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Stereotypic formation of tissues requires coordimadf cell fate with adhesive and
cytoskeletal cues that control cell shape, positigand motility. The importance of physical
gues in shaping development has been demonstiededyaa decade ago by observations
that their removal arrests embryogenesis (Marted.eR009, Behrndt et al., 2012). Recent
advances in technology and methods to quantifyeipperimentally manipulate adhesive and
mechanical properties of cells and tissues hadutwenized the field. While many aspects of
mechanical signaling have been covered by exceismtws in the past, we invited experts
in their respective fields of cell biology and binysics review the most recent, exciting
breakthroughs on the role of mechanotransductiaelinfate regulation. Amongst these
breakthroughs are the advancement of imaging tquksithat have allowed single molecule
resolution analyses of adhesive structures andtigai@re analyses of the mechanical
properties of the extracellular matrix and celitg tentification of nucleo-cytoplasmic
transport and ion channels as key players in medsasitive cell fate decisions, and the
interdisciplinary studies combining physics anddiy to understand the role of tension in

coupling single cell behaviors to changes in tissaée.

Starting from the subcellular scale, several regi@wthis issue deal with the fundamental
structures that enable mechanotransduc@ré and coworkersdiscuss in detail the role of

perhaps the most widely known mechanosensitivetstre, the integrin-mediated cell-matrix



adhesions (Orré et al., 2019). The authors addnegsrocesses of adhesion assembly,
structure, distribution and dynamics, and how th@sgerties enable force transmission from
the extracellular matrix to cells, and subsequesthmnotransduction. In this review, the
leaps in knowledge facilitated by super-resolutechniques become evidergomursu and
colleaguegqlsomursu et al., 2019) further discuss how integrediated

mechanotransduction affects stem cells. The autheedl on the specificity of responses
enabled by the elaborate complexity of integrirehmdimers and stem cell niche properties, a

fascinating question that lies at the heart of gpieation of tissue function.

Continuing on the central theme of cell-matrix aslbes,Green and Browndiscuss what
genetic studies in Drosophila have taught us atheumolecular components of integrin
adhesions and their specific functions during dgwelent (Green and Brown, 2019). Based
on biochemical properties of integrin-associatextgins, their interactions with each other,
and their mutant phenotypes, the authors proposgemnesting, modular map of integrin
linkages to various actin structures and downstrsigmaling: a core actin link of talin,
kindlin and vinculin; a cell cortex link of ILK, RICH, parvin, and RSU1; a signaling link
containing GIT, PIX, PAK; and a regulator modulataning tensin and FAK. This provides
a useful framework for understanding the compl@ulaion of actin binding and dynamics
at adhesion sites by the large variety of integriaracting proteins.

Although significant focus in the mechanotransdurcfield has been on cell adhesion and the
associated cytoskeleton, important roles for otheans of sensing and transmitting
mechanical signals are being uncovered. One impiogtaup of mechanosensitive signaling
receptors are mechanosensitive ion chaniEsand co-workers discuss recent studies where
development of calcium imaging systems, pharmadcédgnhibitors and other manipulation
tools have provided compelling evidence for mecBansitive channels in regulating stem
cell proliferation and differentiation in resportseextrinsic mechanical forces such as tissue

strain and crowding (He et al., 2019).

Besides the plasma membrane, another major hulectiamosensitivity is the nucleus, with
substantial evidence showing how it both experisrazea responds to mechanical foizi.
and Lomakin address this emerging topic, focusing on how fargeacts on chromatin
organization and thereby crucial cellular functignsh as transcription (Zijl and Lomakin,
2019). Whereas force transmission to the nucleaseiin fibers is now well established, the

authors discuss novel mechanisms of nuclear fagoergtion, for instance by microtubules.



Another intriguing aspect is the role of actin d@sdoolymerization states, which could trigger

mechanical effects also within the nucleus.

Focusing further on the nucleus, another key mamsemsitive process is nucleo-cytoplasmic
transport. Although a number of mechanosensitaesription factors downstream of
adhesion receptors and ion channels have beenfidénamong them the omnipotent YAP,
the precise molecular mechanisms of their nucleattling has only begun to emerge.
Kassianidouand coworkersdiscuss recent research on the multiple ways @n ho
nucleocytoplasmic transport is sensitive to meatarstimuli and how these mechanisms
impact shuttling of transcription factors in paui@r to alter cell fate (Kassianidou et al.,
2019). Such regulation includes exposure of crymtimasked nuclear localization signals,
phosphorylation or other biochemical modificatidingt activate transport, changes in nuclear
pore properties, as well “piggyback” shuttling @riscription factors by binding to other
proteins.

Zooming out from single cell&halil and de Rooij address how cell-cell adhesions, and
specifically their core components cadherins, med@echanotransduction (Khalil and de
Rooij 2019). In multicellular systems, dissectingere and how mechanotransduction occurs
is an important challenge. The authors discussnhtise specific context of collective cell
migration, and the process by which the cells imedlbecome leaders or followers in

steering collective cell motion.

