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Guidance of axon outgrowth activated by femtosecond laser processing in a microfluidic
device
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The study of guided axon outgrowth is a_ssential in neuroscience, both in vitro and in
vivo. Femtosecond (fs) laser is a tool that allows precise guided axon outgrowth and
axonal integration due to its spatiotemporal resolution low heat production, and less
collateral tissue damage In addition, the 1ncorporat10n of the microfluidic device has also
been reported can increase the effectiveness and reliability of observation. In thls
dissertation, the research aims to develop a precise and real-time fs laser penetration on a
4 um thick thin-glass sheet to allow guided axon outgrowth of neurons by molecular
gradients in a microfluidic device. |

In Chapter 2, it demonstrated the methods for guided axon outgrowth by molecular
gradients generated from laser—fabricated' micro-holes. The microfluidic device was
fabricated to provide the introduction of an axon‘guidance molecule (i.e., netrin-1) and
the embedded of a culture substrate (i.e., a 4 Om thin-glass sheet) penetrated by fs laser
pulses. Simulation and experimental characterization of gradient generation were
conducted to profile the generated molecular gradieht thfough tha ‘mic‘rQ-holes.'The
hippocampal neurons were 611_1tured on the microfluidic device. An amplified
- femtosecond lasar pulse was focused and irradiated the thin-glass sheet through a 10x
objective lens (NA. 0.25) to fabricate the micro-holes to release the netrin-1. The
repetition rate and pulse energy density of the fs laser were 1 kHz and 5.3 J/em2,
respectively. Afterward, time-lapse imaging was performed to investigate continuous
guided axon outgrowth towards the fabricated micro-holes.

In Chaptér3,-the neurons were manipulated by irradiating the thin-glass sheet to
 fabricate the micro-holes in one area in the cen;cer of the thin-glass sheatl The netrin-1
~ gradient was generated on the microfluidic device, affecting axon alongation and axon
outgrowth. Higher axon outgrowth rate and guided axon outgrowth towards the micro-

holes were observed. Guided axon outgrowth was indicated as a positive turn of axon



before and after laser processing. )

In Chapter 4, to realize precise guided axon outgrowth on the scaffold, the fabriéation
of micro-holes in the multiple areas of the thin-glass sheet by f5 laser pulses was.
performed. This experiment enabled the spatial control to induce guided axon outgrowth
towards varied locations. Similar to one-area scheme, guided axon outgrowth towards
each micro-hole with higher axon outgrowth rate was shown. These phenomena were
significantly higher than control group. Finally, axons’ responses, such as guided time,
guided length, and axon outgfowth rate, were also dependent on the distance to the micro-
holes. |

Chapter 5 gave the analysis after single-cell manipulation is indispensable to gather
cellular and subcellular information at a single-cell level. In this study, we conducted
selective sorting of immortalized megakaryocyte progenitor cell lines (imMKCLs) and
myoblast cell lines (C2C12) by fs laser _séanning. |

Chapter 6 summarized that a system integrating' femtosecond laser and microfluidic
device could achieve guided axon outgrowth of neurons with precise, non-invasive, and
real-time actuation. In addition, femtosecond laser scanning ;clllowed a short processing
~ time with a high success rate of cell detachment and sorting. The laser scanning had a

negligible effect on the behavior of the sorted cells.
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