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ABSTRACT

Vasoactive intestinal peptide (VIP) appears to be responsible for atropine
resLstant, neurally mediated pancreatic ductal bicarbonate secretion and
plays a role in both StimulatiOnand inhibition of neoplastic growth in other
organs. CDNASencoding high affinity VII'-! and VIP-2 receptors have been
cloned, and these receptors may be differentiated based on the ability of

VIP-i, but not VIP-2, receptors to couple to adenylyl cyclase in respome to
stimulation with micromolarconcentrations ofsecretin Recent data from our
laboratory suggest expression of a low affinity secretin receptor in seven cell
lines derived from human ductal pancreatic adenocarcinomas. In combina
don with the recent use of @I4abeledVIP to successfully image pancreatic
adenocarcinomas in humans and the high affinity binding of both VIP and
_h11,T adenylate cydase-aclivaling peptides to sections from human pan

creatictumors,thesefindingssuggestthat VIP-l receptorsmay be expressed
on the majority of neoplastic pancreatic duct epithelial cells is. two. To
initially test the hypothesis that expression of YIP-i receptors plays an
important role in the pathophysiology ofhuman ductal pancreatic adenocar
cinomas, we used reverse tramcription-PCR with Southern blot hybridiza
tion to confirm expression of VIP-i and VLP-2receptor mRNA in the vast
ma@jorityof 28 human ductal pancreatic adenocarcinomas. Based on the
cellular heterogeneity ofthese tumors, we also assessed VIP receptor subtype
expression in seven well-characterized, secrelin-responsive cell lines derived
from human ductal pancreatic adenocarcinomas. Only VIP-i receptor
mRNA was detected in all seven secretin-responsive cell lInes.A haff-maximal
increase in intracellular cyclicAMP was obtained with 0.5.-Sni@iVIP in each
of these cell lines, coasistent with expression of high affinity VIP receptors.
The abifity of 1 phi, but not 1 nM, secretin to StimUlateIntracellUlar cyclic
AMP generation in these cells was coisistent with VIP-i receptor expression.
Interestingly, 100 pM, but not 1 pM, VIP StimUlated significant growth of
VIP-i receptor-bearing Capan-2 cells both in the absence and presence of
serum. Because VIP-i receptors appear to be expressed in the mstjority of
neoplastic pancreatic duct cell lines and VIP Stimulates growth of VIP-i
receptor-beathig Capan-2 cells in vibv, this peptide may well play an impor
that role in the pathophysiology oftumors expressing these receptors in two.

INTRODUCTION

Pancreatic adenocarcinoma is one of the five leading causes of
cancer death in adults, with an overall 5-year mortality rate greater
than 95% (1). Ninety % of these cancers exhibit ductal morphology
(2), and there is general agreement that pancreatic duct cells are the
most likely progenitors of those tumors (3). Through binding to a
conserved family of G protein-coupled receptors, secretin and VIP3
play important roles in pancreatic duct cell physiology and have been

implicated as growth factors (4â€”6).However, only a limited number
of studies have assessed the roles of secretin and VIP in the initiation
and growth of these tumors, with conflicting and inconclusive results.

VIP appears to be responsible for atropine-resistant, neurally me
diated pancreatic ductal bicarbonate secretion (5). However, there has
been considerable debate concerning the presence or absence of VIP
receptors on pancreatic duct epithelial cells (7, 8), and although
cDNAs encoding human VIP- 1 and VIP-2 receptors have now been
cloned (9, 10), the specific roles of these receptors in pancreatic
physiology and pathophysiology remain unclear. Interestingly, both
receptors bind and respond to VIP, PACAP-38, and PACAP-27 with
the same rank order. However, secretin appears to discriminate be
tween these receptors (9, 10). The EC50 of secretin for adenylyl
cyclase activation is about 100 times that of VIP at the VIP-I receptor,
but it has no detectable effect on adenylyl cyclase activation, even at
1 @Mconcentrations in VIP-2 receptor-bearing cells.

