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Abstract of Thesis 

Large numbers of human induced pluripotent stem cells (hiPSCs) are required for cell therapy 

applications. Suspension culture of hiPSCs is superior to obtain large numbers of cells in comparison to adherent 

culture since high cell number (108-109 cells), as well as better control of process parameters can be obtained in 

stirred suspension bioreactor. In the conventional suspension culture, hiPSCs show initial cell loss during seeding 

due to single cell dissociation, low growth rate due to aggregate heterogeneity, and size limitation during 

late-stage of culture which results in low cell density. Moreover, toxic metabolites (lactic acid, ammonium, etc.) 

accumulate in the culture medium which requires frequent medium change which along with remove autocrine 

factors from medium in conventional suspension culture. Since autocrine factors potentiate the growth of hiPSCs, 

removal of these components from culture medium also results in low cell density in suspension culture. By 

considering these limitations, this study aimed at establishing a simple and scalable method by improving the 

operational design of hiPSC culture for obtaining high cell density with efficient recycling of autocrine factors in 

suspension.  

In chapter 1, size- and time-dependent growth properties of hiPSC aggregate was investigated for setting 

up a boundary condition in which hiPSCs can maintain high growth rate in suspension culture. hiPSCs showed 

size-dependent growth heterogeneity during early-stage, and time-dependent collagen type I accumulation on the 

aggregate periphery during late-stage of culture. Thus, considerations for initial cell number and culture time 

were important to maintain the balance between the secretion of autocrine factors, and the accumulation of 

extracellular matrix on the aggregate periphery to achieve preferable growth of hiPSCs in single aggregate 

culture.   

In chapter 2, a simple method for in situ break-up of hiPSC aggregate was established by revealing the 

temporary effect of botulinum hemagglutinin (HA) for the disruption of E-cadherin mediated cell-cell connections 

in suspension culture. This method allowed high-density culture of hiPSCs through the break-up of aggregates 

into small sizes without initial cell loss during seeding in suspension culture. It also provided the simplification of 

culture operations without enzymatic treatment or washing in suspension culture.   

In chapter 3, a culture medium refinement method was established by using a dialysis filter by which 

toxic metabolites (lactic acid, ammonium, etc.) was removed from the medium, and bFGF, TGF-β1, and other 

autocrine factors were recycled efficiently for the expansion of hiPSCs in suspension culture. This method allowed 

expansion of hiPSCs by changing the medium only once and recycling growth factors, as well as other autocrine 

factors that promoted a cost-effective platform in suspension culture. 

 In chapter 4, medium refinement system was combined with aggregate break-up by HA during 

late-stage of culture for obtaining high-density of hiPSCs in suspension. By using this system, higher growth rate 

as well as higher cell density was obtained by a minimum supplementation of growth factors which provided 

21-times higher yield on culture medium in comparison to the conventional suspension culture.  

Overall, a simple and scalable method for high-density culture of hiPSCs was established by setting up a 

boundary condition for maintaining high growth rate, and breaking up the aggregates into small sizes with HA in 

suspension culture. This method also provided the simplification of passage operations without enzymatic 

treatment or washing in suspension culture. Moreover, the integration of medium refinement system with 

aggregate break-up by HA provided high-density of hiPSCs with high yield on culture medium by efficient 

recycling of autocrine factors in suspension culture. Thus, the improved operational design of hiPSC culture 

provided a cost-effective platform for obtaining high cell density with the simplification of passage operations 

which will promote simple closed-system for large-scale expansion of hiPSCs in suspension culture. 




