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Background and long-term goal: Target molecules of almost all currently used drugs, such as receptors,
transporters, enzymes, ligands to the receptors, and signal transducers, are glycoproteins. The patterns of glycosylation
of these molecules depend on the lineage, the stage of differentiation, and the pathological status of the cells producing
these glycoproteins. Furthermore, the glycans often modulate the biological function of these glycoproteins. For the
effective use of diverse glycans and glycan-binding molecules as drugs, new technical platforms are necessary to
synthesize diverse glycan-peptide complexes, to develop antibodies specific for these complexes, and to establish these
antibodies to meet clinical demands. In the present project we aimed to achieve these goals.

Specific aims: The research and development subject "Technology development to produce and utilize diverse
glycoproteomes and their recognition molecules" had three specific aims.

Specific aim [3]: Technology development to manufacture glycoproteome targets.
Specific aim [4]: Technology development to manufacture binding molecules specific for glycoproteome targets.
Specific aim [5]: Technology development to assess drugability of binding molecules specific for glycoproteome targets.

Outcomes: We established a technology to synthesize any given sugar-amino acid complexes, particularly
those with O-glycosylation. Rapid and high-yield synthesis of glycopeptides with these sugar-amino acid complexes
was accomplished by the use of a newly developed automated synthesizer. Extensions of glycans were achieved by the
use of enzymes produced in yeast or Escherichia coli. Rapid and cost-effective preparations of sugar nucleotides also
became possible.

A variety of new technologies to efficiently develop antibodies specific for glycoproteome epitopes were
established. These include the use of glycosyltransferase knockout mice, transgenic mice capable of producing highly
diverse antibodies, and phage libraries. Synthetic glycopeptides, purified glycoproteins with defined glycans, and
cultured cells expressing defined glycans were used as immunogens and tools for antibody screening. Through the
combined use of these new tools and technologies, antibodies recognizing glycoproteome epitopes were obtained.

Drugability of antibodies which recognized glycoproteome epitopes were assessed by proving clinical
demands. Differential glycosylation of HER2, a widely used target for therapeutic anti-HER2 antibodies, between
breast cancer cells and iPS cell-derived cardiomyocytes was identified using lectin array. An anti-HER2 antibody
which strongly binds to breast cancer cells but not to cardiomyocytes was obtained. The antibody was proven to kill
breast cancer cells when it was conjugated with a cytotoxic drug. Unique glycoproteomes characteristic to cancer cells
from the relapse-prone subset of triple-negative breast cancer patients were identified using lectin arrays. Glycans
recognized by a group of lectins with similar carbohydrate specificity and unique glycoproteome epitopes expressed on
MUCI1 were proven diagnostically useful in identifying relapse-prone patients. Therapeutic antibodies based on these
results are currently being sought.  Analysis using cell lines and clinical pathological specimens revealed that a unique
sugar chain was linked to a specific site (388th asparagine) of the tumor antigen ERC/Mesothelin expressed on epithelial
mesothelioma. We are aiming to obtain a monoclonal antibody specific for this mesothelioma-specific
ERC/Mesothelin glycoproteome epitope.

Significance: The outcomes of our endeavors as listed above demonstrate that glycoproteome-specific
drugable antibodies were obtained through the application of new tools and new technologies developed in the present
project.  All the elements have been essential in the process. The new anti-HER2 antibody, which binds to and kills
breast cancer cells but shows no reactivity with cardiomyocytes, was developed based on glycan differences. Similar
approaches will succeed to generate highly effective and harmless therapeutic antibodies, and these glycoproteome-

specific antibodies are expected to be superior to currently existing antibody drugs.