While VIP clearly plays a role in both stimulation and inhibition of
neoplastic growth in other organs (1 1â€”14),little is known about the
role of this peptide in the pathophysiology of ductal pancreatic ade
nocarcinomas. However, the combination of recent data from our
laboratory suggesting expression of a low affinity secretin receptor in
seven cell lines derived from human ductal pancreatic adenocarcino
mas (15), the recent use of F'23I]VIP to successfully image pancreatic
adenocarcinomas in patients with primary or recurrent disease (16),
and the high-affinity binding of both VIP and PACAPs to sections
from these tumors (17) suggests that VIP- 1 receptors may be ex
pressed on the majority of neoplastic pancreatic duct epithelial cells in
vivo.

Based on this background, our hypothesis was that expression of
VIP-l receptors plays an important role in the pathophysiology of
human ductal pancreatic adenocarcinomas. The aims of this work
were to initially test this hypothesis through: (a) assessment of both
VIP- 1 and VIP-2 receptor gene expression in intact human pancreatic
adenocarcinomas with ductal morphology using receptor cDNA-spe
cific RT-PCR with Southern blot hybridization; (b) extension of these
findings to neoplastic pancreatic duct epithelial cells in vitro through
both receptor cDNA-specific RT-PCR with Southern blot hybridiza
tion and assays of intracellular cAMP generation in response to VIP
stimulation; and (c) assays of VIP-induced growth of VIP receptor
bearing, human tumor-derived cells in vitro.
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Human Tumors and Human Tumor-derived Cell Lines. Normal human
pancreas was resected from a male organ donor and snap frozen in liquid

nitrogen. All 28 of the tumor fragments tested were carefully dissected from
individual human pancreatic adenocarcinomas with ductal morphology re
sected from 18 men and 10 women [23 primary tumors (T-1, 1-3â€”9,1-12â€”21,
1-23â€”25,1-27, and 1-28), 3 liver metastases (1-10, 1-22, and 1-26), 1
mesenteric metastasis (T-1I), and I terminal ileal metastasis (1-2)1 between
August 2, 1990 and July 1, 1993. Each of the nine cell lines tested (Capan-l,
Capan-2, SU.86.86, AsPC-I, BxPC-3, MDA Panc-3, Hs766T, MIA PaCa-2,
and PANC-1; American Type Culture Collection and R. H. Bell) were derived
from human pancreatic adenocarcinomas with ductal morphology, express
numerous pancreatic duct cell markers, and lack markers specific to pancreatic

acinar or islet cells (18).

1475

Vasoactive Intestinal Peptide (VIP) Stimulates in Vitro Growth of VIPâ€”iReceptor
bearing Human Pancreatic Adenocarcinoma-derived Cells'

Suping Jiang, Elizabeth Kopras, Mary McMichael, Richard H. Bell, Jr., and Charles D. Ulrich 112
University of Cincinnati Medical Center, Cincinnati, Ohio 45267-0595 (S. J., E. K., M. M., C. D. UI, and Veterans Affairs Medical Center, Seattle, Washington 98108 (R. H. B.!

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/8/1475/2466128/cr0570081475.pdf by guest on 19 M

ay 2023



VIP RECE11@ORSIN PANCREATIC CANCER

RT-PCR with Southern Blot Hybridization. Total RNA was isolated
from normal human pancreas, sections of tumor fragments, and subconfluent
human tumor-derived cell lines using a modified single-step protocol. The
quality of total RNA isolated was initially assessed through formaldehyde/

agarose gel electrophoresis with ethidium bromide staining. To ensure the

specificity of both PCR and radiolabeled oligonucleotide binding to VIP-I and
VIP-2 receptor-encoding cDNAs, we compared in detail the predicted se
quences of all known members of this receptor family (Gene Runner; Hastings
Software, Inc., Hastings, NY). Based on this analysis, we designed PCR
primers flanking and oligonucleotides complementary to the section of mRNA
encoding the first extracellular loop of these receptors. Standard reverse

transcription (42Â°C incubation for 15 mm) used random hexamers and M

MLV Reverse Transcriptase (Life Technologies, Inc., Grand Island, NY). PCR
was subsequently performed according to the manufacturer (Perkin-Elmer,
Branchburg. NJ) using either oligonucleotide primers analogous to nucleotides

