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II. Summary of the research project
This research project progressed according to the following four main projects, each yielding

the following achievements:

Research and Development Project (1): Single Cell Immunoglobulin Repertoire Sequencing
We refined single—cell immunoglobulin repertoire sequencing techniques for fresh and frozen
surgical samples, establishing a stable experimental protocol for generating a large volume of

immunoglobulin repertoire data. Particularly, the capability to analyze frozen samples has broadened
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the scope of our research by allowing the selection of clinically or pathologically unique cases for
study. Our established protocol enabled comprehensive and unique human antibody repertoire sequencing
at the single-cell level from a variety of B cells/plasma cells infiltrating in tumor tissues and B
cells isolated from humanized antibody—producing mice which were immunostimulated with human cancer

cells.

Research and Development Project (2): Systematic Physicochemical Evaluation of Antibodies

This project focused on the evaluation of physicochemical properties of small molecule
antibodies which were identified and/or designed in Projects (1) and/or (3) based on our repertoire
sequences and subsequent computational analysis. We established a comprehensive plasmid library for
expressing these antibodies and developed protocols for their systematic physicochemical assessment
We conducted systematic expression and physicochemical evaluations, accumulating empirical data on

antibody properties, which was fed back into the computational technologies developed in Project (3).

Research and Development Item (3): Development of Computational Technologies for Generating Small
Molecule Antibodies with Stable Structures

Based on the large human antibody repertoire datasets obtained in Project (1), and
incorporating empirical physicochemical property data from Project (2), this project aimed to refine
the computational technologies for identifying features of stable antibodies. We developed algorithms
for extracting somatic hypermutations and accurately aligning sequences to V/(D)/J frames, which
facilitated computational analysis adapted to next—generation sequencing data. The integration of
molecular dynamics—based structural simulations enhanced our analysis, enabling efficient use of

human antibody repertoire sequences in computational studies.

Research and Development Item (4): Applications Using Computational Technologies

We aimed to use our computational technologies developed in this research project to enhance
the stability or functionality of various antibodies, including our own lead anti—tumor human
antibodies which target cancer—specific carbohydrate. Comprehensive functional screening using small
molecule human antibody library which was designed using our computational technologies identified

potential functional antibodies.

Overall, this research plan was executed as planned, obtaining significant achievements. We
refined the experimental system for single—cell immune repertoire sequencing for clinical tumor
tissues, gathering unique and extensive human antibody repertoire sequence datasets. Our datasets
enabled the development of computational technologies aimed at identifying the features of stable
antibodies, which, combined with empirical data from physicochemical evaluation of the actual
antibodies, refined these computational tools further. The functional screening of engineered
antibodies could potentially identify functional antibodies, promising further research developments

with the advancements of this research project



