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English

The principal theme our platform has been the mathematical understanding of life by means of
cell imaging-based multidimensional data. We have successfully shown how activity changes of
signaling molecules lead to cell migration and formation of complicate three-dimensional structures
of tissues and to describe the phenomena in mathematical terms. Followings are representative
achievements, primarily produced by the faculty members employed at the platform.

Aoki’s group studied the dynamic change in ERK MAP kinase activity, which plays an important
role in cell proliferation and tumorigenesis. They found stochastic activation and intercellular
propagation of ERK activation. Optogenetic tools enabled them to show that cell proliferation is
dependent on the frequency of ERK activation, but not their amplitude. Furthermore, Matsuda’s
group have shown such stochastic activation and propagation of ERK activation could also be
observed in the skin of living mice and named the phenomenon as Stochastic Propagation of Radial
ERK Activity Distribution. They also showed that SPREAD plays critical role in the promotion of
growth factor-mediated cell proliferation.

Honda’s group developed a computational method to identify quantitatively information
processing underlying intracellular signal transduction based on time lapse imaging data. By
applying this method to analysis of cell migration, they discovered a hidden information processing
from molecular signals to morphological change of the cells. Furthermore, by the use of the
identified information processing, they successfully predicted cell migration and morphological
change.

In collaboration with Aoki’s and Honda’s groups, Kondo’s group developed a non-invasive
method to estimate biophysical parameters from time-lapse imaging data by combining biophysical
tissue modeling and statistical machine learning. By this way, they have shown physical answer on
the question how cells migrate collectively in vitro. Meanwhile, to understand the cell migration in
vivo, Hirashima’s gropud in collaboration with Adachi’s group constructed mathematical models by
integrating 3D fluorescence imaging and multicellular mechanics-based simulation analysis. They
identified chemical compounds involved in size regulation of multicellular tissues. By this way, they
predicted intercellular signaling systems in the tissues, leading to the establishment of novel cellular
response to control the tissue morphogenesis.

Finally, Enomoto’s group used Drosophila genetic approach to show that the Src
oncogene-activating cell clones regulate tumor microenvironment by JNK-dependent propagation of
Hippo pathway activity. They also found that Ras signaling switches the role of JNK signaling from
pro-apoptosis to pro-proliferation via F-actin accumulation, which leads to activate Yki through
Warts/Lats inhibition. Based on these results, they propose a mechanism by which oncogenic mutant
cells control tumor microenvironment through cell-cell communication.

In conclusion, through these achievements, we have successfully shown that by means of
imaging data, we could understand the mechanism of cell migration and tissue morphogenesis in
mathematical terms and show a prospect of biology.
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