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Glycoprotein drugs have become the major modality of biopharmaceuticals. It is widely
known that N-glycans of glycoproteins affect the efficacy and kinetics of antibody
therapeutics and erythropoietin, and glycosylations are considered one of the critical
quality attributes (CQAs) in the quality characterization of biopharmaceuticals. Therefore,
heterogeneity evaluation of glycosylation is essential in all phases of the biopharmaceutical
lifecycle, including ensuring consistency of quality at each stage from the upstream of
research and development to production. For N-glycans, analytical samples and rapid analysis
kits have already been launched to meet these needs, and are used by pharmaceutical companies
mainly for quality characterization of antibody therapeutics

In addition to antibody therapeutics, three of the top 10 selling biopharmaceuticals are
classified as fusion proteins. Fusion proteins are proteins that combine the Fc region of an
antibody or albumin with a protein that has a medicinal effect, such as receptors or
coagulation/fibrinolytic factors. The growth of the fusion protein market is expected to
continue, reaching an estimated $24 billion worldwide by 2025. Many of these fusion proteins
are modified with O-glycans instead of N-glycans, and many unexpected O—-glycosylation have
been reported in the linker peptide portion for fusion. There are also reports that O-type
sugar chains are involved in the efficacy, stability, and aggregation of these fusion
proteins. With advances in glycan analysis methods, such as the eliminative oximation method
(a method to release O-glycans from glycoproteins) developed by the Principal Investigator in
2019, much knowledge concerning the functions of O-glycans is expected to be obtained in the
future. In 2022, the FDA published a paper suggesting that the O-glycans of etanercept may
affect the efficacy of the pharmaceutical. This has reaffirmed the importance of evaluating
O-glycan heterogeneity in biopharmaceuticals. In the quality characterization of fusion
proteins, it is important to analyze not only N-glycans but also O—glycans, but at present,
only one rapid analysis kit for O-glycans has been commercialized using the eliminative
oximation. The brush—up of rapid analysis kit for O-glycans should be enhanced in the quality
characterization of biopharmaceuticals in the pharmaceutical industry in the future

In this research project, we have clarified the problems in utilizing the eliminative
oximation for the evaluation of O-glycan heterogeneity of biopharmaceuticals, proposed a
solution to these problems, and furthermore, conducted research with the goal of establishing
a simple and rapid method for evaluating O—-glycan heterogeneity. For this purpose, we have
synthesized various glycopeptides and analyzed the results of eliminative oximation using
them as substrates. We found that there are two problems in the eliminative oximation for
quality characterization of biopharmaceuticals. One is that the glycan release rate differs
depending on the O-glycan binding site in the protein, and the other is that the released
glycans are gradually degraded under the reaction conditions. This fact means that even
biopharmaceuticals with the same glycosylation may yield different results depending on the
reaction conditions, and that the important glycans such as xenoantigens may be

underestimated. This is a serious problem that cannot be overlooked in order to establish

4



guidelines for the quality evaluation of biopharmaceuticals, including fusion proteins, in
the future. To solve this problem, we synthesized a variety of model glycopeptides and
conducted various studies. Then we propose that the peptide sequences and O-glycosylation
sites of the biopharmaceuticals should be investigated prior to performing eliminative
oximation, and chose the appropriate method for the O-glycan release reaction. In addition,
to smoothly reflect our findings to regulatory science, we provided the National Institute of
Health Sciences with information on the issues we identified in this project, including

problems with O-glycan release reactions and their solutions



