibitor, PD98059, suppressed the mRNA
level of gastrin/CCKB receptor (Figs 4 and 5). These
results suggest that endogenous gastrin/CCKB receptor
mRNA expression was up-regulated by oncogenic ras
signaling by way of a pathway that includes MEK (eg,
the Ras-Raf-MEK-ERK pathway). It should be consid-
ered that oncogenic ras, which is often observed in
colorectal cancer cells, may enhance gastrin/CCKB re-
ceptor gene expression, as well as gastrin gene expres-
sion, and may also accelerate cell proliferation by gas-
trin in an autocrine manner in human colorectal cancer
cells.

We demonstrated enhanced gastrin/CCKB receptor
gene expression by oncogenic ras in human colon can-
cer cell lines LoVo and Colo320HSR, showing that the
gastrin/CCKB receptor may be involved in the cell-
proliferative effect of oncogenic ras.
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