Reviewers' Comments:

Reviewer #1:

Remarks to the Author:

In this manuscript, the authors study the correlation between the extent of adipogenic infiltration
and disease progression in a mouse model of dysferlinopathies. As FAP have been shown to be a
key adipogenic cell type in skeletal muscle, they concentrate on these cells and they convincingly
show, using mainly immunofluorescence and some in vitro experiments, that FAPs and adipogenic
infiltration increases with damage and age, which are themselves correlated. Further, they show
that deletion of AnxA2, a TLR ligand and a marker of membrane damage whose KO has been
previously shown to ameliorate disease in this model, reduces adipogenesis and FAP increase as
well. In general these data are solid, and they show that there is a strong correlation between
muscle damage, number of FAPs presentin the tissue and adipogenic infiltration. However, they
do not support the interpretation, proposed multiple times in the manuscript, that the increase in
FAPs and/or adipogenic infiltration directly causes disease progression. In fact, this relationship
poses a classical "chicken or egg” problem that the authors make no attempt to address, leaving it
completely unclear if the adipogenic infiltration is involved in pathogenesis or rather simply a
marker of disease progression. This is clearly the case also in the AnxA2 KO experiments, as there
is no attempt to understand if the change in the extent of adipogenic infiltration is directly caused
by the lack of this gene or indirectly by the effects that the KO has on muscle damage.

This over-interpretation of causal linked that are merely suggested by the data is evident
throughout the paper. For example, the authors show that, with time, there is an increase in FAPs
in affected muscles and that FAPs are adipogenic in vitro, and they conclude that FAPs are the
cause of adipogenic infiltration. While this conclusion is very likely to be correct, to formally
establish that this is the case in vivo lineage tracing using an FAP-specific marker would be
required.

As it is, this study is strictly descriptive and as such not fit for publication in this journal

Reviewer #2:

Remarks to the Author:

This paper by Hogarth et al describes that the number of FAPS seems to correlate with disease
severity and adipogenic replacement in dysferlin deficiency. The authors have previously shown
that deletion of Annexin A2 in dysferlin deficient mice results in decreased adipogenic replacement
of fibers and improved muscle function despite worse membrane repair efficiency. Now the authors
show that like other dystrophies that show fat replacement over time, that the number of FAPS in
dysferlin deficient mice correlates with increased severity of disease and adipogenic replacement of
muscle over lifespan. In mdx mice it has been shown that actually targeting FAPS for apoptotic
clearance improves phenotype (the authors cite this work). While the data showing the correlation
of FAP accumulation and disease progression in dysferlin deficiency is new, these interesting
results stop short of definitively show cause and effect that the authors claim.

Major concerns:

1. While | agree that annexin A2 deletion in Bla/Jmice have less FAPS and fat accumulation, the
double KO mice also have less disease severity and less inflammation. The authors have shown in
the Figures 1-3 that severity is correlated with the number of FAPS, and influenced by the amount
of prior injury and regeneration. Isnt it equally possible that annexin A2 regulates inflammation,
which regulates severity and regeneration, and this then effects FAPS secondarily? | don’t
understand how cause and effect can be established by these observations in Figure 4. Indeed, the
authors seem to speculate in the conclusion that the increase in FAPS could be also due to effects
on inflammation

2. To definitively address whether A2/BlaJ mice have similar or altered adipogenic activity, the
authors should isolate PDGFR cells from A2 KO and A2/BlaJ mice like in Figure 2 and test their



adipogenic capacity.

3. Notexin injuries may also affect myogenic cells and thus if there is competition between
myogenesis and fatty accumulation after injury, the notexin may bias the injury toward adipogenic
replacement with this non-physiological injury. Exercise has been shown to induce injury in
dysferlin deficient mice. Does this accelerate adipogenic replacement? This would be important to
know.

4. The authors conclude that annexin A2 is released into the ECM from injured muscles. Its not
clear to me that annexin A2 is or isn’t present on FAPS, or inflammatory cells or other resident
cells in the muscle interstitium. Do the authors have data that annexin A2 is only expressed in
muscle fibers?

Minor:

1. The title and short title overstate the conclusion. There is no data that demonstrates FAPs
control or cause disease onset or severity in A/J mice or patients. There is only a correlation. Its
possible Annexin A2 has other functions in muscle that effect onset and severity such as regulating
inflammation, and that in turn regulates the number and/or activity of FAPS.

2. Figure 4 should show and compare F4/80 staining similar to data in Figure 4Kk.

3. The section describing the figure 3 results is confusing. There are typos in the text and the
conditions in the results sections are not clear. The authors may wish to reorder the panels as well
to make the important comparisons clearer. A WT mouse with repeated injury should be shown to
compare to the repeated injury BlaJ mice.

Reviewer #3:

Remarks to the Author:

Hogarth et al. present evidence that FAP-mediated adipogenesis contributes to the pathogenesis of
dysferlinopathies in a muscle, age, and annexin A2-dependent manner. The study is a follow-up to
their recent reportin Human Molecular Genetics and extends the dysferlinopathy/FAP story by
establishing a correlation between the degree of FAP adipogenesis and the onset/progression of
disease in both humans and mice. Importantly, the findings solidify FAP adipogenesis as a
potential new therapeutic target to combat dysferlinopathy. Except as noted below, the manuscript
was well written and easy to follow, appropriate controls were included, and proper statistics were
employed. The work is of high importance for its clinical relevance to dysferlinopathy and should
be of interest to anyone interested in membrane repair and/or muscular dystrophy.

Primary Concerns

1) An important conclusion in Fig 1 is that the perilipin-1 signal was between muscle fibers rather
than within them. Unfortunately, the WGA/perilipin-1 images that support the claim are only
reported in Sup Fig 1 and thus require the reader to compare Fig 1B to Sup Fig 1B to be convinced
of the perilipin-1 localization. Including the WGA-data in Fig 1 would simplify interpretation of the
data and improve the flow of the paper.

2) On Page 6 the authors state “In contrast, the regenerated TA showed a substantially more new
adipogenic foci and myofiber areas replaced by adipogenesis, indicating age dependence of injury-
triggered adipogenic replacement is age dependent (Fig. 3A - C).” In this sentence, the
“regenerated TA” reference is ambiguous (does it refer to the 12 mo B6A/J single and double
injury mice?) and the age-specific grammar is a mess. The authors should re-word the sentence to
clarify and clean-up the mess.

