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Abstract of Thesis

Human induced pluripotent stem cells (hiPSCs) are a promising source of stem cells for
regenerative medicine. To control the quality and stability of hiPSC expansion for practical
applications, understanding how the cell properties are affected by culture environmental factors during
expansion process 1is critical. The main objective of this thesis is to elucidate the culture—driven
epigenetic memory and its role in modulating the quality of cultured hiPSCs

In chapter 1, formation of epigenetic memory was firstly investigated in hiPSCs under general
expansion conditions including two—dimensional (2D) monolayer and three—dimensional (3D) aggregate
cultures. Quantitative analysis of global histone methylation by western blotting revealed that cells in
2D culture upregulated active H3K4me3 mark and downregulated repressive H3K27me3 mark, whereas the cells
in 3D culture significantly earlier upregulated the H3K4me3 but constantly maintained the H3K27me3.
After subculture into new culture vessels, the cells collected from both 2D and 3D cultures exhibited
their ability to reset and initialize the epigenetic memory to baseline levels detected in the initial
culture period before subculture. Moreover, compared to cells in 2D culture, the cells in 3D culture
demonstrated distinct transcriptional activation of naive pluripotency signatures. Overall, this chapter
described the effect of different culture conditions on epigenetic memory formation and its
initialization after subculture

In chapter 2, the epigenetic memory of hiPSCs was further examined during prolonged expansion
culture at different cell growth phases. Cells collected from exponential and stationary growth phases
maintained the capability of epigenetic memory initialization after subculture; however, the cells
collected from long—term stationary growth phase that formed and lasted the epigenetic memory for
several days in past culture distinctly showed consolidation of epigenetic memory after subculture. In
addition, the epigenetic memory formed at different growth phases in past culture was found associated
with the lineage differentiation preference. Concisely, prolonged expansion of hiPSCs under long-term
stationary phase resulted in the epigenetic memory consolidation after subculture

Taken together, this thesis demonstrated epigenetic memory formation during expansion of hiPSCs
and the impact of past culture experience on epigenetic memory initialization and consolidation after
subculture. This study paves the way for controlling the cell quality by considering epigenetic memory
mechanism, and the improved understanding of cellular responses to the culture environments may help

enable the process design and optimization for manufacturing of hiPSCs.
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