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In the manufacture of antibody therapeutics, the range of options for cell lines and process technologies is
expanding, which create a need for the use of simulation to develop optimal processes. When the research
began in 2021, overseas efforts were advancing in the analyses of culture and purification process behavior
using data, its application to Quality-by-Design (QbD), and the application of Al to big data. Also in Japan,
Al analyses of data from the Kobe GMP consolidated lab of the Manufacturing Technology Association of
Biologics in Japan (MAB Association) had been conducted. However, while these previous studies were
backed by data, they faced the challenge of making it difficult to gain a mechanistic understanding of the
processes.

Prof. Hirokazu Sugiyama of The University of Tokyo, the principal investigator, has achieved significant
results in research on modeling and simulation of pharmaceutical manufacturing processes. Regarding
therapeutic antibody manufacturing, he has achieved results in the quantitative description of processes by
using “hybrid models” that integrate mechanistic models—which allow for mechanistic interpretation—with
data-driven models based on experimental data. Building on these achievements, the team decided to develop
technologies suitable for industrial deployment.

The objective of this research is to develop simulation technology for biopharmaceutical manufacturing
processes and to build a digital platform aimed at low-cost, high-quality manufacturing. This will enable
simulation based on an understanding of quality and processes, as well as process development that does not
rely on trial-and-error experiments. The primary focus of this research is CHO-MK cells, which exhibit
excellent proliferation and production rates. By placing the hybrid model—an integration of data-driven and
mechanistic models—at the center of development, the project aims to realize modeling that is both data-
backed and capable of interpreting physical phenomena. This will lead to shorter development times, earlier
market launch, reduced manufacturing costs, and the implementation of QbD. The simulation technology
developed will be made available to companies in an appropriate format, facilitating its industrial
deployment as a digital platform.

The research first focused on acquiring and sharing experimental data. Cultivation data obtained at the Kobe
consolidated lab of the MAB Association was shared with The University of Tokyo. The MAB Association
conducted purification experiments using its own antibodies, organized the accumulated data, and made it
available for model analysis and simulation. Furthermore, similar databases were constructed for standard
proteins and next-generation antibodies. Chitose Laboratory (which joined the project in FY2023 as a
subcontractor of The University of Tokyo) installed the Ambr250 automated culture system and established
a “high-cycle modeling environment” that links small-scale and high-frequency culture experiments with
mathematical modeling. Using this system, multiple cycles of culture experiments were conducted and the
resulting data were shared with The University of Tokyo for model development.

We obtained the results including items (1) through (5).
(1) Hybrid model for describing lactate behavior of CHO-MK cell culture and associated models/analyses
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(Okamura et al., Ind Eng Chem Res, 2022; Okamura et al., Comput Chem Eng, 2024; Yoshiyama et al.,
J Chem Eng Jpn, 2025)

(2) Mechanistic model for predicting CHO-MK cell culture (Okamura et al., Biotechnol Prog, 2024)

(3) Hybrid model for design space determination for CHO-MK cell culture (Nemoto et al., AIChE J, 2026)

(4) Mechanistic model for optimizing CHO-MK cell culture conditions

(5) Determination of scale-up factor analyses for upstream processing

(6) Standardization of chromatography mechanistic models and development of conversion equations for
chromatography mechanistic models



