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ABSTRACT: Extracellular matrix proteins regulate the survival and proliferation of
smooth muscle cells. Their effect on airway smooth muscle cell migration is not known.

Their role in leukotriene-primed (0.1 mM leukotriene E4) chemotaxis of cultured
human airway smooth muscle cells towards platelet-derived growth factor BB
(1 ng?mL-1) was investigated.

Migration of cells was greater on membranes coated with collagens III and V and
fibronectin compared to collagen I, elastin and laminin (all 10 mg?mL-1). Concentration-
dependent promotion of migration was observed on collagen I (1,000w10 mg?mL-1),
which was associated with increased phosphorylation of Src kinase. This was not
observed on laminin or elastin. The role of Src kinase was further confirmed by
demonstrating that its inhibitor, PP1 analogue (1 mM), inhibited chemotaxis. Collagen
I itself was not a chemoattractant; however, haptokinesis was observed when cells were
primed with leukotriene E4, and haptotaxis when cells were primed with platelet-derived
growth factor. The priming effect of leukotrienes on chemotaxis was not elicited by
promoting adhesion, increasing surface expression of b1, av and a5 integrin, or Src
kinase phosphorylation.

These experiments demonstrate that the extracellular matrix, along with growth
factors and cysteinyl leukotrienes, can regulate human airway smooth muscle cell
migration. This may be relevant in the remodelling process in chronic airway diseases,
such as asthma.
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Smooth muscle and extracellular matrix proteins are
important components of the lamina reticularis in the
remodelled airway mucosa of patients with asthma [1]. It is
generally believed that inflammatory cells, such as eosino-
phils, mast cells, macrophages and lymphocytes, which
infiltrate the airway mucosa, initiate the remodelling process.
They interact with resident structural cells and lay down
fibronectin, elastin, laminin and other proteins that constitute
the extracellular matrix [2, 3]. However, smooth muscle cells,
which are seen in great numbers and size immediately beneath
the epithelium in asthma, are not normally resident in this
area, but in the area below the submucosa [4]. Little is known
about the processes that regulate the accumulation of airway
smooth muscle in the part of the airway immediately beneath
the mucosal epithelial cells. These cells, like other inflamma-
tory cells, are capable of directional migration [5, 6] and
have been demonstrated to migrate close to the submucosa
in the airways of asthmatic subjects following allergen
inhalation [7, 8].

Since extracellular matrix proteins are able to regulate the
survival [9], proliferation [10] and cytoskeletal reorganisation
[9] of airway smooth muscle cells, and the migration of
vascular smooth muscle cells [11], their role in the regulation
of human airway smooth muscle cell adhesion and migration
was investigated. It was hypothesised that the matrix proteins

that are deposited in greater quantities in asthmatic airways,
i.e. collagens I, III and V, fibronectin and laminin, would
support migration more than matrix proteins such as elastin
and collagen IV, which are less conspicuous in asthmatic
airways. Since it had previously been demonstrated that
cysteinyl leukotrienes (LTs) augment the chemotaxis of
human airway smooth muscle cells [5], it was investigated
whether they also modulate the effect of extracellular matrix
proteins. The precise signal transduction mechanisms
involved in the chemotaxis of airway smooth muscle cells
are not clear [12]. Adhesion to a matrix surface via integrins
is an essential first step. The Rho/Rho kinase pathways
modulate reorganisation of the actin cytoskeleton. Direc-
tional migration is likely to involve the phosphatidylinositol-
39-kinase (PI3K) and mitogen-activated protein kinase
(MAPK) pathways. Since integrins activate Src kinase
(SrcK) through the focal adhesion kinase complex, which,
in turn, can activate the PI3K and MAPK pathways [13],
it was hypothesised that the matrix proteins might facilitate
chemotaxis of smooth muscle cells by activation of SrcK.

