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FESCHEEE (Summary)

The project’s research objective was to develop the Chinese hamster ovary (CHO) cell line carrying
the Production enhancer genes (PEGs) for continuous (perfusion) cell culture. In the project, the
principal investigator collaborated with Dr. Norichika Ogata (MAB/ Nihon BioData Corporation) and
Koji Tajino (chromocenter Inc.). The achievement in research and development will contribute to
rational cell design and engineering for biologics production. The topics and results are summarized

as follows.

1) Identification of PEGs.

We selected 30 candidate genes based on the transcriptome and metabolome analysis of the CHO cell
line producing IgGl antibody. We had developed a system for the rapid identification of PEGs based
on episomal expression and plasmid replication. This method makes it possible to evaluate PEGs rapidly
within ten days. We assessed the candidate genes using the rapid identification system. As a result
we identified three genes, PEG2, 3, and 4. Co—expression of PEG2 and PEG3 in CHO cells increased IgGl
production level to 180%. PEG4 made it possible to improve the product quality of antibody, which is

problematic in long—term cell culture such as perfusion culture.

2) Targeted integration of PEG and cell culture experiments

We had established a CHO cell line carrying an artificial chromosome vector. The vector harbors site—
directed recombination sequence, making it possible to conduct a targeted integration of identified
PEGs by recombinase-mediated cassette exchange. PEG2 was successfully integrated into the vector,
resulting in a CHO cell line carrying PEG2. Compared to the control cell line, fed-batch culture in
bioreactor showed that PEG2 integrated cells increased IgGl production to 175%. In shaking tube-based
scale—down model for perfusion culture, PEG2 integrated cells maintained the volumetric IgGl
production in lower media exchange rate 0.7 vvd (vessel volume per day), compared to 1.0 vvd culture

The results indicate that PEG2 is favorable for perfusion culture by reducing media consumption

Finally, we evaluated the PEG2 integrated cells in 2-L bioreactor—based perfusion culture. The
perfusion system was the trial model developed in ABLE-Biott Corporation. The perfusion culture was
continued for 40 days and reached a maximum viable cell density of 1x10% cells/mL. Media exchange
rate (perfusion rate) was set up to 0.5 vvd, resulting in cell-specific perfusion rate (CSPR) of 4.3
+/= 0.9 pL/cell/day. As far as we know, the obtained CSPR was much lower than that of other reports

PEG2 integrated cells realized high—density cell culture in the lower media consumption, and PEG2

will contribute to cost reduction in continuous (perfusion) cell culture.

3) Cumulative integration of PEGs and transplantation of artificial chromosome vector.

We integrated the PEG3 into the artificial chromosome in PEG2 CHO cells; that is, we succeeded in the
cumulative integration of PEGs in the artificial chromosome vector. Finally, we developed the protocol
for the transplantation of artificial chromosome vector from PEG integrated cells (ATCC derived CHO
cells) into CHO-MK cells originally developed in MAB, based on microcell-mediated chromosome transfer

methods.



