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[Purpose and Background of the Research]

A biological system has a hierarchical structure,
consisting of molecules, cells, tissues and organs.
To understand pathophysiological phenomena, we
must clarify interactions from molecular to organ

levels. In this project, we will establish
“Integrated nano-biomechanics” for analyzing
multi-scale interactions 1in pathophysiological
phenomena. We integrate computational,

theoretical, and experimental biomechanics at the
molecular, cellular, tissue, and organ levels. We
will clarify biomechanics of diseases, including an
infectious disease, malaria, cancer metastasis,
primary ciliary dyskinesia etc., and will develop
new methods for the prediction, diagnosis and
treatment of such diseases.

[Research Methods]

We establish integrated nano-biomechanics by
a bottom-up approach from the molecular level to
the organ level (Fig. 1).
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Fig. 1. Integrated nano-biomechanics

At the molecular level, we develop a
numerical model of ligand-receptor bindings,
based on binding kinetics measured by atomic

force microscopy, for simulating cytoadhesion of
malaria-infected red blood cells. The axonemal
structure of respiratory cilia is also clarified using
cryo-electron tomography to numerically model
ciliary motion.

These models at the molecular level are
extended to cellular models, such as a red blood
cell model, a platelet model, a cancer cell model,
and a ciliated cell model. We then simulate
cytoadhesion of malaria infected red blood cells,
thrombogenesis, cancer metastasis, primary
ciliary dyskinesia, and swallowing disorders at
the tissue and organ levels.

[Expected Research Achievements and
Scientific Significance]

Integrated nano-biomechanics will give novel
understandings of diseases from the mechanical
perspective. We will be able to predict the
progress of diseases on computers to provide new
diagnosis and treatment methods.
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