
in the regenerative capacity of satellite cells in 
geriatric, sarcopenic mice compared with old,  
nonsarcopenic mice. This phenomenon  
cannot be explained by a reduced satellitecell 
pool, because the number of these cells was 
comparable in both groups of mice. 

Next, the authors conducted a series of 
experiments in which satellite cells from geri
atric and old animals were transplanted into 
young mice, and this definitively proved that 
the regenerative decline of geriatric muscle is 
due to changes intrinsic to satellite cells, inde
pendent of the host environment. Intriguingly, 
geriatric satellite cells exhibited a cellcycle 
block and defective activation in response to 
injury both in situ and after transplantation, 
indicating a failure to maintain a reversible 
state of quiescence.

What factors could be responsible for this 
loss of quiescence? Through comparative 
analyses of the geneexpression programs of 
quiescent satellite cells of different ages, Sousa
Victor and coworkers narrowed down the list 
of candidates to the tumoursuppressor pro
tein p16INK4a, which is regarded as a master 
regulator of cellular senescence. In a series of 
experiments, the authors found evidence to 
support a link between p16INK4a derepression 
and defective satellitecell activation.

In a mouse model that underwent succes
sive rounds of injury, the authors observed a 
depletion of selfrenewing geriatric satellite 
cells over time, whereas normal satellite cells 
continued to selfrenew. The pressure to pro
liferate in response to injury drove geriatric 
satellite cells into fullblown senescence, as 
evidenced by the expression of several clas
sic markers of senescence. This correlated 
with reduced levels of phosphorylated ret
inoblastoma (Rb) protein, and with reduced 

expression of genes regulated by Rb and the 
transcription factor E2F, suggesting that the 
welldefined p16INK4a/Rb/E2F signalling axis 
drives the conversion to senescence. 

SousaVictor et al. genetically silenced 
p16INK4a expression and found that this 
restored selfrenewal and proliferation in 
geriatric satellite cells. These results show that 
p16INK4a derepression in geriatric and progeric 
satellite cells leads to the loss of the reversible 
quiescent state and to the adoption of a senes
centlike state, which impairs regeneration 
(Fig. 1b). The relevance of this work to human 
health is strengthened by SousaVictor and co
workers’ finding that the p16INK4a/Rb/E2F axis 
drives dysfunction in geriatric human satellite 
cells similarly to the way it does in mice. 

Although p16INK4a expression during age
ing has been shown to impair regeneration 
in blood, neural and pancreatic tissues6, it 
has never been reported in aged satellite cells, 
despite previous geneprofiling studies4. The 
use of a clearly defined sarcopenic geriatric 
population may be the key to this discovery, 
which itself represents an important addition 
to a growing body of evidence10,11 showing that 
p16INK4ainduced senescence limits the regen
erative capacity of stem cells during ageing and 
contributes to agerelated pathologies. Because 
p16INK4a expression is also a barrier to stemcell 
reprogramming12,13, this research increases the 
potential benefits of transiently inactivating 
p16INK4a for regenerative medicine. 

SousaVictor and colleagues’ study provides 
a new view of satellitecell ageing, but the results 
inevitably raise further questions. For example, 
what triggers the p16INK4a/Rb/E2F senescence 
pathway during ageing? A recent study9 found 
no evidence of significant accumulation of 
DNA damage in old satellite cells compared 
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Figure 1 | Old age disrupts muscle regeneration. a, Satellite cells, a type of muscle stem cell, remain 
quiescent under normal conditions. After muscle damage, satellite cells become activated and reenter 
the cell cycle to produce muscle progenitor cells that regenerate new muscle fibres. They also selfrenew 
to replenish the stemcell population. b, SousaVictor et al.3 report that during ageing, geriatric satellite 
cells lose their reversible quiescent state owing to derepression of the gene encoding p16INK4a, a regulator 
of cellular senescence. Instead, they adopt a senescentlike state (becoming presenescent cells), which 
impairs the regeneration process, including activation, proliferation and selfrenewal.

with young ones. Could it be that p16INK4a is 
derepressed owing to signals from neighbour
ing senescent cells, such as lowlevel systemic 
inflammation or elevated levels of reactive  
oxygen species?

Because satellite cells are not a uniform 
population, it is possible that a subpopulation  
is more susceptible or immune to the  
quiescenttosenescent switch. Along this line, 
it will be interesting to determine whether  
geriatric satellite cells that are activated on 
injury maintain full ‘stemness’. Could any 
asyetunidentified, ageassociated environ
mental factors be neutralized to postpone 
the p16INK4a induction in satellite cells of 
sarco penic muscle? And, if so, could physical  
exercise delay p16INK4a induction?

Finally, this study presents yet another addi
tion to the list of potential strategies to improve 
the regenerative capacity of aged tissue11,14,15. It 
may be worth considering whether the benefits 
of transiently reducing tumoursuppressor lev
els in stem cells outweigh the associated risks, in 
the context of preventing an agerelated decline 
in regenerative potential. Whether these strate
gies can be safely implemented in the clinic to 
maximize human health span deserves thor
ough investigation in the near future. ■
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CORRECTION
In the News & Views article ‘Conservation: 
Making marine protected areas work’  
by Benjamin S. Halpern (Nature 506,  
167–168; 2014), Figure 1 was published 
with the wrong caption. The correct caption 
can be seen in the online version at 
go.nature.com/pssric.
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