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28th Nov 20191st Editorial Decision

Dear Dr. Soleimani, 

Thank you for your pat ience while your manuscript  was peer-reviewed at  EMBO reports. We have
now received the full set  of referee reports that is pasted below. 

As you will see, all referees acknowledge that the findings are potent ially interest ing. However,
referees 1 and 3 point  out that  the data as they stand are rather preliminary and that significant
revisions will be required for considerat ion of the study for publicat ion here. I think that especially all
points raised by referee 1 are important and should be addressed. I.e., whether MRF4 specifically
(as opposed to the other myogenic factors) has a role in adult  muscle, and whether it  is expressed
and acts from within myofibers or satellite cells, or both. Referee 3 raises similar points. If you have
any quest ions regarding the reports please let  me know and we can discuss this further. 

I would thus like to invite you to revise your manuscript  with the understanding that the referee
concerns must be fully addressed and their suggest ions taken on board. Please address all referee
concerns in a complete point-by-point  response. Acceptance of the manuscript  will depend on a
posit ive outcome of a second round of review. It  is EMBO reports policy to allow a single round of
major revision only and acceptance or reject ion of the manuscript  will therefore depend on the
completeness of your responses included in the next, final version of the manuscript .

Revised manuscripts should be submit ted within three months of a request for revision; they will
otherwise be treated as new submissions. Please contact  us if a 3-months t ime frame is not
sufficient  for the revisions so that we can discuss this further. 

Regarding data quant ificat ion, please specify the number "n" for how many independent
experiments (or specify the number of mice and of fibers) were performed, the bars and error bars
(e.g. SEM, SD) and the test  used to calculate p-values in the respect ive figure legends. This
informat ion must be provided in the figure legends. Please also include scale bars in all microscopy
images.

IMPORTANT NOTE: we perform an init ial quality control of all revised manuscripts before re-review.
Your manuscript  will FAIL this control and the handling will be DELAYED if the following APPLIES: 
1) A data availability sect ion providing access to data deposited in public databases is missing
2) Your manuscript  contains stat ist ics and error bars based on n=2 or on technical replicates.
Please use scatter blots in these cases. No error bars can be calculated if n=2.

When submit t ing your revised manuscript , please carefully review the instruct ions that follow below.
Failure to include requested items will delay the evaluat ion of your revision.

1) a .docx formatted version of the manuscript  text  (including legends for main figures, EV figures
and tables). Please make sure that the changes are highlighted to be clearly visible.

2) individual product ion quality figure files as .eps, .t if, .jpg (one file per figure).
See ht tps://wol-prod-cdn.literatumonline.com/pb-assets/embo-
site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf for more info on how to prepare
your figures.

3) We replaced Supplementary Informat ion with Expanded View (EV) Figures and Tables that are



collapsible/expandable online. A maximum of 5 EV Figures can be typeset. EV Figures should be
cited as 'Figure EV1, Figure EV2" etc... in the text  and their respect ive legends should be included in
the main text  after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be
bundled together with their legends in a single PDF file called *Appendix*, which should start  with a
short  Table of Content. Appendix figures should be referred to in the main text  as: "Appendix Figure
S1, Appendix Figure S2" etc. See detailed instruct ions regarding expanded view here:
<https://www.embopress.org/page/journal/14693178/authorguide#expandedview>

- Addit ional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc.
Legends have to be provided in a separate tab in case of .xls files. Alternat ively, the legend can be
supplied as a separate text  file (README) and zipped together with the Table/Dataset file.

4) a .docx formatted let ter INCLUDING the reviewers' reports and your detailed point-by-point
responses to their comments. As part  of the EMBO Press transparent editorial process, the point-
by-point  response is part  of the Review Process File (RPF), which will be published alongside your
paper.

5) a complete author checklist , which you can download from our author guidelines
<https://www.embopress.org/page/journal/14693178/authorguide>. Please insert  informat ion in the
checklist  that  is also reflected in the manuscript . The completed author checklist  will also be part  of
the RPF.

6) Please note that all corresponding authors are required to supply an ORCID ID for their name
upon submission of a revised manuscript  (<https://orcid.org/>). Please find instruct ions on how to
link your ORCID ID to your account in our manuscript  t racking system in our Author guidelines 
<https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines>

7) Before submit t ing your revision, primary datasets produced in this study need to be deposited in
an appropriate public database (see
https://www.embopress.org/page/journal/14693178/authorguide#datadeposit ion). Please remember
to provide a reviewer password if the datasets are not yet  public. The accession numbers and
database should be listed in a formal "Data Availability" sect ion placed after Materials & Method
(see also ht tps://www.embopress.org/page/journal/14693178/authorguide#datadeposit ion). Please
note that the Data Availability Sect ion is restricted to new primary data that are part  of this study. 
* Note - All links should resolve to a page where the data can be accessed. *

8) We would also encourage you to include the source data for figure panels that show essent ial
data. Numerical data should be provided as individual .xls or .csv files (including a tab describing the
data). For blots or microscopy, uncropped images should be submit ted (using a zip archive if
mult iple images need to be supplied for one panel). Addit ional informat ion on source data and
instruct ion on how to label the files are available at
<https://www.embopress.org/page/journal/14693178/authorguide#sourcedata>.

9) Our journal also encourages inclusion of *data citat ions in the reference list* to direct ly cite
datasets that were re-used and obtained from public databases. Data citat ions in the art icle text
are dist inct  from normal bibliographical citat ions and should direct ly link to the database records
from which the data can be accessed. In the main text , data citat ions are formatted as follows:
"Data ref: Smith et  al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the



Reference list , data citat ions must be labeled with "[DATASET]". A data reference must provide the
database name, accession number/ident ifiers and a resolvable link to the landing page from which
the data can be accessed at  the end of the reference. Further instruct ions are available at
ht tps://www.embopress.org/page/journal/14693178/authorguide#referencesformat

We would also welcome the submission of cover suggest ions, or mot ifs to be used by our Graphics
Illustrator in designing a cover.