3) A main conclusion from Fig 4 is that the level of adipogenesis is dramatically reduced in A2-
B6A/J muscle. While the images presented in 4H and 41 are certainly convincing, they are simply
single images; the figure would be much improved if the authors were to include a simple
quantification of perilipin-1 signal similar to what they reportin Fig 1E,I.



Secondary Concerns

1) On Page 4, bottom paragraph, in the reference (Fig. 1C, E, Supp. Fig. 1) the referral to Supp.
Fig. 1 is not relevant as Sup Fig 1 does not include data from different muscle types as the referral
suggests.

2) In the Fig 2 legend, “poathology” should instead read “pathology” and “mark the cells express”
should read “mark the cells that express”



We thank the reviewers for their feedback appreciating the novelty and relevance of this work - “The
work is of high importance for its clinical relevance to dysferlinopathy and should be of interest to
anyone interested in membrane repair and/or muscular dystrophy.” The additional data requested was
to establish the cause and effect stated in the following comments by reviewers 1 and 2. The new work
we have now conducted to address this and other issues have resulted in two new figures and inclusion
of new data in three of the previous five figures. Below are pointwise responses to reviewer comments.

Reviewer 1

1. In this manuscript, the authors study the correlation between the extent of adipogenic
infiltration and disease progression in a mouse model of dysferlinopathies. As FAP have been
shown to be a key adipogenic cell type in skeletal muscle, they concentrate on these cells and
they convincingly show, using mainly immunofluorescence and some in vitro experiments, that
FAPs and adipogenic infiltration increases with damage and age, which are themselves
correlated. Further, they show that deletion of AnxA2, a TLR ligand and a marker of membrane
damage whose KO has been previously shown to ameliorate disease in this model, reduces
adipogenesis and FAP increase as well. In general these data are solid, and they show that there
is a strong correlation between muscle damage, number of FAPs present in the tissue and
adipogenic infiltration. However, they do not support the interpretation, proposed multiple times
in the manuscript, that the increase in FAPs and/or adipogenic infiltration directly causes disease
progression. In fact, this relationship poses a classical "chicken or egg" problem that the authors
make no attempt to address, leaving it completely unclear if the adipogenic infiltration is
involved in pathogenesis or rather simply a marker of disease progression. This is clearly the case
also in the AnxA2 KO experiments, as there is no attempt to understand if the change in the
extent of adipogenic infiltration is directly caused by the lack of this gene or indirectly by the
effects that the KO has on muscle damage.

Response: We and others previously showed that dysferlinopathies are late onset progressive disease
with muscle weakness caused by gradual myofiber replacement with lipid (Defour et al. 2017; Grounds
et al. 2014). This process is accelerated in patients by contraction-induced damage (Angelini et al. 2011).
Based on these findings we had proposed that myofiber replacement with lipids causes muscle
weakness in dysferlinopathy. However, pertinent to this comment, reviewer #2 suggested an alternate
explanation for this wherein loss of dysferlinopathic myofiber may be caused by greater myofiber
damage and tissue inflammation, and adipogenic replacement of muscle may be the end stage
consequence (not cause) of myofiber loss. This suggestion captures the aforementioned ‘chicken or egg’
problem. The first clue against the alternate explanation comes from our previous finding that poor
myofiber repair is common to both dysferlin-deficient (B6A/J) and dysferlin-Annexin A2 deficient (B6A/J-
A2) mice, while adipogenic myofiber replacement occurs preferentially in B6A/J mice (Defour et al.
2017). This argues against differential muscle damage being the cause for differences between these
mouse strains. Secondly, as use of glucocorticoid to prevent inflammation is ineffective in addressing the
muscle weakness in LGMD2B patients (Angelini, Grisold, and Nigro 2011; Walter et al. 2013), it argues
against the central role of inflammation in muscle loss. Our recent publication lends support to this
claim where using B6A/) mice, we found that inhibiting inflammation by glucocorticoid (prednisone)
treatment, fails to reduce weakness and adipogenic loss of dysferlin deficient muscle (Sreetama et al.
2018). Beyond these evidences contradicting the suggested alternate explanation, in the revised
manuscript we provide following evidence to demonstrate our original hypothesis that FAP
accumulation and differentiation is the underlying mechanism for myofiber loss in dysferlinopathy.
A) Unlike the FAPs isolated form B6A/J muscle, FAPs isolated from A2-B6A/J muscle lack spontaneous
adipogenesis (Figure 5), identifying that instead of reducing dysferlinopathic muscle damage,



Annexin A2 deficit prevents dysferlinopathic myofiber loss by acting directly at the level of
prevention of FAP-dependent adipogenesis in this muscle.

B) If adipogenesis is a consequence (not cause) of myofiber damage then drugs targeting FAP cannot
prevent myofiber loss. Use of a drug that we found to inhibit adipogenic differentiation of
dysferlinopathic FAPs in vitro, prevented spontaneous and injury-triggered adipogenic loss of
dysferlinopathic muscle in vivo (Figure 6). This establishes FAP-dependent adipogenesis as the cause
(not the consequence) of myofiber loss.

Above (published and new) findings establish the causal role of adipogenic differentiation of FAPs (not

myofiber loss or muscle inflammation) for the muscle loss and weakness in dysferlinopathy.

Regarding if the change in the extent of adipogenic infiltration caused by Anx2KO is directly caused by
the lack of this gene or indirectly by the effects that the KO has on muscle damage, we previously
showed that AnxA2 KO causes poor myofiber repair and greater muscle fiber damage (indicated by high
number of regenerated fibers (Defour et al. 2017). This finding had demonstrated that deletion of AnxA2
on its own or in the context of dysferlin deficit does not reduce muscle damage. Instead what it does is
protects the damaged muscle from undergoing adipogenic degeneration, the mechanism of which is
what we have elucidated in this work (discussed above). In light of the above comment we realize the
value of clarifying this matter and have provided additional data in the revised Figures 5 A — D, which
show that while inflammation in A2-B6A/) muscle is reduced relative to B6A/J, it is still significantly
elevated when compared to WT. This is in contrast to Perlipin-1 and PDGFRa levels, which are not
different between A2-B6A/J and WT. These results offer evidence against adipogenic replacement in A2-
B6A/J being an indirect consequence of excess muscle damage or inflammation.

