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Abstract

AIM: To analyse av integrin expression induced by gas-
trin in pancreatic cancer models.

METHODS: ov integrin mRNA expression in human pan-
creatic cancer cells was analysed using a “cancer genes”
array and confirmed by real-time reverse transcription-
polymerase chain reaction (PCR). Western blotting and
semi-quantitative immunohistochemistry were used to
examine protein levels in human pancreatic cancer cell
lines and pancreatic tissues, respectively. The role of av
integrin on gastrin-induced cell adhesion was examined
using blocking anti-ov integrin monoclonal antibodies.
Adherent cells were quantified by staining with crystal
violet.
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RESULTS: Using a “cancer genes” array we identi-
fied av integrin as a new gastrin target gene in human
pancreatic cancer cells. A quantitative real-time PCR
approach was used to confirm av integrin gene expres-
sion. We also demonstrate that Src family kinases and
the PI 3-kinase, two signalling pathways specifically ac-
tivated by the CCK-2 receptor (CCK2R), are involved in
gastrin-mediated av integrin expression. In contrast, in-
hibition of the ERK pathway was without any effect on
av integrin expression induced by gastrin. Our results
also show that gastrin modulates cell adhesion via av
integrins. Indeed, /n vitro adhesion assays performed
on fibronectin show that gastrin significantly increases
adhesion of pancreatic cancer cells. The use of blocking
anti-av integrin monoclonal antibodies completely re-
versed the increase in cell-substrate adhesion induced
by gastrin. In addition, we showed /n vivo that the tar-
geted CCK2R expression in the pancreas of Elas-CCK2
mice, leads to the overexpression of av integrin. This
process may contribute to pancreatic tumour develop-
ment observed in these transgenic animals.

CONCLUSION: qv integrin is a new gastrin target in
pancreatic cancer models and contributes to gastrin ef-
fects on cell adhesion.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Pancreatic cancer has a poor prognosis with a 5-year
survival rate < 5%. Despite intensive efforts to improve
therapy, treatment remains unsatisfactory and most pa-
tients die within months as a result of rapid local spread
of tumour or metastatic dissemination'"’. This poor prog-
nosis is mainly due to the propensity of this tumour to
invade the adjacent structures and metastasize to distant
organs early in the course of this disease; however, the
molecular basis for these characteristics of pancreatic
cancer is incompletely understood. A better understand-
ing of the genes involved in tumour growth and migra-
tion may allow development of novel treatment strategies
to rapidly tackle this disease.

Several lines of evidence suppott the role of gastrin,
a digestive peptide hormone and its G protein-coupled
receptor (CCK2R) in pancreatic cancer development.
Gastrin and its receptor are up-regulated in human
pancreatic adenocarcinoma as well as in preneoplastic
lesions™”. A splice variant of the CCK2R has recently
been identified, which has constitutive activity and is ex-
clusively expressed in certain human colon and pancreatic
cancers . Tn addition, we have reported in Elas-CCK2
transgenic mice, expressing functional human CCK2R in
pancreatic exocrine cells, an increased pancreatic growth,
an acinar to ductal trans-differentiation, postulated to be
a preneoplastic step in pancreatic carcinogenesis and the
development of tumours'™”.

Besides proliferation, gastrin has been shown to mod-
ulate cell adhesion and migration. We and others have
recently demonstrated 7z vitro that prolonged activation
of the CCK2R by gastrin induces stress fibre formation,
alters cell morphology, increases loss of cell-cell adhe-
sion, as well as motility of epithelial cells”"?. We have
also shown the loss of intercellular adhesion in acini of
Elas-CCK2 mice before tumour formation'”,

Several signalling pathways activated by the CCK2R
have been implicated in the proliferative effects or cell mi-
gration induced by gastrin. They include: MAP-kinases'"*",
the phosphatidylinositol 3-kinase and the JAK2/STAT3
pathwaym’m. In addition, Src family tyrosine kinases and
p125FAK have also been shown to play a crucial role in
these biological effects of gastrin“gj.

