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Effects of mechanical signals on stem cell fate determination
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Abstract: Because of their outstanding self-renewing potential and pluripotency, stem cells are believed to have a
broad range of applications in various fields such as tissue engineering, drug discovery, gene therapy, and cell therapy.
While traditional studies in the field of stem cell fate determination mainly focused on bio-chemical factors,
mechanical signals have come into sight of the science community as a crucial role in this area as well. A clearer
understanding of the effect of mechanical forces and the mechanotransduction pathways in stem cells are surely helpful
for their biomedical and clinic applications. Using synthetic hydrogels with well-defined rigidities as the substrates, the
mechano-sensing mechanism and the lineage specification of stem cells have been extensively studied. Recent studies

indicate that beyond the effect of substrate rigidity, other mechanical/physical properties, such as stress relaxation,
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degradation, and porosities, are also critical to stem cell self-renewal and differentiation. However, it remains
challenging to control these mechanical parameters of synthetic hydrogels precisely and independently. The advance in
synthetic biology may provide novel synthetic protein hydrogels with controllable mechanical responses for the study
of force sensing mechanisms and lineage specification of stem cells. In this review, we focus on the impact of
mechanical signals on stem cell differentiation and the underlying molecular mechanism. The mechanical signals could
be passed down to the nucleus either through a direct mechanical connection of ECM (extracellular matrix)-integrin-FA
(focal adhesion)-cytoskeleton or through some signaling molecules. Meanwhile, we introduce some commonly used
synthetic hydrogels systems that have been widely used as model systems for stem cell studies. We also highlight
different mechanical responses of stem cells cultured in 2D and 3D. It is believed that precise characterization of the
cellular behaviors and the mechanical signaling pathways are crucial and can be realized by constructing more

specialized hydrogels using advanced synthetic biology tools.

Keywords: stem cell; mechanical signals; stemness; differentiation
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[External mechanical signal could be passed down to the nucleus either through a direct mechanical connection of ECM (extracellular matrix)-

integrin-cytoskeleton or through some signaling molecules such as YAP/TAZ while cellular interaction is mediated through E-Cadherin
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