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Today it is widely accepted that extracellular matrix 
components are vital for development in animals. The 
scientists who initiated research on extracellular matrix 
(ECM), the leather chemists, probably could not imag- 
ine that research on ECM by the end of the century 
would take centre stage in a wide variety of biological 
and medical disciplines. Embryologists were among the 
first biologists to realize the potential role of extracellu- 
lar matrix for cell behaviour. Long before it was possi- 
ble to characterize the individual ECM components at 
the molecular level, embryologists suggested that ECM 
could provide important differentiation signals for the 
developing cells 7-9. It seems clear today that this basic 
concept is correct, and signal transduction pathways 
initiated by extracellular matrix components are inten- 
sively studied by a large number of laboratories 2. 
Extracellular matrix consists of collagens, adhesive gly- 
coproteins and proteoglycans. In each class a large 
number of family members have been characterized, 
and it is naturally beyond the scope of this issue to 
cover all these molecules. Since the discovery of a novel 
type I! collagen in 1969, extracellular matrix scientists 
have continuously and with increasing speed discovered 
new collagens, glycoproteins and proteoglycans 4,t~, 14 It 
is to some extent a matter of taste which one of the 
many discoveries should be considered a breakthrough. 
What matters is that as a result of a large body of 
evidence we now have a fairly good overview of the 
composition of the extracellular matrix in all parts of 
the body. In many cases we also have some insignt into 
the physiological roles of some of the components. 
Interest in extrace][lular matrix was greatly enhanced by 
the discovery of cellular receptors for the matrix. In the 
late 1980s integrins were identified as major extracellu- 
lar matrix receptors ~2. A large number of cell biology 
studies have firmly established the paramount impor- 
tance of the interactions between ECM and integrins for 
cell behaviour, and in some cases the suggestions are 
supported by recent genetic evidence I~ More recently, 
other ECM receptors such as the dystroglycan complex 
have been identified 6. With the ligands and receptors 

available, a large number of sophisticated and accurate 
biological studies have been performed. The importance 
of ECM components as major local factors for cell 
survival and differentiation is now indisputable. The 
major discoveries have become textbook knowledge, 
and need not to be repeated here. 
Some of the pioneering work suggesting a role for 
extracellular matrix was performed by C. Grobstein in 
the 1950s 7,~. He was particularly interested in the inter- 
actions between epithelium and mesenchyme during em- 
bryogenesis. He and others could show that the 
differentiation of epithelium requires the presence of 
mesenchyme, and vice versa. He speculated that the 
ECM could be involved in the interactions. Although 
we have learned to understand many aspects of extra- 
cellular matrix biology in other systems, the role of 
ECM in epithelial-mesenchymal interactions has not yet 
been well defined. Many researchers are now becoming 
interested in this classical phenomenon, known to be 
crucial for tissue histogenesis. Most of the reviews in 
this volume focus on interactions between epithelium 
and mesenchyme. 
An exciting discovery in the field was that an extracellu- 
tar matrix protein, tenascin, is expressed at sites of 
epithelial-mesenchymal interactions in the embryo I. It is 
suggested that tenascin could be involved in these inter- 
actions. Yet, as Chiquet-Ehrismann describes, mice 
lacking tenascin-C develop normally. We now know 
that there are many tenascins and the first described is 
called tenascin-C. It will be important to study this 
family further. Another interesting family of molecules 
for embryologists is the syndecan family 3. Like 
tenascins, some of the family members are associated 
with epithelial-mesenchymal interactions. Salmivirta 
and Jalkanen provide an in-depth coverage of the bio- 
chemistry of the different syndecans, and point out the 
different binding potentials for these molecules. The 
syndecans are transmembrane proteoglycans and are 
thus potential receptors for extracellular matrix com- 
ponents. Both the tenascins and the syndecans continue 
to fascinate embryologists basically because of their 
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peculiar expression pattern, which suggest that some of  
the members should be involved in epithelial-mesenchy- 
mal interactions. Curiously, we still do not know very 
much of  the physiological roles of these molecules. 
