Development of liposome and nanosheet technologies in nanomedical applications
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My research is to functionalize molecular assemblies from phospholipids, aminolipids, glycolipids, etc., by clarifying their molecular assembling structures and characteristics. For example, we applied lipid bilayer vesicles (liposomes) which encapsulated drugs or biomacromolecules such as genes and proteins and of which surface was modified with ligands such as peptides, antibodies, polyethyleneglycol chains as carriers for drugs, genes, or oxygen as well as platelet substitutes for hemostasis. Furthermore, by introducing pH-responsive property to their molecular assembling nature, we have developed more sophisticated delivery system carrying anti-cancer drugs and siRNA for therapy of cancers or infectious diseases. 
On the other hand, free-standing polymer ultrathin film (nanosheet) having a huge aspect ratio is consist of biocompatible and biodegradable polymers and is expected to apply  any wound sites as a dressing material (nano-adhesive plaster) with high adhesiveness and flexibility. We have prepared biodegradable poly(L-lactic acid) and polysaccharides (chitosan, sodium alginate) over a 106 aspect ratio, constructed a device for simple patching of the nanosheet, measured physical properties such as mechanical strength and adhesion strength, evaluated the wound dressing effects for various animal models such as a stomach incision, lung perforation, or severely cecal puncture models. From adhesion strength measured with a scratching test of ultrathin film on a substrate, it is noted that the strength increases significantly when the thickness becomes less than 100 nm. Wound sites were cured without suturing by simple patching the nanosheet, no cicatrix and postsurgical adhesion. We also obtained good and stable anti-bacterium effect in the nanosheet immobilizing antibiotics. We are now exploring the variation of nanosheets such as shape, size, and surface modification. By using microlithography, the hydrophobic patterning in micron size was prepared, and then we conducted specific adsorption proteins or nanoparticles, two-dimensional crosslinking, covering a sacrificial film, pealing and dissolve the film to disperse the micron-sized nanosheets into water. In this method, we can selectively modify the obverse and reverse sides of the nanosheets. Currently, we are studying the nanosheets to promote or prevent platelet aggregation with exploring the meaning of the size and shape of natural platelets.
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