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Summary. The extracellular matrix (ECM) is a dynamic 
assemblage of interacting molecules that reorganise and 
regulate cell functions in response to endogenous and 
exogenous stimulii. Matrix components may affect cell 
behaviour directly or indirectly through growth factor 
sequestration and transmembrane signalling, by 
controlling the speed of various molecules through the 
ECM, and the access of growth factors, hormones and 
neurotransmitters to the cell surface. 
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lntroduction 

The extracellular matrix (ECM) is a dynamic 
assemblage of interacting molecules that reorganise and 
regulate cell functions in response to endogenous and 
exogenous stimulii. In particular, the ECM modulates 
cell attachment, shape, spreading characteristics, 
migration, differentiation and gene expression by 
providing different extracellular microenvironments 
(Slavkin, 1982; Bravo, 1990; Mark et al., 1990). Matrix 
components may affect cell behaviour directly or 
indirectly through growth factor sequestration and 
transmembrane signalling (Couchman et al., 1994), by 
controiling the speed of various molecules through the 
ECM, and the access of growth factors, hormones and 
neurotransmitters to the cell surface (Banno, 1994). 

The major constituents of the ECM are collagens, 
proteoglycans and adhesive glycoproteins. In addition to 
binding many cytokines, proteases and protease 
inhibitors, the ECM acts as a reservoir for a number of 
growth factors and their binding proteins, which are 
selectively accumulated and released. These include 
transforming growth factor a (TGFa), transforming 
growth factor B (TGFD), epidermal growth factor 
(EGF), insulin growth factor (IGF) 1 and 11, and IGF 
binding protein (IGFBP) 5 (but not IGFBP 3 or 4) 
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(Raghow, 1994). It has been suggested that growth 
factors in the ECM are particularly active when 
complexed with other ECM molecules, this interaction 
often being essential to their activity (Flaumenhaft and 
Rifkin, 1991; Lortat-Jacob et al., 1991). For instance, the 
binding of IGF to ECM via IGFBP5 is important in 
mediating cellular responses to the IGF's (Jones et al., 
1993). Some ECM molecules, such as fibronectin and 
C3, are multifunctional and have one domain that binds 
adhesion receptors and another that binds separate, 
mitogenic receptors (Levesque et al., 199 1). 

ECM components 

Collagens provide strength and form, and also 
interact with other ECM molecules and cells. In addition 
to the more well-known collagens (1-VII), a group of 
collagens (types E, XII and XIV) with unique stmctural 
characteristics has also been defined, and named FACIT 
(fibril-associated collagens with interrupted triple 
helices) collagens. These collagens are not secreted as 
procollagen nor do they form polymers but are 
associated only with the fibrils of the fibrillar collagens. 
Type IX collagen contains a glycosaminoglycan (GAG) 
side chain that is thought to interact with chondroitin 
sulphate GAG and also regulate the interaction of 
fibriilar type 1 collagen with chondroitin sulphate GAG. 
There is evidence that the FACIT collagens may serve as 
molecular bridges that are important for the organisation 
and stability of extracellular matrices (Shaw and Olsen, 
1991). The GAG side chains themselves are also known 
to affect cell growth and differentiation (Uhiman et al., 
1990). 

Proteoglycan molecules (PG) and their GAG side 
chains are ECM molecules that contribute to tissue 
strength, molecular migration rates and also bind growth 
factors and other ECM molecules. They regulate the 
growth, cross-linking and alignment of collagen fibrils 
(Junqueira et al., 1981) and act as matrix receptors on 
the cell surface. In particular, the PG proteins laminin 
and fibronectin control cell attachment, migration, 
differentiation and synthetic activity. For instance, 
fibronectin is involved in cell-ECM signalling events 
that control osteoblast differentiation (Thesleff et al., 












