
Integrin-mediated laminin-1 adhesion upregulates CXCR4 and IL-8
expression in pancreatic cancer cells

John J. Grzesiaka, Kathy C. Smith, BSb, Douglas W. Burton, MSb, Leonard J. Deftos, MDb,
and Michael Bouvet, MDa
aDepartment of Surgery, Veterans Affairs San Diego Healthcare System, University of California, San Diego

bDepartment of Medicine (Endocrinology), Veterans Affairs San Diego Healthcare System, University of
California, San Diego

Abstract
Background—We have shown recently that α2β1 integrin-mediated type I collagen adhesion
promotes a more malignant phenotype in pancreatic cancer cell lines than other extracellular matrix
(ECM) proteins. MiaPaCa-2 cells, by contrast, do not express collagen-binding integrins, but are
metastatic in our orthotopic mouse model and migrate maximally on laminin-1 (Ln-1). It has also
been shown that CXCR4 and IL-8 expression correlates directly with metastasis in pancreatic cancer
in vivo. We therefore examined the potential of the ECM to regulate CXCR4 and IL-8 expression
in pancreatic cancer cells.

Methods—We cultured 8 pancreatic cancer cell lines on fibronectin (Fn), types I and IV collagen,
Ln-1 and vitronectin (Vn), and examined cell lysates for CXCR4 by immunoblotting and media for
IL-8 by ELISA. We also conducted cell migration assays with stromal-derived factor-1 (SDF-1) as
the chemoattractant to examine integrin-binding specificity and CXCR4 function.

Results—All cell lines expressed CXCR4 protein. MiaPaCa-2 cell growth on Ln-1 increased
significantly CXCR4 and IL-8 expression relative to other ECM proteins. Migration inhibition
studies showed that both the α6β1 and α3β1 integrins mediate MiaPaCa-2 migration on Ln-1.Growth
studies showed further that CXCR4 expression on Ln-1 was mediated by the α6β1 integrin whereas
IL-8 expression was mediated by both the α6β1 and α3β1 integrins. The expression of functional
CXCR4 was also shown in migration assays, where SDF-1 significantly increased pancreatic cancer
cell chemotaxis on Ln-1.

Conclusions—These data indicate that integrin-mediated Ln-1 adhesion upregulates CXCR4 and
IL-8 expression and may play a mechanistic role in pancreatic cancer metastases.

Pancreatic adenocarcinoma is characterized by a hallmark desmoplastic response that includes
extensive proliferation of stromal fibroblasts and deposition of extracellular matrix (ECM).1
The ECM, interacting with cells through cell adhesion receptors, in particular the integrins,
has been shown to be a critical regulator of important cell processes such as angiogenesis,
mitogenesis, migration, and differentiation.2 We have shown recently in two-and three-
dimensional in vitro models that α2β1 integrin-mediated adhesion of pancreatic cancer cell
lines to type I collagen, shown to be highly upregulated in pancreatic adenocarcinoma,3-10
up-regulates cell proliferation and haptokinetic migration, a measure of an ECM protein’s
inherent ability to promote cell movement in the absence of a chemotactic gradient.11-15 These
results support the involvement of α2β1 integrin-mediated adhesion to type I collagen in the
generation of the malignant phenotype in pancreatic cancer. Similarly, several recent
independent studies have also shown in vitro and in vivo that pancreatic cancer cells stimulate
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increased expression of type I collagen in pancreatic stellate cells and that this increased type
I collagen expression promotes the malignant phenotype in cancer cells as defined by increased
proliferation, resistance to chemically-induced apoptosis, and tumorigenesis.16,17

It has also been reported, however, that the α6β1 integrin is overexpressed in pancreatic cancer
in vivo,3-6,8 and that α6β1 integrin binding to Ln-1 plays an important role in pancreatic cancer
metastasis formation both in vitro and in vivo.18 As part of our recent studies examining the
role of the ECM in the promotion of the malignant phenotype in pancreatic cancer, we identified
2 distinct subsets of pancreatic cancer cell lines; those more undifferentiated, including
MiaPaCa-2, AsPC-1 and Panc-1, that exhibit maximal haptokinesis on Ln-1; and those more
differentiated, including FG, Colo-357, CFPAC, Capan-1, and BxPC-3, that migrate
maximally on type I collagen.11 The mechanisms regulating these 2 distinct pancreatic cancer
cell phenotypes and their relevance in vivo are unclear.

