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Force dictates function

| was brought to mechanobiology by the stunning observation that forces not only
constrain the shape of cells and propel the morphogenesis of tissues but also act as
true signals to steer cell behavior. In its simplest display, this entails the remodeling
of cytoskeletal and adhesion structures to resist forces. However, this can have more
profound effects, including the coordinated rewiring of organelles’ functions, metabolic
pathways, gene transcription, and epigenetics and thus, ultimately, cell fate. This sub-
version of the “function dictates form” principle provided a powerful concept to explain
how tissues adapt to forces and indicated the possibility that altered forces can pro-
mote disease. Yet, while some important tiles of this puzzle have been identified, we
are far from approaching a complete picture, and many exciting questions and chal-
lenges remain for the future. How is the force-dependent remodeling of cell structures
encoded and transmitted to the rest of the cell? How many mechanotransduction path-
ways exist, how general are they across cell types, and how are they conserved in evo-
lution? What are these pathways’ players, and what is their requirement in tissue phys-
iology and disease? Can we build on this knowledge to identify markers and visualize
the mechanoresponsive status of a cell in a tissue? Can we understand the underlying
molecular mechanisms to the extent that we can design drugs that control the ability of
cells to respond to forces? If we can drug molecular mechanisms of mechanobiology, is
this going to hold the promise of the development of mechanomedicine therapy ap-
proaches?

Mechanobiology of the supracellular

How biological systems obtain their shape and structure is a fundamental question with
many practical implications. Like much of biology, over the last several decades, tissue
and organ morphogenesis has focused on uncovering regulatory mechanisms at the
cellular and subcellular scales. Such studies have either implicitly or explicitly reified
the view that the creation of form is instructed or controlled by a combination of genetic,
biochemical, and cell biological processes.

However, pioneering early 20th-century investigators such as Conrad Wadding-
ton and Paul Weiss cautioned against the total subsummation of developmental
biology by, for instance, molecular biology. By coining terms such as “epigeno-
type,” they argued for the significance of processes beyond the cellular scale that
were inextricably based on mechanical processes (“Entwicklungsmechanik” or
developmental mechanics). In our view, one of the most important roles of mecha-
nobiology is to help uncover epigenetic regulation beyond the cell at the “supracel-
lular” scale.

Uncovering conserved processes at the supracellular scale is critical in large sys-
tems composed of many cells (e.g., vertebrate organs and tumors) where levels of or-
ganization beyond individual or small clusters of cells arise. Supracellular levels of or-
ganization can have mechanical properties that are emergent and therefore not
discernable through cell scale analysis alone. Moreover, such supracellular me-
chanics can exhibit top-down influence (via mechanotransduction) and therefore
have causal influence over lower levels of organization (e.g., gene expression and
cell behavior and fate). We envision that rigorous and imaginative use of physical con-
cepts will lead to breakthroughs in the organizing role of the supracellular scale in
morphogenesis.
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