2. This over-interpretation of causal linked that are merely suggested by the data is evident
throughout the paper. For example, the authors show that, with time, there is an increase in
FAPs in affected muscles and that FAPs are adipogenic in vitro, and they conclude that FAPs are
the cause of adipogenic infiltration. While this conclusion is very likely to be correct, to formally
establish that this is the case in vivo lineage tracing using an FAP-specific marker would be
required.
Response: The initial parts of this comment (without the underline) are addressed in the responses
above. Regarding the issue marked by the underlined text, we had shown in the original manuscript that
the annexin A2-dysferlin double knockout (B6A/J-A2) mice have fewer FAPs and reduced adipogenic
conversion of muscle. To establish that FAPs are the cause of adipogenic infiltration and thus the cause
of degeneration of the dysferlin deficient muscle we first showed here that the FAPs isolated dysferlin
deficient (B6A/J) muscle have increased spontaneous propensity to differentiate into adipocytes
compared to FAPs from the B6A/J-A2 muscles (Figure 5G, H). Next, we show the efficacy of batimastat -
a drug that inhibits adipogenic differentiation of wild type FAPs (Kopinke, Roberson, and Reiter 2017), to
inhibit adipogenic fate of dysferlin deficient FAPs in vitro and reduce adipogenic infiltration and loss of
dysferlinopathic muscle in vivo (Figure 6). This directly establishes the role of adipogenic differentiation
of the FAPs in degeneration of dysferlinopathic muscle. We have thus gone beyond the lineage tracing
to merely establish in vivo adipogenic potential of FAPs, and identified that targeting this will inhibit
adipogenic loss of dysferlinopathic muscle.

3. Asitis, this study is strictly descriptive and as such not fit for publication in this journal
As discussed above our findings that establish the adipogenic differentiation of FAPs as the mechanistic
basis for the muscle loss and weakness in dysferlinopathy. Additionally, in resolving this issue we have
identified a novel drug-based therapy to treat muscle loss in LGMD2B that targets FAP-mediated
adipogenesis. This complements our previous finding that loss of Annexin A2 is a genetic therapy for



preventing adipogenic muscle loss in dysferlinopathy (Figure 7). Thus the work described in this
manuscript goes well beyond description to establishing the mechanism and a potential drug based
therapy to address this mechanistic deficit.

Reviewer 2

This paper by Hogarth et al describes that the number of FAPS seems to correlate with disease severity
and adipogenic replacement in dysferlin deficiency. The authors have previously shown that deletion of
Annexin A2 in dysferlin deficient mice results in decreased adipogenic replacement of fibers and
improved muscle function despite worse membrane repair efficiency. Now the authors show that like
other dystrophies that show fat replacement over time, that the number of FAPS in dysferlin deficient
mice correlates with increased severity of disease and adipogenic replacement of muscle over lifespan. In
mdx mice it has been shown that actually targeting FAPS for apoptotic clearance improves phenotype
(the authors cite this work). While the data showing the correlation of FAP accumulation and disease
progression in dysferlin deficiency is new, these interesting results stop short of definitively show cause
and effect that the authors claim.

Major concerns:

1. While I agree that annexin A2 deletion in Bla/Jmice have less FAPS and fat accumulation, the
double KO mice also have less disease severity and less inflammation. The authors have shown in
the Figures 1-3 that severity is correlated with the number of FAPS, and influenced by the
amount of prior injury and regeneration. Isnt it equally possible that annexin A2 regulates
inflammation, which regulates severity and regeneration, and this then effects FAPS secondarily?
I don’t understand how cause and effect can be established by these observations in Figure 4.
Indeed, the authors seem to speculate in the conclusion that the increase in FAPS could be also
due to effects on inflammation

Response: Please see the response to comment #1 of reviewer 1 on the issue of “cause and effect”.
Regarding regulating adipogenesis by inhibiting inflammation, we would point to previous work in
human showing the inefficacy of targeting muscle inflammation in preventing muscle weakness in
LGMD2B patients (Angelini, Grisold, and Nigro 2011; Walter et al. 2013). We have now independently
shown that merely inhibiting inflammation in dysferlinopathic mice does not correlate with reduced
adipogenic muscle loss (Sreetama et al. 2018). Further, we have previously shown that the extent of
myofiber regeneration in A2-B6A/J mice is comparable to B6A/) mice (Defour et al. 2017). Thus, if
regeneration was the determining factor for FAP fate, then the FAP phenotype would not be any
different between these mice. Our above results eliminate inflammatory and regenerative differences as
the basis for the adipogenic loss of muscle in B6A/J mice and the lack of this in A2-B6A/J. While due to
the effect of AnxA2 on TLR activation, inflammation may contribute to the tissue niche that facilitates
adipogenic muscle loss in LGMD2B, our results identify AnxA2 effect on FAPs (Figure 4, 5) to be a more
direct one and not a secondary outcome of inflammation or muscle regeneration.

2. To definitively address whether A2/Bla) mice have similar or altered adipogenic activity, the
authors should isolate PDGFR cells from A2 KO and A2/BlaJ mice like in Figure 2 and test their
adipogenic capacity.

Response: We agree with the reviewer regarding the need for this data and have conducted this
experiment. This data shows that PDGFRa-labeled FAPs isolated from 12Mo B6A/J (symptomatic age for
B6A/J) have significantly greater spontaneous adipogenic differentiation than FAPs isolated from
matched A2-B6A/J and WT muscles (Figures 5G, H). This establishes that greater spontaneous
adipogenic fate of B6A/J FAPs, which is not lost despite being maintained in vitro as mixed or purified
cell culture.



3. Notexin injuries may also affect myogenic cells and thus if there is competition between
myogenesis and fatty accumulation after injury, the notexin may bias the injury toward
adipogenic replacement with this non-physiological injury. Exercise has been shown to induce
injury in dysferlin deficient mice. Does this accelerate adipogenic replacement? This would be