Chemokines are members of the small molecule chemoattractant cytokine family that interact
with target cells through G-protein-coupled receptors, designated CXCR or CCR,
corresponding to their chemokine ligands.19 CXCR4 in particular, whose ligand is SDF-1, has
been shown to be upregulated in several types of cancer, including oral squamous cell
carcinoma, breast, ovary, prostate, kidney, brain, lung, thyroid, and pancreas.20-23 This up-
regulated CXCR4 chemokine receptor expression in pancreatic cancer is associated with
increased cell survival, proliferation, migration, invasion, and metastasis.

IL-8 belongs to the superfamily of CXC chemokines with known proinflammatory effects.
24 IL-8 has been shown to be upregulated in response to TGFβ1 signaling25 and to be expressed
in pancreatic cancer, also correlating with increased tumorigenic and metastatic potential.24,
26 We have shown recently in multiple pancreatic cancer cell lines that adhesion to Fn
upregulates whereas adhesion to type I collagen downregulates IL-8 expression in vitro.12,14

In the present study, we examined the potential of the ECM to regulate the expression of
CXCR4 and IL-8 in 8 pancreatic cancer cell lines derived from all 3 tumor histological grades
and from both primary and metastatic lesions. Our results indicate that CXCR4 protein is
expressed to varying degrees by all cell lines tested. The highly undifferentiated MiaPaCa-2
cell line, expressing the lowest levels of CXCR4 and showing maximal α6β1 and α3β1 integrin-
mediated migration on Ln-1, could be induced to upregulate CXCR4 expression significantly
after growth on Ln-1. CXCR4 expression seemed to be regulated, at least in part, by the
α6β1 integrin. By contrast, IL-8 cytokine expression was also upregulated after growth of
MiaPaCa-2 cells on Ln-1, but both the α3β1 and α3β1 integrins seem to play regulatory roles
in the expression of this cytokine. These data indicate that integrin-mediated upregulation of
CXCR4 and IL-8 expression on Ln-1 in pancreatic cancer cells occurs through distinct
mechanisms and may play a role in pancreatic cancer metastasis.

MATERIALS AND METHODS
Cell culture

Pancreatic adenocarcinoma cells lines, Capan-1, CFPAC, Colo-357, AsPC-1, BxPC-3,
MiaPaCa-2, and Panc-1 were obtained from the American Type Culture Collection (Rockville,
MD). FG cells13,14 are a fast-growing, metastatic variant of the Colo-357 cell line. All cell
lines were cultured in DMEM supplemented with 10% FBS in a humidified atmosphere
containing 5% CO2 at 37°C.

ECM proteins and antibodies
Human Fn and vitronectin (Vn), bovine type I collagen, and mouse Ln-1 were purchased from
Chemicon International (Temecula, CA). The function-blocking monoclonal antibodies,
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GoH3, directed against the α6 integrin subunit, P1B5, directed against the α3 integrin subunit,
P5D2, directed against the β1 integrin subunit, LM609, directed against αvβ3, P1F6, directed
against αvβ5 ASC-3, directed against β4 integrin subunit, and P1D6, directed against the α5
integrin subunit were also purchased from Chemicon, and they have been described.27-33

Cell culture assays
Pancreatic cancer cell lines were serum-starved 24 hours before assay in DMEM supplemented
with 1 mg/ml BSA (Sigma, St. Louis, MO). Culture plates (6-well) (Becton Dickinson, Franklin
Lanes, NJ), not treated for tissue culture, were coated with ECM proteins at the following
concentrations: MiaPaCa-2 cells, Ln-1 at 15 μg/ml, Fn at 25 μg/ml, type I collagen at 5 μg/ml,
and Vn at 10 μg/ml; FG cells, Fn at 25 μg/ml, type I collagen at 3 μg/ml, Ln-1 at 10 μg/ml, and
Vn at 10 μg/ml; BxPC-3 cells, Fn at 15 μg/ml, type I collagen at 5 μg/ml, Ln-1 at 15 μg/ml,
and Vn at 15 μg/ml; AsPC-1 cells, Fn at 25 μg/ml, type I collagen at 5 μg/ml, Ln-1 at 15 μg/
ml, and Vn at 5 μg/ml; and CFPAC cells, Fn at 25 μg/ml, type I collagen at 5 μg/ml, Ln-1 at
25 μg/ml, and Vn at 10 μg/ml. These ECM coating concentrations have been shown previously
to promote optimal cell adhesion and proliferation for each cell line on each specified ECM
protein.11 The ECM-coated wells were then washed twice with PBS and blocked with 1 mg/
ml BSA in PBS for 1 hour at 37°C. Cells were trypsinized, treated with 1 mg/ml soybean trypsin
inhibitor (Sigma, St. Louis, MO), and washed 3 times with PBS. Cells were resuspended in
serum-free medium and seeded at 2.5 ×105/ml, 2 ml/well. Cultures were then incubated at 37°
C and harvested after 96 hours, or daily over a 4-day time course.

