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Abstract

Development of tissue-engineered liver is an ongoing study for the future therapy of liver diseases. Its
major challenge is reconstruction of sinusoidal structures. The sinusoids are functional multicellular
complex composed of hepatocytes, hepatic stellate cells (HSCs) and endothelial cells (ECs), and
responsible for highly differentiated functions of the liver. Therefore, the reconstruction of the sinusoidal
structures is essential to achieve the functional liver tissues in vitro. However, the reconstruction of the
sinusoidal structures has not been achieved yet. The role of HSCs in the sinusoid formation in vivo has
been increasingly recognized. Therefore, this dissertation focused on a reconstruction of liver sinusoids
in vitro using small hepatocytes (SHs) i.e., hepatic progenitor cells, HSCs and ECs and elucidating the
HSC’s role in the reconstruction process.

Chapter 1 summarizes the background and purpose of this dissertation.

Chapter 2 summarizes the previous studies.

Chapter 3 summarizes the materials and methods.

Chapter 4 describes a reconstruction of HSC-mediated sinusoidal structures in vitro. In the sinusoids,
HSCs mediated between layers of hepatocytes and EC capillaries. These HSC-mediated sinusoidal
structures are essential to form the functional complex of these cell types. SHs and HSCs were first
isolated from adult rat livers and cultured on polyethylene terephthalate (PET) microporous membranes.
The SHs formed single-layered colonies on the membranes while HSCs resided in the micropores.
Thereafter, ECs were inoculated on the opposite side of the membranes, resulting in a formation of the
HSC-mediated structures. To obtain these structures, spatial control of HSC behavior by changing the
pore size was critical. Furthermore, HSCs were confirmed to mediate the SH-EC communication in
terms of EC morphogenesis. These results indicate that the SH-HSC-EC physiological complex can be
achieved in the reconstruction of the HSC-mediated structures.

In chapter 5, an effect of direct contacts between HSCs and ECs on EC capillary formation was
determined in the SH-HSC-EC tri-culture. The HSC—EC contacts are increasingly recognized for their
roles in EC capillary morphogenesis. However, the hypothetical role of HSC-EC contacts in
morphogenesis remains unclear in the tri-culture. HSC-EC contacts were shown to inhibit EC capillary
morphogenesis, suggesting that the HSC-EC contacts may be an important factor in EC capillary
formation. In addition, ECs responded to the induction of capillary morphogenesis before the formation
of HSC—EC contacts, suggesting that both spatial and temporal, of HSC behavior is a key engineering
strategy for the reconstruction of sinusoidal tissue in vitro.

Chapter 6 describes the reconstruction of HSC-incorporated sinusoidal structures. In the sinusoids,
HSCs surrounded the outer surface of EC capillary structures. To achieve these structures, heterotypic
cell-cell interactions across the membranes need to be improved. To overcome this problem, poly (b,
-lactide-co-glycolide) (PLGA) microporous membranes were used. When pore size and porosity of the
membranes were optimized, HSCs surrounded the EC capillary structures, resulting in the
reorganization of sinusoidal-like structures. This model will provide a basis for the construction of
functional, thick, vascularized liver tissues in vitro.

Finally, Chapter 7 summarizes the results of this study and describes its future prospects.
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