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Autologous transplantation of human cells is an extremely sophisticated process where the steps, including
cell harvest from a patient and implant to the patient through cell expansion and tissue formation, are critical
and interconnected. The starter cells harvested from the patients are limited in quantities, which require
multiple passages to yield the sufficient number of cells for subsequent transplantation. In this aspect, the in
vitro culture raises several issues, such as scheduling of culture to manufacture final products and risk of
biological contaminations. Thus, in manufacturing consideration, the culture process for cell expansion should be
designed to enhance the cell productivity concerning growth achievement and growth potential. For the
treatment of cardiovascular disease, the patient’s skeletal muscle myoblasts has been applied to transplant.
However, in vitro expansion of myoblasts is still challenging because of their low growth ability. It is well known
that myoblasts upon making contacts with surrounding cells initiate the process of the cell differentiation
toward myotube formation, which is associated with the active fusion among mononuclear proliferate cells to be
multinuclear myotube that permanently loose the proliferative ability. Therefore, in the expansion culture, the
myotube formation should be prevented. This thesis focused on the culture process design for myoblast
expansion to promote the apparent growth ability in cultures for obtaining the desired quantity of cells, and
consists of three chapters describing the characterization of myoblast growth properties (chapter 1), the
promotion of growth ability by improvement of culture environment (chapter 2), and the improvement of culture
operation for myoblast expansion and the design for culture performance in serial cultures using automation
systems (chapter 3).

In chapter 1, the growth properties of myoblasts in the culture were characterized in terms of proliferation
and differentiation. With elapsed time, the total concentration of myoblasts, based on the nucleus number,
increased exponentially accompanied with the increment in confluence degree (Ca). The growth potential as a
ratio of proliferative myoblasts (%) in culture decreased steeply with elapsed time, being B, = 0.11 at £= 672 h,
which was one-eighth of that at ¢ = 48 h. The reduction of &, coincided with the induction of the myoblast
differentiation, being concurrent with the reduction of efficiency of cell attachment after reseeding. These results
suggested that myoblast differentiation could affect the cell expansion process by reducing apparent growth rate
of cells as well as by increasing cell loss on repeated seeding. From this viewpoint, the modification of culture
environment is considered to improve the cell productivity during serial subcultures with suppressing myoblast

differentiation. In addition, during prolongation of cultures, the achievement of higher confluence degree

enhances the frequency of cell-cell contacts that induce the process of myoblast differentiation, indicating that
the confluence degree of culture could be critical for the culture operation of passaging to maintain higher
proliferative populations during serial cultures.

In chapter 2, the culture conditions were designed to promote the migration of myoblasts for enhancement of
expansion, considering the reduction of cell-cell contacts to hinder the myoblast differentiation. The dynamic
behaviors of human skeletal muscle myoblasts were investigated in the culture on a laminin-coated surface in
the presence of 100 ng/ml epidermal growth factor (EGF) in medium. The coexistence of laminin and EGF caused
the enhancement of myoblast migration, giving an average migration rate of 62.0 -m/h, which was 2.7 times
that on a plain surface. This encouraged migration could be a driving force to separate the dividing cells each
other, accompanied by shortened disjunction time (%is) of daughter cells to complete cytokinesis. Moreover, some
of the daughter cells did not complete their cytokinesis within 7.0 h after the furrow formation, while keeping in
contact with each other. The lower locomoting activity of cells resulted the higher frequency of incompleted cells
with Zis > 7.0 h (£incom). The £incom on the plain surface was estimated to be 0.31, which was 16 times higher
than that on the laminin-coated surface with EGF supplementation. The synergic effect of laminin and EGF led
to the promotion of myoblast growth with keeping a relatively high fraction of proliferative cells during the
culture for 150 h, which is considered to arise from the reduced frequency of cell-cell contacts during cytokinesis
and thereby suppressing the process towards myotube formation after cell division. Thus, the encouragement of
migration can be an effective way to improve the cell expansion of myoblasts with reducing the process of
myotube formation.

In chapter 3, to realize a desired performance of myoblast expansion, the effects of seeding density and
confluence degree on growth were investigated quantitatively in terms of cell attachment and division as well as
proliferative cell population in the culture on a laminin-coated surface. Myoblasts cultured to high confluence
degree induced a high frequency of myotube formation, which caused a poor attachment of cells on the surface in
subsequent culture. Moreover, myoblast cultured at low cell density (<1.0x103 cells/cm?) also caused the similar
phenomena. The quantitative analyses of these cell behaviors helped to determine the appropriate seeding
density and attainable confluence degree during one passage, which were 1.0x103 cells/cm? and 0.5 as the initial
and boundary conditions, respectively. In addition, culture operation by passage in serial cultures led to the
achievement of adequate amount of cells with moderate proportion of proliferative cells at the end of culture. An
automated culture system that could manage two serial cultures by monitoring the confluence degree was
constructed. The performance of serial cultures was conducted successfully by monitoring the time-dependent
variation in confluence degree, and the expansion index on a nucleus basis and populational ratio of proliferative
cells at the end of culture reached Z = 201 and R, = 0.32, respectively, which were equivalent to those obtained
in the manual culture performances. The intelligent culture system accompanied with autonomous passage
operation is considered to enhance stabilities not only of culture performance but also of cell populational quality.
These results indicate that the monitoring of confluence degree is effective to perform the culture passage of
myoblasts, being contributable to automating the cell expansion process.

The present work demonstrated that the cell-cell contacts had a significant impact in the reduction of
myoblast growth potential and the induction of differentiation during the in vitro culture. The environmental
modification for enhancing of myoblast migration was an effective way to reduce the cell-cell contacts, and
subsequently the differentiation, resulting in the promotion of cellular expansion. Moreover, the boundary
condition of confluence degree at the end of culture and the initial condition of seeding density were important
operational parameters for the achievement of higher population of proliferative cells. The culture system
developed enabled to determine the time for autonomous passage to perform serial cultures of myoblasts, and
provided stable performance for the expansion of myoblasts in the culture. It was concluded that the
sophisticated process management regarding the optimization of culture conditions and automation of culture
operations assists the in vitro expansion of myoblasts for clinical applications.
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%28 HERBROUEIC L AHEMROMAMRE) 2B\ TH, LEEMERTF (BGF) OFNB L UE#E E~0
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