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Matrix viscoplasticity and its shielding by active cell mechanics
in engineered microtissues1 ALAN LIU, Johns Hopkins University, HAILONG
WANG, University of Science and Technology of China, CRAIG COPELAND,
NIST, Gaithersburg, MD, CHRISTOPHER CHEN, Boston University, VIVEK
SHENOY, University of Pennsylvania, DANIEL REICH, Johns Hopkins Univer-
sity — The physical interplay between cells and the surrounding extracellular ma-
trix under mechanical stimulation is critically important to physiological function.
To elucidate this interaction, we combined experiments on 3D bioengineered bovine
smooth muscle microtissues with mathematical modeling to reveal a heretofore unap-
preciated interplay between active cell mechanics and matrix viscoplasticity.2 When
stretched on magnetically actuated microcantilever force sensors, the microtissues
response was dominated by the cells’ actomyosin dynamics, which shielded an un-
derlying viscoplastic response of the matrix that was revealed upon cell lysis. This
behavior is quantitatively described by a model that couples Hill-type actomyosin
dynamics with plastic perfectly viscoplastic matrix dynamics. Actuation experi-
ments on single cells confirmed the active cell dynamics and were described by a
single-cell version of the model. These results suggest the need for new focus on
matrix plasticity to describe tissue dynamics.
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