As part  of the EMBO publicat ion's Transparent Editorial Process, EMBO reports publishes online a
Review Process File (RPF) to accompany accepted manuscripts. This File will be published in
conjunct ion with your paper and will include the referee reports, your point-by-point  response and
all pert inent correspondence relat ing to the manuscript . 

You are able to opt out of this by let t ing the editorial office know (emboreports@embo.org). If you
do opt out, the Review Process File link will point  to the following statement: "No Review Process
File is available with this art icle, as the authors have chosen not to make the review process public
in this case."

I look forward to seeing a revised version of your manuscript  when it  is ready. Please let  me know if
you have quest ions or comments regarding the revision. 

Kind regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports 

Referee #1:

In this manuscript  the authors show that Myf6/MRF4 is required for the t ranscript ion from
different iated skeletal myofibers of cytokines that act ivate intracellular signaling cascades
implicated in muscle stem cell act ivat ion (i.e. EGFR, LIF-STAT3 and VEGFR - otherwise defined as
myokines in the text). They also show that Myf6/MRF4Myf6 knockout (KO) mice, although born
with a normal muscle stem cell compartment, undergo progressive reduct ion in their stem cell pool
during postnatal life. Integrat ive analysis of ChIPseq and RNAseq datasets indicates that impaired
EGFR and STAT3 signaling in MRF4-deficient  muscles leads to upregulat ion of the p38 MAP kinase
pathway in muscle stem cells, followed by spontaneous break from quiescence and eventually
deplet ion of muscle stem cell pool. Finally, delivery of recombinant EGF and LIF rescues muscle stem
cell pool defects in Myf6 knockout animals. 
While the data reported in this manuscript  are potent ially of great interest  and might reveal new
insights into the regulat ion of myofiber-specific funct ions by individual myogenic bHLH factors,
addit ional experiments are required to convincingly support  the author's conclusions and clarify
some fundamental issues.
At this stage this manuscript  remains too speculat ive and suffers from important experimental
flaws - see below.

Major Points



1) The data showing that MRF4 is the only myogenin bHLH expressed in different iated myotubes is
quite surprising and not convincing on many aspects. To the knowledge of this reviewer, it  has not
been shown previously that myofibers express only MRF4 among the myogenic bHLH factors. The
RNA expression profile from whole mouse hindlimb skeletal muscles shown in Fig. 1a is not
informat ive in this regard. To support  the author conclusion, it  is necessary that they show both
RNA and protein expression profiles of the 4 bHLH myogenic factors in a t ime course from primary
human and mouse adult  myoblasts cultured in growth medium, and then along the whole process
of incubat ion in different iat ion medium. This experiment allows to better appreciate the dynamic
expression patterns of these proteins by direct  comparison with each other, and determine whether
during myoblast  different iat ion into myotubes MyoD, Myf5 and Myogenin are all silenced, while
MRF4 remains the only one expressed. To further validate this finding, the authors should perform
nuclear staining of all 4 factors by immunofluorescence in muscle sect ions from human biopsies or
mice.
2) One intrinsic limitat ion of the experimental set t ing this manuscript  is that  is does not determine
the relat ive contribut ion to the proposed regulatory network from the MRF4 expressed in myofibers
or in satellite cells. The authors infer most of their conclusions based on experiments performed in
single fibers, with their associated satellite cells, from MRF4 KO mice. In the proposed model MRF4
deficiency in myofibers leads to impaired act ivat ion of satellite cells; however, it  is unclear whether
MRF4 deficiency in satellite cells also contributes to the altered response to cytokines and signaling
act ivat ion. To address this issue, I highly recommend that the authors perform transwell
experiments of co-culture between myotubes and satellite cells from wild type and MRF4 mice in all
possible combinat ions. If the author's hypothesis is correct , then transwell co-culture with MRF4 null
myotubes should be sufficient  to impair wild type satellite cell act ivat ion. Obviously, the best way to
address this issue would have been to generate condit ional satellite cell- or myofiber-specific MRF4
knockout mice, which at  this point  I understand would require too much t ime.
An addit ional advantage of t ranswell co-culture between highly purified cell types (myotubes and
satellite cells) is to eliminate the potent ial contribut ion of 
contaminat ing cell types (inflammatory cells, FAPS, etc etc) present in whole muscles as alternat ive
source of MRF4-act ivated cytokines. This concern applies especially to the experiments in vivo of
satellite cell (from luciferase mice) t ransplantat ion into MRF4 KO muscles.

3) ChIPseq data obtained by MRF4 overexpression raise concern, although moderate (given the
support  from data of KD and RNAseq), on the physiological meaning of the data. A comparat ive
ChIPqPCR between MRF4, Myf5 and MyoD on specific sites of interest  from the same cell line is
absolutely required to address a key issue here - whether MRF4 has a unique ability to bind certain
sites and act ivate target genes (i.e. myokines)

4) Although the authors claim that MyoD, Myf5 and myogenin are not expressed in different iated
muscles, their ChIPseq binding profile in myotubes has been published and is publicly available. The
authors might want to perform a comparat ive analysis between these ChIPseq datasets and their
MRF4 ChIPseq data, to determine whether MRF4 is the unique bHLH factors that binds the
regulatory elements of satellite cell act ivat ing cytokines, and possibly ident ify the molecular
determinants of this unique funct ion. 

