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Biopharmaceutical proteins such as therapeutic antibodies are produced by cell culture using Chinese
hamster ovary (CHO) cells as host cells. As animal cell hosts, CHO cells can secrete and produce proteins
with proper post-translational modifications, difficult to produce by microbial hosts such as Escherichia coli
and yeast. CHO cells are used as production hosts for about 45% of biopharmaceuticals and for more than
80% of therapeutic antibodies. Thus, it has become the de facto standard due to its abundant production
records of biopharmaceutical proteins. Usually, producer cells have been constructed for batch production.
For continuous production, it is required to construct producer cells in consideration of long-term production
stability, high productivity and quality and safety control. So far, a methodology for constructing producer
cells for continuous production has not been established.

In the Manufacturing Technology Association of Biologics (MAB), spontaneously immortalized cells
derived from primary culture of Chinese hamster ovary tissues have been newly established. The cell line,
named CHO-MK, has the characteristics of high specific growth rate, about twice as high as that of the
conventional CHO-K1 cells. Using this original CHO cell line, this study aims to develop a robust technology
for constructing high-performance producer cell lines with stable high productivity and viability even in long-
term high-density continuous culture, good quality of product and virus resistance, etc. The ultimate goal is
to maintain high productivity (> 1 g/(L.-d)), high stability (> 50 days) and high survival rate (> 90%) even in
long-term high-density continuous culture. A technology for constructing a robust, high-performance
producer cell line that can achieve high quality and virus resistance were developed. To this end, the following
four research subjects were set: (1) Development of cell engineering technology for construction of producer
cells suitable for continuous production, (2) Development of producer cells suitable for continuous production
and development of utilization technology. (3) Integration and demonstration of the process of constructing
the original cell line suitable for continuous production, (4) Demonstration of antibody production technology
using the original cells.

The host cell bank of CHO-MK cells was further improved, and a newly developed antibody expression
vector was used to construct producer cells of a model antibody. By screening of producer cell clones with high
productivity, a technique for constructing producer cell clones with the productivity of 4 to 6 g/L in a culture
period of 4 to 7 days could be established. The high producer cells obtained maintained the good proliferative
capacity of the host cell. Using the producer cells, continuous production by a spin-down perfusion culture
with a small scale of 10 mL was performed as a feasibility test for long-term production of antibody. As a
result, a high viable cell density of more than 107 cells/mL with 95% cell viability was possible for the culture
period of more than 50 days. The antibody productivity was maintained at about 1.5 g/L/day, and cell
productivity during the period reached 40 pg/cell/day (pcd). The quality of the product was also stable during
the 50-day period. Furthermore, in order to construct higher producer cells, the transgene expression system
was improved, and the breeding procedure was optimized according to the expression system. By this change,
recombinant cell lines that produced as high as 11 g/L within 10 days in fed-batch culture were obtained.
When a long-term production test was conducted using the high-producer cell line, cell proliferation was
observed up to 8x107 cells/mL, and stable culture was possible for more than 10 days. The antibody
productivity was maintained at 4 g/L/day in this culture, and cell productivity reached 90 ped. In order to
show the versatility of production using CHO-MK cells as hosts, producer cell lines for 6 types of antibodies
recognized as biosimilar candidates were constructed. Producer cell pools with high productivity of 2 to 6.5
g/Li could be constructed for all antibodies. Additionally, producer cell lines using CHO-MK cells were
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successfully constructed for 7 types of academia-derived antibody seeds. Furthermore, various elemental
technologies required for long-term continuous production were developed: a cell quality evaluation method
based on chromosome analysis, environment-responsive gene expression systems, virus-insensitive host cell
construction technology, and chromosome instability analysis. These technologies are expected to be

introduced into the continuous production systems for therapeutic antibodies in the future.



