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PREFACE

The past few decades have observed an explosion of genomic and proteomic

technologies that have fueled dramatic advances in our understanding of

how specific genes and gene products influence cell behavior. While these

efforts have been instrumental to our understanding of cell-intrinsic regula-

tion of cell biology, it has also become increasingly evident that cell-extrinsic

signals from the tissue microenvironment can direct and/or facilitate many

critical cell functions. Physical changes in the niche, including alterations to

tissue structure and mechanics, strongly activate andmodulate a wide variety

of biochemical signals, and the growing recognition of this fact in the 1970s

and 1980s spawned the field of mechanotransduction. The origins of this

field are rooted at the interface of cell biology and engineering, where sig-

nificant technological advances in optical and nonoptical imaging, the ability

to mechanically manipulate cells, and computational modeling have enabled

researchers to identify cell signaling pathways in which application of force

produces biochemical changes in specific molecules. These changes include

but are not limited to cells pulling on individual molecules to directly change

conformation and activity, expose kinase phosphorylation sites, and uncover

cryptic binding sites. These molecular-scale events can have enormous phe-

notypic consequences, influencing growth, apoptosis, differentiation, motil-

ity, and many other functions. Given the fundamental, life-defining nature

of these events, mechanotransduction—which may be defined to include

mechanical regulation of cell behavior, force sensing, and force-dependent

signaling, among other topics—is becoming a central focus not just for bio-

engineers but for biomedical scientists more broadly.

The chapters in this edition of the Progress in Molecular Biology and Trans-

lational Science series highlight a range of topics leading from the develop-

ment and use of tools in molecular biology (Chapters 1 and 2) to

commonly studied cellular structures, including focal adhesions (Chapters

3–6) and the nucleus (Chapters 7 and 8). One emerging and particularly

exciting notion is the idea that application of force can serve as a master

switch that can direct quiescent or uncommitted cells toward specific phe-

notypic endpoints. An example of this is a stem cell that generates relatively

low force in its undifferentiated state. As differentiation is initiated, cellular

stresses and strains increase, and these changes directly contribute to lineage

commitment and differentiation. Chapters 9–11 focus on various aspects of
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mechanotransduction in these uncommitted cells: in cardiac cells during

their maturation (Chapter 9), in the malignant behavior of tumor-initiating

cells (Chapter 10), and in stem cells (Chapter 11). Finally, as the field scales

lessons learned from cell culture studies up to complex tissues, it is important

to realize that mechanotransduction in tissue is likely not a single-cell phe-

nomenon. Instead, mechanical cues and forces can be transmitted through

cells and tissues and felt over hundred of microns to millimeters, much like

growth factors can diffuse over long distances through a tissue. As such, our

final chapters focus on mechanotransduction in tissues (Chapters 12 and 13).

In model organisms, it is also possible to study mechanotransduction not just

in space but in time during development. These chapters provide insight

into those aspects of mechanotransduction as well as provide the reader with

a more complete understanding of the role played by mechanically induced

regulation, sensing, and signaling in intact tissues.

At the conclusion of this edition of the series, we hope that the insights

offered by these chapters will give the novice reader an introductory appre-

ciation of the field and a more experienced reader a snapshot of this field’s

state of the art and major open questions. We also hope that this work pro-

vokes significant dialogue among authors and other scientists within the field

to tackle problems described by these chapters, notably the integration of

signaling across length scales, the development of new tools in non-

transparent tissues, and even basic definitions of where mechanical inputs

end and biochemical signals begin. Thus with much anticipation, we

encourage the reader to use the force and appreciate mechanotransduction

from the perspectives of tools, cells, and tissues.
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