Hopefully, these reviews will stimulate further research 
in this area. 
The basement membrane is a thin sheet of  extracellular 
matrix separating the mesenchyme and the epithelium. 
Basement membranes are produced early during tissue 
development. As soon as the biological importance of 
epithelial mesenchymal interactions became evident, it 
was speculated that basement membrane components 
could be involved in the interactions. Major advances in 
the understanding of basement membrane composition 
were made in the 1980s 4,14. As will be evident in two 
papers, these advances have now made it possible to 
study the role of basement membrane compoments dur- 
ing epithelial-mesenchymal interactions in more precise 
molecular terms. The papers of Simon-Assmann and 
Dziadek advance the concept that basement membranes 
form as a result of interactions between mesenchymal 
and epithelial ECM components. Some basement mem- 
brane proteins such as nidogen seem to be produced 
exclusively by mesenchyme, and recently it has been 
shown by antibody perturbation experiments that bind- 
ing of mesenchymal nidogen to laminin disturbs epithe- 
lial morphogenesis in vitro 5. This suggests that 
epithelial-mesenchymal interactions in part are mediated 
by interactions between mesenchymal and epithelial 
ECM components. We can expect that research in this 
area will flourish, and the papers of  Simon-Assman and 
Dziadek are therefore particularly timely. They intro- 
duce many of  the basic congepts and problems and 
provide good background for further studies. 
In most parts of the developing embryo, mesenchymal 
cells and epithelial cells will continue to keep their basic 
morphological phenotype. But in some parts of  the 
developing embryo the normal developmental program 
leads to a conversion of an epithelium to mesenchyme, 
or vice versa. Conversion of mesenchyme to epithelium 
occurs in the developing kidney s, a much studied event 
where laminin-integrin interactions seem to be particu- 
larly important. This process has recently been exten- 
sively reviewed ~3, and we have here chosen to focus on 
the reverse process, the formation of  mesenchyme from 
a polarized endothelial cell. This occurs during develop- 
merit of the heart, Muscle formation is naturally a major 
event during cardiac development, but heart valves and 
septa have to form simultaneously. To accomplish that, 
some polarized endothelial cells will break loose from 
one part of the tube-like heart anlagen, and differentiate 
into endocardial cushion tissue. The endocardial cushion 
tissue then forms septa and heart valves and produce a 
special form of ECM. This process is accompanied by 
high expression of novel ECM components, the fibulins. 
As discussed by Rongish and Little, many other ECM 

are involved in endocardial cushion tissue formation. 
Since the cushion tissue forms major parts of the heart 
septa and the valves it is important to sort out the 
respective roles of  the ECM components in the forma- 
tion of the endocardial cushion tissue. 
The last paper by Klein covers a slightly different topic, 
the role of ECM in bone marrow development. Circulat- 
ing blood cells differentiate and mature in the bone 
marrow, and only break loose into the circulation once 
they have reached a certain degree of  differentiation. The 
cells must thus initially adhere to the bone marrow 
microenvironment, but later they must lose that capac- 
ity. It is still unclear how adhesion and de-adhesion are 
controlled in the bone marrow. Interestingly, there is 
increasing evidence that extracellular matrix might be 
involved both in adhesion and de-adhesion. ECM-medi- 
ated de-adhesion might be particularly important in the 
bone marrow, where de-adhesion is part of  the normal 
differentiation program. Klein discusses adhesive and 
anti-adhesive ECM components of  the bone marrow, 
and introduces some of  the methods used to study these 
phenomena, The phenomenon of anti-adhesion is also 
covered by Chiquet-Ehrismann. 
All contributors have done an excellent job and have 
produced comprehensive, critical and well-written re- 
views, and I thank them very much for their efforts. 
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