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[Introduction] Formation of cellular polarization mimicking the liver microenvironment should be necessary 
for preservation and maintenance of the long-term hepatic functions in an in vitro hepatocyte culture. In this 
study, we aim to construct a dense co-culture system in a new three-dimensional galactosylated-chitosan (GCs) 
/hyaluronic acid (HA) hybrid sponge to simulate the liver microenvironment. The GCs/HA hybrid sponge was 
expected to bind to both hepatocytes (through GCs) and endothelial cells (through HA), and be useful for the 
co-culture of hepatocytes and endothelial cells. This thesis is divided into 6 chapters as follows. 
[Chapter 1: General introduction] This chapter mainly focused on the general background and the aims of this 
research.
[Chapter 2: Materials and methods] The experiments were conducted according to institutional ethical 
guidelines of Tokyo Institute of Technology for animal experiments and safety guidelines for recombinant DNA 
experiments.
[Chapter 3: Preparation and characterization of GCs/HA hybrid sponge] In this chapter, we synthesized 
GCs, and fabricated GCs/HA hybrid sponges by freeze-drying method. The interconnected open porous 
characterization of sponge was observed by SEM. It would be expected to apply for constructing the 
high-density of hepatocyte and endothelial cell co-culture system.  
[Chapter 4: Construction of primary hepatocyte/endothelial cell co-culture system using GCs/HA hybrid 
sponge] In this chapter, primary hepatocytes, isolated from the liver of the DsRed transgenic mouse, and GH7, 
an EGFP gene-expressing EAhy926 cell line, were used. The specific interactions and biocompatibility between 
cells and materials were investigated. We succeeded in constructing the hepatocyte and GH7 co-culture system 
in terms of liver specific gene expression, urea production and testosterone metabolism.  
[Chapter 5: Construction of hepatic progenitor cell/endothelial cell co-culture system using GCs/HA 
hybrid sponge] Primary hepatocytes exhibit high function, but face the problems such as difficult proliferation 
in vitro and function degrade dramatically. Therefore, in this chapter, hepatic progenitor cells (HPC), derived 
from portal branch-ligated liver, which exhibit spontaneous proliferation and the ability to differentiate into 
hepatocytes and biliary duct cells, was used. We cultured HPC and GH7 in the GCs/HA hybrid sponge and 
differentiated into mature hepatocytes. The HPC exhibited mature hepatocyte function such as liver specific 
gene expression and urea production.  
[Chapter 6: General conclusions and prospection] In this chapter, we concluded this research and expected 
the high-density co-culture model might be employed in liver tissue engineering, and holds promise towards the 
development of a bioengineered artificial liver system.	
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