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Regenerative medicine that transplants cellular tissues has been attracting attention, and in
particular, regenerative medicine using cell sheet transplantation is expected to be an effective
treatment. In contrast, cell sheets with high metabolic activity consisting of hepatocytes and
cardiomyocytes undergo necrosis due to a lack of oxygen and nutrients before new blood vessels
are generated after transplantation. In this study, we prepared nanopatrticles that release
angiogenic factors in the vicinity of cellular tissues in vivo and transplanted them together with
hepatocyte sheets to improve the engraftment rate of transplanted tissues.

An aqueous solution of fibroblast growth factor (bFGF) was added to a 9:1 acetone:ethanol
solution of poly(lactic acid)-polyglycolic acid copolymer (PLGA) along with the surfactant Span80.
PLGA nanoparticles containing bFGF were prepared by electrospraying the prepared solution. The
structures of the prepared nanoparticles were observed by electron microscopy. The nanoparticles
were immersed in PBS to evaluate the release of bFGF from the nanoparticles. Hepatocyte sheets
were prepared in temperature-responsive culture dishes and implanted subcutaneously into rats
with the prepared nanoparticles. One week later, hepatocyte sheets were evaluated for viability
and angiogenesis using fluorescent immunostaining with DPP4, RECA-1, and DAPI.

The shape of the nanoparticles was examined using electron microscopy. When the applied
voltage was 15 kV, agglomerates of nanoparticles were formed, but when the applied voltage was
12 kV, the particles fused into a sheet shape. This may be due to the fact that the PLGA-bFGF
emulsion was not finely sprayed and did not become particle-like when the applied voltage was low
during electrospray spraying. The nanoparticles released 63.6% bFGF at 24 h and 79.8% bFGF at
96 h. The release of bFGF was faster for smaller particles, which was thought to be due to the
larger surface area and accelerated degradation of PLGA. Immunostaining of the transplanted
hepatocyte sheet site one week after transplantation confirmed the viability of the hepatocyte
sheets in rats transplanted with hepatocyte sheets and bF GF-releasing nanoparticles. In contrast,




when only hepatocyte sheets were transplanted or when hepatocyte sheets and aqueous bFGF
solution were transplanted, little or no cell survival was observed. Staining of vascular endothelial
cells at the transplantation site showed that the occupancy rate of endothelial cells was higher
when hepatocyte sheets were transplanted with nanoparticles. This is thought to be due to the
continuous supply of bFGF from the transplanted nanoparticles, which induces angiogenesis at the
transplantation site and results in the viability of the hepatocyte sheet.

These results indicate that the bFGF sustained-release nanoparticles fabricated in this study can
improve the survival of the hepatocyte sheet after transplantationion.
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Regenerative medicine that transplants cellular tissues has been attracting attention, and in particular,
regenerative medicine using cell sheet transplantation is expected to be an effective treatment. In contrast, cell
sheets with high metabolic activity consisting of hepatocytes and cardiomyocytes undergo necrosis due to a
lack of oxygen and nutrients before new blood vessels are generated after transplantation. In this study, we
prepared nanoparticles that release angiogenic factors in the vicinity of cellular tissues in vivo and transplanted
them together with hepatocyte sheets to improve the engraftment rate of transplanted tissues.

An aqueous solution of fibroblast growth factor (bFGF) was added to a 9:1 acetone:ethanol solution off
poly(lactic acid)-polyglycolic acid copolymer (PLGA) along with the surfactant Span80. PLGA nanoparticles
containing bFGF were prepared by electrospraying the prepared solution. The structures of the prepared
nanoparticles were observed by electron microscopy. The nanoparticles were immersed in PBS to evaluate the
release of bFGF from the nanoparticles. Hepatocyte sheets were prepared in temperature-responsive culture
dishes and implanted subcutaneously into rats with the prepared nanoparticles. One week later, hepatocyte
sheets were evaluated for viability and angiogenesis using fluorescent immunostaining with DPP4, RECA-1, and
DAPI.

The shape of the nanoparticles was examined using electron microscopy. When the applied voltage was 15 kV,
agglomerates of nanoparticles were formed, but when the applied voltage was 12 kV, the particles fused into a
sheet shape. This may be due to the fact that the PLGA-bFGF emulsion was not finely sprayed and did not
become particle-like when the applied voltage was low during electrospray spraying. The nanoparticles
released 63.6% bFGF at 24 h and 79.8% bFGF at 96 h. The release of bFGF was faster for smaller particles,
which was thought to be due to the larger surface area and accelerated degradation of PLGA. Immunostaining
of the transplanted hepatocyte sheet site one week after transplantation confirmed the viability of the




hepatocyte sheets in rats transplanted with hepatocyte sheets and bFGF-releasing nanoparticles. In contrast,
when only hepatocyte sheets were transplanted or when hepatocyte sheets and aqueous bFGF solution were
transplanted, little or no cell survival was observed. Staining of vascular endothelial cells at the transplantation
site showed that the occupancy rate of endothelial cells was higher when hepatocyte sheets were transplanted
with nanoparticles. This is thought to be due to the continuous supply of bFGF from the transplanted
nanoparticles, which induces angiogenesis at the transplantation site and results in the viability of the

hepatocyte sheet.

These results indicate that the bFGF sustained-release nanoparticles fabricated in this study can improve the
survival of the hepatocyte sheet after transplantationion.
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