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Abstract
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Recent advances in tissue engineering allowed to construct capillaries by three-dimensional (3D)
culture of vascular endothelial cells. However, since cells randomly migrate into the 3D gel and the
morphological pattern of capillaries is spontaneously formed, vascular morphogenesis cannot be
artificially controlled. It is critical to precisely control the vascular formation pattern in the study of
tissue engineering that attempts to construct various 3D tissues and organs with desired shapes.
Therefore, this study aimed to develop a technology to induce vascular formation in a desired
pattern using ultrashort pulse laser. In this study, a microchannel was fabricated within a 3D
collagen gel formed in a microfluidic device by irradiating and scanning ultrashort pulse laser to
induce the vascular formation pattern. Specifically, the laser irradiation conditions for fabricating
nm-scale microcracks by disrupting collagen fibers and ym-scale microchannels by laser ablation
were investigated. As a result, we succeeded in fabricating microchannels of 10-20 ym within the
collagen gel formed in a microfluidic device. Furthermore, we demonstrated that human vascular
endothelial cells can be cultured on a collagen gel with a microchannel fabricated by laser
irradiation. These results implicate the possibility to induce the desired vascular formation pattern
in a 3D gel by fabricating microstructures with ultrashort pulse laser. Since dominant parameters
for laser fabrication have been clarified, it is feasible to fabricate microchannels more precisely in a
future study. The development of a novel tissue engineering technology is expected based on the
present study, which contributes to the advancement of future tissue engineering and regenerative
medicine.
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Recent advances in tissue engineering allowed to construct capillaries by three—dimensional (3D) culture of vascular endothelial cells.
However, since cells randomly migrate into the 3D gel and the morphological pattern of capillaries is spontaneously formed, vascular
morphogenesis cannot be artificially controlled. It is critical to precisely control the vascular formation pattern in the study of tissue
engineering that attempts to construct various 3D tissues and organs with desired shapes. Therefore, this study aimed to develop a
technology to induce vascular formation in a desired pattern using ultrashort pulse laser. In this study, a microchannel was fabricated
within a 3D collagen gel formed in a microfluidic device by irradiating and scanning ultrashort pulse laser to induce the vascular
formation pattern. Specifically, the laser irradiation conditions for fabricating nm—scale microcracks by disrupting collagen fibers and
um—scale microchannels by laser ablation were investigated. As a result, we succeeded in fabricating microchannels of 10-20 um
within the collagen gel formed in a microfluidic device. Furthermore, we demonstrated that human vascular endothelial cells can be
cultured on a collagen gel with a microchannel fabricated by laser irradiation. These results implicate the possibility to induce the
desired vascular formation pattern in a 3D gel by fabricating microstructures with ultrashort pulse laser. Since dominant parameters
for laser fabrication have been clarified, it is feasible to fabricate microchannels more precisely in a future study. The development of
a novel tissue engineering technology is expected based on the present study, which contributes to the advancement of future tissue
engineering and regenerative medicine.
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