Proteoglycans in stem biology

Heparan Sulphate Proteoglycans

Heparan sulphate (HS), a ubiquitous resident of cell surfaces and the extracellular matrix
(Figure 1), has the potential to simultaneously regulate multiple signalling/cell
morphogenic events via the binding of ligands to specific saccharide patterns. Chain
heterogeneity allows the co-ordinated expression of many specific patterns within one
chain thus leading to multifactorial regulation. Alterations in the sulphation patterns
within HS chains are known to occur during development and the progression to disease
(Figure 2). Previous in vitro systems available for the investigation and assay of HS
oligosaccharides have limitations since they tend to concentrate on single signalling
events (e.g. FGF2) rather than evaluating the more physiologically relevant role of HS in
modulating the activity of multiple factors.

We have evaluated the application of embryonic stem (ES) cells to HS research. They
provide an in vitro system where cells co-ordinate their response to pro- and anti-
differentiative influences to select between various outcomes (Figure 3). HS
proteoglycans are of critical importance in this process; forming an interactive interface
between the cells and their local environment. ES cell differentiation is a well
investigated system; markers of pluripotency and specific lineage selection (both at the
cell surface and at the transcript level) are therefore established. For many differentiation
pathways key inductive factors are already known, and the majority of these are already
recognised as being HS dependent or HS binding (FGF4/BMP4/FGF2/HGF). In addition,
many changes which occur in early development reflect cellular processes during
tumorigenesis, particularly those relating to the initial events in metastasis.

To form a basis for future work, we have detailed the structure of the HS chains
synthesised by ES cells. Although ES cell HS shares many characteristics with other HS
types found in various tissues, it is of a very low sulphated-type and is organised into
unusual multi-component complexes at the cell surface. As ES cells differentiate to form
neuroectodermal precursors the structure and localisation of this HS changes. We suggest
that this will influence how ES cells and their differentiated progeny interact with
signalling factors (Figure 4). We are also investigating the role of specific sulphation
patterns within HS by evaluating the altered differentiation potential of ES cell lines from
mice mutant for components of the HS biosynthetic/modification pathway.
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Figure 1

Heparan sulphate proteoglycans (HSPGs) are common constituents of cell surfaces and
the extracellular matrix. The HSPG family comprises some of the most abundant proteins
on the cell surface, and they are therefore ideally placed to regulate the flow of
information between a cell and its environment. The core proteins to which the heparan
sulphate (HS) chains are attached dictate their distribution, with both GPI-linked and
transmembrane variants present in most cells. The cytoplasmic domains of the
transmembrane HSPGs contain recognition domains for intracellular signalling
molecules; however the majority of ligand binding events to HSPGs occur via the HS
chains themselves. The three major families of HSPGs are the transmembrane syndecans,
the GPl-anchored Glypicans and those resident in the extracellular matrix. HSPGs
contain 2-3 HS chains which act co-operatively in the binding and activation of growth
factors. The core proteins are involved in the organisation of the actin cytoskeleton and in
signalling events, acting co-operatively with specific tyrosine kinase membrane receptors
which receive growth factors activated by HS.
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HS biosynthesis is a regulated process by which a uniform oligosaccharide backbone of
alternating glucuronic acid (GIcA) and N-acetyl-glucosamine (GICNAC) residues is
modified to a highly heterogeneous mature chain containing regions of high sulphation
(sulphated domains) which alternate with extended un-modified sequences. Many of the
enzymes which catalyse this process are part of multi-enzyme families which show tight
spatio-temporal regulation in their expression.
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