Therefore, the specific questions addressed were as follows:
1) do the different matrix proteins support migration
differently?; 2) is this effect concentration-dependent?; 3) are
matrix proteins chemoattractants?; 4) do LTs promote
adhesion just as they augment migration?; and 5) are integrins,
PI3K and SrcK involved in adhesion and migration?For editorial comments see page 515.
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Methods

Smooth muscle culture

Human lungs that were resected at St. Joseph9s Healthcare
(Hamilton, Canada) were obtained after obtaining approval
from the Institutional Review Board and the consent of
the patients undergoing resection. Smooth muscle tissue was
isolated from disease-free areas of the bronchi. Airway smooth
muscle cells were grown to confluence in Roswell Park Memorial
Institute (RPMI) 1640 culture medium containing 10% FCS and
penicillin/streptomycin (100 units?mL-1/100 mg?mL-1) (all from
Invitrogen Canada Inc., Burlington, Canada). The confluent
cell growth exhibited the typical "hill and valley" appearance
using light microscopy, and also showed caveolae and gap
junctions using electron microscopy (data not shown). The
cells were passaged between two and five times.

Migration assay

Confluent cells were maintained in growth-factor-free
medium for 24 h prior to experiments. The cells were then
harvested using trypsin (Invitrogen Canada Inc.; 0.05%),
counted, centrifuged and resuspended at a density of 8.06
105 cells?mL-1 in RPMI 1640 medium containing 0.3% bovine
serum albumin (BSA; Invitrogen Canada Inc.) (BSA-RPMI).
The cells (100 mL) were then plated on the upper side of a
matrix-treated polycarbonate membrane (8.0-mM pore)
separating two chambers of a 6.5-mm Transwell culture
plate (BSA-RPMI was added to both chambers 30 min before
treatments). The chemoattractants (600 mL) were added to
the lower wells. After 5 h, the membranes were peeled off and
the cells on the upper face of the membranes were scraped
using a cotton swab. Cells that migrated to the lower face of
the membrane were fixed in 3.7% formaldehyde and stained
with Diff-Quik Wright Giemsa Solution (VWR International,
Mississauga, Canada). The number of migrated cells on the
lower face of the filter were counted at 20-fold magnification
in four random fields (Olympus BX40 microscope; Olympus,
Tokyo, Japan; Sony 3CCD Power HAD video camera; Sony,
Tokyo, Japan; and Northern Eclipse software; Empix
Imaging, Mississauga, Canada). Assays were performed in
duplicate using cells from six different resected lung tissue
samples.

Chemotaxis/chemokinesis

The chemotactic response (haptotaxis) of airway smooth
muscle cells was studied using platelet-derived growth factor
(PDGF) BB (Invitrogen Canada Inc.; 1 ng?mL-1) (based on
previous experiments [5]) or collagen I (Calbiochem, San
Diego, CA, USA; 1,000 mg?mL-1) as chemoattractants in the
lower well. Haptokinesis towards collagen I was studied by
adding 1,000 mg?mL-1 collagen to both the inner and outer
wells. The regulatory effect of matrix proteins was studied by
coating the polycarbonate membrane of the Transwell insert
with the various matrix proteins (Calbiochem; 10 mg?mL-1

each). The membrane was treated overnight with the matrix
solutions, which were then aspirated, and the chambers dried
for 4 h in a laminar flow hood. The inserts were washed
thoroughly with deionised water before using them for the
experiments. In order to study whether the regulatory effect
of the matrix proteins was concentration-dependent, the
membranes were coated with 10, 100 and 1,000 mg?mL-1

collagen I, human elastin (Elastin Products Inc., Owensville,
MO, USA) and laminin (Calbiochem) solution. The priming

effect of LTE4 (Cayman Chemicals, Ann Arbor, MI, USA;
1x10-7 M) or PDGF (1 ng?mL-1) was studied by adding them
to the smooth muscle cells 30 min before the haptotaxis
experiment using collagen I.

