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The objective of this project was to further develop the newly established Chinese hamster lung (CHL)-YN
cells, which proliferate approximately twice as fast as conventional Chinese hamster ovary (CHO) cells, and
to establish fundamental technologies that enable their industrial application as host cells. To achieve this
goal, we conducted research and development in four major areas: (i) construction of antibody-producing
CHL-YN cells and optimization of culture conditions, (ii) development of sample preparation protocols for
higher-order structure analysis of products, (iii) control of glycosylation in CHL-YN cells, and (iv)
improvement of cell line development using single-pixel imaging and machine learning technologies.

In the first task, multi-omics analyses integrating transcriptomics, proteomics, and metabolomics were
performed to characterize CHL-YN cells. These analyses revealed that biological processes related to energy
production, biomass synthesis, and cell cycle regulation were more active in CHL-YN cells than in CHO cells,
demonstrating the superiority of CHL-YN cells as host cells. Pathway analyses indicated upregulation of
amino acid metabolism, the tricarboxylic acid (TCA) cycle, mitochondrial processes, and translation-related
pathways. Metabolomic analyses further showed characteristic changes in intracellular amino acid
metabolism, including reduced levels of arginine and methionine during late culture phases and increased
polyamine-related metabolites such as ornithine and putrescine, which are associated with cell growth and
protein synthesis.

In addition, various culture strategies were evaluated. By dynamically controlling glucose feeding rates
based on metabolic phase differences related to glutamine metabolism, we successfully maintained stable
glucose concentrations in fed-batch cultures. This dynamic control approximately doubled the culture
duration and increased the target protein concentration nearly threefold. Furthermore, a mathematical
workflow was proposed to optimize medium blending, leading to the development of an original culture
medium specifically designed for CHL-YN cells. Screening of CHL-YN derivatives also enabled the isolation
of host cell candidates with improved transfection efficiency and productivity, resulting in production clones
with approximately sixfold higher productivity compared with previously established CHL-YN-derived
clones.

In the second task, we developed sample preparation protocols for higher-order structural analysis using
Electron Density Topography, an innovative analytical technique. This enabled daily monitoring of three-
dimensional structural changes in antibody molecules during culture. The analysis demonstrated that
antibodies produced by CHL-YN cells exhibited structural equivalence to those produced by CHO cells from
early culture stages. Unexpectedly, benchmark experiments using CHO cells revealed a novel phenomenon
in which antibody structures gradually deviated from the typical Y-shaped conformation over time in culture
supernatants. This phenomenon was observed under both fed-batch and perfusion culture conditions and in
both CHO and CHL-YN cells, suggesting that it may represent an intrinsic feature of antibody production in
mammalian cells.

In the third task, glycosylation control was achieved through gene knockout strategies. CHL-YN cells
lacking fucosylation-related enzymes and those lacking sialylation-related enzymes were successfully
constructed. Antibodies produced using fucosylation-deficient CHL-YN cells showed enhanced binding to Fcy
receptors compared with wild-type-derived antibodies. In contrast, antibodies produced using sialylation-

deficient cells exhibited reduced complement-dependent cytotoxicity activity. In addition, supplementation of
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arabinose into the culture medium enabled the production of novel arabinosylated glycans, demonstrating a
simple and cost-effective approach for glycan modification.

In the fourth task, we improved cell line development using Ghost Cytometry, which integrates machine
learning, advanced imaging, and microfluidics. Classification models were developed using support vector
machines based on morphological features derived from waveform data. By applying iterative sorting based
on model predictions, antibody productivity was gradually enriched, resulting in productivity increases of up
to approximately 62% in CHO cells. The workflow was successfully extended to CHL-YN cells, where high-
scoring populations showed approximately 33% higher antibody production compared with unsorted cell
pools, demonstrating the versatility and reproducibility of the method across different host cell systems.

Overall, this project successfully established key elemental technologies for cell engineering, analytical
evaluation, and cell selection. By integrating these technologies, we developed a rapid platform for
constructing high-quality CHL-YN production cell lines and optimizing culture processes. These
achievements highlight the advantages of CHL-YN cells over conventional CHO cells and contribute to the
development of next-generation antibody production systems with enhanced productivity and quality

suitable for global industrial applications.



