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W CREF  Studies on binding structures and regulation mechanism involved in_the interaction of

heparin/heparan sulfate with heparin-binding growth factors

Heparan sulfate (HS) exists ubiquitously on cell surfaces and in extracellular matrix. HS chains are known to
interact with a variety of proteins such as heparin-binding growth factors (HBGF). It has been shown that the
binding of certain HBGF requires HS regions with specific monosaccharide sequence and sulfation patterns.
In order to clarify the specific binding structures for various HBGFs, we have investigated systematically. We
generated a library containing various sizes of heparin oligosaccharides, and examined the required chain
length for HBGF binding. The result showed that HBGFs could be classified into two groups, the
octasaccharide-binding group (Group A) and non-binding group (Group B). Next, we generated a library of
sulfated octasaccharides using recombinant HS 2-O-sulfotransferase and HS 6-O-sulfotransferase, having
well defined structure. The structural requirement, i.e. the position and the number of sulfate groups, for
binding of Group A HBGFs were examined using an octasaccharide library. This result showed that the
members of Group A HBGFs were classified by different requirement of sulfation position as follows: (1) 2-
O-sulfate groups, (2) 6-O-sulfate groups, (3) both 2-0- and 6-O-sulfate groups, and (4) either 2-O- or 6-0-
sulfate groups. These results demonstrated that these libraries are convenient tools for analysis of the binding
structures of heparin/HS for HBGFs. On the other hand, the important O-sulfate groups for binding of Group
B HBGFs were examined using specific O-desulfated heparins and surface plasmon resonance technique.
These results indicate that the structural domain in heparin/HS exhibiting affinity to each HBGF could be
differentiated in terms of chain size, sulfation position, and the number of sulfate groups.

The role of heparin/HS in regulation of HBGF activities was exemplified by the effect on VEGF activities,
VEGF-dependent mitogenic activity and tube formation were promoted by added heparin. Further, heparin
enhanced VEGF-induced phosphorylation of VEGF receptor. Depletion of the cell surface HS resulted in the
reduction of phosphorylation of VEGF receptor and its downstream molecule. It is likely therefore that
heparin forms a temary complex with VEGF and VEGF receptors, thereby enhancing VEGF-dependent
signaling. In addition, we also examined stabilization of VEGF was increased by heparin.
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