Adhesion experiments

Smooth muscle cells were harvested from the 75-cm2 plates,
washed in phosphate-buffered saline (PBS; Invitrogen
Canada Inc.) and transferred at a seeding density of
20,000 cells?well-1 in RPMI 1640 medium containing 10%
FCS into 24-well plates precoated with collagen I (at
concentrations of 0.1, 1, 10, 100 and 1,000 mg?mL-1). At 30,
60 and 120 min, the plates were removed from the incubator
and the overlying medium removed by gentle aspiration.
After washing in 0.5 mL PBS, the remaining adherent cells
were removed using trypsin/ethylenediamine tetra-acetic acid
(EDTA; 0.53 mM) and counted using a haemocytometer. The
priming effect of LT was studied by adding LTE4 (0.1 mM) to
the smooth muscle cells 30 min before the experiment.

Signal transduction pathways

The integrin-mediated signalling of airway smooth muscle
cell adhesion and migration was studied using specific
pharmacological antagonists of PI3K and SrcK. The PI3K
inhibitor LY294002 (Sigma, Oakville, Canada; 50 mM) and
the SrcK inhibitor PP1 analogue (4-amino-1-tert-butyl-3-(1-
naphthyl) pyrazolo[3,4-d] pyrimidine; Calbiochem; 0.1, 1.0,
10 and 30 mM) were added to the smooth muscles cells 30 min
prior to the adhesion and migration assays and remained in
contact with the cells for the entire duration of the study. In
order to study the effect of integrins on airway smooth muscle
adhesion to matrix, blocking antibodies directed against b1,
av and a5 integrin (50 mM each) were added to the smooth
muscle cells 30 min prior to seeding on culture plates.

Flow cytometry

The effect of pretreatment with LTE4 (0.1 mM) for 30 min
on integrin expression by airway smooth muscle cells was
studied using flow cytometry. Treatment with recombinant
human tumour necrosis factor-a (TNF-a; PeproTech Canada
Inc., Ottawa, Canada; 100 U?mL-1 for 24 h) was used as a
positive control. Cells were serum-starved for 24 h, trypsi-
nised (exposure kept as short as possible, i.e. 30 s), washed in
1% PBS containing 0.5% BSA and then incubated with
2 mg?105 cells-1 primary antibody directed against b1, av and
a5 integrin (Beckman Coulter Canada Inc., Mississauga,
Canada) for 30 min in the dark at room temperature. After
washing with 1% PBS containing 0.5% BSA, cells were
incubated with 2 mg?105 cells-1 secondary antibody for
another 30 min before two further washes. Samples were
suspended in fluorescence-activated cell sorting fix and
acquired and analysed using a FACScan flow cytometer
equipped with an argon ion laser and PClysis software (both
Becton Dickinson Instrument Systems, Mississauga,
Canada).

Sodium dodecylsulphate-polyacrylamide gel electrophoresis
and Western blotting

Airway smooth muscle cells, starved for 24 h in serum-free
medium, were seeded on to plates coated with different

546 K. PARAMESWARAN ET AL.



concentrations of various matrix proteins. After 2 h, the cells
were lifted with trypsin (30 s), rinsed with ice-cold PBS, lysed
with 1 mL lysis buffer (50 mM tris(hydroxymethyl)amino-
methane (Tris), 150 mM NaCl, 10% glycerol, 1% Triton
X-100, 5 mM EDTA, 100 mM sodium orthovanadate, 1 mM
b-glycerophosphate, 1 mM NaF, 15 U?mL-1 aprotinin) and
clarified by centrifugation. Protein concentration was deter-
mined using the Bradford method, and equal amounts of protein
(20 mg) were resolved using 10% sodium dodecylsulphate-
polyacrylamide gel electrophoresis (Bio-Rad, Mississauga,
Canada), transferred to 0.22-mM-pore nitrocellulose filters
(v12.6% nitrogen content) and probed with a monoclonal
antibody that recognises activated Src (pY418 (rabbit poly-
clonal anti-phospho-Src); BioSource International, Camar-
illo, CA, USA). Specific proteins were recognised using a
secondary antibody conjugated to horseradish peroxidase and
enhanced chemiluminescence (Amersham Canada, Oakville,
Canada).

Statistical analysis

Statistical analysis was performed using the repeated-
measures analysis of variance test, using the different time
points or experimental conditions as within-subject factors.
The source of significant variation was identified by
predefined contrasts. A p-value of v0.05 was considered
significant.