Immunoblotting
At the indicated time points, cultures were harvested. Cell extracts were prepared by adding 1
ml lysis buffer (250 mM Tris, pH 7.4, 0.25% Nonidet P-40, 2 mM EDTA)/well of a 6-well
plate, gentle pipetting to collect the lysate, centrifugation for 15 minutes at 16,000 × g, and
transfer of the supernatant to a fresh tube. Total cell protein was then measured using a modified
Bradford protein assay with BSA as the standard (Bio-Rad Laboratories, Hercules, CA). Three
micrograms of total protein was separated for each lysate on each ECM substrate and
transferred to nitrocellulose using standard electrophoretic techniques. Membranes were
exposed subsequently to goat or rabbit polyclonal antibodies (Clones G-19, C-20, or H-118)
(Santa Cruz Biotechnology, Santa Cruz, CA) raised against CXCR4, each at 1:500 for 2 hours
at RT. After washing in PBS/0.1% Tween, the membranes were incubated subsequently with
the appropriate HRP-conjugated secondary antibodies (Santa Cruz Biotechnology) at 1:1,000
dilution for 1 hour at RT. Peroxidase activity was detected with chemiluminescence
(Amersham Biosciences, Buckinghamshire, England).

Densitometry
Immunoblotting results were analyzed quantitatively with a digital imaging system (Alpha
Innotech, San Leandro, CA). The intensities of the bands were assigned integrated density
values, which represent the sum of all pixels in the box. All bands were quantified in equal
area boxes and compared with β-actin controls to generate a ratio. Relative expression values
for Ln-1, Fn, and Vn were generated by comparing these ratios to those obtained for type I
collagen, which was arbitrarily assigned a value of 1. For antibody inhibition studies, the
control lysate, grown in the absence of antibody for 96 hours, was arbitrarily assigned a value
of 1. For time course studies, T = 0 cell lysates were arbitrarily assigned a value of 1.

Cytokine ELISA
To assess IL-8 levels, media from the cell culture experiments described above were assayed
using an IL-8 ELISA according to manufacturer’s recommendations as described previously
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(BioSource, Camarillo, CA).14 The minimal detection limit was 3 pg/ml, and cytokine levels
were normalized to cellular protein.

Migration assays
Migration assays were conducted using the modified Boyden chamber as described previously.
34 Thirty microliters of serum-free DMEM supplemented with 1 mg/ml BSA were added to
each lower chamber well. Pore polycarbonate membrane filters (8-μm) (Neuro Probe,
Gaithersburg, MD) that were coated previously with Ln-1 at 5 μg/ml were placed on top of the
lower chambers, and the upper chambers were secured in place. Upper chambers were filled
with 5 × 104 MiaPaCa-2, FG, BxPC-3, CFPAC, or AsPC-1 cells that were serum-starved 24
hours before assay in the same serum-free media described above. Lower chamber final
volumes were 30 μl and the upper chambers were 50 μl. The entire apparatus was then incubated
for 24 hours at 37°C. Migratory cells on the underside of the filters were quantitated by counting
4 high-powered fields (100×magnification) per well using an inverted light microscope
(Olympus BH 2). For inhibition of haptokinesis on Ln-1, function-blocking monoclonal
antibodies directed against specific integrin subunits were added to the upper chamber at the
same time the cells were added at a final concentration of 25 μg/ml. For chemotaxis
experiments, SDF-1 (R&D Systems, Minneapolis, MN) was added to the lower chambers at
the indicated concentrations.

Statistics
Statistical significance was determined using one- or two-tailed Student t tests.

RESULTS
Pancreatic cancer cell lines express the CXCR4 chemokine receptor

Eight pancreatic cancer cell lines derived from all 3 histologic tumor grades were examined
for CXCR4 chemokine receptor expression by immunoblotting after growth on tissue culture
plastic in complete DMEM. Cell lines included Capan-1, CFPAC, Colo-357, FG, AsPC-1,
BxPC-3, MiaPaCa-2, and Panc-1. Figure 1A shows that all cell lines expressed CXCR4 at the
protein level. These results were confirmed with 2 other polyclonal antisera raised against
CXCR4 (data not shown).

