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Dystrophic muscle environment induces
changes in cell plasticity
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Fibro-adipogenic progenitors (FAPs) reside in the muscle,
where they facilitate myofiber regeneration. Under nor-
mal conditions, FAPs lack myogenic potential and thus do
not directly contribute to regenerated myofibers. Surpris-
ingly, Saccone and colleagues (pp. 841–857) demonstrated
that the dystrophic muscle environment causes FAPs to
adopt a chromatin state that imparts these cells with
myogenic potential. In this context, treatment of mus-
cle with deacetylase inhibitors activates a BAF60c–
myomiR transcriptional network in FAPs, blocking adi-
pogenesis and driving muscle differentiation.

Skeletal muscle displays the remarkable ability to re-
generate itself from both acute and chronic damage. This
regenerative capacity decreases with age, which results in
a progressive degenerative muscle wasting that is termed
sarcopenia. While muscle satellite cells have been estab-
lished as the main cell type contributing to muscle fiber
regeneration, several other muscle-resident cell popula-
tions play a supporting role to ensure efficient muscle
repair (Judson et al. 2013). Among these are mesenchymal
progenitor cells, termed fibro-adipogenic progenitors
(FAPs), which can differentiate into either fibroblasts or
adipocytes (Joe et al. 2010). While FAPs themselves do not
contribute directly to the regenerated muscle fibers, they
release promyogenic signals/factors that in turn stimu-
late the regenerative capacity of satellite cells (Joe et al.
2010). Upon damage to a healthy muscle, proinflamma-
tory immune cells are mobilized to clear the debris.
Within the immune cell populations, eosinophils release
IL-4 and IL-13, which results in activation of the FAP
population (Heredia et al. 2013). Activated FAPs can then
differentiate toward the fibroblast lineage to create a fi-
brotic scaffold that supports muscle reconstruction (Joe
et al. 2010). Furthermore, FAPs release promyogenic
cytokines that stimulate the satellite cell to regenerate
the muscle fiber (Joe et al. 2010).

In the context of chronic muscle degeneration, as is
observed in muscular dystrophy, the regenerating muscle
begins to accumulate fibrotic and fatty tissue. Evidence
suggests that FAPs are a contributing cell population to
this dystrophic muscle pathology, leading to decreased
contractility and altered metabolism within the muscle
(Uezumi et al. 2010). Thus, several groups have examined
the therapeutic targeting of FAPs using small molecules
to inhibit fibrogenic and adipogenic differentiation and
ultimately delay dystrophy progression. The HDAC in-
hibitor TSA was shown to block adipogenic differentia-
tion of FAPs and improve regeneration of young (but not
old) mdx mice (Mozzetta et al. 2013), a widely used model
for Duchenne muscular dystrophy (DMD). This work
demonstrated the potential of targeting FAP function
with HDAC inhibitors to treat DMD, although a mecha-
nism of action was not established. Furthermore, the
reasoning for the beneficial effects of HDAC inhibitors
exclusively in young mdx mice was unknown.

In this issue of Genes & Development, Saccone et al.
(2014) provide evidence that the improved regeneration of
young mdx muscle after HDAC inhibitor (TSA) treat-
ment is a result of profound changes in the epigenetic
landscape of FAPs that promote the myogenic lineage at
the expense of their adipogenic potential. Using both
formaldehyde-assisted isolation of regulatory element
(FAIRE) and nuclease accessibility assays, the investiga-
tors demonstrated that TSA treatment leads to a global
change in chromatin organization in FAPs isolated from
young mdx mice that was not observed in FAPs isolated
from either young wild-type or older mdx mice. Co-
incident with this global change in chromatin structure,
RNA sequencing identified a significant up-regulation of
muscle gene expression with a concomitant decrease in
adipose genes in FAPs from young mdx mice treated with
TSA. Furthermore, it was shown that FAPs harvested
from TSA-treated young mdx mice behave differently
from their wild-type counterparts harvested from un-
perturbed muscles in that they could form myosin heavy
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chain-positive myotubes, a hallmark of myogenic differ-
entiation. This acquisition of myogenic potential was
surprising, since FAPs have previously been extensively
characterized for their ability to differentiate into various
cell types and shown not to possess myogenic potential
when isolated from muscles of wild-type mice that were
not exposed to HDAC inhibitors (Joe et al. 2010). These
results suggest that the diseased muscle creates a local
environment that alters the chromatin state in these
progenitor cells such that they become susceptible to
HDAC inhibitor-mediated induction of the myogenic
lineage. Further exploring the mechanism by which HDAC
inhibitors induce FAPs from young mdx muscle to differ-
entiate toward the myogenic lineage, the investigators
identified the MyoD and BAF60c–myomiR network as
a key determinant of FAP myogenic potency (Fig. 1). In
this network, treatment of FAPs with HDAC inhibitors
leads to the expression of MyoD, a master regulator of
myogenesis (Davis et al. 1987), and the expression of
BAF60c, a key component of the SWI/SNF chromatin
remodeling complex that is required for establishing
a transcriptionally permissive state at muscle gene pro-
moters (Forcales et al. 2011). Furthermore, HDAC inhib-
itors allow for the expression of miR-1.2, miR-133a, and
miR-206 (collectively known as the myomiRs [myogenic
microRNAs]), which have been shown to target the
mRNAs encoding competing BAF60 subunits—BAF60a
and BAF60b (Goljanek-Whysall et al. 2012)—and are part
of an alternate SWI/SNF complex that might otherwise
drive adipogenic differentiation. Thus, the investigators
have identified a key axis of gene expression in which the
epigenome established through a novel cross-talk between
noncoding RNAs (myomiRs) and the chromatin remodel-
ing machinery (BAF60 subunits of the SWI/SNF complex)
plays a determining role in the plasticity of HDAC in-
hibitor-treated FAPs in response to muscle injury.

