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(1) Research and Development Overview and Objectives

Glycans undergo dynamic structural changes associated with inflammation, carcinogenesis, and cancer progression,
making them useful pathological biomarkers and promising new drug discovery targets. However, producing antibodies
against glycans is difficult, and the development of anti-glycan antibody drugs has not sufficiently progressed. In light of this
situation, we developed an innovative methodology for efficiently generating highly specific anti-glycan antibodies by
immunizing glycosyltransferase-deficient mice with cells overexpressing the missing enzyme as part of the AMED Drug
Discovery Platform Technology Development Project for Next-Generation Treatment and Diagnosis (FY2016-FY2020).

In this study, we aimed to develop a novel, highly functionalized anti-glycan antibody that could efficiently induce anti-
tumor immunity. Specifically, we conjugated the antibody to a cytokine with NK cell activation properties to create a highly
functionalized anti-glycan antibody, which would selectively activate anti-tumor immunity. In recent years, antibody drugs
targeting immune checkpoint molecules have been used in cancer immunotherapy, but they have not been effective against
cancers that do not elicit a T cell response. The ultimate goal of this research is to achieve synergistic activation of anti-tumor
immunity by combining the highly functionalized anti-glycan antibodies developed in this research, which have the effect of

activating and stimulating NK cell migration, with immune checkpoint inhibitors that enhance T cell responses.

(2) Research and Development Status

First, we constructed cytokine-fused, highly functionalized anti-glycan antibodies by linking a single-chain antibody
designed based on the sequence information of an anti-glycan antibody with a specific cytokine that stimulates NK cell
proliferation and activation. Next, the carbohydrate-binding specificity of the cytokine-fused, highly functionalized anti-
glycan antibody was analyzed by flow cytometry using a cell line expressing the glycan epitope recognized by the anti-glycan
antibody. The results confirmed that the cytokine-fused, highly functionalized anti-glycan antibody retained the same binding
specificity as the original anti-glycan antibody.

Next, using an NK cell line that retained anti-tumor activity, the physiological activity of the highly functionalized anti-
glycan antibody was evaluated by cell proliferation induction and ex vivo cytotoxicity assays against cancer cells. The results
showed that cytokine-fused, highly functionalized anti-glycan antibodies induced the proliferation of NK cell lines in a
concentration-dependent manner. Furthermore, in an ex vivo cytotoxicity assay, cancer cells were targeted and the NK cell
cytotoxicity rate was analyzed. The results showed that the addition of cytokine-fused, highly functionalized anti-glycan
antibodies enhanced antitumor activity compared to PBS treatment. Furthermore, the NK cell migration activity of cytokine-
fused, highly functionalized anti-glycan antibodies and cytokine-fused antibodies lacking the anti-glycan antibody moiety
was evaluated. The results showed that cytokine-fused, highly functionalized anti-glycan antibodies induced more significant
NK cell migration.

Since cytokine-fused, highly functionalized anti-glycan antibodies activate innate immunity against cancer via NK cells,
and immune checkpoint inhibitors activate adaptive immunity against cancer via CD8 T cells, the combination of the two is
expected to result in more effective activation of antitumor immunity. Therefore, using a subcutaneously xenografted mouse
colon cancer cell line model, we administered cytokine-fused, highly functionalized anti-glycan antibodies and immune
checkpoint inhibitors alone and in combination, and analyzed subcutaneous tumor growth. We found that the combination of
cytokine-fused, highly functionalized anti-glycan antibodies and immune checkpoint inhibitors significantly enhanced anti-
tumor immune activity. NK cell accumulation was observed in both the cytokine-fused, highly functionalized anti-glycan
antibody and the combined treatment groups. These findings demonstrate that the cytokine-fused, highly functionalized anti-
glycan antibody, which promotes NK cell accumulation and activation, significantly activates anti-tumor immunity when

combined with immune checkpoint inhibitors.



