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Strength Under Tension

CELL BIOLOGY

Russell Bainer 1,2 and Valerie Weaver 1,2,   3, 4, 5, 6  

Mechanical tension on a cell from its 

environment alters the expression of a 

protein that changes the physical properties 

of the nucleus.

and accreted onto the black hole ( 6). Sum-

ming over the total wind loss from the sur-

rounding stars, this gives an accretion rate of 

10−5 solar masses per year ( 7).

The mysterious thing is, this accretion 

rate should make Sgr A* more than a mil-

lion times brighter than it actually is. So either 

the vast majority of the gas never reaches the 

black hole, or it is somehow accreting so inef-

fi ciently that it never gives off any energy on 

its way to the horizon. It is as though you fi lled 

up your car’s gas tank, drove 2 feet, and ran 

out of gas. Is there a massive leak in the fuel 

line, or is the mileage really that horrible?

With the unprecedented spatial and energy 

resolution of these new Chandra observa-

tions, Wang et al. can infer the temperature 

and density profi le of the gas cloud surround-

ing Sgr A*. They show that over 99% of the 

gas never reaches the central black hole, but 

rather is ejected from the system, consistent 

with the predictions of a popular class of 

theoretical models called RIAFs (radiatively 

ineffi cient accretion fl ows) ( 8). By measur-

ing the relative strength of various emission 

lines, they can also rule out a recent proposal 

that suggests that the diffuse x-ray emission is 

coming from the superposition of thousands 

of coronal fl ares from rapidly rotating stars 

around Sgr A* ( 9).

Another major challenge with observing 

Sgr A* has been its inherently low luminos-

ity, orders of magnitude below its theoreti-

cal potential. And yet the future looks bright, 

quite literally. In the next few months, a large 

cloud of gas is on course to collide with the 

black hole ( 10), which could potentially 

brighten by a factor of a million or more, 

greatly enhancing our ability to observe this 

unique region where gravity rules supreme.  
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        M
echanics control 

gene expression to 

modulate tissue-

specific differentiation, but 

the molecular mechanisms 

that underlie these effects 

remain unclear. On page 975 

of this issue, Swift et al. ( 1) 

link tissue specificity and 

extracellular matrix stiffness 

to the relative abundance of 

the nuclear envelope protein 

lamin A. The findings sup-

port the idea that mechani-

cal links exist between the 

nucleus and the extracellular 

microenvironment that direct 

cell fate, and imply that force mediates these 

effects by altering the biophysical properties 

of the nucleus.

Mechanical forces are generated at the 

cell and tissue level through cell-cell and 

cell–extracellular matrix interactions. Cells 

sense, translate, and transmit mechanical 

cues from their periphery to the nucleus and 

induce changes in gene expression ( 2). This 

is accomplished in part by receptor-medi-

ated tuning of biochemical and transcrip-

tional circuits. Alternatively, mechanical cues 

can transmit forces through physical links 

between the nuclear membrane and the extra-

cellular space. These connections distort the 

nuclear envelope and evoke transcriptional 

changes by locally altering the spatial acces-

sibility of chromatin to transcriptional regu-

lators ( 3,  4). Such changes occur rapidly and 

proportionately to the extent of the defor-

mation ( 5), but histone deacetylase activity 

eventually increases after prolonged stress. 

This modification of histones condenses 

chromatin, thereby modifying transcription. 

Swift et al. show that the force environment 

can change transcription of the gene LMNA 

and stability of the encoded protein, lamin 

A/C, to alter nuclear rheology. This indicates 

that mechanically driven cell differentiation 

involves interdependent changes in nuclear 

composition and transcriptional state.

Cells not only regulate their cytoskeletal 

organization, cell shape, polarity, and molec-

ular state but also modify the extracellular 

matrix composition and topology to achieve 

tensional homeostasis. In this manner, cells 

can both sense and dictate the physical prop-

erties of their microenvironment while pre-

serving the structural continuity within the 

surrounding tissue. Consequently, tissues C
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acquire stiffness optima as an emergent 

property of the physical and biochemical 

interactions between their constituent cells. 

This tensional equilibrium confers macro-

scopic compliance properties that are criti-

cal for processes such as stem cell differen-

tiation, embryonic development, and tissue 

homeostasis.

The specifi c mechanisms by which indi-

vidual cells physically remodel themselves 

to functionally drive macroscopic changes 

in tissue compliance are not well understood, 

however. In addition to responding dynami-

cally to immediate physical cues, cells must 

integrate mechanical signals to alter their 

long-term molecular state and cellular phe-

notype. Accordingly, such mechanisms must 

operate on long time scales to promote phe-

notypic stabilization, likely by directing tran-

scriptional and epigenetic changes.