ECM differentially regulates CXCR4 expression in MiaPaCa-2 pancreatic cancer cells
We next examined the regulatory role of the ECM on CXCR4 expression. Ninety-six hour
growth assays were conducted under serum-free conditions with MiaPaCa-2, AsPC-1, CFPAC,
BxPC-3, and FG cells on type I collagen, Ln-1, Fn, and Vn using those concentrations of each
ECM protein previously shown to promote maximal adhesion and proliferation for each cell
line.11 Cell lysates were analyzed subsequently by immunoblotting for CXCR4 expression.
Figure 1B shows that in MiaPaCa-2 cells, growth on the ECM regulated the expression of
CXCR4 differentially. Relative to each other, growth of MiaPaCa-2 cells on Ln-1 resulted in
the highest, type I collagen the lowest, and Fn and Vn were intermediate in the expression of
CXCR4. By contrast, Fig 1C shows that the ECM had no effect on the expression of CXCR4
in AsPC-1 or CFPAC cells. Similar results were also observed for BxPC-3 and FG cells (not
shown). Densitometric analyses confirmed that growth of MiaPaCa-2 cells on Ln-1 resulted
in a 2-fold increase in CXCR4 expression compared with control type I collagen substrates
(Fig 1D), where no adhesion, proliferation, or migration occur with MiaPaCa-2 cells because
they express no collagen-binding integrins.11,12,35,36 Statistically significant differences in
CXCR4 expression in MiaPaCa-2 cells were noted for all ECM substrates except in direct
comparisons between Fn and Vn.
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ECM differentially regulates IL-8 secretion in MiaPaCa-2 and AsPC-1 pancreatic cancer cells
We next examined MiaPaCa-2, AsPC-1, CFPAC, and BxPC-3 cells grown on Fn, type I
collagen, Ln-1, and Vn for IL-8 secretion after 96 hours in culture under serum-free conditions.
Figure 2 shows that the more undifferentiated cell lines, notably MiaPaCa-2 and AsPC-1,
showed statistically significant Ln-1-mediated upregulation of IL-8, similar to that shown for
CXCR4 expression in MiaPaCa-2 cells. The more differentiated cell lines, notably CFPAC
and BxPC-3, were not affected with regard to IL-8 expression. Whereas CXCR4 expression
in AsPC-1 cells was not affected by growth on Ln-1, IL-8 expression was upregulated
compared with the other ECM proteins tested. These data are also consistent with our
previously published results with these cell lines in direct comparisons of IL-8 expression
between Fn and type I collagen.12,14

α6β1 Integrin mediates MiaPaCa-2 haptokinesis on Ln-1 substrates
We have shown recently that MiaPaCa-2 cells exhibit maximal haptokinesis on Ln-1 compared
with types I and IV collagen, Fn or Vn11; the integrins mediating this haptokinesis were not
identified, however. Using function-blocking monoclonal antibodies directed against specific
integrins and integrin subunits, we conducted migration inhibition assays on Ln-1 using the
modified Boyden chamber. Figure 3 shows that antibodies directed against the α6 and β1
integrin subunits inhibited greater than 90% of MiaPaCa-2 cell migration on Ln-1, and that
antibodies directed against the α3 integrin subunit also inhibited haptokinesis on Ln-1, though
to a lesser extent (about 40%). These data collectively indicate that the α6β1and α3β1 integrins
mediate MiaPaCa-2 migration on Ln-1.

α6β1 Integrin mediates upregulated expression of CXCR4 on Ln-1 substrates in MiaPaCa-2
cells

Because both α6β1 and α3β1 integrins are involved in MiaPaCa-2 haptokinesis on Ln-1, we
were interested to know which of these integrins mediated the upregulated expression of
CXCR4 and IL-8. We therefore conducted 96-hour growth assays with MiaPaCa-2 cells on
Ln-1 in the presence of function-blocking monoclonal antibodies directed against the α6, α3
and α2 integrin subunits and examined cell lysates for CXCR4 expression by immunoblotting
and conditioned medium for IL-8 secretion by ELISA. The densitometry results shown in Fig
4A show that blocking the α6 integrin subunit at antibody concentrations sufficient to inhibit
greater than 90% of cell migration (Fig 3) reduced significantly the expression of CXCR4 by
approximately 25% compared with the α3 and α2 integrin subunits, which had no effect on
CXCR4 expression. The time course results shown in Fig 4B show further that CXCR4
expression is upregulated significantly by 72 hours after seeding cells on Ln-1 substrates
compared with tissue culture plastic.

Interestingly, Fig 4C shows that, whereas the α6 antibody inhibited CXCR4 expression, both
the α6 and α3 antibodies upregulated significantly the expression of IL-8 after 96 hours in
culture compared with the α2 antibody or no antibody-control cultures. Figure 4C also shows
that, like CXCR4, IL-8 expression is upregulated on Ln-1 in a time-dependent manner, with
significant increases observed after 72 hours.