important to know.
Response: Previous work done in LGMD2B patients has also
examined this idea and showed that injury caused by eccentric
exercise exacerbates disease pathology and, pertinent to the
reviewer’s query, increases fatty replacement of muscle
monitored by MRI (Angelini et al. 2011). As we mention in the
introduction, this work was the premise for our experiments to
test the effect of injury on muscle adipogenesis in B6A/J mice.
Eccentric exercise has also been used to identify greater muscle
damage in dysferlin-deficient mice (Biondi et al. 2013).
However, in this study the authors did not examine adipogenic
replacement of muscle. We took this approach and used
downhill treadmill running to induce myofiber injury. However,
in our hands eccentric injury induced by downhill treadmill run
resulted in highly variable levels of myofiber injury (measured
by induced central nucleation — see adjacent figure), making
use of this injury approach unreliable to quantitatively assess
the effect of exercise-induced injury on adipogenic response.
However, as shown by the adjacent figure, extent of this injury
(indicated by extent of centrally nucleated fibers) correlates
positively with muscle adipogenic replacement (marked by
perilipin-1 staining). This further supports that lipid formation is
a physiological consequence of myofiber injury in
dysferlinopathic muscle.
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Lipid formation is positively correlated
with myofiber injury after eccentric
injury. 8Mo B6A/J mice were run
downbhill on a treadmill (12m/min, 30°
decline) for 20min 3x weekly for 4 weeks
to induce eccentric injury. Mice were left
to recover for 4 weeks after the final
bout of eccentric exercise before tissues
were harvested for analysis. Lipid
formation was quantified in the
quadriceps via perilipin-1 staining and
compared to myofiber central nucleation
as an indicator of muscle damage.
Despite wide variability in each of these
measures as a result of the protocol, we
observed a positive correlation between
myofiber injury and lipid formation after
eccentric injury.

Contrary to the reviewer’s suggestion regarding notexin injury, a recent study showed that it is the
glycerol-induced injury that impairs normal myogenic response and causes adipogenesis, which is
avoided by the use of myotoxins (eg: notexin) where myogenic regeneration occurs efficiently within 14
days (Mahdy 2018). However, it is to control for any unanticipated effects of notexin injury on
adipogenesis that we also tested adipogenesis in the muscles of asymptomatic mice - 12Mo WT and
3Mo B6A/J mice. This showed extensive regeneration at the injury site, indicated by the presence of
centrally nucleated myofibers and a lack of necrotic myofibers, but no significant adipogenesis (Figure
3A-F), thus supporting the validity of using the notexin injury approach here. Finally, by isolating FAPs
and culturing them ex vivo we show that the B6A/J FAPs activated by spontaneous in vivo injury adopt
adipogenic fate (figure 5G, H). This independently shows that lipid deposits after notexin injury of the
symptomatic 12Mo B6A/] is a reflection of the physiological fate of these muscles and not an artifact of

the experimental approach.

4. The authors conclude that annexin A2 is released into the ECM from injured muscles. Its not clear
to me that annexin A2 is or isn’t present on FAPS, or inflammatory cells or other resident cells in
the muscle interstitium. Do the authors have data that annexin A2 is only expressed in muscle

fibers?

Response: Considering previous claims that Annexin A2 levels increase in the dysferlinopathic muscle
(Cagliani et al. 2005) and the reports that AnxA2 is released at the site of plasma membrane injury




(Demonbreun et al. 2016; Jaiswal et al. 2014), our proposed model indicates release of AnxA2 by the
injured muscle fibers. The released annexin molecules can then bind and reside on the surface of any of
the cells in the vicinity including FAPs. AnxA2 can also be produced by other cell types (FAPs, endothelial
and inflammatory cells) present in the injured muscle, and as long as these cells secrete AnxA2 these
protein molecules would have the same effect as AnxA2 released by myofibers. Thus, in the 2™
paragraph of the revised discussion we have clarified these as potential sources for extracellular AnxA2
which can contribute to the adipogenic replacement of dysferlinopathic muscle.

Minor concerns
1. The title and short title overstate the conclusion. There is no data that demonstrates FAPs

control or cause disease onset or severity in A/J mice or patients. There is only a correlation.

Its possible Annexin A2 has other functions in muscle that effect onset and severity such as

regulating inflammation, and that in turn regulates the number and/or activity of FAPS.
Response: Please see the responses above for the discussion of the causative role of FAPs in
dysferlinopathic muscle adipogenesis. The revised figure 7 summarizes the mechanisms identified in this
study to target this role of FAPs jn vivo to control disease severity in the mouse model. Regarding the
role of Annexin A2 in regulation of inflammation, we fully agree with such a role of Annexin A2 and this
is the working hypothesis of our ongoing work - please also see response to major comment #1 above.

2. Figure 4 should show and compare F4/80 staining similar to data in Figure 4k.
Response: In the revised figure 5 we have provided the F4/80 staining images and a quantitative
comparison of it in dysferlin deficient and dysferlin and AnxA2-deficient muscles.

3. The section describing the Figure 3 results is confusing. There are typos in the text and the
conditions in the results sections are not clear. The authors may wish to reorder the panels
as well to make the important comparisons clearer. A WT mouse with repeated injury should
be shown to compare to the repeated injury BlaJ mice.

Response: We apologize for the poor wording used in describing the results presented in figure 3,
leading to the confusion in the original manuscript. We have revised this text in this results section and
in the figure legend to provide the required clarity.

Reviewer 3

Hogarth et al. present evidence that FAP-mediated adipogenesis contributes to the pathogenesis of
dysferlinopathies in a muscle, age, and annexin A2-dependent manner. The study is a follow-up to their
recent report in Human Molecular Genetics and extends the dysferlinopathy/FAP story by establishing a
correlation between the degree of FAP adipogenesis and the onset/progression of disease in both
humans and mice. Importantly, the findings solidify FAP adipogenesis as a potential new therapeutic
target to combat dysferlinopathy. Except as noted below, the manuscript was well written and easy to
follow, appropriate controls were included, and proper statistics were employed. The work is of high
importance for its clinical relevance to dysferlinopathy and should be of interest to anyone interested in
membrane repair and/or muscular dystrophy.

1. Animportant conclusion in Fig 1 is that the perilipin-1 signal was between muscle fibers rather
than within them. Unfortunately, the WGA/perilipin-1 images that support the claim are only
reported in Sup Fig 1 and thus require the reader to compare Fig 1B to Sup Fig 1B to be



convinced of the perilipin-1 localization. Including the WGA-data in Fig 1 would simplify
interpretation of the data and improve the flow of the paper.
Response: We have revised figure 1, providing high resolution confocal images in which illustrate the
point that perilipin-1 marked lipid deposits form outside myofibers in both, patient and mouse muscles.

2. On Page 6 the authors state “In contrast, the regenerated TA showed a substantially more new
adipogenic foci and myofiber areas replaced by adipogenesis, indicating age dependence of
injury-triggered adipogenic replacement is age dependent (Fig. 3A - C).” In this sentence, the
“regenerated TA” reference is ambiguous (does it refer to the 12 mo B6A/J single and double
injury mice?) and the age-specific grammar is a mess. The authors should re-word the sentence
to clarify and clean-up the mess.

