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Study of designing technology of high performance antibodies based on clinical genome data science
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The purpose of this research was to conduct detailed immune repertoire sequencing, including
single cell analysis, focusing on B cell clones present in human disease tissues such as tumors, as
well as human B cell clones that specifically recognize tumor antigens. Based on genome informatics
of immune repertoire sequencing information, we aimed at developing a foundation model of
informatics technology capable of estimating highly functional antibody clones, at the amino acid
sequence level. In the development of antibody drugs, it is necessary to search for highly
functional clones by step—by—step amino acid modifications; thus, both time and cost are major
problems. It is highly demanded to develop informatics techniques for the efficient designing of
amino acid modifications

This research was conducted with four steps, obtaining the following achievements.

(1) Acquisition of comprehensive immune repertoire sequencing data
B cell clones that infiltrate into human clinical tissues and that recognize sulfated
glycosaminoglycans, which were shown to be novel cancer antigens in our previous studies, were
purified and single—cell immunoglobulin repertoire sequencing was performed. We succeeded in
acquiring a large amount of sequence information of immunoglobulin clones. We could also
establish our computational scientific approaches to profile the precise amino acid sequences
as a combined dataset of heavy and light chain sequences per single cells.
(2) Development of design technology for highly functional antibodies using genome science
By computational science using the amino acid sequence information of above—mentioned
immunoglobulin clones, we sought to develop bioinformatics pipelines to decipher characteristic
amino acid sequences and their changes during affinity maturations, which are specifically
related to cancers and antigens.
(3) Expression and purification of antibody molecules
Based on the sequence information of above—mentioned human immunoglobulins, we
experimentally expressed and purified the actual antibody molecules. Their expression levels
and functionality were evaluated to investigate the positive and negative effects of the
designed amino acid modifications.
(4) Verification of biological functions of antibodies and feedback to machine learning
For the antibody molecules identified and designed in (1) to (3) above, we proceeded with
their functional verification. In addition to the evaluation of expression stability, tumor—
specific and sulfated glycosaminoglycan—specific antibodies were investigated for their binding
abilities to various cancer cells and anti—tumor effects using mouse models. As a result, we
have partially succeeded in identifying and designing multiple of highly functional antibodies

that showed potentially intriguing functionalities.

In summary, this research project has been well proceeded as initially planned with intriguing
achievements. The constructions of fundamental repertoire database and computational science

technology were achieved that are expected to have promising future potentials.