Stromal-derived factor-1 increases MiaPaCa-2 cell migration on Ln-1 substrates
To determine whether CXCR4 was functional on MiaPaCa-2 cells and whether stromal-derived
factor-1 (SDF-1), the ligand for CXCR4, stimulated chemotaxis in pancreatic cancer cell lines
on Ln-1 substrates, we conducted chemotaxis assays with SDF-1 at 100 ng/ml. This dose has
been shown previously to be effective in stimulating increased chemotaxis of pancreatic cancer
cell lines on Fn.21,23 Figure 5A shows that SDF-1 increased migration significantly on Ln-1
substrates using FG, MiaPaCa-2, and CFPAC cells. BxPC-3 and AsPC-1 cells exhibited a
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similar trend, although statistical significance was not achieved. Figure 5B shows further that
MiaPaCa-2 cell migration on Ln-1 substrates was responsive to SDF-1 in a dose-dependent
manner, with maximal migration occurring at concentrations ranging between about 400 to
800 ng/ml. These data indicate that the CXCR4 receptor expressed in MiaPaCa-2 cells is
functional and that SDF-1 promotes increased migration of pancreatic cancer cell lines on Ln-1
substrates.

DISCUSSION
In the present study, we show that all 8 pancreatic cancer cell lines tested express CXCR4,
including MiaPaCa-2. Compared with FG, AsPC-1, CFPAC and BxPC-3 cells, however, where
no ECM-mediated differences were observed, growth of MiaPaCa-2 cells on Ln-1 resulted in
significantly increased expression of CXCR4 relative to Fn, Vn, or type I collagen. IL-8
expression, by contrast, was increased in MiaPaCa-2 and AsPC-1 cells and decreased in
BxPC-3 and CFPAC cells grown on Ln-1. Growth and migration inhibition studies using
MiaPaCa-2 cells and function-blocking anti-integrin monoclonal antibodies showed further
that increased CXCR4 expression on Ln-1 is mediated specifically by the α6β1 integrin, and
increased IL-8 expression is mediated by both the α6β1 and α3β1 integrins. This upregulated
CXCR4 and IL-8 expression correlated directly with maximal MiaPaCa-2 haptokinesis on
Ln-1. The expression of functional CXCR4 in our pancreatic cancer cell lines, and MiaPaCa-2
cells in particular, was shown in migration assays on Ln-1, where stromal-derived factor-1
(SDF-1), the ligand for CXCR4, dose-dependently increased chemotaxis significantly.

Previous immunoblotting studies have shown substantial CXCR4 expression in vitro in
CFPAC, Capan-2, AsPC-1, Panc-1, BxPC-3, and SUIT-2 pancreatic cancer cell lines.23
Another study showed expression of CXCR4 at the mRNA level in AsPC-1, BxPC-3, CFPAC,
HPAC, and Panc-1 cells.21 In a recent study, MiaPaCa-2 cells were considered to be negative
for CXCR4 at the mRNA level using reverse transcription-PCR, though their semi-quantitative
real-time PCR data showed slight but elevated mRNA expression relative to the normal
pancreatic ductal epithelial cell line, HPDE6.22 Protein expression for CXCR4 in MiaPaCa-2
cells was not shown, however. In the present study, we show that all 8 pancreatic cancer cell
lines tested, including MiaPaCa-2, express CXCR4 at the protein level. These data are
consistent with in vivo immunohistochemical analyses, where greater than 70% of pancreatic
cancer tissues (37 of 52 samples) were positive for CXCR4 expression, with a trend toward
increased expression in liver and lymph node metastases.21

We have shown recently that MiaPaCa-2 cells exhibit relatively weak haptokinesis on Fn and
Vn, even though they adhere very strongly to those ECM substrates.11 In contrast, whereas
MiaPaCa-2 cells adhere only moderately to Ln-1, they migrate maximally on the substrate.
Our current studies indicate that migration on Ln-1 is predominantly α6β1 integrin-mediated,
with modest activity observed with the α3β1 integrin as well. Our data also indicate that
upregulated expression of CXCR4 on Ln-1 substrates in MiaPaCa-2 cells is mediated, at least
in part, by the α6β1 integrin. Based on our present findings, it does not seem that the integrin
subunits are involved in the regulation of CXCR4 expression in MiaPaCa-2 cells cultured on
Ln-1 substrates. Because the anti-α6 antibody, GoH3, used in these studies essentially
completely inhibited MiaPaCa-2 cell migration at 25 μg/ml after 24 hours but resulted in only
a 25% decrease in CXCR4 expression after 96 hours, we cannot rule out the possibility that
other integrin-ECM interactions or other factors not related to the integrin-ECM axis may be
upregulated over the longer 96-hour time course, and they may also be involved in the
regulation of CXCR4 expression in MiaPaCa-2 pancreatic cancer cells cultured on Ln-1.

