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Light-responsive dynamically manipulatable cell culture platforms

for revealing the mechanism of cellular mechanostructural memory
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In this project, I'm aiming to reveal cellular memory phenomena in response to environmental
mechanostructural factors, such as topography and elasticity of substrates, and its mechanism.
Specifically, I will develop a dynamic cell culture platform enabling spatiotemporal control of
substrate topography and elasticity in order to investigate the effect of the culture history of an
extracellular mechanostructural environment on stem cell behaviors. Understanding the
spatiotemporal role of mechanostructural information of cellular surrounding through this project to
lead further an emergence of four-dimensional mechanobiology research. In this fiscal year, I focused

on three subthemes as follows.



(1) Optimization of stimuli-responsive cell culture platform for stem cell culture
Two types of dynamic materials such as photodegradable hydrogels and shape memory elastomers

were developed as cell culture substrates. Its established that it is difficult to consider the effect of
temporal shape change for conventional temperature-responsive shape memory elastomer system
since temperature change of the whole system is necessary. Thus, photoresponsive shape memory
elastomers have been developed in this work by composite with the photothermal material. The
successful fabrication of both photodegradable hydrogel and photoresponsive shape memory
elastomers enabled control of stiffness and topography in response to light irradiation in the presence
of adhered cells. This new approach allowed us to investigate the temporal effect of shape change and

stiffness change on cell behaviors.

(2) Establishment of protocol on the differentiation of stem cell

I aimed to establish a standardized protocol for adipogenesis and osteogenesis of human
mesenchymal stem cells (h(MSC). The system consisting of a plastic dish, adipogenic (oil red o) and
osteogenic (alkali phosphatase) positive cells were observed by selecting an appropriate medium and
differentiation-inducing factors for each differentiation experiments. However, I found that the
differentiation efficiency might be varying among each experiment, suggesting that there is a

reproducibility problem.

(3) Screening of optimum mechanostructural conditions for differentiation of stem cell
Materials and mold for patterning substrates were designed and fabricated to perform the

screening experiments. I then looked to optimize elasticity and topography for efficient differentiation
of hMSC to adipogenesis, osteogenesis, and neurogenesis. I succeeded in obtaining a cell culture
substrate that broadly covered the elasticity ranges from kPa to MPa. In addition, molds with nano-
grooves and nano-post structures were fabricated for patterning of shape memory elastomers. Finally,

I found that the mold structures were efficiently transferred onto designed shape memory elastomers.
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