Response: As mentioned above in our reply to Reviewer 2, point 8, we have made substantial revisions
to the text in this section and the accompanying figure legend to provide clarity.

3. A main conclusion from Fig 4 is that the level of adipogenesis is dramatically reduced in A2-B6A/J
muscle. While the images presented in 4H and 41 are certainly convincing, they are simply single
images; the Figure would be much improved if the authors were to include a simple
quantification of perilipin-1 signal similar to what they report in Fig 1E,I.

Response: We have previously published a detailed account supporting this feature of A2-B6A/J muscle
(Defour et al. 2017). Now in the revised manuscript we provide the images for reduced adipogenesis in
gastrocnemius and quadriceps muscles and quantification corroborating this in the gastrocnemius
(Figures 4H, I, 5C and Supplemental Figure 4).

4. On Page 4, bottom paragraph, in the reference (Fig. 1C, E, Supp. Fig. 1) the referral to Supp. Fig.
1is not relevant as Sup Fig 1 does not include data from different muscle types as the referral
suggests.

Response: This has been corrected.

5. Inthe Fig 2 legend, “poathology” should instead read “pathology” and “mark the cells express”
should read “mark the cells that express”
Response: This has been corrected.
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Reviewers' Comments:

Reviewer #1:

Remarks to the Author:

The authors have addressed my main concern with the following points:

1) FAPs from annexin A2 KO do not show spontaneous adipogenesis in vitro. This is a very
interesting finding, but still does not establish a causal relationship. For example, it does not
exclude the possibility that this may be due to a systemic effect altering FAP fate, which can’t be
excluded due to the fact that they are working with a developmental KO. The same effect could
alter disease progression. Indeed the authors themselves claim that AnxA2 is expressed by
myofibers, which are not presentin the FAP cultures... Would coculturing AnxA2KO FAPs with
myotubes form WT mice, or adding recombinant factor to the medium rescue the lack of
adipogenesis?

2) Annexin A2 KO leads to a defect in muscle membrane repair, as does lack of dysferlin. The
authors point to Defour et al 2017 in support of their contention that the effect on muscle fibers in
similar, and that AnxA2 does not act by reducing such damage. However, their own histological
analysis shows how AnxA2 muscle is essentially indistinguishable from the wild type, unlike
dysferlin deficient muscle which clearly develops damage. The only in vivo evidence they bring
forward supporting the notion that lack of AnxA2 causes damage is a faster decline in muscle
strength that could be due to any of a humber of mechanisms including some acting on nerve
transmission or general metabolism.

3) A drug that alters adipogenesis also improves disease progression, which the authors take as
proof of the involvement of adipogenic conversion of FAPs. But the new data shown in figure 6
does not establish a direct link, especially as the Bernachetz lab has recently been shown that in
dysferlin deficient mice, alterations of fat metabolism have a profound effect on disease
progression. In addition, the analysis of the outcome is fully focussed on adipogenesis and does
not show if there is a benefit of the treatment in terms of muscle strength, muscle fiber size or any
other indicator of disease progression apart from adipogenesis.

Finally, the authors show that Perlipin and PDGFRa levels are indistinguishable between A2-B6A/J
and wild type. As PDGFRa is a marker of undifferentiated FAPs and is lost during adipogenic
differentiation, this observation suggests that activation of FAPs may be impaired (which one
would expect in the presence of less damage) rather than they differentiation, which would
presumably lead to an increase in PDGFRa due to an increase in undifferentiated FAPs.
Importantly, a change in FAP numbers suggests that AnxA2 acts on more than their adipogenic
propensity, as batimostat (the drug used by the authors to block adipogenesis) has been reported
not to affect FAP numbers. Of course, other phenomena such as a secondary increase in apoptosis
of undifferentiated FAPs may explain this observation, but the authors do not explore any
alternative explanation in detalil.

In conclusion, the results are still overinterpreted, with a number of experiments showing
suggestive results that have not followed in enough depth to support the conclusions.

Reviewer #2:

Remarks to the Author:

The authors have written a careful rebuttal and addressed some of the criticisms raised in the
previous review and also added some new data that have improved the manuscript. While | agree
the collective data is supportive of the hypothesis that FAPS could be important in this phenotype,
and the new data with the inhibitor adds to the supportive data, there are some concerns raised by
the new data that if addressed would improve the paper.

1. The new data on a batimastat treatment provides some additional support, the data is
somewhat inconclusive in terms of proving the mechanism. While BTMST inhibits FAP



differentiation in vitro my understanding is that it is a fairly broad MMP inhibitor and also inhibits
things like angiogenesis and fibrosis. The authors should quantify the overall phenotype of the
mice treated with drug, including the fibrosis, central nucleated fibers (as a marker of
regeneration), and oil red O staining of the muscle itself (similar to Fig 1). The WGA staining
shown, suggests there may be less fibrosis but it is not quantified. If the inhibitor also blocks
fibrosis for example, the authors should temper their conclusions that this effect is mediated
directly by the effects of BTMST on FAPS. For example, it could be working indirectly through
affecting fibrosis. Alternatively, this data may suggest that inhibiting FAPS can significantly
improve a dystrophic phenotype. Those two possible explanations could be discussed.

2. The new data on the FAPS isolated from mice show that the FAPS from B6A/J mice show
heightened spontaneous adipogenic differentiation while the A2-B6A/J mice. This was a little
surprising because the cells are isolated from the annexin secretory niche in the injured muscle
that the authors are saying is driving their phenotype (although the authors argue they are
already primed for differentiation). However, the experiment shown creates a unique opportunity
to rescue the A2-B6A/J differentiation defect with recombinant A2 applied to the cells. This would
definitively prove it is secreted A2 from injured cells that is priming this phenotype in strong
support of their final model. Recombinant A2 is commercially available and it could be a great test
of the model.

Minor

1. Fig 6B legend should indicate this is in the FAPS not in treated muscle.

2. Fig 6F legend should indicate if this is B6A/J mice from E just to be clear.

3. The methods should indicate if it was the same source of batimastat (Sigma) used in vivo and

the carrier used in both the vitro and in vivo experiments. Sigma indicates solubility in DMSO. Was
there a vehicle control in “untreated”?