5) As the spontaneous act ivat ion of p38 signalling in satellite cells appears to be essent ial for
spontaneous exit  from quiescence, experiments of funct ional rescue with the p38 inhibitor should
be made 

6) There is no ment ion or discussion of previous important papers report ing on other proposed
funct ions of MRF4 that are at  odd with the current manuscript  - i.e. Morett i et  al. 2016 Nat Comm



reported that MRF4 represses MEF2- mediated muscle gene expression and MRF4 knockdown in
adult  muscle induces hypertrophy; Suelves et  al. 2004 EMBO reported that MRF4 represses muscle
gene expression upon p38 phosphorylat ion. These apparent ly conflict ing data should be at  least
discussed

7) Re-injury experiments should be performed to support  evidence of funct ional deplet ion of
satellite cells 

8) It  is unclear how the authors could succeed generat ing primary myoblast  cell lines over-
expressing MRF4-CTAP, given that satellite cells are notoriously prone to different iate into
myotubes (even when cultured in growth medium) and it  is hard to propagate them over 3-4
passages. Further details in the protocol used should be provided.

9) In the text  Fig. 1B erroneously indicates data reported in Fig. 1C, and Fig. 1C erroneously
indicates data reported in Fig. 1D.

10) As none of the pathways perturbed in MRF4 null satellite cells seems to be implicated in
maintenance of quiescence (they are rather involved in act ivat ion and different iat ion) it  is unclear
why satellite cells from MRF4 null mice spontaneously break quiescence. The authors should at
least  provide an explanat ion. 

Referee #2:

Overall this is a very nice work, test ing an interest ing problem, that adds to the field of muscle
regenerat ion and stem cell niche.
The experiments are well-planned and executed, results convincing.
I have only suggest ions to improve the quality of this work.

Summary: 

The statement that "although Myf6 knockout mice are born with a normal muscle stem cell
compartment, they undergo a progressive reduct ion in their stem cell pool during postnatal life
because of reduced product ion of key myokines such as EGF, VEGFA and LIF" is the working
hypothesis and should be presented as such, to be later demonstrated by the experiments
reported. 

Results:

1. Reduced VEGF expression should also affect  endothelial cells. It  takes a simple IF on growing,
steady state and regenerat ing muscle to test  whether a reduced microvasculature contributes to
the observed phenotype.
2. Authors show that in Myf6 ko mice, MuSC break quiescence. It  would be interest ing to follow the
fate of these inappropriately act ivat ing cells: do they proliferate? Do they fuse with exist ing healthy
fibers (as it  happened during post-natal growth? Authors exclude apoptosis or senescence. So,



what does it  happen? In this respect, the images shown in figure 5 A-G are puzzling: the muscle
fibers at  3 months seem clearly larger in the KO mouse, but at  the other t ime points the difference
is small if it  exists at  all. A morphometric analysis would complement these data. If act ivated MuSC
different iate one would expect larger fibres, otherwise the fate of these act ivated cells remains
puzzling (if they do not die).

Discussion:

The discussion tends to repeat results in too much detail. It  may be slight ly shortened.

Minor point : at  least  in the PDF downloaded pages start  from 48 rather than from 1.

Referee #3:

The study from Lazure and colleagues describe a large collect ion of observat ions that suggest a
role of MRF4/Myf6 in the maintenance of the quiescent MuSC pool in adult  muscle by regulat ing
myokines such as EGF. The authors should comment on why they think Myf6 funct ion is important
though, since Myf6-null mice do not have a phenotype other than fewer MuSCs later in life. The
data are interest ing and, upon revision, certainly contribute to understanding the role of Myf6 in
adult  muscle. 

In its present form though, the manuscript  is quite long in general, with figure legends overly
detailed. Several statements lack proper reference/s and authors miss many relevant and important
citat ions. Quant ificat ion, numbers, and related stat ist ics can be confusing and need amending.

General Comments
• The authors should better state why they think Myf6 funct ion is important, since Myf6-null mice
are viable, with normal-sized and funct ional muscles, can regenerate their muscle upon injury with
WT-efficiency and produce MuSCs which proliferate and different iate well. The Myf6 KO phenotype
could be better explored (regenerat ion in later life, CSA and growth etc).
• Could use MRF4(Myf6) throughout to avoid confusion, although I understand that Myf6 is the
mouse gene and MRF4 the human. Please check the Guidelines for Formatt ing Gene and Protein
Names and correct  where required to reduce confusion.
• As the authors state in their previous publicat ion present ing the ChTAP-seq protocol, an
appropriate funct ional validat ion assay should be done showing DNA binding of the tagged Myf6
with electrophoret ic shift  assay (EMSA) on some targets, although ChIP-Seq data is provided.
• The Myf6-null is const itut ive, so MuSc will also lack Myf6 funct ion. They explore their funct ions ex-
vivo and find no differences, but should also examine self-renewal by giving the proport ions of Pax7,
MyoD or Pax7/MyoD expressing satellite cells (already presented in Fig 7h), rather than just  the
total cell number. Indeed, 'Pax7 high' are counted in Fig 7k, and with EGF, LIF, but how is 'Pax7 high'
defined? Again count ing Pax7, MyoD or Pax7/MyoD expressing satellite cells would be much more
informat ive (e.g. DOI: 10.1083/jcb.200312007). Myf6 KO data on satellite cells should all be displayed
together, as it  appears in mult iple figures. The authors should carefully detail Myf6 expression
profile in MuSc and also refer to the literature, for example Machado and colleagues
(doi.org/10.1016/j.celrep.2017.10.080) report  Myf6 mRNA in satellite cells, also the Comai and recent
Zammet reviews (doi.org/10.1016/j.semcdb.2017.11.011.). 
• Westerns to validate down-regulat ion of suggested Myf6 target genes in-vivo on muscle fibers is
desirable to confirm observat ions. Same applies for up-regulat ion of p38 pathway.