Results

Effect of extracellular matrix on migration

Type of matrix coating on migrating surface. There were
significant differences in the number of smooth muscle cells
migrating towards PDGF across membranes coated with the
various matrix proteins. At a concentration of 10 mg?mL-1,
migration was maximal on collagens III and V and fibronectin,
lesser on laminin and absent on collagen I and elastin (pv0.05)
(fig. 1).

Concentration of matrix coating on migrating
surface. Chemotaxis of smooth muscle cells towards PDGF
did not occur across uncoated membrane. With increasing
concentrations of collagen I solution coating the membranes
(10, 100 and 1,000 mg?mL-1), more smooth muscle cells
migrated towards PDGF (pv0.05) (fig. 2). This was not
observed with high concentration (1,000 mg?mL-1) of laminin
or elastin (data not shown).

Matrix proteins as chemoattractants. Collagen I (1,000 mg?mL-1)
solution was not a chemoattractant for human airway smooth
muscle cells (fig. 3). Pretreatment of smooth muscle cells with
PDGF increased haptotaxis and haptokinesis towards collagen I.
However, cell migration was significantly less than migration
towards PDGF.

Signal transduction. Migrationacross collagen-coated membrane
was inhibited by inhibitors of PI3K (pv0.05) and SrcK (50%
inhibitory concentration (IC50) 1 mM) (pv0.05) (fig. 4). The role
of SrcK was further demonstrated by higher levels of
phosphorylated SrcK in airway smooth muscle cells seeded on
culture plates coated with 1,000 mg?mL-1 (concentration that
supported chemotaxis) than on those coated with 10 mg?mL-1

(concentration that does not support migration) (fig. 5a and b).
However, Src phosphorylation was also found in airway smooth
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Fig. 1. – Migration of smooth muscle cells on surfaces coated with
various matrix proteins. At a concentration of 10 mg?mL-1, fibronectin
(FN) and collagens III and V supported migration compared to
control. Data are presented as mean¡SD (n=4 duplicate experiments).
*: pv0.05 versus control.
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Fig. 2. – Effect of concentration of collagen I coating on: a) migra-
tion; and b) adhesion. A concentration-dependent response is
observed, with o100 mg?mL-1 collagen being required for migration
towards platelet-derived growth factor, and o10 mg?mL-1 for adhe-
sion. Data are presented as mean¡SD (n=3 duplicate experiments). *:
pv0.05 versus control.
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muscle cells coated on elastin and laminin, although they did not
support migration to the same extent as fibronectin (fig. 5c),
suggesting that Src kinase is associated with chemotaxis, but is not
the only pathway involved in the process.

Effect of extracellular matrix on adhesion

Adhesion to collagen I was maximal at 2 h after seeding.
Adhesion was observed at lower concentrations of collagen I
than required for migration (fig. 2). Adhesion was inhibited by
blocking antibodies directed against the a5, aV and b1 subunits
of integrin; however, unlike the effect on chemotaxis, adhesion
was not inhibited by inhibitors of PI3K and SrcK (fig. 4).

Effect of leukotriene priming on adhesion and migration
on different matrices

Pretreatment (priming) with LTE4 did not increase adhe-
sion to surfaces coated with collagen I, although it augmented
the chemotaxis of smooth muscle cells towards PDGF.
Consistent with this observation, LTE4 did not increase the
intensity and number of integrins (a5, aV and b1) expressed on
the surface of airway smooth muscle cells (fig. 6, table 1). In
contrast, TNF-a caused a 1.7-fold increase in the intensity of
b1 integrin expression. In addition, priming with LTE4 did not
overcome the inhibitory effect of antibodies directed against
a5, aV and b1 integrin on the adhesion of airway smooth
muscle cells to collagen I. A priming response on chemotaxis
was observed on all the matrix proteins that supported
migration. An increase in phosphorylation of Src kinase was
not observed in airway smooth muscle cells treated with the
concentration of LTE4 that augmented the migratory
response to PDGF (fig. 5d).

