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Abstract

Abstract

Antibody drugs have been one of the most fast-growing biotech drugs in recent
years. Because of its high specificity, it has been successfully used in the treatment of
many diseases. At present, most of the antibody drugs are produced by the Chinese
hamster ovary cancer (CHO) cells. There are a number of CHO derivative lines in which
CHO-K1 is widely used in industry. CHO-K1-CCL-61 and CHO-K1-CRL-9618 are the
major strains of CHO-K1 . They were initially cultured adherently with serum. In
industrial production, CHO-K1 cells are usually adapt to serum free suspension culture,
and even engineered in the genome for optimizing the cell's performance. At present,
the application and the basic research of CHO-K1-CCL-61 is extensive, while the use
and research of CHO-K1-CRL-9618 is limited. In this study, serum free suspension
adaption and gene editing was conducted on CHO-K1-CRL-9618, aiming to develop a
new generation of defucosylation GS expression system based on CHO-K1-9618.

The first study aimed to adapt the serum dependent adherence CHO-KI-
9618(CHO-K1-A) into serum free suspension culture (CHO-9618s). As the serum was

decreased step by step, the adherent dependent CHO-K1-9618 was transformed into
serum free suspension cell pools. The single colony was expanded and subjected to
continuous culture, Batch and Fed-Batch. The doubling time of subclones is 24h in long
time continuous culture stablising; the peak viable cell density (VCD) could reach
2x107¢/ml in Fed-Batch culture. The key nutrient metabolic rate of CHO-9618s was
normal. It was also verified that CHO-9618s, one of the subclones, could be used in
expressing exogenous protein, and could be Fed-Batch cultured in mechanical stirred
tank bioreactor with a high density culture.

The second part of this study aimed to develop a GS and Fut8 defective CHO with

gene edition. The endogenous GS gene will interfere with GS screening system. Also,
the endogenous fucosylation by Fut8 in CHO cells catalytic fucose transfers to the
glycosylation site on recombinant protein will be reducing the Antibody-dependent cell
cytotoxicity (ADCC) and Antibody-dependent cell phagocytosis (ADCP) effect. In this
study, the GS and Fut8 was inactivated in CHO-9618s by CRSPRI/Cas9, a GS-/Fut8-
construct CHO-NIDVD was obtained. The PCR, Surveryor enzyme digestion, DNA

sequencing, LG dependence culture, F-LAC cell surface staining and total protein WB
XI



Abstract

assay, verified that endogenous GS and Fut8 of CHO-NIDVD has been inactivated.

In the third part of this study, the key metabolic characteristics, the genomics and

transcriptomics of CHO-K1-9618 was investigated. We found the glucose consumption

rate and lactic acid synthesis rate was declined in post serum free suspension(CHO-
9618s); the glucose consumption rate slightly increased and glutamate synthesis rate
significantly enhanced in CHO-NIDVD compared to CHO-9618s. There are many
SNPs and Indels in the genomes of CHO-NIDVD and CHO-9618s. At the
transcriptomic level, compared to the serum-dependent adherent CHO-K1-A, 18 signal
pathways related to the cell proliferation, cell adherence and partial metabolism were

significantly changed in the CHO-9618s. Between CHO-9618s and CHO-NIDVD,
the major DGE involved in metabolism. In this part, we confirmed the
deficiency of GS and Fut8 in CHO-NIDVD at the genomic and transcriptomic
level.

In the fourth part of this study, the CHO-NIDVD cells were applied to

antibody expression. The changes of the antibody biological activity, the

efficiency of stable cell pool construction, the yield, the stability and the
product quality were considered in this study. CHO-NIDVD was used as the
host cell to produce Herceptin and 162, a HBV therapeutic antibody. The
ADCC of Herceptin and the ADCP of 162 has been enhanced significantly. A
stable antibody expression platform had been developed in this study based
on CHO-NIDVD. It lasted 65 days for cell pool construction based on this
platform. The yield of cell pool could reach 1-2 g/L with Fed-batch process.
And the Qab of cell pools could be up to 50pg/cell/day. The purification
characteristics, SDS-PAGE, CE-SDS, and HPLC-SEC features of the
products are basically the same as the commercial antibodies. And the cell
pool could maintain stable expression ability at last 63 generations.

In summary, this study adapted the serum dependent adherence CHO-K1-
9618(CHO-K1-A) into serum free suspension CHO-9618s, and engineered
genes on CHO-9618s to obtain a GS and Fut8 defective CHO line (CHO-
NIDVD), and further analyzed the genomic and transcriptomic features of

CHO-9618; Finally, the CHO-NIDVD cells were used in the antibody
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expression, leading to the enhancements of ADCC and ADCP, and resulting
in a high expression level, high quality and the long-term stable expression.
The CHO-NIDVD and its derivative cell pools have the potential to be used
in industrial production. In conclusion, the research of this thesis has provided
a new expression system for antibody production, and the studies of CHO cell
genomic and transcriptomic will provide the theoretical foundation for the
expression process optimization for the development of next generation
expression system. The application of this research is not only limited to the

antibody, but also provides new reference for the expression of other proteins.
Keywords: CHO cells; serum free suspension adaptation; gene editing;

genome sequencing; transcriptome sequencing; ADCC; ADCP; antibody

expression
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