• P38 is also a very early step in MuSC act ivat ion too, so should be discussed (e.g.
doi.org/10.3389/fcell.2016.00091).
• The Myf6 KO data is convincing, but it  would be useful to have a rescue experiment with ectopic
myf6 expressed in myf6-null cells (myogenin too as a control) to see that VEGF, VEGFA, LIF are up-
regulated.
• MuSC numbers in Myf6-KO drop in older mice (it  would be useful to actually have the means, as
hard to discern from the graphs in Fig 5). The authors should invest igate regenerat ion when MuSC
numbers are clearly depleted, rather than at  8 weeks as presented in Figure S3. Was there any
differences in regenerat ion dynamics though, as only the 3 week point  is illustrated.
• There appears to be different fiber CSAs visible in Figure 5 panel (5e) and (5g) and Fig 6? If this is
representat ive. CSA measurements are required to resolve this object ively. A study on Mrf4
shRNA-driven phenotype from Morett i el al. (doi:10.1038/ncomms12397) reports effects on adult
muscle growth. The authors should cite this paper and discuss their findings in the context  of
Morett i et  al., and adult  muscle growth. 
• Are all MuSc depleted/affected equally? For example, using Myf5-YFP negat ive MuSC v Myf5-YFP
expressing, as Figure 7n indicates that self-renewal occurs before act ivat ion. Does the RNA-Seq in
Table S4 segregate these two populat ions in wt, are these changed in myf6 KO?
• The phenotype in MuSC in Myf6-null is reminiscent of Notch inact ivat ion in satellite cells, which
should be explored, or at  least  discussed (e.g. Stem Cells. 2012 Feb;30(2):232-42. doi:
10.1002/stem.773 and Stem Cells. 2012 Feb;30(2):243-52. doi: 10.1002/stem.775).
• In text  "This observat ion that different iat ion of muscle stem cells creates a physical niche
whereby myokines (ligands) are produced in myofibers while their respect ive receptors are
expressed in their associated MuSCs suggests the existence of a myokine-mediated
communicat ion network between myofiber and MuSCs." Figure 2 shows Myoblast  and Myotubes,
NOT MuSCs. To sustain such a statement authors need to show levels of myokines and receptor
mRNA in quiescent MuSCs vs Fibers. Muscle Fiber isolat ion followed by MuSCs stripping could be
useful. Is qsc gene expression detailed in Machado (doi.org/10.1016/j.celrep.2017.10.080) informat ive
in this context? An interpretat ion of this data is creat ion of a niche by different iat ing myotubes to
direct  MuSc self-renewal, this should be explored.
• After regenerat ion in t ransplanted mice, would the number of MuSc again be expected to drop
through later life?
• What is being counted/measured in each panel should be made clearer in the figure legends, as
should the N value, and what is actually being compared using stat ist ical test ing.

Figure 1
• Most data in Figure 1 could be supplementary.
• Panel (1c) clarificat ion on the select ion of MEF2A binding sites (among that of other muscle
transcript ion factors) is required in text . Authors do not ment ion the study from Morett i el al.
report ing the invest igat ion of Myf6 in adult  muscle. The report  of Myf6/MEF2 duelling is worth
ment ioning here and in general in the manuscript .
• Panel (1e) No standard deviat ion? P=0?

Figure 2
• Panels (2d-2g) refer to siRNA on primary myotubes. This is NOT 'in-vivo', please edit  Page 49, as
this is misleading.
• Panel (2c) it  is not ment ioned in the text .

Figure 3
• Panel (3c) N=?



• Panel (3d) As per legend: "Deplet ion of Myf6 t ranscript  by siRNAs in different iated primary
myotubes (5DM)"
• In figure 3 the authors show a decrease in VEGFA and EGF protein levels in the serum of KO
animals compared to heterozygous Myf6+/- mice. This is the only t ime heterozygous Myf6+/- data
is presented. It  is important to determine whether there is any phenotype in heterozygous Myf6+/-
mice. 
• Please check as figure legend for panel (3e) is confusing.

Figure 4
• Panel (4f) is every dot present ing a fiber or a mouse? Please indicate N. If every dot is a fiber
please show separated columns, one per animal, followed by an ANOVA analysis. This is common
issue in figures.
• Panels (4g, h, i) same as per (4f)
• Panel (4g) how is "EGFR high" and "EGFR low" defined?

Figure 5
• Are CSAs different between nulls and wt?
• (5b, d, f, h) same as per 4f, the authors should indicate values per animal. If N=3 as writ ten in
legend, graphs (and analysis) should present 3 values for KO and 3 values for WT?
• (5j, k) same issue with data in the graph. The authors must indicate values per animal, not  per fiber
with all animals pooled together.
Figure 6
• Panel (6e) similar to fig.5e (same stage) fiber CSA appears larger in null than WT. Please measure.
• Panels (6b, d, f) data in the graph. The authors should indicate values per animal. I guess here
every dot is a picture (?). If N=3 (or 5) as writ ten in legend, graphs (and analysis) should present at
least  3 values for KO and 3 values for WT.
• Same in (6l, o, j, v).
• Panel (6 I, j) Fusion index is normally calculated as the number of nuclei within MyHC-posit ive
myotubes with {greater than or equal to}2 nuclei as a percentage of the total nuclei present as
reported in other studies (e.g. doi.org/10.1038/ncomms10871). Percentage of myonuclei in total
number of nuclei per field of view" can be defined as a 'different iat ion index'. Please amend. What is
the N=?, please state and correct  stats accordingly.
• What is the difference between (6l) and (6m) and (6o) and (6p), legend is unclear. (6l) and (6o) may
use incorrect  stats. Please correct  according to biological replicates.
• Panel (6u). Legend is unclear. Have the same fibers been treated several t imes with EGF or
different fibers have been suggested to different t ime points. What is the picture actually showing?
• Please correct  (6v) to report  biological replicates and stats accordingly.