Discussion

The present study shows that extracellular matrix proteins
can modulate chemotaxis of human airway smooth muscle
cells. Chemotaxis is influenced by the type and quantity of
matrix proteins present. The effect is partly dependent on
PI3K and SrcK. Cysteinyl LTs augment chemotaxis on all the
matrix surfaces that facilitate migration; however, they do not

augment adhesion to matrix. These observations are relevant
to the remodelling observed in the airways of patients with
inflammatory diseases such as asthma. The deposition of
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Fig. 3. – Chemoattraction towards collagen I. Collagen I alone (u)
did not induce haptotaxis or haptokinesis. Pre-exposure of cells to
leukotriene (LT) E4 (p) promoted haptokinesis, and pre-exposure to
platelet-derived growth factor (PDGF; q) promoted both haptotaxis
and haptokinesis. However, this response was less than that of
chemotaxis towards PDGF. Data are presented as mean¡SD (n=4
duplicate experiments). *: pv0.05 versus control.
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Fig. 4. – Signalling pathways in migration and adhesion on collagen I.
a) Effect of PP1 analogue (a pharmacological antagonist of Src kinase)
on human airway smooth muscle cell migration on collagen I. 1 mM
PP1 analogue caused 50% inhibition of migration towards platelet-
derived growth factor (PDGF). b, c) Leukotriene (LT) E4-priming
increases migration towards PDGF, but does not increase adhesion.
Inhibitors of SrcK (SrcKI (PP1 analogue) 1 mM) and PI3K (PI3KI
(LY294002) 50 mM) attenuated migration but not adhesion. Blocking
antibodies directed against the a5, aV and b1 subunits of integrin (IN)
(anti-integrins) attenuated both migration and adhesion. The isotype
immunoglobulin (Ig) control did not inhibit chemotaxis. Data are
presented as mean¡SD (a) n=3 duplicate experiments; b, c) n=6
duplicate experiments (n=2 for isotype immunoglobulin control)). C:
control. *: pv0.05 versus control; #: pv0.05 versus maximum response.
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matrix in the subepithelial region may of itself promote the
migration of airway smooth muscle cells towards the lamina
reticularis.

The effect of the extracellular matrix on airway smooth
muscle migration was examined for two reasons. First,
extracellular matrix proteins, such as collagen, fibronectin,
laminin and thrombospondin, regulate migration of vascular
smooth muscle cells [11, 14]. Some matrix proteins (e.g.
collagens I and IV) promote vascular smooth muscle
migration more than others (e.g. laminin) [14]. There is very
little information available regarding their regulation of
airway smooth muscle cell movement. Secondly, in airway
diseases such as asthma, there is excessive accumulation of
various extracellular matrix components and smooth muscle
cells in the lamina reticularis. The matrix proteins that are
commonly observed in the lamina reticularis are collagens I,
III and V and fibronectin, and, less frequently, laminin.
Elastin and collagen IV are rarely observed [15]. These
proteins have different effects on various aspects of smooth
muscle function, such as survival, proliferation and actin
cytoskeletal reorganisation. For example, fibronectin and

collagen I promote the proliferation of cultured airway
smooth muscle cells in a dose-dependent fashion, whereas
laminin inhibits growth [10]. When survival of cells was
studied, cells plated on a surface coated with elastin survived
a shorter time than cells plated on surfaces coated with
fibronectin, collagens I and V, laminin and vitronectin [9].
These experiments led to the hypothesis that such a
differential effect might also be observed in the ability of
matrix proteins to support chemotaxis. Indeed, the morpho-
lolgy of smooth muscle cells grown on surfaces coated with
fibronectin and laminin show greater polarisation of the actin
cytoskeletal system, suggesting that these matrix surfaces may
promote greater migration [9].