In gastric epithelial cells, several target genes of the
CCKZ2R have already been identified. They include genes
involved in gastric acid secretion” early response genes,
c-Fos™ c-Jun and c-Myc®* and other growth-related
genes such as cyclin D1 =) Reg—lw, or the HB-EGF®. In
addition, in the same cellular model, gastrin also regulates
the expression of genes associated with cell migration
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and invasion such as the MMP9 gene, a matrix metal-
loproteinase™. In several cellular models such as gastric
and colonic cancer cells, intestinal epithelial cells or fibro-
blasts transfected with the CCK2R, gastrin has also been
shown to enhance ¢yelooxygenase-2 gene expression, known
to play an important role in inflammation processes and
carcinogenesis” .

In contrast, to our knowledge, very few gastrin-reg-
ulated genes have been identified in pancreatic models
expressing the CCK2R. Recently, we showed that Reg
proteins are targets of CCK2R activation and are induced
during the early steps of carcinogenesis in Elas-CCK2
mouse pancreasm. In addition, we also identified B1 in-
tegrin as a gastrin-regulated gene in human pancreatic
cancer cells and demonstrated its involvement in modula-
tion of cell adhesion by the CCK2RP".

In this study, we identified ov integrin, another mem-
ber of the large integrin family, as a new gastrin target
in the human pancreatic cancer cell line, Panc-1. Integ-
rins which mediate cell adhesion play an important role
in cell migration, survival and differentiation. Here we
show in vitro that av integrin is involved in the modula-
tion of cell adhesion by the CCK2R. In addition, we
demonstrate 7z vivo that the targeted CCK2R expression
in the pancreas of Elas-CCK2 mice, which present pre-
neoplastic lesions and develop pancreatic tumours, leads
to ouv integrin expression.

MATERIALS AND METHODS

Cell culture

The human pancreatic cancer cell line, Panc-1 was ob-
tained from the American Type Culture Collection (ATCC,
Manassas, VA, United States). The cells were grown in
Dulbecco's modified Eagle's medium supplemented with
10% FCS at 37 'C in a humidified atmosphere contain-
ing 5% COo. In all experiments, cells were serum-starved
for 18 h prior to gastrin stimulation. Human gastrin 2-174
(Bachem, Switzerland) was used in all experiments.

RNA extraction and reverse transcription

Total RNA was isolated from Panc-1 cells treated with
or without gastrin as indicated using the RNeasy RNA
Isolation Kit (Qiagen, Valencia, CA, United States). After
pretreating RNA with 10 units DNase (Invitrogen, Carls-
bad, CA, United States), cDNA was produced from 1 pg
of total RNA using the Superscript First-Strand Synthesis
System for reverse transcription-polymerase chain reac-
tion (PCR) (Invitrogen, Catlsbad, CA, United States).

“Cancer super array”

A specific “Cancer array” (96 genes) from SuperArray
(Bioscience Cotporation, Beverly, MA, United States)
was used in this study. Total RNA was isolated from
Panc-1 cells as described above. Reverse transcription
of cellular RNA was carried out with the RT-Labeling
kit (SuperArray, Bioscience Corporation, Beverly, MA,
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United States) according to the manufacturer’s instruc-
tions. The biotinylated probes from gastrin-stimulated
cells and unstimulated cells were hybridized overnight
to separate membranes at 60 ‘C, washed with SSC/SDS
solutions, incubated with the avidin-alkaline phosphatase
conjugate and exposed to a chemiluminescent substrate.
Analysis of the images and quantitation of the spots in
both membranes were performed by the ScanAlyze 2.5
software, and normalization of the values and compari-
son of the intensities was achieved by the GE ArrayAna-
lyzer 1.3 (SuperArray, Bioscience Corporation, Beverly,
MA, United States) software.

Real-time PCR
o integrin expression was determined iz real-time PCR,
using fluorescent SYBR green dye (Applied Biosystems,
Framingham, MA, United States) to allow semi quanti-
tative analysis of gene expression levels. Amplification
was conducted using ABI-Stepone + Detection System
(Applied Biosystems, Framingham, MA, United States).
Relative fold changes were determined using the 2-AACT
method, in which 785 gene was used for normalization.
Primers used (18S: forward-CGCAGCTAGGAATA-
ATGGAATAGG, reverse-CATGGCCTCAGTTCC-
GAAA; av integrin: forward-TGCCCAGCGCGTCTTC,
reverse-TGGGTGGTGTTTGCTTTGG).