The most surprising finding of this study is the fact that
the myogenic potential of FAPs is limited to cells derived

from the muscle of young mdx mice. As FAPs are not
thought to express the dystrophin gene (mutations in the
dystrophin gene are at the origin of DMD), it appears that
muscle degeneration in young mdx muscle creates an
environment that modifies the epigenetic state of FAPs to
establish an altered potency within these cells. The
dystrophin-independent nature of this altered cell plastic-
ity is strongly supported by the investigators’ finding that
myogenic potential can also be acquired in young FAPs
after cardiotoxin-induced injury. This injury-induced ac-
quisition of myogenic potential is exciting in light of
recent work reporting that pH-induced stress of CD45+

cells from the spleen induces a reprogramming of the
epigenome to establish a totipotent cell state (Obokata
2014). While the pH-induced reprogramming of CD45+

cells still requires confirmation from independent labora-
tories, it is intriguing to speculate that the muscle envi-
ronment induced by the chronic myofiber breakdown in
muscular dystrophy or cardiotoxin-induced muscle injury
leads to a stress response that reprograms the epigenetic
state of FAPs in young mice to a cell type of altered
potency. Supporting the possibility that the damaged
muscle environment alters the plasticity of nonmyogenic
cells, myogenic commitment of a mesenchymal (CD34+/
Sca1+) cell population was recently reported in cancer
cachexia (He et al. 2013). Nevertheless, the question
remains as to why the muscle environment of older mdx
mice does not confer a similar alteration of cell plasticity
on its resident FAPs. A first possibility could be that the
reduced level of necrosis observed in the aged mdx mice
does not provide sufficient stress to induce the epigenetic
reprogramming required for FAPs to acquire altered cell
plasticity. Indeed, young mdx mice display intense skeletal
muscle necrosis due to intense degeneration and regener-
ation of the skeletal muscle (De Luca 2012). However,
stabilization of the dystrophic pathology in aged mdx mice
leads to a gradual decrease in necrosis and may create a less
stressful environment for FAPs. Alternatively, it may be

Figure 1. HDAC inhibitors induces an unexpected change in chromatin structure that permits muscle differentiation of FAPs from
young mdx mice. (A) In young mdx mice, treatment with the HDAC inhibitor TSA induces an up-regulation of the myomiR (miR-1,
miR-206, and miR-133) microRNAs as well as MyoD and BAF60c expression in the fibroadipogenic progenitors (FAPs). As
a consequence of myomiR up-regulation, the BAF60a and BAF60b subunits of the SWI/SNF complex are down-regulated via direct
targeting by the microRNAs. This change in SWI/SNF complex subunit composition prevents adipogenesis while driving the FAPs
toward a myogenic lineage. (B) In older mdx mice, chromatin has less plasticity and does not activate the myomiR/BAF60c
transcriptional network in response to HDAC inhibitor treatment. Thus, FAPs from older mdx mice continue to express the BAF60a
and BAF60b subunits of the SWI/SNF complex after HDAC inhibitor treatment and are unable to adopt a myogenic gene expression
program. Satellite cells are represented by dark-green nuclei, myoblasts are represented by light-green cytoplasm, FAPs are represented
by dark-blue nuclei, and fibroblasts are represented by light-blue cytoplasm. The solid lines represent a strong propensity to activate
a pathway, while the dotted lines indicate a weak propensity to activate a pathway.
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that FAPs from older mice establish a more stable epige-
netic state, increasing their resistance to extracellular
stresses that might alter their plasticity. While the epige-
netic state of FAPs has yet to be examined at any point in
development, studies of epigenetic modifications in satellite
cells have demonstrated age-related alterations in histone
methylation. For example, global levels of the transcrip-
tionally repressive mark of histone H3K27 trimethylation
(H3K27me3) are significantly increased in satellite cells of
aged mice (Liu et al. 2013). One could thus imagine that
a similar increase in global H3K27me3 levels in FAPs from
aged mice would lead to a decrease in chromatin plasticity
and lay the basis for these cells’ inability to acquire
myogenic potential after HDAC inhibitor treatment. Com-
parative genome-wide analysis of histone modifications in
FAPs of young and old mice will help resolve this question.
At the same time, it will be important to examine the
myogenic potential of HDAC inhibitor-treated FAPs iso-
lated from older mice after cardiotoxin-induced muscle
injury to confirm that loss of muscle potency is related to
the aging of FAPs and not to the age-related changes in
phenotype described in mdx muscle.

Finally, the change in cell plasticity of HDAC inhibitor-
treated FAPs isolated from mdx mice underscores the
importance of the cellular environment in shaping the
epigenome of the young progenitor cells. While this study
reveals an inducible myogenic potential of FAPs, their
direct contribution to muscle regeneration remains un-
known, and lineage tracing studies will be needed to
determine the incorporation of FAPs into the in vivo
regenerating myofibers in HDAC inhibitor-treated mdx
mice. Nevertheless, the observation of a global change in
chromatin structure in FAPs treated with HDAC inhib-
itors demonstrates the therapeutic potential of epige-
nome-modifying drugs. Given that the HDAC inhibitor
givinostat is currently in clinical trials for the treatment
of DMD, identification of the BAF60c–myomiR axis as a
key mediator of HDAC inhibitor-induced changes in FAP
plasticity provides us with a potential series of bio-
markers to evaluate disease progression and response to
treatment. Further characterization of the mechanisms
directing the changes in chromatin structure that permit
the activation of the myomiR/BAF60c network will be
important to the development and refinement of future
therapies with epigenetic drugs to treat degenerative dis-
eases such as DMD.
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