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[Research background and objectives]

Recently, protein-protein interactions have increasingly been explored as potential drug targets. Utilization of
macromolecules such as antibodies and aptamers and mid-size drugs is required to regulate the interactions, but
hampered by low membrane permeability. In this study, we have challenged targeted delivery of such drugs by the use
of sugar-chain recognition systems, considering the processes from the administration site to the target site as a total. We
mainly focused on the two types of ligands; i.e., structurally simplified sialyl Lewis X (sLeX) mimics targeted to E-
selectin, which is highly expressed in inflammatory blood vessels, and hyaluronic acid targeted to CD44 receptors
expressed in cancer cells.

[Results]
1. Preparation and intracellular dynamics of glycosylated target-directed nanocarriers

Liposomes bearing 3'-(1-carboxy)ethyl sLeX mimic (3'-CE sLeX mimic) were negatively charged and sized about
110nm. When an mTOR inhibitor everolimus was incorporated, 3'-CE sLeX mimic liposomes showed stronger anti-
angiogenic effect in inflamed HUVEC cells than PEG-modified liposomes. It is due to enhanced cellular uptake by 3'-
CE sLeX mimic modification, but not as effective as expected from the result of the fluorescent marker uptake,
suggesting the partial release of everolimus from liposomes.
mPEG-PCL polymersomes were prepared for the delivery of water-soluble mid-size drugs. When encapsulated in the
hyaluronic acid-modified polymersomes, bacitracin exhibited strong cytotoxicity against HeLa cells, suggesting
enhanced internalization and delivery to endoplasmic reticulum (ER). On the other hand, a KDEL peptide encapsulated
in the polymersomes was more greatly localized in ER than the control KDEA peptide. Thus, multi-step drug delivery
can be achieved by adding target-directedness to the encapsulated drugs.

2. Pharmacokinetics and therapeutic effects of sLeX mimic-modified liposome formulations

Plasma clearance and tissue distribution of 3'-CE sLeX mimic-modified liposomes was comparable with PEG-
modified liposomes. Comparison between 3'-CE sLeX mimic- and 3'-sulfo sLeX mimic-modified liposomes indicates
that the 3'-CE sLeX mimic-modified liposomes are promising for target-directed targeting to tumor tissues. Doxorubicin-
encapsulated 3'-CE sLeX mimic-modified liposomes showed comparable anti-tumor activity to the case of PEG-
modified liposomes in tumor-bearing mice.
3. Design, preparation, and evaluation of sLeX mimic-modified small molecule antibodies

Direct chemical modification of protein drugs such as low-molecular-weight antibodies is an alternative to
encapsulation in targeted nanocarriers. Non-natural amino acids containing azide groups are inserted into the protein
sequence to introduce the sLeX mimic ligand in a site-specific manner. For 3'-CE sLeX mimic-conjugated mKO?2, a
pronounced uptake was observed in inflamed HUVEC cells. The same way as for mKO2 was applied to anti-MDM2-
scFv. Incubation of HUVEC cells with sLeX mimic-scFv resulted in the loss of fluorescence bright spots in the Fluoppi
system. The tube formation of cytokine-stimulated HUVEC cells was also significantly inhibited by sLeX mimic-scFv.
4. Design and synthesis of glycan ligands

Using commercially available lactose as a starting material, a large amount of disaccharide acceptor with a
trifluoroacetamide group was synthesized and subjected to a stereoselective glycosylation reaction with a fucose donor.
The induction to the desired 3'-CE sLeX mimic form was achieved by 3-position selective carboxymethylation, removal
of protective groups, selective amidation of DSPE-PEG and cyclic octin-containing substituents. The yield of the 3-
position selective carboxymethylation reaction was greatly improved by changing the leaving group of the
carboxymethylating agent from bromine to trifluoromethanesulfonyl groups. Structurally simplified N-glycan M5 was
designed and developed for enhanced intracellular uptake and targeted delivery to organelles.

[Future challenges and directions]



The present study demonstrated that the 3'-CE sLeX mimic-modified nanocarriers show E-selectin-mediated efficient
uptake in inflammatory vessels and much better in vivo disposition characteristics as compared to 3'-sulfo sLeX mimic
ones. To demonstrate the superiority against PEG-liposomes, anti-tumor activity should be measured in autochthonous
tumor models. In addition, modification of target-directed ligands to small-molecule antibodies is likely effective for
multi-step drug delivery. Effectiveness of the approaches should be confirmed through a series of applications, including

mechanism analysis of intracellular behaviors.