Reviewer #3:

Remarks to the Author:

The Hogarth et al. revision is an improvement over the original submission with respect to both
data presentation and readability. While my initial concerns were all addressed, minor issues
remain in some figures and text (see below). However, in total the batimastat-related findings are
significant and will appeal to those interested in MD in general and dysferlinopathy in particular.
Concerns

Text issues: while not an exhaustive list, the following are the most glaring mistakes.

1) On Page 7, the redundancy in “We next analyzed examined if AnxA2 ...” should be removed.
2) On Page 8, “adipogeneic” is not a word

3) On Pg 10, “... inhibits MMPs, is not clear ...” should read “... inhibits MMPs, it is not clear ...”
Figure issues

Fig. 1A-B: no scale bar is provided

Supp Fig 1: no “C” isincluded, in disagreement with the legend.



We thank the reviewers for their positive comments and for their enthusiasm and feedback to further
enhance the impact of our work. Below we have included a point wise response to their comments
presenting our new experimental results and other edits to the manuscript that addresses each of the
points they have raised.

Reviewer #1

The authors have addressed my main concern with the following points:

1) FAPs from annexin A2 KO do not show spontaneous adipogenesis in vitro. This is a very interesting
finding, but still does not establish a causal relationship. For example, it does not exclude the possibility
that this may be due to a systemic effect altering FAP fate, which can’t be excluded due to the fact that
they are working with a developmental KO. The same effect could alter disease progression. Indeed the
authors themselves claim that AnxA2 is expressed by myofibers, which are not present in the FAP
cultures... Would coculturing AnxA2KO FAPs with myotubes form WT mice, or adding recombinant factor
to the medium rescue the lack of adipogenesis?

Response: This comment raises two interesting questions - 1. Is the adipogenic ability of AnxA2 KO FAPs
compromised due to the developmental KO of AnxA2? 2. Does AnxA2 released by myofibers and other
cells enhance FAP adipogenesis? We have carried out experiments that address each of these concerns.

1. To address the adipogenic ability of FAPs lacking AnxA2 we tackled the more challenging model
AnxA2/dysferlin dKO, where lack of AnxA2 reverses the increase in FAP adipogenesis caused by
dysferlin deficit. Treating these FAPs with media used for in vitro adipogenic induction we find
that these cells robustly adopt the adipogenic fate (Fig. S4C, D), producing lipids detectable by
oil red staining. This establishes that AnxA2 KO does not prevent the developmental potential of
FAPs to adopt the adipogenic fate.

2. To assess the extracellular role of AnxA2 in FAP adipogenesis we first examined if purified AnxA2
can further enhance the adipogenic fate of the FAPs. We find that treating the B6A/J FAPs with
recombinant AnxA2 further increased their adipogenesis, directly addressing the role of
extracellular AnxA2 in augmenting FAP adipogenesis (Fig. 6E, F). In vivo, extracellular AnxA2
likely arises from multiple different types of cells in the damaged muscle niche. So we examined
if lack of AnxA2 in the niche cells from dKO muscle inhibit adipogenesis. For this we co-cultured
B6A/J FAPs with the niche cells from either B6A/J or A2-B6A/]. Interestingly, compared to the
B6A/J niche, co-culture with the A2-B6A/J niche reduced spontaneous adipogenesis of B6A/]
FAPs (Fig. 6C, D). These opposing effects of the presence/absence of extracellular AnxA2
demonstrates the AnxA2 secretion by the cellular niche surrounding the FAPs facilitates FAP
adipogenesis.

3. Finally, we tested the potential of extracellular AnxA2 to induce FAP adipogenesis in vivo. For
this we performed notexin injury in A2-B6A/J muscle and injected recombinant AnxA2 to raise



the extracellular AnxA2 level in these muscles during the course of muscle regeneration;
mimicking the high AnxA2 in the extracellular niche found in the B6A/J mice. Mere presence of
exogenous AnxA2 during regeneration of these otherwise AnxA2 deficient dysferlinopathic
muscle, increased both FAP accumulation and adipogenesis during the course of muscle
regeneration (Fig. 6G —J). Thus, providing in vivo confirmation that it is the presence of
extracellular AnxA2 that drives the adipogenic niche for FAPs in the dysferlinopathic muscle.

2) Annexin A2 KO leads to a defect in muscle membrane repair, as does lack of dysferlin. The authors
point to Defour et al 2017 in support of their contention that the effect on muscle fibers in similar, and
that AnxA2 does not act by reducing such damage. However, their own histological analysis shows how
AnxA2 muscle is essentially indistinguishable from the wild type, unlike dysferlin deficient muscle which
clearly develops damage. The only in vivo evidence they bring forward supporting the notion that lack of
AnxA2 causes damage is a faster decline in muscle strength that could be due to any of a number of
mechanisms including some acting on nerve transmission or general metabolism.

Response: In our previous manuscript (Defour et al., 2017) we had employed two assays (focal laser
injury and mechanical injury by ex vivo lengthening contractions) that are the field’s standard for
directly assessing muscle membrane repair ability independent of potential effects due to factors such
as nerve transmission and metabolic or behavioral deficits. This showed that WT mice knocked out for
AnxA2 show slower muscle membrane repair (Fig 1A-D and Fig. 4C in Defour et al., 2017). Even more
pertinent to our current manuscript was the findings that knockout of ANxA2 in the dysferlin-deficient
mice resulted in further reduction of the muscle membrane repair ability (Fig. 4D and 6C in Defour et al.,
2017). These previous observations we made regarding poor muscle membrane repair sufficiently
explains what is noted above by the reviewer regarding weakness of AnxA2 deficient muscle. Further,
not only has the past research with AnxA2 knockout mouse by other laboratories not identified a
general nerve transmission or related deficit in this mouse, our own independent work has
demonstrated that metabolic poisoning of cells with azide (mitochondrial poison) and 2-deoxyglucose
(glycolytic poison) does not impact on muscle membrane repair ability (Horn et al., 2017). This in light of
this body of data in favor of poor membrane repair deficit and against other potential deficits, our
finding that “Annexin A2 KO leads to a defect in muscle membrane repair, as does lack of dysferlin.” is
borne out by all of the existing data and is not a “contention”. Our findings noted above by the reviewer
regarding lack of muscle histopathology in the AnxA2 deficient muscles is what prompted us to ask the
question in the previous (Defour et al., 2017) as well as in the current study about what factor(s) beyond
muscle membrane repair contribute to the histopathological damage seen in dysferlin deficient, but not
in AnxA2 deficient muscles. The findings we present in this current study helps answer this by
highlighting that it is the breakdown in the interactions between the poor repairing muscle fiber and the
surrounding niche made up of non-muscle (FAPs and inflammatory) cells that cause the ensuing
histopathology in dysferlin deficient, but not in AnxA2 deficient, muscle.

