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functional cells in tissue regeneration
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This thesis concludes the achievement of studies on engineered microenvironment for manipulating functional
cells in tissue regeneration. This thesis includes general introduction, 2 main parts and 5 chapters, and
summary. The results obtained through this study are summarized as follows:

In part I, chapter 1 and 2, the effect of ECM proteins (gelatin, collagen type-I, and fibronectin) on
beating duration of rat neonatal cardiomyocytes and on differentiation of P19.CL6 carcinoma stem cell to
cardiomyocytes was studied. Both of the beating duration and differentiation were greatly improved on gelatin in
contrast to the case on collagen type-I and fibronectin. Mechanical property (elasticity) and biological activity of
substrate affect the elongated cells beating duration and differentiation. The highly elastic feature of the
matrices of gelatin, fibronectin bound onto gelatin and developed fibrin matrices may allow easier contraction of
cardiomyocytes, which results in the larger action potential and longer beating duration on gelatin. These
results show that, gelatin was the best substrate for cardiac cell manipulation.

In chapter 3, the effects of inducer, substrates, and cell geometry during induction on differentiation of
cell-MSC to beating cardiac cells were evaluated. The mixture of 5-azacytidine, vitamin C, and bFGF is the most
effective in leading to cardiac marker and cardiac differentiation marker expression. As it is different from the
conventional monolayer culture method, mesenchyamal stem cells (MSCs) were treated in suspension condition
for 2 hours and cultured on gelatin, collagen type-I, and fibronectin substrates. A large number of beating cells
was found on gelatin substrate after 4 weeks induction. This result was similar in preliminary study in chapter 1
and 2. The differentiation efficiency was enhanced by suspension induction, may be related to the proliferation
activity which has not yet started in the suspension condition. The cell proliferation in suspension induction was
suppressed compared to the conventional monolayer induction. The suppression of cell proliferation is related to
the high expressions of cardiac differentiation marker troponin C type-2 and cardiac marker troponin T type-1 in

suspension induction. These results clearly show that, gelatin substrate, the mixture of inducers (5-azacytidine,

vitamin C, and bFGF), and cell geometry in suspension condition were the best microenvironments for cardiac
differentiation of MSC.

In part II, chapter 4, hepatocytes were cultured in bioreactor. Copolymer of poly (y-methyl-L-glutamate)
(PMLG) and the polyurethane (PAU) were used to enhance the hydrophilicity of polytetrafluoroethlyne (PTFE)
non-woven fabric; bioreactor membrane. To enhance the mass transfer, radial flow was introduced into this
bioreactor for supplying fixed pH culture medium, fixed oxygen rate, and nutrients to the hepatocytes. The
radial flow allows the medium culture to flow in the bioreactor entirely. As a result, the ammonium metabolism
rate and albumin production were maintaining at high value for 1 week.

In chapter 5, the effect of epigallocatehin-3-gallate on preservation of hepatocyte functions was studied.
Different concentrations of EGCG were added to the culture medium and monolayer cultured cell was kept at
room temperature for 4 days. The best concentration of EGCG to preserve hepatocyte functions was 0.25 mg/mL.
At concentration of 0.25 mg/mL, albumin production was fully recovered but, the ammonium metabolism was not
recovered in monolayer at pos-preservation. In the bioreactor, the ammonium metabolism and albumin
production were fully recovered at-post preservation at concentration of 0.25 mg/mL. This result shows that, the
hepatocyte functions could be preserved by controlling the microenvironments especially the medium, chemical
concentration, cell geometry, and temperature.
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