444â€”461 and the complement to 969â€”987ofthe cDNA sequence encoding the
human VIP-1 receptor or oligonucleotide primers analogous to nucleotides
1â€”18and the complement to 594â€”611 of the cDNA sequence encoding the
human VIP-2 receptor, and Amplitaq DNA polymerase. Thirty-five cycles of
denaturation at 95Â°Cfor I mm, primer annealing at 58Â°Cfor I mm, and
extension at 72Â°Cfor 1.5 mm were performed, with a single final extension at
72Â°Cfor 10 mm. PCR products obtained using these primer combinations and
total RNA from normal human pancreas as template were then inserted into
pBluescript (Stratagene, La Jolla, CA) and sequenced bidirectionally (Seque

nase Version 2.0, United States Biochemical Corp., Cleveland, OH) to assure

specific amplification of the products of interest. Negative controls included

RT-PCRs performed with these same primers and H2O as template, as well as

PCRs without reverse transcription using these same primers and RNA sam
pIes. The uniformity of our technique and the quality of the RNA used was
further confirmed using human GAPDH-specific primers according to the

manufacturer (Stratagene).
The identity of the expected 544-bp (VIP-l receptor) and 61l-bp PCR

(VIP-2 receptor) products obtained using total RNA from tumor fragments was
further confirmed through Southern blot hybridization. Following agarose gel

electrophoresis, transfer to a nylon membrane, and prehybridization
(5 X Denhardt's, 5 X SSPE, 0.5% SDS, and 20 @.tg/mIsalmon sperm DNA) at

65Â°Cfor 3 h, standard Southern blot hybridization used the same buffer and
33-base 32P-labeledoligonucleotides (1 million cpm/ml hybridization buffer)
complementary to nucleotides 701â€”733 of the human VIP-l receptor cDNA

and nucleotides 558â€”590of the human VIP-2 receptor cDNA, with incubation
in a 65Â°C shaking waterbath overnight. Oligonucleotides were 32P-labeled with

terminal deoxynucleotidyl transferase (Life Technologies, Inc.) and separated

from unincorporated nucleotides using a NucTrap push column (Stratagene).
Following a final high-stringency wash (0.1 X SSPE, 0.1% SDS at 65Â°Cfor
20 mm), hybridized membranes were subjected to autoradiography. Fragments
of human secretin receptor cDNA (nucleotides 518-1220; Ref. 19) and human
VIP-I receptor cDNA (nucleotides 444â€”987)spanning the sequence encoding
the first extracellular loop were included as additional controls.

Measurement of [cAMP]1 Generation. Second messenger signaling in
response to agonist stimulation of human tumor-derived cell lines was assessed

using a [3HJcAMPassay kit according to the manufacturer (Diagnostic Prod
ucts Corporation, Los Angeles, CA). In brief, subconfluent human tumor

derived cells were harvested by scraping, pelleted, resuspended in appropriate
medium without serum, aliquoted, and stimulated with various concentrations
of agonist at 37Â°Cfor 15mm. An equal volume of 6% perchloric acid was then
added to each sample, followed by 0.3 volume of 30% KHCO3, and centrif
ugation. The supernatant was then assayed for cAMP content based on corn

petition with [3H]cAMPfor binding to a cAMP binding protein, with removal
of unbound [3HJcAMPby adsorption onto dextran-coated charcoal and count
ing of bound [3HJcAMP in a liquid scintillation counter. Results were normal

ized with respect to the protein content in each sample, assessed using a protein
assay Kit based on Peterson's modification of the micro-Lowry method,

according to the manufacturer (Sigma Diagnostics, St. Louis, MO).
Assays of Agonist-stimulated Growth of Receptor-bearing Cells

through Assessment of Owen's Reagent (MTh) Bioreduction. Either
1 X 10â€•cells per well (serum-supplemented experiments) or 2 X 10â€•cells/well
(serum-free experiments) were plated onto a 96-well plate, cultured in the

appropriate serum-supplemented medium without agonist for 24 h, washed
sequentially with PBS and serum-free medium, and either serum-free or

serum-supplemented medium with various concentrations of agonist added to

each well. Medium was exchanged daily and freshly supplemented with
agonist at each exchange. MTS/phenazine methosulfate (Promega Corp., Mad

ison, WI) was added at 0, 24, 48, and 72 h after the initial addition of agonist
and incubated for 2 h at 37Â°C;absorbance at 490 nm was measured using an
ELISA plate reader.

