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Fig. 1. MLO-Y4 force-displacement curve.
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Introduction
We have shown earlier that the nitric oxide (NO) response of bone cells to fluid shear stress (at 5 and 9
Hz) and vibration stress (5-100 Hz) correlated with the applied stress-rate [1,2]. This suggests that bone
cellular metabolic activity and mechanical properties are related. To understand the relation between
cellular metabolic activities and mechanical properties, a physical portrait of cell viscoelasticity is needed.
Therefore, here we develop a novel application of two-particle microrheology [3] to characterize the
viscoelasticity and probe the mechano-activity of bone cells.
Methods
MLO-Y4 osteocytes (kindly provided by Dr. L. F. Bonewald), MC3T3-E1 osteoblasts, and CCL-224
fibroblasts were incubated at 22°C and 37°C, using CO2-independent medium. Fibronectin-coated
polystyrene spheres were optically trapped and maneuvered to capture a cell (fig. 1). The cell stiffness
was measured by perturbing one of the spheres (fig. 1). Cell mechano-activity was characterized as the
difference in the cell compliance from actively deforming the cell (active mode), and passively
monitoring the fluctuations of the two spheres (passive mode). Cell mechano-activity was also
characterized by morphological changes and the external force fluctuations induced by the cells on the
attached spheres.
Results
MLO-Y4 cells were relatively less stiff compared to MC3T3-
E1 cells. MLO-Y4 cells showed an elastic plateau < 20Hz, a
viscoelastic transition from 20-100Hz, and viscoelastic
stiffening > 100Hz. MLO-Y4 cells exhibited morphological
changes, and increased attachment area with the fibronectin-
coated spheres. CCL-224 cells showed highest mechano-
activity, having highest difference in compliance measured by
passive and active modes. The external force fluctuation was
found proportional to ω-2 (i.e., <f f*> ∝ ω-2).
Discussion
Previously, we showed that osteocytes are more mechano-
sensitive than osteoblasts. The differences in viscoelastic modulus between MLO-Y4 and MC3T3-E1
cells suggest a close relation between the mechanical properties and metabolic activity of these cells.
Furthermore, the viscoelastic property changes in MLO-Y4 cells might relate to the stress-rate dependent
release of NO. Continued morphological adaptation by MLO-Y4 cells during sphere attachment, supports
the notion that morphology and stress induction by cells are related. High mechano-activity by CCL-224
might indicate faster metabolism necessary for mobility. Finally, the proportionality between the external
force fluctuation with ω-2, indicates a quantifiable signature for non-thermal related activity by bone cells.
This signature is expected in continuums with slowly evolving internal processes [4]. Our results show
novel correlations between mechanosensitivity, mechano-activity, and the viscoelasticity of bone cells,
furthering insight for the osteogenic response of bone cells to stress.
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