The present study also indicates that CXCR4 is functional in MiaPaCa-2 cells, as integrin-
mediated migration on Ln-1 can be increased in a dose-dependent manner with the CXCR4
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ligand, SDF-1. Optimal chemotaxis on Ln-1 occurred at SDF-1 concentrations between 400
and 800 ng/ml. SDF-1 has been shown previously to increase chemotaxis of AsPC-1, Panc-1,
and SUIT-2 cells in vitro at 100 ng/ml, though the ECM substrate was not indicated.23 AsPC-1
cells were also shown to increase chemotaxis on Fn with 100 ng/ml SDF-1.21 Another study
indicated that SDF-1 at 300 ng/ml stimulated increased chemotaxis on Fn substrates in CXCR4
positive Hs766T, AsPC-1, A8184, and CFPAC cells, but not in the CXCR4-negative cell lines
PT45 and MiaPaCa-2.22 Importantly, our present findings are the first to show in MiaPaCa-2,
as well as in other pancreatic cancer cell lines, that SDF-1 stimulates increased CXCR4-
dependent chemotaxis on Ln-1 substrates significantly.

It has been shown previously in vivo that antibodies directed against the α6 or β1 integrins
inhibited metastasis in an experimental model of pancreatic cancer in nude mice.18,36 It has
also been shown that transfection of CXCR4 into human osteosarcoma cells (HOS) conferred
a chemotactic response to SDF-1 in vitro and enhanced the growth of HOS transfectants after
intradermal injection. Both the chemotactic response and tumor growth in vivo were related
directly to the level of CXCR4 expression; antibodies directed against the α2β1 and α5β1
integrins that mediated SDF-1 stimulated migration on type I collagen, Ln-1, and Fn in vitro
inhibited tumor growth in SCID mice.37 Another study using small cell lung cancer (SCLC)
cells showed that SDF-1 induced integrin activation that resulted in the increased adhesion of
SCLC cells to Fn and collagen.38 This increased adhesion was mediated by the α2, α4, α5, and
β1 integrins along with CXCR4. The authors thus concluded that activation of β1 integrins and
CXCR4 cooperate in mediating adhesion and survival signals from the tumor
microenvironment to SCLC cells.38 Our present findings are consistent with these previous
reports showing a relationship between CXCR4 and the integrin-ECM axis by showing that,
at least in some cases of pancreatic cancer, α6β1 integrin-mediated Ln-1 adhesion upregulates
CXCR4 expression.

Expression of IL-8 in pancreatic cancer cell lines, including Capan-1, CFPAC, FG, SG,
Colo-357, L3.3, AsPC-1, BxPC-3, MiaPaCa-2, and Panc-1, has been shown recently in several
studies.12,14,24,26 These studies showed a trend toward increasing IL-8 expression in cell
lines derived from metastatic compared with primary tumor origin. MiaPaCa-2 cells, however,
which are derived from a primary tumor, expressed relatively high levels of IL-8 compared
with other primary tumor-derived cell lines and to other pancreatic cancer cell lines in general.
Consistent with those previous studies, our current results show that adhesion to type I collagen
decreases the expression of IL-8 compared with Fn in FG, Colo-357, AsPC-1, and MiaPaCa-2
cells.12 Our present results also extend those previous studies by showing that Ln-1 adhesion
increases IL-8 expression in the more undifferentiated cell lines, MiaPaCa-2 and AsPC-1, but
not in the more differentiated cell lines, CFPAC and BxPC-3.