Statistical Analysis. Values are given as the mean Â±SE. When appropri
ate, differences were assessed using one-way ANOVA, with P < 0.05 con
sidered to be statistically significant.

RESULTS AND DISCUSSION

Based on the apparent ductal origin of the vast majority of pancre
atic adenocarcinomas, the putative role of VIP as a noncholinergic
neural mediator of pancreatic duct cell physiology, and evidence that
VIP mediates growth of other neoplasms, we assessed VIP-I and
VIP-2 receptor expression in 28 human ductal pancreatic adenocar
cinomas and 9 well-characterized cell lines derived from human
pancreatic adenocarcinomas with ductal morphology. With regard to
the lauer, each of the 9 cell lines tested expressed numerous pancreatic
duct cell markers and lacked markers specific to pancreatic acinar or
islet cells (18). In particular, Capan-l and Capan-2 cells express a
large number of duct cell markers and retain morphological features
of normal duct epithelium in vivo. On the other hand, MIA PaCa-2
and PANC-l cells are notable in not exhibiting several ductal markers
and lack some morphological characteristics of normal duct epithe
hum.

Because human VIP-i and VIP-2 receptor-specific ligands have yet
to be identified, we first assessed expression of receptor-encoding
mRNA in these tumor fragments and cell lines through cDNA
specific RT-PCR with Southern blot hybridization. Because members
of the VIP/secretin family of receptors form a unique branch on the 0
protein-coupled receptor section of the phylogenetic tree (19), it is not
surprising that a high degree of structural homology exists between
receptors within this family. To ensure the specificity of radiolabeled
ohigonucleotide binding to VIP-I and VIP-2 receptor-encoding cD
NAs, we compared in detail the predicted sequences of all known
members of this receptor family. Based on this analysis, we designed
oligonucleotides complementary to the section of mRNA encoding
the first extracellular loop of these receptors. The lack of homology
within this domain is in keeping with recent data suggesting that it
plays an important role in agonist-specific recognition and respon
siveness within this family (20).

Initial reverse transcription PCR used primers specific for either
VIP-l or VIP-2 receptor cDNA and 1 @gof high quality total RNA
isolated from normal human pancreas (positive control) and carefully
dissected fragments from 28 human ductal pancreatic adenocarcino
mas. Fig. 1 depicts the autoradiograms resulting from high stringency
Southern blot hybridization of these PCR products with 32P-labeled
human VIP-l and VIP-2 receptor cDNA-specific oligonucleotides
(upper and lowerpanels, respectively). These reactions confirmed the
presence of VIP-l receptor-encoding mRNA in all of the tumors
tested and VIP-2 receptor-encoding mRNA in 23 of these tumors.
Transcripts encoding both receptors were detected in normal human
pancreas. Fragments of human secretin receptor and VIP-i receptor
cDNA were included as additional controls, confirming the specificity
of our oligonucleotides. The quality of the total RNA isolated and the
reproducibility of our technique was confirmed through RT-PCR
using human OAPDH-specific primers (data not shown). No product
was evident in either the H2O control or identical PCRs performed
without reverse transcription (data not shown). These findings
strongly suggest that both VIP-l and VIP-2 receptors are expressed in
the vast majority of human ductal pancreatic adenocarcinomas. How
ever, because nearly all of these tumors also contain normal exocrine
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was evident in either RT-PCRs performed with the same primers and
H20 as template or PCRs without reverse transcription using these
same primers and RNA samples (data not shown).

