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Abstract

Gastrin and cholecystokinin (CCK) have trophic action on cells expressing wild type A or B CCK receptors. Potential
relevance to pancreatic and colonic cancers was raised by the demonstration of a misspliced type B CCK receptor that, when
expressed in Balb3T3 cells, had constitutive activity to stimulate intracellular calcium. We attempted to confirm and extend this
observation in CHO cells by establishing lines expressing similar densities of variant or wild type B CCK receptor. While both
were capable of normal binding and agonist-induced signaling, neither expressed constitutive signaling and both had similar
basal growth. Agonist stimulation of cells expressing misspliced receptor had greater increases in calcium and greater growth
rates than control cells despite similar MAP kinase phosphorylation responses. Thus, this variant receptor can potentate peptide-
stimulated signaling and trophic action and may contribute to the proliferation of neoplasms expressing it.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Under normal conditions, the gastrointestinal
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[2-4]. It is not yet clear whether these growth effects
reflect similar normal processes or whether these
might reflect pathological growth stimulation that is
not responsive to normal feedback inhibition or that is
quantitatively excessive. Such a trophic influence
could even contribute to the development, growth, or
progression of these neoplasms.

Signaling events normally initiated by CCK
include inositol phospholipid hydrolysis, intracellular
calcium influx, protein kinase C activation, and MAP
kinase activation. Among these, intracellular calcium
influx and MAP kinase phosphorylation have
attracted the most attention as molecular mechanisms
associated with growth-promoting effects [4]. Gastrin
has been reported to stimulate AR42J cell growth
through induction of p42/44 MAP kinase [5]. Its
growth-promoting effect on GH3 cells, where it fails
to activate MAP kinase, is through a calcium-
dependent mechanism [6]. This is also true in
receptor-bearing CHO cells, where gastrin stimulates
DNA synthesis in a calcium-dependent manner [7].
Logsdon et al. reported that short-term CCK treatment
induces similar calcium responses, but has different
growth effects in CHO and Swiss 3T3 cells engin-
eered to express type B CCK receptors [8]. Thus, the
growth-promoting effects of these peptides seem to be
not only dependent on complement of receptors and
their density, but also on the cellular environment
utilized.

While there are scattered reports of the presence of
wild type CCK receptors (type A and type B) on
colonic and pancreatic cancers [3,9—12], this has not
been common, prominent, or reproducible. In con-
trast, there have been recent reports to suggest the
presence of a novel receptor variant of the type B
CCK receptor (CCKBR-i4) in a high proportion of
colonic [13] and pancreatic [14,15] carcinomas. Due
to intron 4 retention from RNA missplicing, this
receptor variant contains 69 additional amino acid
residues in its third intracellular loop region. Balb3T3
cells expressing this receptor variant were shown to
exhibit constitutive, oscillatory increases in intra-
cellular calcium, and a ligand-independent increase in
growth rate compared with cells expressing wild type
B CCK receptor [13]. While these observations
provide important insight into a potential role for
this receptor variant in stimulating human cancer cell
proliferation, it is possible that the unique cellular

environment contributed to the response observed in
that study.

Here, we characterized the same abnormal spliceo-
form of the type B CCK receptor expressed in Chinese
hamster ovary cell lines, comparing these with
analogous lines expressing similar density of wild
type CCK receptors. We studied these cells for
constitutive activity and peptide-stimulated signaling
and proliferation, using both gastrin and CCK. Of
note, we observed substantial differences from that
previously reported [13], with no constitutive calcium
response and no ligand-independent growth in the
CHO cells expressing the CCKBR-i4 variant. Despite
its normal expression and binding properties, the
CCKBR-i4 variant displayed a significant increase in
peptide-induced intracellular calcium influx com-
pared with wide type receptor. However, peptide-
stimulated p42/44 MAP kinase phosphorylation was
similar in the two cell lines. Activation of CCKBR-i4
variant by peptides demonstrated modest but signifi-
cant promotion in the rate of cell growth. Thus, our
results continue to focus interest on this missplicing
event as a potential contributor to the abnormal
growth and progression of these neoplasms, and
suggest that this type B CCK receptor variant may
contribute to the proliferative effects of peptides
through mechanisms that are partially independent of
MAP kinase activation.

2. Experimental methods

Preparation of type B CCK receptor constructs. A
type B CCK receptor minigene construct containing
the fourth intron was previously established from
Panc-1 cells in our laboratory [14]. The fourth intron
in this minigene was PCR amplified and inserted into
a wild type human type B CCK receptor construct
(CCKBR) [16] by creating an Nhel site, which was
later removed. The single base changes (A*°—T,
A ST, and C'°" - A, not affecting coding) were
made at the 5’ and 3’ splice boundaries of intron 4
to ensure the retention of the fourth intron in the
mature mRNA. The human CCKBR and the variant
receptor (CCKBR-i4) constructs were tagged with
influenza hemagglutinin (HA) epitope tags at
each amino-terminus. The QuickChange™ Site-
Directed Mutagenesis Kit was used for these changes.
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