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Final Research Report

Purpose and Objectives

The objective of this research is to develop a novel simulation technology to predict the dynamic
formation of three-dimensional tissues. This technology will be applied to optic cup organoids derived
from mouse embryonic stem cells. The goal is to quantitatively predict the mechanisms and key factors
causing significant variations in tissue formation and to understand the mechanisms of tissue

deformation.
Background

Advances in stem cell culture technology for regenerative medicine have enabled the creation of various
tissues. However, current techniques often result in significant variability in the size, differentiation
state, and spatial distribution of cells in the cultured tissues. To address this issue, quantitative
predictive techniques using computational simulations are considered valuable for controlling these

variables.
Mechanism of Optic Cup Organoid Formation

In the formation of optic cup organoids, significant variability in the number and shape of optic vesicles
and cups was observed. Using live imaging and custom-developed simulation technology, it was found
that the presence of optic vesicles and cups is influenced by the size of the Rx-positive tissue regions.
These regions dynamically change due to reversible changes in Rx expression, cell movement, and fusion

of Rx-positive tissue regions.
Understanding Tissue Deformation

Optic vesicles and cups are formed by bending deformation of neural epithelial tissues in Rx-positive
regions. Mechanical manipulation experiments revealed an elastoplastic transition in the tissue: elastic
responses to short-term deformation and plastic responses to long-term deformation. This transition is

regulated by actin cytoskeleton and the EGFR-PI3k-Akt pathway.
Development of Simulation Technology

A new simulation technology integrating cell polarity and cell movement was developed to analyze the
formation mechanisms of Rx-positive tissue regions. This model describes cell dynamics using polarity

vectors and tension gradients based on environmental information.
Identification of Variability Factors

Live imaging of multiple organoids revealed that the variability in optic cup formation is influenced by
reversible changes in Rx expression, cell movement, and fusion of Rx-positive regions. Additionally,
simulation predicted that the separation of polarized and non-polarized cells leads to the formation of
Rx-positive regions.

Conclusion

This research developed a novel simulation technology that clarified the mechanisms and factors causing
variability in the formation of three-dimensional tissues, particularly in optic cup organoids. The

findings provide a quantitative understanding of tissue formation and deformation mechanisms, offering

fundamental insights for precise control in regenerative medicine.