To assess protein expression of VIP receptors in these human
tumor-derived cell lines, we measured changes in [cAMP]1 in re
sponse to stimulation of subconfluent cells with various concentra
tions of VIP and secretin. Significant [cAMP]1 generation was slim
ulated by 1 flMVIP in the same seven cell lines responsive only at 1
@.LMsecretin concentrations (Capan-l, Capan-2, SU.86.86, AsPC-l,

BxPC-3, MDA Panc-3, and Hs766T). Up to 1 /.LMVIP had no
significant effect on [cAMP]1 in MIA PaCa-2 and PANC-l cells. The
latter finding is intriguing in light of the poorly differentiated state of
the tumors from which these two cell lines were derived (18). The bar
graph in the upper panel of Fig. 3 compares the response of Capan-l,
SU.86.86, AsPC-l, BxPC-3, MDA Panc-3, and Hs766T cells to 1 flM
and 1 /.LMVIP and secretin. The lower panel of Fig. 3 depicts
dose-response curves for VIP and secretin stimulation of Capan-2
cells. These findings are consistent with expression of VIP- 1 receptors
in these cells. Coupled with the identification of VIP-i receptor
mRNA in normal human pancreas, the presence of VIP- 1 receptors in
these human tumor-derived cell lines strengthens the argument for
VIP-i receptor expression on both normal and neoplastic pancreatic
duct epithelial cells in vivo.

VIP receptors appear to be expressed in a variety of both normal
and neoplastic tissues. Through binding to its receptors, this peptide
has been implicated as a mediator of cytokine production and che
motaxis, central and peripheral nervous system physiology, bron
chodilation, cardiac contractility, arterial vasodilation, gastrointestinal
motility, intestinal chloride secretion, gallbladder physiology, biliary
bicarbonate secretion, and pancreatic bicarbonate and enzyme secre
tion (21). VIP receptors have also been identified in neuroblastomas,
pheochromocytomas, small cell and non-small cell lung cancers,
breast carcinomas, ovarian and endometrial carcinomas, prostate can
cers, gastrointestinal tumors, and colonic adenocarcinomas (17). Until
recently, only scattered reports suggested VIP receptor expression in
single cell lines derived from human ductal pancreatic adenocarcino
mas (22â€”25).However, the recent development of [â€˜23I]VIPscintig
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Fig. 1. Assessment of VIP-l and VIP-2 receptor

gene expression in intact human ductal pancreatic
adenocarcinomas. RT-PCR used primers specific
for either VIP-l or VIP-2 receptor cDNA and 1 @.tg
of high quality total RNA isolated from normal
human pancreas (NHP; positive control) and 28
human ductal pancreatic adenocarcinomas. This
figure depicts the autoradiograms resulting from
high-stringency Southern blot hybridization of
these PCR products with 32P-labeled human VIP-l
and VIP-2 receptor cDNA-specific oligonucleo
tides (upper and lower panels, respectively). Frag
ments of human secretin receptor (Sec Rec) and
VIP-I receptor (VIP-i Rec) cDNA were included
as additional controls.
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and endocrine cells, the identity of specific cells expressing these
receptors within these tumors remains unclear.

To specifically assess VIP-l and VIP-2 receptor expression in
neoplastic pancreatic duct epithelial cells in vitro, we performed
similar receptor cDNA-specific RT-PCR with Southern blot hybrid
ization using 1 @gof total RNA from normal human pancreas (pos
itive control) and each of nine human tumor-derived cell lines. Fig. 2
depicts autoradiograms resulting from high stringency Southern blot
hybridization of these PCR products with 32P-labeled human VIP-i
and VIP-2 receptor cDNA-specific oligonucleotides (upper and lower
panels, respectively). These findings were consistent with only VIP-i
receptor gene expression in eight of the nine human tumor-derived
cell lines tested. Again, the quality of the total RNA isolated and the
reproducibility of our technique was confirmed through RT-PCR
using human GAPDH-specific primers (data not shown). No product