It was observed that collagen V and fibronectin supported
migration more than collagens I and III and laminin, whereas
elastin, which is not usually observed in asthmatic lamina
reticularis, had no effect. It was also observed that collagen I,
but not laminin or elastin, supports migration in a
concentration-dependent manner. The matrix solutions were
prepared in order to provide a monomeric coating to the
surfaces, as fibrillar matrix may not permit migration [16].
These observations suggest that the type and quantity of
matrix deposited in the lamina reticularis may influence the
migration of airway smooth muscle cells towards it and their
further survival and proliferation, contributing to the
increased smooth muscle mass in patients with long-standing
asthma. This study also tested whether insoluble collagen can
act as a chemoattractant to smooth muscle cells (haptotaxis
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Fig. 5. – Representative Western blots showing expression of activated
Src kinase (60 kDa) in airway smooth muscle cells seeded for 2 h on
surfaces coated with: a) varying concentrations of collagen I; and c)
various matrix proteins (10 mg?mL-1 each); and d) primed with
leukotriene (LT) E4. b) Optical densities of bands shown in a). a)
There is increased phosphorylation of tyrosine residue 418 of Src
kinase in smooth muscle cells plated on collagen at a concentration
of 1,000 mg?mL-1 (supports migration) compared to 10 mg?mL-1 (does
not support migration). b) The same Src kinase phosphorylation was
observed on surfaces that do (fibronectin (FN) and collagen (COL) I)
and do not (elastin (ELN) and laminin (LAM)) support migration. c)
Increased Src kinase phosphorylation was not observed in airway
smooth muscle cells treated with LTE4 for 30 min. Data are presented
as mean¡SD (a, d) n=4 experiments; b, c) n=3 experiments). AU:
arbitrary units; Unc: Uncoated. *: pv0.05 versus control.
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Fig. 6. – Effect of leukotriene (LT) E4 on b1-integrin expression on
airway smooth muscle cells. Human airway smooth muscle cells were
stained using monoclonal antibodies directed against the b1 subunit
of integrin and sorted by flow cytometry. LTE4 priming (––––) did
not increase the intensity of expression compared to non-LTE4-
primed cells (……). Tumour necrosis factor-a (-----) increased expres-
sion y1.5-fold (-..-..-: negative control). Data are presented as means
(n=3 duplicate experiments).

Table 1. – Surface expression of integrin subunits on airway
smooth muscle cells treated with leukotriene (LT) E4

Integrin Surface expression % Expression intensity Fluorescence

C LTE4 TNF-a C LTE4 TNF-a

av 94 91 99 127 110 184
a5 80 75 98 63 66 128
b1 97 92 100 310 219 512

Data are presented as means. C: control (not treated with LTE4); TNF-a:
tumour necrosis factor-a (positive control). n=3 separate experiments.
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and haptokinesis), similar to the effect of matrix proteins on
vascular smooth muscle cells [17] and fibroblasts [18, 19].
Similar to the effects on vascular smooth muscle cells [14, 20],
it was observed that collagen of itself caused a 2.5-fold
increase in haptotaxis (nonsignificant, perhaps because the
study was underpowered), which was further increased when
cells were pretreated with PDGF. The precise mechanism was
not examined, but it is likely that PDGF upregulates integrin
expression on airway smooth muscle cells [21], promoting
adhesion and downstream signalling. It is also possible that
matrix-induced calcium release within airway smooth muscle
cells [22] contributes to cell motility.

Some of the signalling pathways involved in the regulation
of airway smooth muscle cell migration by matrix proteins
were also investigated. Although the signal transduction
pathways are not clearly defined, it is suggested that binding
of the integrin subunits on the surface of smooth muscle cells
to the arginine-glycine-aspartate sequence of amino acids in
the matrix can trigger an "outside-inside" signalling event in
the smooth muscle. This leads to activation of focal adhesion
kinase and the 60-kDa c-Src kinase. This leads to a further
cascade of phosphorylation, including that of paxillin, PI3K
and p38 MAPK, ultimately resulting in actin remodelling and
chemotaxis [23, 24]. Consistent with this, it was observed that
blocking antibodies directed against integrin subunits b1, av