Figure 7

• Panel (7l) should be joined to (6u) and possibly to (2l and 2m)
• Panel (7m) Stats needs revision as per previous comment.
• Panel (7k) Authors should define "PAX7 high" 
• Panel (7n) authors should show whether Myf6 is expressed form myofiber, MuSCs or both
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Referee #1: 

In this manuscript the authors show that Myf6/MRF4 is required for the transcription from 
differentiated skeletal myofibers of cytokines that activate intracellular signaling cascades 
implicated in muscle stem cell activation (i.e. EGFR, LIF-STAT3 and VEGFR - otherwise defined as 
myokines in the text). They also show that Myf6/MRF4Myf6 knockout (KO) mice, although born 
with a normal muscle stem cell compartment, undergo progressive reduction in their stem cell pool 
during postnatal life. Integrative analysis of ChIPseq and RNAseq datasets indicates that impaired 
EGFR and STAT3 signaling in MRF4-deficient muscles leads to upregulation of the p38 MAP kinase 
pathway in muscle stem cells, followed by spontaneous break from quiescence and eventually 
depletion of muscle stem cell pool. Finally, delivery of recombinant EGF and LIF rescues muscle 
stem cell pool defects in Myf6 knockout animals. 
While the data reported in this manuscript are potentially of great interest and might reveal new 
insights into the regulation of myofiber-specific functions by individual myogenic bHLH factors, 
additional experiments are required to convincingly support the author's conclusions and clarify 
some fundamental issues. 
At this stage this manuscript remains too speculative and suffers from important experimental 
flaws - see below. 

Major Points 

1) The data showing that MRF4 is the only myogenin bHLH expressed in differentiated myotubes is
quite surprising and not convincing on many aspects. To the knowledge of this reviewer, it has not
been shown previously that myofibers express only MRF4 among the myogenic bHLH factors. The
RNA expression profile from whole mouse hindlimb skeletal muscles shown in Fig. 1a is not
informative in this regard. To support the author conclusion, it is necessary that they show both
RNA and protein expression profiles of the 4 bHLH myogenic factors in a time course from primary
human and mouse adult myoblasts cultured in growth medium, and then along the whole process
of incubation in differentiation medium. This experiment allows to better appreciate the dynamic
expression patterns of these proteins by direct comparison with each other, and determine
whether during myoblast differentiation into myotubes MyoD, Myf5 and Myogenin are all silenced,
while MRF4 remains the only one expressed. To further validate this finding, the authors should
perform nuclear staining of all 4 factors by immunofluorescence in muscle sections from human
biopsies or mice.

Response: We now provide additional expression data (EV1A) which shows the expression profile 
of the four myogenic factors in satellite cells, myoblasts and in single fibers stripped of their 
associated stem cells by trypsin. This new data clearly indicates that Myf6 is not expressed in 

18th Feb 20201st Authors' Response to Reviewers



Lazure et al. 2020, Point-by-point response to reviewers’ comments 
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satellite cells or in proliferating myoblasts. Our data also shows that Myf6 is the only myogenic 
regulatory factor (MRF) that is expressed in non-injured muscle fiber. The temporal pattern of gene 
expression shown in New Figure EV1A is in agreement with numerous studies over the past three 
decades that have studied the temporal expression of MRFs during various stages of muscle 
differentiation (Smith et al. 1994 J. Cell Physiol.; Montarras et al. 1991 New Biol.; Hinterberger et 
al. 1991 Dev. Biol.; Bentzinger et al. 2012, Building muscle: molecular regulation of myogenesis. 
Cold Spring Harb. Perspect. Biol.), just to cite a few classic papers. Consistent with these studies 
our data clearly show that Myf6 is the predominant myogenic regulatory factor that is expressed in 
fully differentiated muscle fibers. Importantly, our new expression data from the muscle fiber in 
Figure EV1A is based on our new protocol which assays single muscle fibers after removal of 
mononuclear satellite cells (Blackburn et al. 2019. JBC).  
   

 
(New Figure EV1A) 
 
 
2) One intrinsic limitation of the experimental setting this manuscript is that is does not determine 
the relative contribution to the proposed regulatory network from the MRF4 expressed in 
myofibers or in satellite cells. The authors infer most of their conclusions based on experiments 
performed in single fibers, with their associated satellite cells, from MRF4 KO mice. In the 
proposed model MRF4 deficiency in myofibers leads to impaired activation of satellite cells; 
however, it is unclear whether MRF4 deficiency in satellite cells also contributes to the altered 
response to cytokines and signaling activation. To address this issue, I highly recommend that the 
authors perform transwell experiments of co-culture between myotubes and satellite cells from 
wild type and MRF4 mice in all possible combinations. If the author's hypothesis is correct, then 
transwell co-culture with MRF4 null myotubes should be sufficient to impair wild type satellite cell 
activation. Obviously, the best way to address this issue would have been to generate conditional 
satellite cell- or myofiber-specific MRF4 knockout mice, which at this point I understand would 
require too much time. 
An additional advantage of transwell co-culture between highly purified cell types (myotubes and 
satellite cells) is to eliminate the potential contribution of 
contaminating cell types (inflammatory cells, FAPS, etc etc) present in whole muscles as 
alternative source of MRF4-activated cytokines. This concern applies especially to the experiments 
in vivo of satellite cell (from luciferase mice) transplantation into MRF4 KO muscles. 
 