3) A drug that alters adipogenesis also improves disease progression, which the authors take as proof of
the involvement of adipogenic conversion of FAPs. But the new data shown in figure 6 does not establish



a direct link, especially as the Bernachetz lab has recently been shown that in dysferlin deficient mice,
alterations of fat metabolism have a profound effect on disease progression. In addition, the analysis of
the outcome is fully focussed on adipogenesis and does not show if there is a benefit of the treatment in
terms of muscle strength, muscle fiber size or any other indicator of disease progression apart from
adipogenesis.

Response: Batimastat - the drug we have used here is a MMP14 inhibitor (Hotary et al., 2002) and
inhibits the signaling required to trigger adipogenic fate of FAPs (Kopinke et al., 2017). In the dysferlin-
null mouse, MMP-14 expression increases by 3-fold between the ages of 2 months old (presymptomatic)
to 9 months old (symptomatic) (Suzuki et al., 2005). Thus ability of batimastat to reduce adipogenesis of
isolated FAPs in vitro and in vivo in symptomatic dysferlin KO muscle identifies FAPs as the target for
reducing adipogenic muscle loss in dysferlinopathy. This is also supported by batimastat reversing the
accelerated adipogenic loss of dysferlin KO muscles caused by FAP activation by notexin injury (Fig. 7E,
F). None of our findings are in context of the metabolic stress imposed on the mice by the Bernatchetz
lab through loss of ApoE protein and maintaining mice on high fat diet - treatments that trigger
metabolic dysfunction leading to major atherosclerotic lesions in these mice (Plump et al., 1992). This
same metabolic stress also causes adipogenic replacement of muscles even in mdx mice (Milad et al.,
2017). It is thus appears that ApoE and altered diet-induced muscle adipogenic loss is independent of
the dystrophy model and does not reflect upon a specific endogenous metabolic alteration in dysferlin
KO. Finally, the short-term batimastat treatment presented in the manuscript is a proof of principle
demonstration of the relevance of FAP adipogenesis to the adipogenic loss of dysferlin-deficient muscle.
Measurement of functional muscle improvements in a controlled and properly powered preclinical
assessment needs to be performed, which is clearly beyond the scope of this study aimed at describing
the mechanism and proof-of-concept for such a preclinical trial in the future.

4) The authors show that Perlipin and PDGFRa levels are indistinguishable between A2-B6A/J and wild
type. As PDGFRa is a marker of undifferentiated FAPs and is lost during adipogenic differentiation, this
observation suggests that activation of FAPs may be impaired (which one would expect in the presence
of less damage) rather than they differentiation, which would presumably lead to an increase in PDGFRa
due to an increase in undifferentiated FAPs. Importantly, a change in FAP numbers suggests that AnxA2
acts on more than their adipogenic propensity, as batimostat (the drug used by the authors to block
adipogenesis) has been reported not to affect FAP numbers. Of course, other phenomena such as a
secondary increase in apoptosis of undifferentiated FAPs may explain this observation, but the authors
do not explore any alternative explanation in detail.

Response: Our in vitro experiments described in response to comment #1 above directly demonstrates
the role of AnxA2 in adipogenic differentiation of the FAPs. This complements the data showing reduced
adipogenic differentiation ability of the AnxA2 deficient FAPs (Fig. 6A, B) contributes to the reduced
adipogenic fate of the A2-B6A/J muscles. Our new experiment where we injected AnxA2-B6A/) mouse
muscles with purified AnxA2 during the course of regeneration showed that presence of AnxA2 results
not only in increased FAP adipogenesis, but also in increased number of FAPs. This in vivo evidence adds
further to the role of AnxA2 also in the accumulation of FAPs. Thus, as the reviewer suggests we believe



that absence of AnxA2 in the knockout mice may reduce the number and adipogenic differentiation of
FAPs, leading to the lack of FAP and adipogenic accumulation in these mice. In the spirit of seeking other
explanation and in response to the comment # 1 of reviewer 2, we have tested another potential
alternative effect of AnxA2 on FAPs — switch from adipogenic to fibrotic differentiation. As we described
in that response below, the evidence we obtained points against this alternate explanation.

In conclusion, the results are still overinterpreted, with a number of experiments showing suggestive
results that have not followed in enough depth to support the conclusions.

Response: The new data we have presented in the revised manuscript addresses each of the above
comments of this reviewer.

Reviewer #2

The authors have written a careful rebuttal and addressed some of the criticisms raised in the previous
review and also added some new data that have improved the manuscript. While | agree the collective
data is supportive of the hypothesis that FAPS could be important in this phenotype, and the new data
with the inhibitor adds to the supportive data, there are some concerns raised by the new data that if
addressed would improve the paper.

1) The new data on a batimastat treatment provides some additional support, the data is somewhat
inconclusive in terms of proving the mechanism. While BTMST inhibits FAP differentiation in vitro my
understanding is that it is a fairly broad MMP inhibitor and also inhibits things like angiogenesis and
fibrosis. The authors should quantify the overall phenotype of the mice treated with drug, including the
fibrosis, central nucleated fibers (as a marker of regeneration), and oil red O staining of the muscle itself
(similar to Fig 1). The WGA staining shown, suggests there may be less fibrosis but it is not quantified. If
the inhibitor also blocks fibrosis for example, the authors should temper their conclusions that this effect
is mediated directly by the effects of BTMST on FAPS. For example, it could be working indirectly through
affecting fibrosis. Alternatively, this data may suggest that inhibiting FAPS can significantly improve a
dystrophic phenotype. Those two possible explanations could be discussed.

