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Background Sedimentation or filtration is commonly used to separate cells from the culture medium
in continuous production. Sedimentation is performed by centrifugation or spontaneous sedimentation
by gravity and has the advantage of being able to process relatively high cell densities, though
requires a long time for separation. On the other hand, filtration is superior in processing speed
but the membranes are prone to clogging, so cleaning and membrane replacement are necessary when
used for continuous culture. Existing separation technologies have different advantages and
disadvantages, and there is much room for improvement. The hollow hydrogel fiber, our technology
has the potential to solve all the above problems at the same time. The gel that surrounds the
cells is a semi—permeable material, which has the advantage of not being easily clogged due to its
high hydrophilicity. However, the classical technique that simply encapsulate cells in gel can
easily leak as the cells grow. Cell leakage is less likely to occur when cells are encapsulated in
a fiber with a hollow structure, because the gel layer serves as the barrier that mechanically
inhibit cells to grow. Our technology has the potential to realize an ideal separation with high
cell density, fast media exchange, and no clogging.

Approach This project can be divided into three sections: small-scale test (A), machine development
(B), and proof of concept work (C) that integrates the results of (A)and (B). (A) consists of three
items: development of gel material (A-1), long—term culture technology (A-2), and evaluation as an
antibody production system (A-3). In addition to CellFiber, the principal investigator, Mochida
pharmaceutical and the University of Tokyo participated in this research and development as
subcontractors.

Outcome: The final goal of the project was to achieve 2 g/L/day for 50 days in a 1L-scale test. In
the first year, we developed a highly durable alginate gel with no cell leakage even after 30 days
of long—term culture and confirmed that more than 90% of the antibody produced was released outside
the fiber. In the second year, we intensively conducted a small-scale pseudo—perfusion culture test
and showed that 10 g/L could be achieved by maintaining 0.3 g/L/day for 30 days. For the
development of the machine, we tried several pumps and succeeded in switching from conventional
hand-made nozzles to standardized resin ones. As a result, we achieved a continuous fabrication
speed of 5 mL/min (200 times faster than the conventional speed), which was much faster than our
target of 2.5 mL/min. The results of the small-scale experiment suggested that the pH/DO control
system was necessary to further improve the productivity from 0.3 g/L/day, thus we shifted to the
study using a bioreactor in the third year. First, we confirmed steady antibody production under
nutrient control system for more than 60 days using 200 mL bioreactor and the antibody produced had
the same quality as the antibody on market. Next, we scaled up to 1L bioreactor and started from
the low cell density conditions to ensure experiment reproducibility, resulting in the production
rate was 0.12 g/L/day. The antibodies isolated and purified from a portion of the culture medium on
days 30 were analyzed and confirmed to be of the same quality as the antibody on market, except for
the glycan structure. Then, the production rate was confirmed to be improved to 0.68 g/L/day by
increasing the cell density under pH feedback—controlled conditions. Although the final target of 2
g/L/day was not achieved, further improvement could be possible by optimizing the shaking

conditions, DO control, and fiber diameter to avoid central necrosis.