Response: As shown in Figure EV1A, clearly there is no expression of Myf6 transcript in the sorted 
satellite cells. Analysis of our RNA-Seq data from Myf6-KO and WT counterparts also shows that 
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Myf6 is not expressed in satellite cells. Furthermore, our data in Figure 5 and Figure 6 clearly shows 
that Myf6 is not required for embryonic or neonatal muscle development. In Figure 5 we show that 
the satellite cell pool is similar between Myf6-KO and WT up to postnatal day 21 (P21). However, as 
mice aged the satellite cell pool gets diminished. On the other hand, we have provided 
experimental evidence in Figure 2 and Figure 3 that genetic deletion of Myf6 leads to the 
downregulation of key signaling molecules (myokines). In Figure 6 and Figure EV 4 we provide 
extensive experimental evidence that satellite cells from Myf6-KO mice have a defective quiescent 
state. We show that a significant fraction of these satellite cells activate p38 MAPK and MyoD and 
enter into myogenic differentiation.  
 
In Figure7L-O and Figure EV 4E-H we show that satellite cells from Myf6-KO have no defect in 
activation, proliferation or cell survival, strongly supporting our conclusion that genetic deletion of 
Myf6 has no satellite cell specific phenotype in adult muscle stem cells ex vivo. Additionally, Figure 
7B-D unequivocally proves that Myf6-KO muscle is an unfavorable niche to donor transplanted 
satellite cells. 
 
We performed new co-culture experiments as follows: we isolated satellite cells from WT mice by 
FACS using ITGA7+Lin- approach as described in the manuscript. These cells were cultured and 
differentiated for 2 days.  Afterwards, the myotubes were co-cultured with equal numbers of either 
WT or Myf6-KO myoblasts for an additional 2 days in differentiation media. We saw no significant 
difference in the number of unfused mononuclear cells between WT and Myf6-KO seeded 
myoblasts. This experiment shows that Myf6-KO myoblasts have equal differentiation capacity to 
those of their WT counterparts, in a WT environment (New Figure 7N-O).  
 
Next, we performed new co-culture experiment where WT and Myf6-KO myotubes were seeded 
with equal numbers of myoblasts isolated from ACTB-EGFP+ mice. After two days in differentiation 
media, we observed that the number of mononuclear ACTB-EGFP+ cells remaining unfused were 
significantly lower in the presence of Myf6-KO myotubes compared to their WT counterparts (New 
Figure EV4I-J). These co-culture experiments together with donor in vivo transplantation 
experiments (Figure 7A-D) indicate that Myf6 in myofiber/myotubes regulates muscle stem cell 
quiescence. 
 
Taken together, the new figure of gene expression profile of MRFs show that Myf6 is only 
expressed in differentiated muscle cells and not in satellite cells. Figure EV1A together with Figure 
EV4E-H show that Myf6-KO myoblasts have no defect in cell survival and Figure 6I which shows 
that Myf6-KO cultured satellite cells are fully differentiation competent. Together, these data 
clearly indicate that Myf6 exerts it’s function on satellite cells from the myofiber.   
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3) ChIP-seq data obtained by MRF4 overexpression raise concern, although moderate (given the 
support from data of KD and RNA-seq), on the physiological meaning of the data. A comparative 
ChIP qPCR between MRF4, Myf5 and MyoD on specific sites of interest from the same cell line is 
absolutely required to address a key issue here - whether MRF4 has a unique ability to bind certain 
sites and activate target genes (i.e. myokines) 
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Response: As shown above, Myf6 has the strongest ability to bind to the enhancer region of 
myokines like EGF and VEGFA, compared to MyoD in differentiating myotubes. Moreover, in 
mature muscle fibers, Myf6 but not Myf5, MyoD or Myogenin is expressed (New Figure EV1A). 
Therefore, transcriptional regulation of key myokines such as EGF and VEGFA is strictly under 
Myf6 control in muscle fibers (Figure above, Figure 2, Figure 3, Figure 4, Figure EV1A).   
 
 
4) Although the authors claim that MyoD, Myf5 and myogenin are not expressed in differentiated 
muscles, their ChIPseq binding profile in myotubes has been published and is publicly available. 
The authors might want to perform a comparative analysis between these ChIPseq datasets and 
their MRF4 ChIPseq data, to determine whether MRF4 is the unique bHLH factors that binds the 
regulatory elements of satellite cell activating cytokines, and possibly identify the molecular 
determinants of this unique function. 
 
Response: As mentioned before, we provide new expression data showing that in fully 
differentiated myofibers Myf6 is the predominant MRF that is expressed. The expression of the 
other three MRFs namely Myf5, MyoD and Myogenin is negligible in myofiber (Figure EV1A). As 
shown above, comparative analysis of MyoD and Myf6 shows that Myf6 but not MyoD binds to 
enhancer regions of EGF and VEGFA in multinucleated myotubes. In Figure 2 and Figure 3 we show 
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that Myf6 is indispensable for the expression of key myokines. These data indicate that Myf6 has a 
unique and novel function among MRFs to transcriptionally regulate myokines such as EGF within 
the myofibers.  
 
 
5) As the spontaneous activation of p38 signalling in satellite cells appears to be essential for 
spontaneous exit from quiescence, experiments of functional rescue with the p38 inhibitor should 
be made 
 
Response: An experimental blockade using p38 inhibitors would be informative to show if Myf6 
function in maintaining quiescence is principally through inhibition of p38 signaling. However, that 
experiment, although important, would be beyond the scope of this manuscript. Our data in Figure 
6Q-T shows that application of recombinant EGF to cultured myoblasts blocks p38 
phosphorylation and blocks the expression of Myogenin, suggesting EGF is an inhibitor of p38 
phosphorylation in muscle cells. 
 
