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Abstract
We aimed at the large-scale culture of functional pancreatic beta cells from

human 1PS cells for islet transplantation.

1 Floating culture system

We succeeded in differentiating functional pancreatic beta cells from human
1PS cells in adherent culture. We can provide enough cells for mouse
transplantation experiment with one 6¢cm culture dish. Since the number of
1slet required for transplantation is 2000 times more in human than in
mice, it 1s not reasonable to use culture dishes manually. We determined to
use floating culture system because scaling up was relatively easier in
floating system than in adherent culture. We compared the floating culture
methods between 30ml spinner type culture vessels and gyrating culture
dishes. We chose 30ml spinner type culture vessels for floating culture
methods, because cell aggerates (spheroid) were easier to form and less
adhesive each other. We had to optimize the rotation speed of the fan in the
vessel to minimize the shear stress to the cells. Although the basic protocols
of adherent culture could be applied to the floating culture, the expression
level of NKX6.1, one of the important markers of the pancreatic beta cells,
was needed to improve. After many trials and errors, we managed to line up
the islet-like spheroids which were almost the same size and we could
enhance the expression level of NKX6.1. Consequently, we detected certain

amount of human C-peptide in vitro secretion experiments (GSIS:Glucose



stimulated insulin secretion). We applied the patent regarding new method
for inducing definitive endodermal cells from iPS cells because we found the
first differentiation step was very important. When we transplanted human
islet-like spheroids (4-6x106 cells ) under the kidney capsule of STZ- induced
diabetic NOD-SCID mice, non-fasting blood glucose gradually lowered and

kept normal level more than 100 days.

2 Functional analysis of induced islet-like cells

We also noticed that good response of GSIS before transplantation did not
always corelate with the rapid lowering the blood glucose level after
transplantation. The possible reasons are difficulty of survival of injected
cells and immaturity of the cells. We improved the methods of injecting cells
to avoid the mechanical damage and survival rate of cells increased. Next,
we injected human 1PS-derived islet-like cells into normal NOD-SCID mice
and STZ was administered 2, or 4, or 6 weeks later. Since STZ is sensitive to
mouse pancreatic f3 cells while it is resistant to human pancreatic f cells,
administration of STZ led to remove mouse pancreatic B cells. When STZ
was administered 2 weeks after cell transplantation, non -fasting blood
glucose level was elevated more than 200mg/dl. However, when STZ was
administered 4 or 6 weeks after cell transplantation, blood glucose level was
not elevated and remained within normal range. These results suggest that
it takes about 4 weeks for human 1PS-derived islet-like cells to maturate in

Vivo.

3 Use of iPS cell lines established by CiRA

We started to use clinical grade iPS cell lines established by CiRA. However,
we had to optimize culture conditions for each 1PS cell line because it has
own characteristics for proliferation and differentiation. Among 10 cell lines

tested, we chose one cell line, 15M63, because it was easily adapted for



floating culture and it was shown for endodermal differential potential. We
differentiated these cells into islet-like cells as spheroid and made fibers in
which these spheroids were encapsulated with alginate. Then we
transplanted these fibers into intraperitoneal space for STZ- induced
diabetic NOD-SCID mice. Non-fasting blood glucose gradually lowered and

kept normal level more than 120 days.

4 Separation devices against immune cells

We developed micro and macro devices for avoiding attack of immune cells
after cell transplantation. As a micro device, porcine islets or MING cells
were encapsulated with hydrogel and transplanted into diabetic nude mice.
Although we found improvement of blood glucose level more than 3 months,
hydrogel tended to melt gradually and lose cell function. When these cells
were encapsulated into macrodevices and transplanted into diabetic nude
mice, blood glucose level improved more than 6 months without damage of
device. However, fibrosis and adhesion were noted around the device long

time after transplantation.

5 Study for transcription factors regarding pancreatic S cells

We investigated the important transcription factors for pancreatic j cells
such as MafA and MafB. They are identified as the important factors for
insulin gene expression, however, we found they played important roles on
the maturation and maintenance of pancreatic S cells. We also found MafA

formed the core transcription network for the pancreatic S cell function.
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