Response: We agree with the reviewer’s suggestion that, despite the use of batimastat to inhibit MMP-
14, it may also inhibit other MMPs and we have thus quantified the other phenotypic parameters
recommended by the reviewer. While fibrosis is not a major feature of dysferlinopathy, we performed
further analysis of batimastat-treated mouse muscles to examine if the reduced lipid formation is
caused by a switch to fibrosis and/or myofiber damage rather than reduced FAP adipogenesis. Masson’s
trichrome staining, which is a more specific indicator of fibrosis than WGA, showed no effect of
batimastat on muscle fibrosis, either with spontaneous pathology in the gastrocnemius or with notexin-
induced injury in the TA (Fig. S5F - I). We also quantified central nucleation in the gastrocnemius and
found no significant difference between batimastat —treated and untreated B6A/J muscle (Fig. S5C). This
new data, coupled with our previous observation that batimastat reduces FAP adipogenesis in vitro,
demonstrates that the reduction in lipid area in batimastat treated mice is due to a reduction in FAP
adipogenesis as we had previously suggested.



2) The new data on the FAPS isolated from mice show that the FAPS from B6A/J mice show heightened
spontaneous adipogenic differentiation while the A2-B6A/J mice. This was a little surprising because the
cells are isolated from the annexin secretory niche in the injured muscle that the authors are saying is
driving their phenotype (although the authors argue they are already primed for differentiation).
However, the experiment shown creates a unique opportunity to rescue the A2-B6A/J differentiation
defect with recombinant A2 applied to the cells. This would definitively prove it is secreted A2 from
injured cells that is priming this phenotype in strong support of their final model. Recombinant A2 is
commercially available and it could be a great test of the model.

Response: We have performed new experiments to address this suggestion by the reviewer. First, we
tested the idea that the cells surrounding the FAPs (niche cells) regulate the adipogenesis of
dysferlinopathic FAPs. For this we co-cultured the B6A/J FAPs with niche cells from either B6A/J or age-
matched A2-B6A/J. In this scenario, the A2-B6A/J niche cells reduced the adipogenesis of B6A/J FAPs
(Fig. 6C, D). Next, we tested whether this niche effect was a consequence of the lack of AnxA2 supplied
by the A2-B6A/] niche. For this we treated FAPs extracted from B6A/J with recombinant AnxA2 and
observed a significant increase in their spontaneous adipogenic potential compared with untreated cells
(Fig. 6E, F). This suggests a direct action by AnxA2 on FAPs, which is in line with our previous
observations that the increase in AnxA2 coincides with the accumulation of FAPs in dysferlin-deficient
muscle. Finally, we tested whether this in vitro effect of AnxAz2 also applies in vivo by notexin injuring
AnxA2-naive A2-B6A/) muscle in the presence or absence of purified AnxA2. In this experiment, the
exogenous AnxA?2 increased both injury-triggered FAP accumulation and adipogenic replacement of A2-
B6A/J muscle (Fig. 6G — 1), thus confirming the pro-adipogenic action of AnxA2 on dysferlinopathic FAPs.

Minor

1. Fig 6B legend should indicate this is in the FAPs not in treated muscle.

Response: The figure legend (now Fig. 7B) has been updated to be explicitly clear the Oil Red
quantification refers to 12Mo B6A/J FAPs in vitro.

2. Fig 6F legend should indicate if this is B6A/J mice from E just to be clear.
Response: The figure legend for this figure (now 7F) has been edited to be clear this refers to the NTX-
injured B6A/) muscles shown in the adjacent panel 7E.

3. The methods should indicate if it was the same source of batimastat (Sigma) used in vivo and the
carrier used in both the vitro and in vivo experiments. Sigma indicates solubility in DMSO. Was there a
vehicle control in “untreated”?

Response: We apologize for this admission in the methods. The source of batimastat was the same for
both in vitro and in vivo experiments. The drug was first dissolved in DMSO before being reconstituted in
5% saline for treatment. The methods have been updated to reflect this detail.

Reviewer #3



The Hogarth et al. revision is an improvement over the original submission with respect to both data
presentation and readability. While my initial concerns were all addressed, minor issues remain in some
figures and text (see below). However, in total the batimastat-related findings are significant and will
appeal to those interested in MD in general and dysferlinopathy in particular.

Concerns
Text issues: while not an exhaustive list, the following are the most glaring mistakes.

1) On Page 7, the redundancy in “We next analyzed examined if AnxA2 ...” should be removed.
Response: This has been corrected, and the word ‘analyzed’ was removed from the sentence.

2) On Page 8, “adipogeneic” is not a word
Response: This typo has been corrected.

3) On Pg 10, “... inhibits MMPs, is not clear ...” should read “... inhibits MMPs, it is not clear ...”
Response: The sentence has been changed as suggested.

Figure issues

Fig. 1A-B: no scale bar is provided
Response: Scale bar has been provided for these images.

Supp Fig 1: no “C” is included, in disagreement with the legend.
Response: The numbering of this figure has been corrected.
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Reviewers' Comments:

Reviewer #1:

Remarks to the Author:

The authors have made significant efforts to address my concerns. While | was somewhat
disappointed that they did not assess the effects of batimastat treatment on muscle function, the
paper is now publishable.

Reviewer #2:
Remarks to the Author:
The author addressed my concerns.

This is not a criticism that needs to be addressed but | did notice that taking the experiments as a
whole, the perilipin staining appears to be concentrated around the smaller caliber fibers that
remain after notexin injury. It might be interesting to mention this and perhaps follow this up why
this non-uniform distrubution exists in future experiments.



REVIEWERS' COMMENTS:

Reviewer #1 (Remarks to the Author):

The authors have made significant efforts to address my concerns. While | was somewhat
disappointed that they did not assess the effects of batimastat treatment on muscle function,
the paper is now publishable.

Response: We wish to thank the reviewer for their efforts in improving this manuscript over the
course of review. We agree that the effect of long term batimastat treatment on disease
progression, including muscle function, FAP accumulation and adipogenic replacement in B6A/J
mice is of great interest. As such, conducting a rigorous preclinical trial in this model is a priority
in our work moving forward.

Reviewer #2 (Remarks to the Author):

The author addressed my concerns.

This is not a criticism that needs to be addressed but | did notice that taking the experiments as
a whole, the perilipin staining appears to be concentrated around the smaller caliber fibers that
remain after notexin injury. It might be interesting to mention this and perhaps follow this up
why this non-uniform distrubution exists in future experiments.

Response: The areas referred to here (Figure 3) show Perilipin accumulation in the extracellular
martix spaces between the myofibers and not around (surrounding) intact small caliber
myofibers. This is evident by lack of any nuclei within these spaces surrounded by the
accumulating lipids. To avoid this confusion for the readers we have now reworded the relevant
result section as follows: “This showed that increasing age increases injury-triggered adipogenic
replacement of areas otherwise occupied by myofibers.”
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