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ABSTRACT

An effective mammalian cell culture host system expressing therapeutic proteins is a
combination of cell line’s inherent characteristics with efficient use of nutrients that is
able to provide desirable output of high cell viability. Insulin-like Growth Factor |
(IGF-1) has been shown to have the ability to promote cell proliferation, while also
having complex interactions with other constituents in the media. Therefore, it is
hypothesized that if IGF-1 pathway is effectively manipulated it could lead to
achieving the desired high cell density culture. This present study is designed to
develop a CHO-K1 based host system by understanding (IGF-1) gene and protein
expression in this cell line and its expression relationship between constituents of
media. It is confirmed that both IGF-I gene and protein are expressed in CHO-K1
cells, through reverse transcriptase real-time PCR analysis and enzyme-linked
immunosorbent assay (ELISA) respectively. Using a three level Full Factorial Design,
the optimal media composition of 10 % (v/v) serum and 0.500 mM glutamine was
found to contribute to high cell density of 8.870 X 10° cells/ml in T-flask. The optimal
media composition was validated and gave 12.500 x 10° cells/ml; an increase of
26.936 % from culturing in standard formulation of 10 % (v/v) serum and 2 mM
glutamine. The culture with optimal media then reached 23.300 x 10° cells/ml (46.352
% increased) when scaled-up in 500 ml spinner vessel. The culture also reached
higher cell density (16.600 x 10° cells/ml); increase of 24.699 % from 12.500 x 10°
cells/ml) when adapted in zero glutamine. Results from Full Factorial Design showed
that the quadratic term of glutamine plays an important role for high cell density. This
also supports the observation that the cells reached high cell concentration when
cultured in zero glutamine media. Based on multivariate data analysis (MVDA) using
Principal Component Analysis (PCA) and Partial Least Square Discriminant Analysis
(PLS-DA), the high cell density achieved in low glutamine was found to be correlated
with high expression of IGF-I gene and protein. This may be governed through growth
hormone signaling and IGF-I signaling pathway as shown in the pathway analysis
performed in this work. In conclusion, the study showed that the IGF-1 pathway which
is known for its role in cell proliferation is responsive to the regulation by nutrients.
The relationship between the reduced requirement of glutamine with the high
expression of IGF-1 gene and protein further improves the efficiency of the system.
The host system (CHO-K1 cell line and the improved media formulation) obtained
from this study can now serve as a platform for producing bio-products of interest.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

An effective host system to express therapeutic proteins is a system that is able to
provide desirable outputs which may include high cell density, good growth rate,
minimize consumption of media and high expression of the protein of interest. While
many host systems can be used such as bacteria, plant, yeast, insect and mammalian
cells, the latter is the optimal and preferred host system for the production of
recombinant eukaryotic proteins for biopharmaceutical purposes. Its major benefit is
the direct expression of the desired protein, including large and complex proteins like
Factor VIII in the culture medium. Mammalian cell culture host also allows correct
folding and posttranslational modifications for optimal biological activity of the

protein produced (Martin & Harmsen, 2008; Hossler, Khattak & Li, 2009).

In order to develop an efficient mammalian cell culture host system, there are
several strategies to be focused on. This includes improved design and the ability of
the host cell line to offer potential product improvements, maximization of viable cell
number, improvement of medium formulation, inclusion of exogenous growth factors,
implementation of high performance reactor configurations and maximization of
production rate per cell (Rader, 2008; Martin & Harmsen, 2008). Many earlier studies
focused on a single strategy at a time. For example, Baserga (1993) and Sunstrom et
al. (2000a) reported on the development of an efficient cell line which produced the

constitutive expression of Insulin-like growth factor I (IGF-I) leading to self