I
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Fig. 2. Assessment of VIP-i and VIP-2 receptor gene expression in cell lines derived
from human pancreatic adenocarcinomas with ductal morphology. Receptor cDNA
specific RT-PCR used 1 @gof total RNA from normal human pancreas (positive control)
and each of nine human tumor-derived cell lines. This figure depicts autoradiograms
resulting from high-stringency Southern blot hybridization of these PCR products with
32P-Iabeled human VIP-l and VIP-2 receptor cDNA-specific oligonucleotides (upper and
lower panels, respectively). Again, fragments of human secretin receptor and VJP-l
receptor cDNA were included as additional controls.
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supports VIP-i receptor expression in these cells. These authors also
attempted to delineate the cellular distribution of both VIP-l and
VIP-2 receptor encoding transcripts in sections of normal rat pancreas
using nearly full-length antisense riboprobes. With respect to normal
rat pancreas, their data suggest that VIP-i receptors are expressed
exclusively in the walls of blood vessels, with VIP-2 receptor tran
script detected only in pancreatic islets. However, there is strong
evidence suggesting that VIP receptors are expressed in both isolated
rat pancreatic ducts and acinar cells (8, 27). In addition, we detect
VIP-l receptor-encoding transcript in neoplastic pancreatic duct epi
thelial cells in vitro. These findings strongly suggest that VIP-i
receptors are expressed in both normal and neoplastic human pancre
atic duct cells in vivo. To resolve this issue, we are presently per
forming in situ receptor autoradiography studies assessing the ability
of 1 @LMsecretin to displace â€˜25I-labeledVIP binding to both normal
and neoplastic human pancreas.

The effects of VIP on VIP-l receptor-bearing Capan-2 cell growth
in vitro was assessed through assays of aqueous soluble tetrazolium
(Owen's reagentlMTS) bioreduction. The basis for this growth assay
is that total enzyme dehydrogenase activity within a culture well is
reflective of viable cell number (28). Data from proliferation bioas
says comparing this method to [3H]thymidine incorporation and cell
counting show reproducibly similar results in both nonpancreatic and
pancreatic cancer-derived cells (28â€”31). The upper panel of Fig. 4
depicts the results of MTS growth assays in Capan-2 cells incubated
in either serum-free or serum-supplemented media with various phys
iological concentrations of VIP for 24 and 48 h, respectively. Agonist
stimulated Capan-2 cell growth is expressed as a percentage of growth
in the absence of agonist in each experiment. In both cases, VIP
stimulated growth was concentration dependent with modest but
significant cell growth stimulated by 100 pM, but not I @LM,VIP. The
lower panel of Fig. 4 illustrates the time-dependence of the growth
stimulatory effects of 100 @MVIP on receptor-bearing Capan-2 cells.
In the absence of serum, the growth-stimulatory effect of 100 @MVIP
was clearly time dependent. Although significant VIP-induced growth
was evident after 24 h of continuous exposure to agonist-supple
mented serum-free medium, this effect was lost after 72 h. VIP
induced growth in the presence of serum, although even more modest,
did not exhibit the same time-dependence. Interestingly, these find
ings contrast with the recent report from our laboratory that secretin
inhibits growth of recombinant human secretin receptor-bearing
PANC-i cells (3 1), suggesting that these two related adenylyl cyclase
coupled receptors may mediate their growth effects through different
second messengers. The relationship between VIP-i receptor-me-li
ated second messengers and other mitogen-mediated growth-reguia
tory pathways in these cells also warrants further investigation.

Although litfie is known about the role of VIP as a mediator of
normal and neoplastic pancreatic duct cell growth, VIP clearly regu
lates growth of other normal and neoplastic cells. VIP stimulates the
release of neurotrophic factors from glial cells as well as growth of
astrocytes (32), neuroblastoma (1 1), and non-small cell lung cancer
cells (12). However, VIP also inhibits the growth of small cell lung
cancer (13) and colonic adenocarcinoma cells in vitro (14). Although
the ability of VIP to inhibit cell growth appears to be linked to
adenylyl cyclase activation, the mechanisms responsible for VIP
stimulated growth remain unclear. Indeed, VIP-i receptor coupling to
both adenylyl cyclase and phospholipase C has been demonstrated in
certain cell types (33). Interestingly, our findings agree with the
observation that VIP stimulates astrocyte proliferation at concentra
tions below those necessary to stimulate adenylyl cyclase (32). We
speculate that the loss of the growth-stimulatory effect of VIP at 1 @M
concentrations may reflect dominant coupling of a lower affinity state
of the VIP-i receptor to an alternate pathway. With respect to the