6) There is no mention or discussion of previous important papers reporting on other proposed 
functions of MRF4 that are at odd with the current manuscript - i.e. Moretti et al. 2016 Nat Comm 
reported that MRF4 represses MEF2- mediated muscle gene expression and MRF4 knockdown in 
adult muscle induces hypertrophy; Suelves et al. 2004 EMBO reported that MRF4 represses muscle 
gene expression upon p38 phosphorylation. These apparently conflicting data should be at least 
discussed. 
 
Response: We have referenced and discussed those studies on Myf6. Notably, our results are in 
agreement with previously published work by Dr. Olson’s group which shows that mice with a 
homozygous deletion of Myf6 are born normal.  
 
With regards to the Moretti et al. 2016 paper where they show that in vivo administration of hairpin 
RNAi leads to increase in myofiber size, we observed slight increase in myofiber size in Myf6-KO 
mice but it does not reach statistical significance after careful measurement of muscle fibers up to 
3 months of age. Clearly, Myf6-KO mice have no defect in the satellite cell compartment up 
to postnatal day 21 (P21). Thereafter, satellite cells break quiescence and enter into the 
myogenic differentiation program. The slight increase in fiber size is most likely due to 
spontaneous fusion of satellite cells. The lack of a significant difference in fiber size in our 
study may be due to the fact that Moretti et al. performed transient depletion of Myf6, 
whereas we have used a knockout mouse model.    
 
With regards to Suelves et al. 2004, their work focuses on the effect of p38-induced 
phosphorylation on the function of Myf6 in vitro. As discussed by the authors, p38 activity is 
almost undetectable in uninjured adult skeletal muscle (Aronson et al. 1998). Therefore, p38 
activity in differentiated myofibers would have a negligible effect on our in vivo studies using 
resting mice. 
 
7) Re-injury experiments should be performed to support evidence of functional depletion of 
satellite cells 
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Response: We already performed an injury experiment and show that Myf6-KO satellite cells are 
fully capable of differentiating and forming new muscle fibers (Figure 7E). Importantly, the MuSC 
pool is completely replenished after injury (Figure E-G). Consistent with previous work, our data 
shows that Myf6 function during differentiation is redundant (Rawls et al. 1998. Development). 
Comparative analysis of Myf6 and MyoD ChIP-Seq shows that the core myogenic differentiation 
network is shared between Myf6 and MyoD (Figure EV5), consistent with previous study by Dr. Eric 
Olson’s group (Rawls et al. 1998. Development). The core finding in our manuscript is that in adult 
resting muscle Myf6 regulates key myokines, such as EGF, in the muscle fiber which prevent 
satellite cells from premature differentiation (Figure 2, Figure 4, Figure 6).  
 
8) It is unclear how the authors could succeed generating primary myoblast cell lines over-
expressing MRF4-CTAP, given that satellite cells are notoriously prone to differentiate into 
myotubes (even when cultured in growth medium) and it is hard to propagate them over 3-4 
passages. Further details in the protocol used should be provided. 
 
Response: We have previously successfully generated numerous cTAP-tagged primary cell lines for 
MyoD, Myf5, Snai1, E47, Pax3, Pax7, HDAC1, HDAC2 and published the results in the following 
journals: Soleimani et al. 2012, Developmental Cell; Soleimani et al. 2012 Molecular Cells; 
Soleimani et al. 2013. Nature Protocol; Soleimani et al. 2018 Nucleic Acids Research. Moreover, we 
have established clear SOP to express the cTAP-tagged protein at near physiological levels 
(Soleimani et al. 2012 Mol. Cell; Soleimani et al. 2012 Dev. Cell). Therefore, we clearly have no 
problem in generating cTAP-tagged myogenic constructs and generating primary cell lines. We 
have performed similar quality control criteria to Myf6-cTAP primary cell lines used in this study. 
 
 
9) In the text Fig. 1B erroneously indicates data reported in Fig. 1C, and Fig. 1C erroneously 
indicates data reported in Fig. 1D. 
 
Fixed. 
 
10) As none of the pathways perturbed in MRF4 null satellite cells seems to be implicated in 
maintenance of quiescence (they are rather involved in activation and differentiation) it is unclear 
why satellite cells from MRF4 null mice spontaneously break quiescence. The authors should at 
least provide an explanation. 
 
Response: EGFR signaling has been implicated in asymmetric muscle stem cell division (Wang et al 
2019. Cell Stem Cell). VEGFA has been implicated in maintaining muscle stem cell quiescence, 
(Verma et al. 2018. Cell Stem Cell). Stat3 signaling has been shown to be required for maintenance 
of muscle stem cell pool, (Zhu et al. 2016). Our data clearly shows that genetic deletion of Myf6 in 
myofibers leads to impairment in EGFR and STAT3 signaling in satellite cells. Importantly, 
application of recombinant EGF and LIF restores defects in EGFR and STAT3 signaling, 
respectively. Taken together, these data strongly support the hypothesis that transcriptional 
regulation of key myokines such as EGF by Myf6 from the myofiber plays a critical role in muscle 
stem cell quiescence and maintains the muscle stem cell pool.    
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Referee #2: 
 
Overall this is a very nice work, testing an interesting problem, that adds to the field of muscle 
regeneration and stem cell niche. 
The experiments are well-planned and executed, results convincing. 
I have only suggestions to improve the quality of this work. 
 
Thank you! 
 