Our results show further that function-blocking monoclonal antibodies GoH3 and P1B5
directed against the α6 and α3 integrin subunits, respectively, actually increase the expression
of IL-8 in MiaPaCa-2 cells on Ln-1 substrates compared with controls. These results are not
unprecedented. Besides their ability to block adhesion, both of these antibodies as well as other
anti-integrin function-blocking monoclonal antibodies have been shown to be integrin-
activating agonists that promote integrin clustering and result in high-affinity binding and
downstream intracellular signaling that mimic ligand function.39 For example, the anti-α3
integrin subunit monoclonal antibody, P1B5, has been shown previously to promote fibroblast
lamellipodia formation similar to the natural ligand Ln-540 and to induce tyrosine
phosphorylation of focal adhesion kinase in melanoma cells.41 The anti-α6 integrin subunit
monoclonal antibody, GoH3, has been shown to completely block IL-8-induced CD8+ and
CD4+ lymphocyte migration.42 With regard to anti-integrin antibody-induced stimulation of
IL-8 expression, it has been shown previously that ligation of β1- containing integrins with a
function-blocking monoclonal antibody directed against the β1 integrin subunit resulted in a
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2-fold increase in IL-8 production compared with natural ECM ligands, including Fn, Ln, and
type IV collagen, in primary human endometrial stromal cells.43 Similar upregulated IL-8
secretion has also been shown to be induced in primary human monocytes by antibodies
directed against β2 intergrins.44 Perhaps most relevant to the present study, upregulated IL-8
secretion of MiaPaCa-2 cells on Fn substrates in the presence of soluble function-blocking
monoclonal antibodies directed against the β1, α5, and αv integrin subunits as well as the
αvβ5 integrin has been observed previously.45 These results support our present observations,
where antibodies directed against the α6 and α3 integrin subunits but not the α2 integrin subunit
stimulate IL-8 secretion in MiaPaCa-2 pancreatic cancer cells, indicating that both the α6β1
and α3β1 integrins play functional roles in the upregulation of IL-8 secretion observed on Ln-1
substrates in MiaPaCa-2 cells.

MiaPaCa-2 cells are unusual relative to the other pancreatic cancer cell lines used in these
studies in that they express no α1 or α2 integrin subunits and do not adhere to types I or IV
collagen.11,36,46 In fact, it has been shown recently that attempts to grow MiaPaCa-2 cells
on type I collagen substrates resulted in apoptosis.47 Additionally, MiaPaCa-2 cells do not
express E-cadherin.12,48,49 Although this cell line is derived from a primary tumor and is
often considered to be non-metastatic,35,36 we have shown in several studies that MiaPaCa-2
cells are metastatic in our orthotopic mouse model of pancreatic cancer.50-54 Specifically,
Mia-PaCa-2 tumors produced extensive local disease and metastases to the retroperitoneum
(100%), spleen (100%), intestinal and periportal lymph nodes (100%), liver (40%), and
diaphragm (80%), and gave rise to malignant ascites and peritoneal carcinomatosis in 80% of
cases.

