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A. Introduction

Heparin, a structurally heterogeneous sulfated polysac-
charide, has been used as an effective anticoagulant for over 50
years (1). But, it has been pointed out that pharmaceutical hep-
arin binds to platelets, directly alters platelet functions and in-
duces immuno-sensitization (2). These responses are undesir-
able side effectsin the clinical use of heparin. It isnecessary to
clarify the binding interaction of heparin with platelets at the
molecular level, but there has been limited research reported so
far because of the heterogeneity of the heparin molecule and
high sensitivity of platelet cells. Sudaand Sobel identified hep-
arin-binding proteins on the platelet surface using radio labeled
heparin (3), and found that a key disaccharide unit in heparin,
O-(2-deoxy-2-sulfamido-6-O-sulfo-a-D-glucopyranosyl)-
(1 - 4)-2-O-sulfo-a-L-idopyranosyluronic acid (abbreviated as
GIcNS6S-1doA2S), isresponsible for the binding interaction (4,
5). Furthermore, they suggested that the frequency of GICNS6S-
IdoA2S in a heparin molecule influenced the binding potency
(aso-caled clustering or polymer effect on binding) (4).

The key disaccharide, GICNS6S-1doA2S, cannot be ob-
tained from natural heparin by enzymatic or chemical degrada-
tion. Therefore, to develop a clearer understanding of theinter-
action between heparin and platel ets, the synthesis of model com-
pounds containing key disaccharide unit(s) would be very valu-
able. Inthisthesis, | first synthesized structurally defined oli-
gomer model compounds contai ning multiple units of GICNS6S-
IdoA2S, and evaluated their platelet binding activities to under-
stand the clustering effect based on the disaccharide. Addition-
ally, we have recently found that the synthetic pentasaccharide
(6) corresponding to the antithrombin I11 (AT 111) binding re-
gion in heparin also possesses adistinct binding potency to plate-
lets, although it does not contain GICNS6S-IdoA2S. To identify
the platel et-binding site in the pentasaccharide that may be a
novel sequence in heparin responsible for its platelet-binding,
the synthesis of partial structures of this particular
pentasaccharide was also performed in this work.
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B. Synthesis of Oligomer Compounds Containing Multiple
Units of GIcNS6S-1doA2S and Their Platelet-Binding Ac-
tivities (7, 8)

Synthesis of two types of oligomer-model compounds
was performed (Fig. 1). The compound 2 (containing two units
of GItNS6S-1doA2S) and 3 (containing three units) were de-
signed so that the units were connected as a ‘tail-to-tail” type,
and another compound 4 (containing two units) was a * head-to-
tail’ type. The specia arrangement of the units of GICNS6S-
|doA2S differs between the two types. The synthesis of 2 was
carried out as follows. To predominantly form a a-D-
glucosaminy! linkage to L-iduronic acid, an azide sugar deriva-
tive was used for the precursor of the D-glucosamine unit. An
azide sugar possessing an O-allyl group at the 4-position and an
iduronic acid derivative were prepared, and coupled to give an
o-linked disaccharide. The 4'-O-allyl group was oxidized to a
carboxymethyl group and then two units of the disaccharide were
condensed with ethylenediamine to form a pseudo tetrasaccha-
ride backbone. Sequential deprotectionsand O- and N sulfations
were performed to give the desired tail-to-tail type 2 containing
two units of GICNS6S-1doA2S. Compounds 3 and 4 were pre-
pared by asimilar procedure.

Through the syntheses described above, the synthesis of
oligomer compounds became feasible. In this synthetic con-
cept, however, the protected oligomeric framework isfirst pre-
pared, and then many steps of deprotections and sulfations must
be done. It might be difficult to perform these transformations
perfectly for more complex compounds. Thus, to prepare com-
plex and diverse types of oligomer compounds efficiently, anew
strategy was planned to assemble components containing the
‘completed’” GIcNS6S-1doA2S unit that is already deprotected
and sulfated (8). Based on this concept, the sulfated trisaccha-
ride 5 which was consisted of the GIcNS6S-1doA2S and a D-
glucose employed as a hydrophilic linker moiety was synthe-
sized (Fig. 2). Using the reducing position of the D-glucose,
the corresponding numbers of the component 5 can be assembled
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by reductive amination reaction onto a matrix having multiple
amino groups without alteration of the structure of * compl eted’
GIcNS6S-1doA2S. After optimizing the reaction conditions for
the reductive amination, the assembly of sulfated saccharides
became possible using newly developed linkers under acidic
conditions (9). The oligomeric compounds 6-8 containing two
or three units of GICNS6S-1doA 2S were prepared using this strat-
egy (8). This method may be applicable not only to sulfated
saccharides but also to any oligosaccharides from natura or syn-
thetic sources, provided that they have reducing ends.