VIP RECEPTORS IN PANCREATIC CANCER

A.@

35

30

@ 25

E.e: 20
0@

< 15

.;, 10
,g@
0

0

B.
120 â€”

â€”a--

100 â€”câ€”Secretin

80

60 -

40

20@

0 â€” -

.20 â€”@@@ I@ â€¢@@@

-11 .10 .9 .8 -7 -6 .5

Peptide concentration (log N)

Fig. 3. Intracellular cAMP generation in response to VIP and secretin stimulation of
these human ductal pancreatic adenocarcinoma-derived cell lines. [cAMP]1 was measured
based on competition for [3HJcAMP binding to a cAMP-binding protein, and the results
normalized with respect to the protein content of each sample. A. comparison of the
response of Capan-l, SU.86.86, AsPC-l, BxPC-3, MDA Panc-3, and Hs766T cells to 1
flM and I @LMVIP and secretin. B, dose-response curves for VIP (U) and secretin (0)

stimulation of Capan-2 cells. Each value represents the mean of three experiments
performed in duplicate; bars, SE.

raphy has allowed successful imaging of a majority of advanced
pancreatic adenocarcinomas in a small patient series (16). In addition,
a recent report by Reubi (17) demonstrated high-affinity binding of
both VIP and PACAP to sections from human pancreatic adenocar
cinomas. Taken together with our work, these findings are entirely
consistent with VIP-i receptor expression in the majority of neoplas
tic pancreatic duct epithelial cells in vivo.

The significance of VIP-I, and not VIP-2, receptor expression in
these human tumor-derived cell lines is unclear. In one detailed report,
Usdin et al. (26) reported differences in the binding specificities,
dose-response for adenylyl cyclase activation, and tissue distribution
of rat VIP-i and VIP-2 receptors. Interestingly, both receptors bind
and respond to VIP, PACAP-38, and PACAP-27 with the same rank
order. However, secretin appears to discriminate between these re
ceptors. The EC50 of secretin for adenylyl cyclase activation is about
100 times that of VIP at the VIP-l receptor, but it has no detectable
effect on adenylyl cyclase activation, even at 1 @Mconcentrations in
VIP-2 receptor-bearing cells. The secretin responsiveness of our seven
VIP-responsive, human tumor-derived cell lines, therefore, further
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because our understanding of the specific roles of these two receptors
in human pancreatic physiology and pathophysiology is still evolving.
Because VIP stimulates the growth of VIP-l receptor-bearing neo
plastic pancreatic duct epithelial cells in vitro, studies further assess
ing cell type-specific VIP-I and VIP-2 receptor expression within
these tumors, as well as the effect of VIP on receptor-bearing neo
plastic pancreatic duct cell growth in vivo, are clearly warranted. The
prevalence of VIP receptor expression within human pancreatic ade
nocarcinomas, in combination with the apparent growth-modulatory
role of VIP in receptor-bearing neoplastic pancreatic duct cells, raises
hope that diagnostic and therapeutic strategies targeting these recep
tors may potentially impact on the survival of patients with pancreatic
cancer.
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time-dependence of VIP-stimulated growth in the absence of serum,
we speculate that prolonged agonist exposure leads to receptor de
sensitization in these cells. Similar findings have been reported in VIP
receptor-bearing lymphocytes, macrophages, and HT-29 colonic ad
enocarcinoma cells (34, 35). Finally, the more modest growth effect
exerted by VIP in the presence of serum has also been described in
VIP receptor-bearing human melanoma cells (36). In fact, serum
exposed IGR39 melanoma cells have a diminished level of receptor
expression. The precise factors responsible for this phenomenon are
unclear. We plan to investigate the impact of both prolonged agonist
and serum exposure on the levels of VIP-i receptor expression in
Capan-2 cells. In addition, the role of local protease degradation of
VIP at the cell surface may need to be addressed.

In conclusion, our findings strongly suggest that although both
VIP-i and VIP-2 receptor-encoding mRNA is present in the vast
majority of tumors, only VIP- 1 receptors appear to be expressed on
neoplastic pancreatic duct epithelial cells. The specific importance of
VIP-i, but not VIP-2, receptor expression in these cells is unclear,
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