In conclusion, the present studies indicate that integrin-mediated pancreatic cancer cell
migration on Ln-1, which includes the upregulation of CXCR4 and IL-8 expression and
responsiveness to SDF-1 stimulation, is part of the mechanism promoting the metastatic
phenotype in pancreatic cancer, at least in some cases. Future studies will be aimed at inhibition
of MiaPaCa-2 tumor growth, progression, and metastasis in our orthotopic mouse models of
pancreatic cancer using a combination approach that includes function-blocking monoclonal
antibodies directed against CXCR4, and the α6, α3, and β1 integrin subunits. Such combination
therapies directed against integrins and other mediators of cell-stroma interactions have shown
promising results previously; for example, dual blockade of P-selectin and β2 integrins has
been effective in the inhibition of the liver inflammatory response after uncontrolled
hemorrhagic shock.55
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Fig 1.
Pancreatic cancer cell lines express the CXCR4 chemokine receptor, and the ECM
differentially regulates CXCR4 expression in MiaPaCa-2 pancreatic cancer cells. A, The
indicated pancreatic cancer cell lines were grown on tissue culture plastic in DMEM
supplemented with 10% FBS, lysates were prepared, and total protein determined as described
in Materials and Methods. Ten micrograms of total protein were separated subsequently on
10% NuPage gels under reducing conditions and transferred to nitrocellulose using standard
electrophoretic techniques. Membranes were exposed to polyclonal antisera (Clone G19; Santa
Cruz Biotechnology) raised against CXCR4, followed by horseradish peroxidase-conjugated
secondary antibody. The peroxidase was then detected using chemiluminescence according to
manufacturer’s instructions (ECL kit; Amersham), and autoradiography. Membranes were also
exposed to a monoclonal anti-β-actin antibody (Clone AC-15; Sigma), followed by horseradish
peroxidase-conjugated secondary (Jackson ImmunoResearch Labs), and developed as
described above. B, MiaPaCa-2 cells were cultured for 96 hours on Fn, type I collagen, Ln-1,
or Vn, and total cell lysates were analyzed subsequently by immunoblotting for CXCR4
expression as described in Materials and Methods. β-actin immunoblotting results are also
shown as a control for protein loading and for subsequent densitometry analyses. C, AsPC-1
and CFPAC cells were cultured for 96 hours on the indicated ECM proteins and analyzed by
immunoblotting for CXCR4 expression as described. D, Immunoblotting results described in
(B) above for CXCR4 expression in MiaPaCa-2 cells from 2 to 5 independent experiments
conducted in triplicate for each substrate were analyzed by densitometry, and are expressed as
fold-increase over type I collagen, which was arbitrarily assigned a value of 1. Significant
differences in CXCR4 expression were observed between all substrates as indicated except in
comparisons between Fn and Vn.
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Fig 2.
ECM regulates the expression of IL-8 in pancreatic cancer cell lines. MiaPaCa-2, AsPC-1,
CFPAC, and BxPC-3 cells were cultured for 96 hours on Fn, type I collagen, Ln-1, or Vn,
under serum-free conditions as described in Materials and Methods, and conditioned media
were subsequently analyzed by ELISA for IL-8 expression. Results presented were normalized
to total cellular protein, expressed as % Max for each cell line, and represent the mean ± SEM
from 2 to 5 experiments with duplicate determinations. Statistically significant differences
were noted in MiaPaCa-2 and AsPC-1 cells in comparisons between all substrates except Fn
and Vn as indicated. Significant differences were also noted in CFPAC cells as indicated
between Fn and both Ln and Vn, and between type I collagen and Ln. No significant differences
were noted in BxPC-3 cells.
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Fig 3.
The α6β1 and α3β1 integrins mediate MiaPaCa-2 haptokinesis on Ln-1 substrates. Filters (8-
μm pores) were coated with Ln-1 at 5 μg/ml and 5 × 104 MiaPaCa-2 cells/well were examined
for haptokinetic migration under serum-free conditions using the modified Boyden chamber
in the presence or absence of 25 μg/ml anti-integrin function-blocking monoclonal antibodies
as described. Data presented are the mean ± SEM from 3 experiments, with 6 replicates per
treatment per experiment. Significant differences compared with untreated control wells are
indicated.
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Fig 4.
The α6β1 integrin regulates CXCR4 and both the α6β1 and α3β1 integrins regulate IL-8
expression on Ln-1 substrates in MiaPaCa-2 cells. A, MiaPaCa-2 cells were cultured on Ln-1
substrates for 96 hours under serum-free conditions in the presence or absence of anti-integrin
function blocking monoclonal antibodies directed against the α6, α3, and α2 subunits at 25 μg/
ml as described in Materials and Methods. Lysates were then prepared, protein was determined,
and 3 μg total protein per treatment group were examined for CXCR4 expression by
immunoblotting and densitometry as described in Fig 1 and Materials and Methods.
Densitometry data presented represent the mean ± SEM from two independent experiments
conducted in duplicate for each treatment group. The antibody clones and the integrin subunits
they are directed against are shown on the x-axis. Significant differences from the 96-hour
untreated control cultures are indicated. B, MiaPaCa-2 cells were grown on Ln-1 substrates as
described in Materials and Methods over a 96-hour time course, and harvested at the indicated
time points. Cell lysates were prepared and analyzed by immunoblotting and subsequent
densitometry for CXCR4 expression. Densitometry results represent the mean ± SEM from 2
independent experiments with duplicate wells per time point per experiment. Significant
differences from the tissue culture plastic controls (T = 0) harvested at the time of initial cell
seeding are indicated. C, Conditioned culture media from MiaPaCa-2 cells grown on Ln-1 over
a 96-hour time course as described above were analyzed by ELISA for IL-8 expression. Results
presented represent the mean ± SEM from 2 independent experiments conducted in duplicate.
Statistically significant differences in comparisons to 24-hour IL-8 expression levels are
indicated, as are significant differences in cells treated with monoclonal antibodies compared
with 96-hour untreated control cultures.
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Fig 5.
SDF-1 increases pancreatic cancer cell migration on Ln-1 substrates in a dose-dependent
manner. A, Chemotactic migration assays were conducted on Ln-1 substrates under serum-
free conditions using modified Boyden chambers in the presence or absence of SDF-1 (100
ng/ml) as the chemoattractant as described in Materials and Methods. MiaPaCa-2, FG, BxPC-3,
CFPAC, or AsPC-1 cells were added to the upper chambers at 5 × 104/well and the entire
apparatus was incubated at 37°C for 24 hours. Data presented are expressed as % Max, with
BxPC-3 exhibiting maximal migration, and represent the mean ± SEM from 2 independent
experiments with 4 replicates per treatment group. Black bars, with SDF-1; gray bars, without
SDF-1. Significant differences are indicated. B, An SDF-1 dose-response curve was generated
using chemotaxis assays as described above and in Materials and Methods with MiaPaCa-2
cells on Ln-1 substrates. The SDF-1 concentrations are indicated on the x-axis. Data presented
are expressed as % Max, and represent the mean ± SEM from 2 independent experiments with
6 replicates per treatment group per experiment.
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