Western blotting

Western blotting analyses were performed on lysates
from Panc-1 cells stimulated or not with gastrin. Frac-
tions, containing identical levels of proteins, were sepa-
rated by SDS-PAGE and analyzed by Western blotting
with the indicated antibodies. The immunoreactivity was
visualized with an enhanced chemiluminescence system
(Pierce, 1L, United States). Anti-qv integrin antibodies
were from Chemicon (Temecula, CA, United States).

Cell adhesion assay

Cell adhesion assays were carried out in 96-well plates
using 10’ cells/cm” in a final volume of 100 uL/well of
serum-free medium. Wells were coated overnight at 4 'C
with fibronectin diluted at 5 pg/mL in phosphate buffered
solution (PBS) then washed twice with 100 uL. of PBS
and blocked with 1% bovine serum albumin (BSA)-PBS
for 30 min at room temperature before addition of the
cell suspension. The cells were incubated for 2 h at 37 C
with or without gastrin. Adherent cells were fixed with
50 pL of 96% ethanol for 10 min, stained with 50 pL
of 0.1% crystal violet, rinsed extensively with water and
dried at room temperature. Stained cells were solubilised
with 50 uL. of 0.2% Triton X-100 and quantified by mea-
suring the absorbance at 570 nm. For adhesion inhibition
experiments, cells were pretreated for 30 min at 37 C
with or without 5 pg/mL function-blocking antibodies
directed against av integrin and treated or not with gas-
trin for 2 h.

Animals
Homozygous Elas-CCK2 mice used in this study have
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been described previously[g]. Homozygous Elas-CCK2
mice in a B6SJLF1 background 3 at least 6-mo old and
3 corresponding control littermates were used. Mice
were reared in a routine animal facility of the I2MR and
maintained on a 12:12 h light-dark cycle. All the experi-
ments were performed during the daytime. All proce-
dures were approved by the I2MR Animal Facility Care
Committee.

Immunohistochemistry

Mice were killed by decapitation, the pancreas was ex-
cised, fixed and embedded in paraffin using standard
techniques. Immunohistochemistry was performed as
previously described" using anti-ov integrin antibod-
ies (Chemicon, Temecula, United States). Sections were
incubated with the appropriate secondary and tertiary
peroxidase-labelled antisera (DAKO, Glostrup, Denmark)
at room temperature, exposed to a solution of diamino-
benzidine. All dilutions and washes were performed with
phosphate-buffered saline, pH 7.4, containing 0.1% bo-
vine serum albumin.

Statistical analysis

All results are presented as mean * SE. Statistical signifi-
cance was calculated using unpaired Student’s 7 test. Val-
ues of P < 0.05 were considered statistically significant.
All analyses were performed using “GraphPad Prism”
software.

RESULTS

Gastrin increases o.v integrin expression in Panc-1 cells
In order to identify new gastrin-regulated genes, a human
cancer array of 96 genes was probed with samples from
either control Panc-1 cells or cells treated with gastrin for
24 h.

Among the genes positively modulated by the CCK2R
in these experiments, we observed a significant increase
in the expression of ayv integrin (Figure 1A). A quantita-
tive real-time PCR approach was used to confirm and
quantify the av integrin gene expression. In response to
gastrin, the increase in v integrin gene expression was
time-dependent. A significant effect due to gastrin was
detectable 3 h after treatment. At 24 h, we observed a
5-fold increase in the expression of qv integrin in re-
sponse to gastrin (Figure 1B).

In addition, we also confirmed the increase in pro-
tein levels of qvintegrin in gastrin-stimulated cells using
Western blotting analysis (Figure 1C and D).