and a5, which are the integrins most frequently expressed on
human airway smooth muscle cells [9], inhibited both
adhesion and migration. The contributions of individual
integrin subunits were not studied. Pharmacological antago-
nists of SrcK and PI3K both inhibited chemotaxis, confirming
their roles in mediating this activity. Neither antagonist had
any effects on adhesion to matrix, similar to observations in
vascular smooth muscle [25], suggesting that their effect
occurs upstream of integrin matrix assembly. The results may
be limited by the lack of specificity of the pharmacological
antagonists. For example, PP1 analogue, which has an IC50

of 0.5 mM for SrcK [26], may inhibit stress-activated protein
kinases at high doses. It is possible that, at the 1-mM
concentration used (fig. 4), PP1 analogue may have caused
some nonspecific inhibition, particularly of p38 MAPK [26],
which is also important in promotion of cell migration. The
concentration of LY294002 used (50 mM) was five times the
reported IC50 in nonhuman cell lines [27]. This high dose was
chosen because it has been reported to decrease human
vascular smooth muscle migration [28] and airway smooth
muscle proliferation [29]. Further evidence for the role of
SrcK in chemotaxis was provided by the demonstration of
increased phosphorylation of Src and increased chemotaxis
when muscle cells were seeded on surfaces coated with
increasing concentrations of collagen I. The role of SrcK is
consistent with previous observations in fibroblasts lacking
Src family kinases, in which overexpression of Src promoted
tyrosine phosphorylation, cell spreading and migration [30]. It
was expected that there would be less Src phosphorylation in
smooth muscle cells plated on surfaces that promote less
migration. However, the same degree of phosphorylation was
observed, again suggesting that SrcK, although important in
chemotaxis, is not the only regulator of chemotaxis. A
possible alternative mechanism of increasing cell motility and
chemokinesis by Src is via regulation of phosphatidylinositol
bisphosphate and intracellular calcium levels [31]. The precise
mechanism by which fibronectin promotes more migration
than do collagen, laminin and elastin was not studied. This is
currently being investigated, specifically the role of SrcK and
PI3K and their interaction with the laminin/elastin receptors
and integrins. Also, SrcK activation was not studied at time
points earlier than 2 h after seeding smooth muscle cells on
matrix. This may have influenced the study results.

The ability of cysteinyl LTs to augment chemotaxis of

smooth muscle cells towards PDGF had previously been
demonstrated [5]. The aim of the present study was to
determine whether this was a consequence of increased
adhesion or migration. In contrast to the effect on chemo-
taxis, a priming effect of LTE4 on adhesion was not observed
at the same dose that promoted migration. This lack of
priming is probably due to LTE4 not increasing the surface
expression of integrins that are necessary for adhesion. This
was further supported by the observation that priming with
LTE4 did not overcome the inhibitory effect of anti-integrin
antibodies on adhesion. Since a range of doses of LTE4 over a
range of exposure times were not studied, it cannot be
concluded that cysteinyl LTs do not activate surface integrins.
However, it was observed that priming with LTs increased the
haptokinesis engendered by collagen I. Given that cysteinyl
LTs can augment growth-factor-stimulated synthesis of
proteoglycans such as versican by airway smooth muscle
cells [32], and that it can promote haptokinesis towards
matrix and chemokinesis towards growth factors, they may
play a significant role in airway remodelling.

The interaction between extracellular matrix and airway
smooth muscle has important clinical implications in airway
diseases such as asthma. They are the most important
constituents of a remodelled airway and the least responsive
to currently available treatments for asthma [33–35]. It is
likely that matrix proteins are synthesised by the resident cells
and inflammatory cells infiltrating the airway in patients with
asthma. There is now increasing evidence that, once
deposited, the matrix, in addition to its mechanical properties,
can contribute to airway narrowing by promoting the
accumulation of airway smooth muscle cells. It may also
decrease the antimitogenic effects of anti-inflammatory
treatment such as corticosteroids on airway smooth muscle
cells [36]. The present results suggest that it may facilitate
more accumulation of airway smooth muscle cells in the
lamina propria by chemotaxis. Collectively, these observa-
tions suggest that extracellular matrix and airway smooth
muscle cell migration should be considered as primary
therapeutic targets in patients with chronic asthma.
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