Swift et al. show that the relative abun-

dance of lamin A is a key component of mech-

anoreciprocal responses and a major determi-

nant of cell and tissue stiffness (see the fi g-

ure). The authors observed that increased cell 

tension reduces the turnover of lamin A in the 

nuclear lamina. This causes accumulation of 

the mechanosensitive Yes-associated protein 

(YAP), a master transcriptional regulator. An 

increase in lamin A also triggers the serum 

response factor (SRF) signaling pathway, 

whose gene targets control the actin cyto-

skeleton. The accumulation of lamin A also 

drives translocation of the retinoic acid recep-

tor into the nucleus to stimulate transcription 

of LMNA and the production of more lamin 

A. The fi ndings suggest a mechanism that 

could explain the strong correlation between 

relative abundance of lamin A in diverse cell 

types with macroscopic tissue stiffness. Inter-

estingly, as the relative abundance of lamin 

A increases, the viscosity of the nucleus also 

increases. It is possible that in addition to 

activating mechanosignaling pathways, an 

increase in lamin A may play a role in physi-

cally stiffening the nucleus as part of the cel-

lular response to increased tension.

The model presented by Swift et al. pro-

poses how cells that are otherwise acutely 

sensitive to mechanical signals can structur-

ally acclimate to tissue environments that are 

pervasively subject to a sizable mechanical 

load. In such circumstances, lamin A could 

physically reinforce the nuclear envelope, 

which would stabilize interactions between 

chromatin and the nuclear lamina and inure 

the cell to subsequent nuclear distortions that 

might otherwise occur in a high-tension tis-

sue environment. Indeed, such an observation 

could explain why many tumors, which are 

typically stiffer than the surrounding tissue 

and are characterized by increased intersti-

tial pressure, also often have greater amounts 

of lamin A compared to normal cells ( 6,  7). 

Moreover, the model hints at a deeper inter-

play between mechanosensitive signaling 

pathways, which are apparently affected by 

both external stress and elevated lamin A 

abundance, and transcriptional changes that 

are induced by direct tension on the nucleus 

from cytoskeletal contacts, which are likely 

to be modified in cells with lamin A–rich 

nuclear envelopes. Alternatively, increased 

tissue-level stiffness might compensate for 

lamin A–induced changes in nuclear com-

pliance, such that the cytoskeleton simply 

transmits a greater mechanical load to enable 

cytoskeletal contact points on the nucleus to 

remain mechanically sensitive.

The provocative feed-forward mecha-

nism governing lamin A concentration in 

the model of Swift et al. is critically depen-

dent on retinoic acid receptor activity and 

provides another potential layer of mecha-

nosensitive regulation. For instance, in the 

absence of ligand, the retinoic acid receptor 

will heterodimerize with one of the nuclear 

receptor co-repressor repressor proteins 

which, together with their associated histone 

deacetylases, inhibits transcription from spe-

cifi c promoters to maintain heterochromatin. 

Given the importance of the nuclear lamina 

in stabilizing heterochromatin, the data pre-

sented by Swift et al. implicate epigenetic 

silencing of lamina-associated chromatin as 

a key component of tension-mediated tran-

scriptional regulation.

Additional studies are required to explic-

itly link mechano-reciprocal nuclear stiffen-

ing to gene-regulatory mechanisms. Eluci-

dating the phenomena that collectively defi ne 

cellular mechanosensation will also require 

studies to more completely unify the func-

tionality of direct and indirect force-medi-

ated transcriptional mechanisms. For cells, 

it seems that tension can become a source of 

considerable strength. 
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Minimizing Caribbean Tsunami 
Risk

GEOPHYSICS

Christa von Hillebrandt-Andrade

Efforts to understand and respond to tsunami risks in the Caribbean are beginning to bear fruit.

          I
n the past 500 years, more than 75 tsuna-

mis have been documented in the Carib-

bean and adjacent regions. Since 1842, 

3446 people are reported to have perished 

to these killer waves. The tsunami gener-

ated by the 2010 Haiti earthquake claimed 

several lives, but the most recent devastat-

ing events were the 1946 tsunamis of the 

Dominican Republic, with at least 1800 vic-

tims ( 1). Since then, there has been an explo-

sive increase in residents, visitors, infrastruc-

ture, and economic activity along Caribbean 

coastlines, increasing the potential for human 

and economic loss. On any day, more than 

500,000 people could be in harm’s way along 

the beaches ( 2), with hundreds of thousands 

more working and living in the tsunami haz-

ard zones.

In the Caribbean, most tsunami events 

are very short-fused: The waves can reach 

the shores within minutes of an earthquake, 

volcanic eruption, or submarine landslide. 

Addressing this threat requires a very effec-

tive monitoring and warning system, as well 

as a public that is acutely aware of the natural 

signs of an impending tsunami. The current 

performance goal is that earthquakes with 

moment magnitudes Mw � 4.5 in the Carib-

bean should be detected within a minute and 

that the tsunami warning centers issue a mes-

sage within 5 min, which is immediately 

relayed by the local authorities to the public in 

case of threat ( 3). Tsunami evacuation maps 
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