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(Achievements in English)

This research aims to develop quality control technology for cell production in regenerative medicine. It
focuses on two aspects: (1) mapping the design space through cell image evaluation and (2) developing a
method for automated culture process monitoring using cell image analysis.

The study successfully quantitatively analyzed and understood the effects and challenges of automating
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essential operations for cell culture, such as "vibration," "agitation," "pipetting," and "dispensing," by
combining semi-mechanized experiment design technology and cell image information analysis. The
findings demonstrate the efficient implementation of design space for human manipulations through
quantitative detection of changes in iPS cell morphology and proliferation using image analysis. The
introduction of a robotic pipetting machine proved highly effective in overcoming the diverse parameters
and challenges in cell culture. The study also revealed that cell image analysis provides essential time-
dependent information for evaluating deviations. It discovered a biological phenomenon where iPS cells
experience oscillatory physical stress and identified critical process parameters that should be controlled in
dispensing and pipetting, highlighting the importance of mechanizing cell culture. The research data,
including vibration data, is in high demand from companies involved in automating cell manufacturing
processes, facilitating social implementation. By analyzing a large amount of image and quality data using
cell morphology information analysis, the study confirmed the effectiveness of ensemble learning and
deviation judgment models in detecting quality deviations more reliably. It demonstrated the possibility of
constructing stable deviation models suited to the cell production site by combining weak learners like
ensemble learning with steady-state data. This Al model for iPS cell image quality judgment is highly
applicable in various cell manufacturing sites.

In our research collaboration with Nagoya University and Osaka University, we focused on promoting
"semi-mechanization" in various facilities and equipment and developing a standardized approach. We
emphasized the importance of organizing and standardizing concepts and terminology, especially in
mechanization, to ensure a shared understanding of the parameters. Breaking down the process into
detailed work and operation is essential for clarifying mechanized aspects of human work. These insights
influenced the description policy and document design of ISO and JIS draft standards. We identified
similarities in vibration stress parameters and the impact of time in the dispensing process. The design
space validation method using Critical Process Parameters (CPP) and image analysis proved highly
reproducible.

This study aimed to promote mechanization of cell culture processes and contribute to international
standardization efforts. While the ISO document proposal was withdrawn in ISO, the draft JIS document
emphasizing data-based quality control has been utilized. Obtaining a approval number from JSA in May
2023 marks progress in achieving international standardization of cell production management. The
research highlighted the importance of quantifying the design space and the effectiveness of cell image
analysis. The findings and expertise in cell image analysis contributed to the development of JIS
documents. Research data on the design space is being released as referenced material, and publications
and Japanese reference books are being written alongside the development of JIS documents.

Based on the above, the results of this study can be considered as achievements that not only realized a
new concept and technological development for stable manufacturing processes of i1PS cells but also
contributed to the essential conceptual organization and document drafting for international

standardization.



