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Function at the junction: dynamic interactions
between lung cells and extracellular matrix
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Abstract
Recent advances are elucidating the
mechanisms by which cells communicate
with the surrounding matrix. Cells have
specific receptors for matrix proteins. A
number of intracellular molecules with
signalling functions aggregate at special-
ised focal adhesion points and facilitate
transfer of information both into and out
of cells. The importance of these signal-
ling processes to cell biology makes it
likely that manipulation ofthese processes
will allow innovative therapeutic ap-
proaches to lung disease.
(Thorax 1996;51:956-958)
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Some years ago a student of pulmonary physi-
ology might have assumed that lung cells and
their surrounding matrix served primarily
structural and mechanical roles. Recent ad-
vances have shown that lung cells interact with
extracellular matrix in dynamic relationships.
The cell/matrix interaction is a two way street
in that cells both influence and derive infor-
mation from the matrix.' ' Adhesion receptors
such as integrins allow cells to interact specifi-
cally with matrix molecules. Cell interactions
with matrix proteins are particularly important
during processes such as cell migration and
proliferation.
The ability of epithelial cells, fibroblasts, and

smooth muscle cells to interact with extra-
cellular matrix is probably important in the
pathogenesis of respiratory disorders. In
asthma there is significant epithelial damage
requiring repair of the epithelium. Inadequate
repair of ongoing damage has been implicated
in bronchial hyperresponsiveness. Similarly,
type II alveolar epithelial cells are responsible
for repopulating damaged alveoli. During the
repair process epithelial cells must attach to a

provisional matrix that contains matrix pro-
teins of inflammation (fibronectin, vitronectin,
and fibrinogen). The ability of cells to alter
their adhesiveness to various matrix proteins
would appear to be a critical step in the
complex process of cell migration.3

Fibrosis in lung disorders can be viewed as
disordered repair processes in which fibroblast
and matrix accumulation proceeds unchecked.
Anchorage to matrix molecules is required for
proliferation and migration of fibroblasts and
epithelial cells. Matrix production by fibro-
blasts and epithelial cells is influenced by
matrix derived signals.4 Thus, matrix and
growth factors work cooperatively in control-
ling mesenchymal and epithelial cell growth
and differentiation.

Scientific basis
It is now known that cells interact with specific
matrix elements using an assortment of cell
surface molecules. Several types of receptors
have been described including, in particular,
the family of integrins. Profiles of integrin
expression on lung cells have been reported.5
Integrins are heterodimers of alpha and beta
chains, and at least 14 different alpha chains
and eight different beta chains have been
described. The various possible olf3 combina-
tions determine the ligand binding specific-
ities. Integrins bind to specific peptide se-
quences in matrix proteins and can associate
together on the cell surface to form assemblies
of receptors that have been called focal
adhesions.6 Focal adhesions are sites where
cytoskeletal elements including actin interact
with the cytoplasmic tails of the receptors and
strengthen the anchorage points. A collection
of proteins localises to focal adhesions and
facilitates the interactions of actin filaments
with integrins. Importantly, proteins with
enzymatic activity that are potentially active in
signalling mechanisms can be found in focal
adhesions (fig 1).

INTRACELLULAR SIGNALLING
A signalling molecule known as focal adhesion
kinase (ppl25FAK) that is unique to focal adhe-
sions has been described.' Binding of fibronec-
tin to cells can lead to the start of a signalling
cascade that begins with phosphorylation
(transfer of a phosphate group from ATP) of
tyrosine residues in focal adhesion kinase
resulting in increased kinase activity (ability to
catalyse the phosphorylation of other pro-
teins).' Importantly, signalling via focal adhe-
sion kinase is known to intersect with other
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Function at the junction

signalling systems that are related to oncogenes
and growth factors. Tyrosine phosphorylation
events triggered in fibroblasts by integrins are
similar to the phosphorylation events seen after
transformation by the oncogene pp60src. Two
signalling pathways that are important for
growth factor mediated signalling are the ras
and mitogen activated protein (MAP) cas-
cades. Recent studies directly link integrin
mediated signalling through focal adhesion
kinase to the ras signal pathway7 and to the
MAP kinases.' It is apparent then that inter-
actions of matrix components with integrins on
the surface of cells transmit information into
cells (outside-in signalling).

INSIDE-OUT SIGNALLING
There are also many examples of cells that
modify the affinity and specificity of integrins
for their extracellular ligands. This direction of
information transfer has been termed inside-
out signalling.' There are examples of inactiva-
tion of a fibronectin receptor, a501 integrin, on
several cell types. Experiments with pp6ov-src
transformed fibroblasts have shown that phos-
phorylation of the , cytoplasmic domain leads
to decreased ligand binding.

Therapeutic potential
Given these important roles for integrins in
cell/matrix interactions, it seems reasonable to
expect that patterns of integrin expression
would vary in lung diseases. The expression of
an integrin associated with epithelial cells,
aC036, is increased in bronchitic airways, sug-
gesting that modulation of expression of
integrins is important in lung injury and
repair.'

Figure I Focal adhesions are sites where cytoskeletal elements interact with a cluster of
transmembrane receptors called integrins. It is now known that important molecules,
including focal adhesion kinase, with signalling activity are also located in focal adhesions
(inset). Signal transduction systems such as ras andMAP kinase, related to oncogenes and
growth factors, can be modulated by integrin mediated signalling. The protein kinase C
(PKC) family of kinases is also affected, resulting in cytoskeletal reorganisation, cell
spreading, and migration.

The complexity of cell/matrix interactions
suggests that there are many potential thera-
peutic interventions. The convergence of
growth factor and integrin mediated signalling
pathways leads to the idea that modulation of
integrin mediated signalling could modulate
cellular proliferation and differentiation. En-
hanced proliferation and differentiation of epi-
thelial cells might provide an escape from
cycles of chronic damage and dysfunction of
the epithelium in chronic bronchitis and
asthma. Since matrix derived signals are
important as regulatory signals for matrix pro-
duction, alteration of specific integrin function
could alter matrix production during fibrotic
processes.
The effects of inhibitors of integrin function

are being explored in several clinical settings.
The idea that blocking integrin function could
be clinically useful is supported by teleology.
Viper venoms contain platelet integrin inhibi-
tory proteins known as disintegrins.'° Based on
the knowledge of specific peptide sequences in
matrix proteins which bind to integrins,
soluble peptides have been designed which
block specific integrin function and have been
used in vivo. A cyclical peptide which inhibits
function of the 033 integrin causes regression
of tumour metastases in animal models. 1"
Integrin blocking peptides have also been used
to inhibit coronary arteriopathy in animal
models. 12

Conclusion
More than just a scaffold to which cells adhere,
extracellular matrix is a complex environment
that has dynamic relationships with cells.
Understanding these relationships and how
information is transmitted back and forth from
cells should allow us a greater understanding of
repair and fibrosis in the lung. Agents which
alter the function of specific matrix receptors
are already being developed. We are at the
cusp of an exciting era in which new thera-
peutic agents directed at cell/matrix interac-
tions will permit new approaches to lung
disease.
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