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1) It is known that cells can sense the externally applied force and also probe mechanical properties of outside world. It
is likely that they do this by actively exerting force to surrounding matrices and react with chemical signals. Theses
processes collectively referred to as mechanosensing play critical role for cell migration, proliferation, differentiation etc.
Thus cell mecahnics, force generation and mechano-sensing has elicited large interest from industry, as well as science
field, such as tissue engineering, drug delivery and regenerative medicine.

However, understanding of exact and quantitative mecahnism of mechano-sensing/cell mechanics requires
breakthroughs/advances in both experimental and theoretical physics. That is partly because active force generation
inherently drives cells far from equilibrium, where a direct and intimate connection between forces and mechanics are
expected.

In this study, we develop an experimental system to accurately probe the cellular traction force of mechano-sensitive
cells with controlloed morphology. Our approach (simultaneous active/passsive microrheology) and definition of active
cellular force depend on the extension of fluctuation-dissipation theorem, one of the most fundamental principles for
equilibrium systems, into nonequilibrium. This approach allowed us access to the physical mechanism for the
transmission of intracellularly generated force into mechano-sensors.

Based on the quantitative observation reported here, we propose that cells explore the mechanical property of surroudings
by using their own stiffness as reference. .
2)

Nitric oxide (NO) has recently found to have key signaling functions in and between cells, particularly in higher
organisms. One example we are interested in is load-controlled remodeling of bone structure, which is effected by
mechanosensitive osteocytes communicating via NO to other cells. Measuring NO production on the level of cells is a
pivotal step to understand these complex regulatory systems. It has, however, been difficult until now to monitor NO
production on the cellular level, mainly because of the highly reactive character of NO. In this study, we demonstrate a
fluorescence-based method to quantify the spatio-temporal distribution of intracellular NO in mechanically stimulated
osteocyte-like cells.