The platelet-binding activities of the synthetic oligomers
2-4 and 6-8 were evaluated by the competitive binding assay
using *H-labeled heparin (7, 8). The competitive binding ac-
tivities of synthetic oligomers were compared with those of a
commercial heparin and 1 containing asingle unit of GICNS6S-
IdoA2S, which was previously confirmed to be a structural ele-
ment responsible for the platelet-binding of heparin (5). Even
at the low concentration range where the monomeric 1 didn’t
show significant activity, all oligomeric compounds exhibited
distinct binding ability though weaker than that of the commer-
cial heparin of alarge molecular weight. Compounds 3 and 8
containing three units of GICNS6S-1doA 2S showed higher bind-
ing activity than 2, 6 and 7 containing two units. These results
clearly indicate the role of the clustering effect based on
GIcNS6S-1doA2S for the binding. Tail-to-tail type 3 contain-
ing three units of GICNS6S-1doA2S had a binding activity simi-
lar to that of the trimer 8, and tail-to-tail type 2 containing two
units showed amost the same binding activity as 6 and 7. These
results suggest that the binding potency is not influenced by the
distance between the units of GICNS6S-IdoA2S. Furthermore,
the binding activity of the head-to-tail type dimer 4 was signifi-
cantly higher than that of the tail-to-tail type dimer 2, suggest-
ing that the special arrangement of the two units of GICNS6S-
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IdoA2S influences the activity.

From the platel et-binding potencies of the synthetic oli-
gomers, the role of the clustering effect based on GICNS6S-
IdoA2S for the binding was clearly proved. GICNS6S-1doA2S
itself shows low binding activity and forms a low-affinity site.
The clustering of multiple GICNS6S-1doA2S units remarkably
increases the affinity.

C. Synthesis and Platelet-Binding Activity of Partial Oli-
gosaccharidesto | dentify a Novel Platelet-Binding Site (10)

Recently, we found that the pentasaccharide 9 synthe-
sized by Petitou et al (6) corresponding to the AT I11 binding
domain in heparin possesses distinct binding potency to plate-
lets, although it does not contain GICNSE6S-1doA2S. To identify
the platel et-binding sequence in the pentasaccharide, that may
be anovel sequence in heparin responsible for the platel et-bind-
ing, partia structures of this particular pentasaccharide were syn-
thesized. It was aready konwn that a heparin fragment that is
similar to the non-reducing trisaccharide in 9 was not respon-
sible for the binding(11). Therefore, we focused on the trisac-
charide at the reducing end of 9, and the trisaccharide 11 and its
partialy desulfated derivatives (12 and 13), aswell astwo dis-
accharides (10, 14) were synthesized (Fig. 3). From the plate-
let-binding assay of these synthetic compounds, only the trisac-
charide 11 had a distinct binding activity, and the activity was
high and comparable to that of oligomers 3 and 8 containing
three units of GICNS6S-1doA2S. Therefore, it was concluded
that the trisaccharide sequence, O-(2-deoxy-2-sulfamido-3,6-di-
O-sulfo-a-D-glucopyranosyl)-(1 - 4)-O-(2-O-sulfo-a-L-
idopyranosyluronic acid)-(1 - 4)-2-deoxy-2-sulfamido-6-O-
sulfo-a-D-glucopyranose (abbreviated as GICNS3S6S-1doA2S-
GIcNS6S), was a novel and high-affinity binding site to plate-
letsin heparin.
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D. Conclusion

An efficient method of synthesizing various types of he-
parin fragments was established, and the structural specificity
of heparin for the platelet binding was clarified. The
GIcNS3S6S-1doA2S-GIcNS6S may be a high-affinity site, but
isaminor constituent in heparin because of therare 3-O-sulfation
at the glucosamine residue. On the other hand, the GICNS6S-
IdoA2S isthe most predominant sequence in heparin, but does
not have sufficient affinity by the dissacharide alone. Multi-
unit assembly of GICNS6S-1doA2S was found to be necessary
in the present work. It is proposed that a combination of
GIcNS3S6S-1doA2S-GIcNSBS and clustering of GICNS6S-
IdoA2S are responsible for the binding of heparin to platelets:
the cluster region of GICNS6S-1doA2S in heparin may be re-
sponsiblefor thefirst binding and GIcNS3S6S-1doA 2S-GICNSES
is the final binding site after the dynamically equilibrium. It
becomes possible to analyze the binding interaction of heparin
with proteins on platelet or other vascular cells using structur-
ally defined heparin partial structure. Further work is now in
progress in our laboratory.
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