Das and colleaguefDas et al., 2019) bring the focus to an even lasgale, discussing the
fascinating question of how organs and organismsestheir own shape and size.
Mechanosensitive ion channels such as those IRIE20O family are essential in this, and
their role is discussed. Intriguingly, the differeaview articles in this issue reveal that
research on mechanotransduction mediated by iometfmor adhesions (either cell-cell or
cell-matrix) remain largely disconnected, undenmthe need for integrated understanding of
mechanotransduction. This aspect is highlightedrmther review analysing shape sensing,
but this time at the cellular scale. In this cdsexenburg and Zaidel-Bar (Luxenburg and
Zaidel-Bar, 2019) discuss the role of the actiroslgeleton and of transcription factors such
as MAL and YAP, which are downstream of integriather than ion channel-medieated
mechanotransduction. This sensing of cell shapddsessed in the specific context of the
epidermis, a complex stratified epithelium whererdinated cell fate specification and
positioning is essential.



One of the first tissues where the relevance farhrarical signals in cell fate determination
has been shown in vivo is the cardiovascular systdmre fluid shear stress generated by
blood flow plays critical roles in the developmepttysiology, and diseases of the vascular
tissue. Importantly, shear stress varies greattgrims of magnitude, pulsatility, and direction.
Min and Schwartz discuss how endothelial cells interpret theseousrprofiles and
magnitudes of flow to regulate gene expressionspedific cell behaviors (Min and Schwartz,
2019). A central conclusion on the current literatis that physiological shear stress
conditions induces vessel stabilization. Deviatifsom this range this trigger vessel
remodeling, whereas multidirectional or oscillatiowvs induce inflammation and predispose
to atherosclerosis. Interestingly, the signalinthpays and transcription factors utilized in
these very different responses are partially opgilag, leaving important open questions for

future mechanistic work on how these networks aned to generate specificity.

In addition to extrinsic forces regulating celldatell fate changes impact the mechanical
properties of cells, changing their ability to tsdnce forces back into their microenvironment,
generating and interesting feedback loop. A promtiezample of such bidirectional
mechanical feedback is the myofibroblast activatipcle discussed biylinz and coworkers
(Hinz et al., 2019). Myofibroblasts are not onlyatihical significance as cells of origin and
therapeutic targets for fibrotic disease but alswvigle an interesting research paradigm to
understand the molecular underpinnings of the gellacontraction machinery and the
bidirectional relationships between extracellulatmx mechanics, the contractile
cytoskeleton and cell fate regulation through maolsansitive transcription factors. In this
regard, a relevant and often overlooked aspecatlimeechanics is how cells and tissues
regulate and maintain the level of mechanical tanghey exert and withstanBoudou et al.
review our current understanding of this issue, @sduss potential mechanisms by which a
state of “tensional homeostasis” could be mainthineenvironments where mechanical

properties undergo constant spatiotemporal chafgmslou et al., 2019).

French and Holmestake another perspective on matrix mechanics, tra@rpoint of view of
cardiac infarction and post-injury regeneratiorettfeh and Holmes, 2019). The authors
discuss the importance of the scar tissue in ond kear tissue providing critical early
mechanical stability to the infarcted heart, butlo® other hand, through its extreme stiffness
negatively impacting cardiac stem cell maturatiogocyte phenotype, and mechanical

function of the heart. This dichotomy places matn@chanics and mechanotransduction at



the core of cardiac post-infarction repair and pagangent demands on therapies to balance
the demands of generating contractile cardiomyacytieile managing the impact of post-

infarction scarring.

Continuing on the theme of matrix mechani@gbert and Swift discuss the role of
mechanotransduction in aging and how changes im#ahanical properties of the
extracellular matrix can compromise cellular fuans through alterations in
mechanosensitive signaling pathways and in paaicuiclear mechanotransduction (Gilbert
and Swift. 2019). Although this field is only beging to emerge, models for physiological
aging such as progeroid syndromes that impact ghanical properties of the nuclear
lamina, point to a critical role of nuclear mectwanin aging.

In all the physiological systems described aboisseatting the roles of mechanical and
biochemical factors within a highly complex andontogeneous microenvironment is a
major challenge. In this regai@ruz-Acufia and Garcia(Cruz-Acufia and Garcia, 2019)
discuss the promising use of organoids to recagiétey functional features in simplified
systems. Specifically, they address recent wodesigning three-dimensional biomaterials
for organoid culture. Advances in this field hagd to biomaterials where key properties
such as ligand density, stiffness, or pore sizebeacontrolled independently, potentially

enabling major advances in our mechanistic undaigtg of cell-matrix interactions.

Altogether, these reviews provide a comprehengpgate on the multifaceted roles of
mechanical signals in cell fate regulation bothéalth and disease. They also highlight the
gaps in knowledge that the community is currenthng to fill. Mainly, current challenges

lie in rigorously and unambiguously linking moleaumechanotransduction mechanisms at
the nanoscale to organism scale behavior, andifinglystematic approaches to accurately
map the mechanical and biochemical pathways ragglatll fate in complex, three
dimensional environments. As these challengesragr@ssively addressed in the near future,
we can expect to see exciting new paradigms redgai¢h increasing avenues to turn

knowledge into therapeutic and diagnostic oppotiesifor a wide range of diseases.
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