Signalling pathways involved in ov integrin expression
stimulated by gastrin

As mentioned in the Introduction, gastrin exerts its tro-
phic effects and modulates cell adhesion through a va-
riety of intracellular pathways depending on the cellular
model. We previously identified the signalling pathways
specifically activated by the CCK2R in Panc-1 cellsP".
They include the ERK pathway, the PI3K/AKT pathway
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Figure 1 Increased expression of o integrin in response to gastrin in Panc-1 cells. A: Results of probing a 96 genes array with samples from unstimulated
Panc-1 cells (control) or cells stimulated with 100 nmol/L of gastrin for 48 h; B: Real time polymerase chain reaction (PCR) analysis of awv integrin mRNA expression in
Panc-1 cells. Cells were treated or not with gastrin for the time indicated. Total RNA was isolated and aw integrin mRNA expression was determined by real time PCR
as described Materials and Methods; C, D: Expression of aw integrin protein was examined by Western analysis following treatment of the cells with gastrin for 24 h.
Blots were also probed with an antibody against GAPDH to ensure equal loading of proteins. Representative data from 3 experiments are shown. Quantifications of
three experiments are presented as mean + SE. Significance was accepted at P < 0.05, °P < 0.05, °P < 0.01.
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Figure 2 Signalling pathways involved in av integrin expression stimulated by gastrin. Cells were pretreated for 30 min with (B) a specific Pi3K inhibitor
(LY294002, 20 pumollL), (A) a Src-kinase inhibitor (PP2, 30 pmol/L) or (C) a MEK inhibitor (PD PD098059, 20 umol/L) prior to gastrin stimulation. After 24 h, total RNA
was isolated. Quantitative real-time polymerase chain reaction was performed as described in Materials and Methods. Quantifications of three experiments are pre-
sented as mean + SE. Significance was accepted at P < 0.05, °P < 0.01, °P < 0.001. NS: Not significant.

and the activation of Src-kinases. ily kinases and the PI 3-kinase pathway mediate gastrin-

To determine the cellular mechanism by which gas- increased o integrin gene expression in Panc-1 cells. In
trin increased o integrin gene expression, we examined contrast, the inhibitor of the ERK pathway was without
gastrin-regulated o integrin gene expression in Panc-1 any effect (Figure 2C).

by quantitative real-time PCR in the absence or pres-

ence of different specific inhibitors, LY294002, PP2, or  Effect of gastrin on Panc-1 cell adhesion to fibronectin
PD098059 which block the PI 3-kinase pathway, Strc fam- In this study, we have identified av integrin as a new
ily kinases and the ERK pathway, respectively. When cells gastrin target in Panc-1 cells. Integrins act as adhesion
were pre-incubated with PP2, the response to gastrin was receptors linking the extracellular matrix (ECM) to the
decreased by 60% and totally blocked in cells pre-treated cytoskeleton. For many cell types, integrin-mediated ad-
with LY294002 (Figure 2A and B), whereas the inhibitors hesion is required for cell growth and cell survival. In the

alone did not significantly affect basal av integrin expres- second part of this study, we investigated whether gas-
sion (PP2: 1.09 * 0.2 fold induction, 1.Y204002: 0.93 * trin had an effect on Panc-1 cell adhesion. In a cell ad-
0.35 fold induction). These results indicate that Src fam- hesion assay using fibronectin-coated wells, we showed
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Figure 3 Effect of gastrin on Panc-1 cell adhesion. Cells were added to
fibronectin-coated (A) or non-coated (BSA alone) (B) 96-wells for 2 h in the
presence or absence of gastrin. Adherent cells were fixed and stained with
crystal violet as described in Materials and Methods. After solubilisation, ab-
sorbance was measured at 570 nm. When indicated, Panc-1 cells were pre-
incubated, with a blocking aiv mAb for 30 min prior to gastrin treatment for 2 h.
Quantifications of three experiments are presented as mean + SE. Significance
was accepted at P < 0.05. °P < 0.01. BSA: Bovine serum albumin.

that gastrin induced a significant increase in Panc-1 cell
adhesion (Figure 3A). As expected in BSA only controls,
we did not observe any effect of gastrin on cell adhesion
(Figure 3B).

To determine the role of qv integrin in gastrin-en-
hanced Panc-1 cell adhesion, we used blocking anti-ov in-
tegrin monoclonal antibodies. When added 30 min prior to
gastrin stimulation, the antibodies significantly decreased
gastrin-stimulated Panc-1 cell adhesion (Figure 3A). This
confirmed that qv integrin plays an important role in
Panc-1 cell adhesion stimulated by gastrin.

