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This study aimed to develop a nano-sized drug carrier consisting of heparin, which has a variety of
biological functions, and apply it to rheumatoid arthritis therapy. First, we conjugated native heparin or
partially ring-opened heparin with sphingosine. These sphingosine-heparin conjugates form a
self-assembling nanoparticle in water, which has the diameter of 120-200 nm and the { potential of —50
to —60 mV. Although inflammatory cytokines were produced following stimulation of mouse peritoneal
macrophages with lipopolysaccharides, co-presence of the sphingosine-heparin conjugates, even without
any drugs, significantly reduced the cytokine production. On the other hand, sphingosine-heparin
conjugates were not effective against poly I:poly C-induced TNF-a production, suggesting that the
conjugates act selectively on the TLR4/NF-kB pathway. In the mouse model of type II collagen-induced
arthritis, the sphingosine-heparin conjugates, especially that derived from partially ring-opened heparin,
showed remarkable anti-inflammatory effects.
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Figure 1. Transmission electron microscopy of
sphingosine-heparin conjugates in water.
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Figure 2. Fluorescent emission spectra of pyrene
in aqueous solutions of S-HP (A) and S-LACHP
(B) at different concentrations.
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Figure 3. Effect of heparin derivatives on
LPS-induced TNF-a production in mouse
peritoneal macrophages. The TNF-a level in the
culture medium was measured at different time
points (3-24 h). HP, LAC, S-HP, and S-LACHP
represent native  heparin, reduced low
anticoagulant heparin and their sphingosine
conjugates, respectively.
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Figure 4. Intranuclear NF-kB following treatment
with sphingosine-heparin conjugate and/or LPS.
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Figure 5. Healing effect of sphingosine-heparin
conjugates and/or the IkB kinase inhibitor
TPCA-1 on collagen-induced arthritis in mice.
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Figure 6. Serum IgG levels on day 45 in the
mouse model of collagen-induced arthritis,
following treatment with sphingosine-heparin
conjugates and/or TPCA-1.
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