Immunohistochemical staining of «v integrin in the pan-
creas of Elas-CCK2 mice

We recently described that Elas-CCK2 mice express hu-
man CCK2R in acini. These mice exhibited an increased
pancreatic growth, an acinar to ductal trans-differentia-
tion, postulated to be a prencoplastic step in pancreatic
carcinogenesis, and developed tumors'”.

Thus, to analyse 7 vivo the relevance of av integrin
expression in correlation to CCK2R expression, we ana-
lysed owv integrin overexpression in pancreatic tissue sec-
tions from Elas-CCK2 mice and control littermates using
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Figure 4 Overexpression of av integrin in the pancreas of Elas-CCK2
mice. Immunohistochemistry analysis of paraffin-embedded pancreatic tissues
from Elas-CCK2 mice and control littermates were performed using antibodies
specific for awv integrin (A, B). Representative data from 3 experiments (3 dif-
ferent animals in each group) are shown. A negative control without secondary
antibody was also included (C).

immunohistochemistry methods. As shown in Figure 4,
tissues derived from Elas-CCK2 mice showed an upregu-
lation of o integrin (Figure 4B) as compared to control
mice (Figure 4A).

DISCUSSION

Several lines of evidence suggest that gastrin and CCK2R
could contribute to pancreatic carcinogenesis by modu-
lating processes such as proliferation, cell adhesion or mi-
gration. In the current study, we identified owv integrin as
a new gastrin-regulated gene in human pancreatic cancer
cells and demonstrated its involvement in modulation of
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cell adhesion by gastrin.

Integrins, a large family of cell-surface receptors, act
as the bridge between ECM proteins and cytoskeletal
proteinsm]. They are crucial for cell migration but also
modulate signal transduction cascades implicated in cell
survival or proliferation. Several studies have demonstrat-
ed that integrins played a key role in the malignant behav-
iour of neoplastic cells and were important mediators of
tumour invasion and metastasis formation through intet-
actions with ECM proteinsm'%]. Alterations in integrin
expression have been correlated with aggressive growth
and metastatic capacity of several tumours™ . In ad-
dition, several integrin subunits are upregulated in pan-
creatic carcinoma, in particular the fibronectin receptor
B1 and B3 integrins, two subunits known to interact with
v integrinm%]. We previously identified 1 integrin as a
gastrin target in pancreatic cancer”'. Here, we show that
gastrin increases the expression of another member of
the integrin family, v integrin, at the mRINA and protein
level in a human pancreatic tumour cell line. In addition,
the use of blocking anti-ov integrin monoclonal anti-
bodies completely reversed the increase in cell-substrate
adhesion induced by gastrin. Previously we showed an
inhibitory effect of anti-f1 integrin antibodies on gastrin-
induced cell adhesion, suggesting that the heterodimer
o1 might be important in gastrin signalling. However,
since the B3 subunit is also overexpressed in pancreatic
adenocarcinomas and can interact with ov subunit, it
might be important to analyse, using anti-3 integrin,
whether it also contributes to gastrin-induced cell adhe-
sion.

In gastric cells, the regulation by gastrin of numer-
ous genes, including genes involved in gastric acid secre-
tion"”, eatly response genesmJ or genes associated with
cell migrationm, involves the activation of the ERK1/2
pathway. In other cellular models such as colon cancer
cells, the PI-3-kinase pathway is also involved in the regu-
lation of gastrin target genes. To our knowledge, very
little is known about gene regulation by gastrin in pan-
creatic tumour models. In this study, we demonstrated in
pancreatic cancer cells that Src family kinases and the PI-
3-kinase pathway play a crucial role in the expression of
o integrin modulated by gastrin.

The present study and previously published studies by
our group demonstrate that gastrin affects cell adhesion
and migration by different complementary mechanisms.
First, gastrin modulates cell-cell adhesion by inducing a
dissociation of the E-cadherin-catenin-complex leading
to cytoskeleton reorganization and cell invasion. Here, we
show that gastrin also modulates cell-substrate adhesion
via the g integrin.

Another important finding of this study is that the
expression of a G protein-coupled receptor, namely the
CCKZ2R, targeted in mouse pancreatic acinar tissue, leads
to the over-expression of av integrin. These transgenic
mice display an increased growth of the pancreas and
develop prencoplastic lesions then pancreatic tumours
presenting a ductal phenotype similar to that observed in
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human pancreatic tumours.
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