 
Summary: 
 
The statement that "although Myf6 knockout mice are born with a normal muscle stem cell 
compartment, they undergo a progressive reduction in their stem cell pool during postnatal life 
because of reduced production of key myokines such as EGF, VEGFA and LIF" is the working 
hypothesis and should be presented as such, to be later demonstrated by the experiments 
reported. 
 
Response: Thank you very much for your appreciation of our manuscript. In the revised manuscript 
we have reworded the text to take your specific comment into consideration. 
 
Results: 
 
1. Reduced VEGF expression should also affect endothelial cells. It takes a simple IF on growing, 
steady state and regenerating muscle to test whether a reduced microvasculature contributes to 
the observed phenotype. 
 
Response: We agree with the reviewer that reduced VEGFA from the myofiber might have effects 
beyond the muscle stem cell pool. Our comparative analysis of myofiber and whole muscle using 
SMART-Seq clearly shows that both myofiber and whole muscle express VEGFA (data from 
Blackburn…, Soleimani. 2019. JBC, figure below). Since there is higher VEGFA expression in the 
whole muscle compared to a single myofiber (normalized counts), this indicates that there are 
other cell types in skeletal muscle that also act as a source of VEGFA. For example, satellite cells 
are known to produce VEGFA (Verma et al. 2018. Cell Stem Cell). Likewise, our unpublished 
scRNA-Seq data shows that fibro/adipogenic progenitors (FAPs) also produce a significant amount 
of VEGFA. Accordingly, we performed FACS analysis of endothelial cells between Myf6-KO and 
WT counterparts using (CD11b-/CD45-/CD31+) gating strategy (Crouch and Doetsch, 2018. Nat. 
Protoc.) and found no significant difference in the number of endothelial cells between Myf6-KO 
and WT counterparts at 6 weeks of age. It is possible that reduced VEGFA can potentially affect 
endothelial cell numbers in older mice, but such experiments, although important, are outside of 
the scope of this manuscript. 
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2. Authors show that in Myf6 ko mice, MuSC break quiescence. It would be interesting to follow the 
fate of these inappropriately activating cells: do they proliferate? Do they fuse with existing 
healthy fibers (as it happened during post-natal growth? Authors exclude apoptosis or senescence. 
So, what does it happen? In this respect, the images shown in figure 5 A-G are puzzling: the muscle 
fibers at 3 months seem clearly larger in the KO mouse, but at the other time points the difference 
is small if it exists at all. A morphometric analysis would complement these data. If activated MuSC 
differentiate one would expect larger fibres, otherwise the fate of these activated cells remains 
puzzling (if they do not die). 

 
Response: Satellite cells from Myf6-KO mice spontaneously exit quiescence (Figure 6) and undergo 
differentiation (Figure 6I). They have no defect in proliferation (Figure 7L), have no defect in 
differentiation (Figure 6I), they do not undergo apoptosis (EV4G), and do not undergo senescence 
(EV4E). The spontaneous exit of Myf6-KO satellite cells from quiescence and their entry into 
differentiation contribute to modest, albeit not statistically significant, increase in myofiber size 
(Figure 5, Figure 7E-F, Figure EV3). Our new co-culture experiment where we seeded tg-ACTB-
EGFP+ myoblasts onto differentiated myotubes from Myf6-KO and WT shows that Myf6-KO 
myofibers induce the fusion of cultured tg-ACTB-EGFP+ myoblasts with pre-existing fibers more 
efficiently than their WT counterpart. Taken together, these experiments demonstrate that 
myotubes/myofibers from Myf6-KO trigger differentiation of associated muscle stem cells.    
 
 
Discussion: 
 
The discussion tends to repeat results in too much detail. It may be slightly shortened. 
Done! 
 
Minor point: at least in the PDF downloaded pages start from 48 rather than from 1. 
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Done! 
 
 
 
Referee #3: 
 
The study from Lazure and colleagues describe a large collection of observations that suggest a 
role of MRF4/Myf6 in the maintenance of the quiescent MuSC pool in adult muscle by regulating 
myokines such as EGF. The authors should comment on why they think Myf6 function is important 
though, since Myf6-null mice do not have a phenotype other than fewer MuSCs later in life. The 
data are interesting and, upon revision, certainly contribute to understanding the role of Myf6 in 
adult muscle. 
 
Response: We thank the reviewer for his/her appreciation of our manuscript. However, our careful 
analysis of the muscle stem cell compartment in adult mice over multiple developmental time 
points (P7, P21, 3 months, 10 months of age) revealed that Myf6-KO muscle stem cells break 
quiescence and enter into myogenic differentiation prematurely. Consequently, by three months 
of age, the stem cell pool in Myf6-KO shows a significant reduction in numbers. The importance of 
our manuscript is that we demonstrate a novel function for Myf6 in maintaining muscle stem cell 
quiescence by a myokine signaling pathway from the muscle fiber. This function is unique to Myf6 
among all the MRFs. We provide the first direct evidence that a myogenic differentiation factor 
regulates stem cell quiescence by establishing communication between myofibers and their 
associated stem cells.   
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In its present form though, the manuscript is quite long in general, with figure legends overly 
detailed. Several statements lack proper reference/s and authors miss many relevant and 
important citations. Quantification, numbers, and related statistics can be confusing and need 
amending. 
 
Response: Thank you for your comments. We have edited the revised manuscript to address these 
specific points. 
 
General Comments 
• The authors should better state why they think Myf6 function is important, since Myf6-null mice 
are viable, with normal-sized and functional muscles, can regenerate their muscle upon injury with 
WT-efficiency and produce MuSCs which proliferate and differentiate well.  
The Myf6 KO phenotype could be better explored (regeneration in later life, CSA and growth etc). 
 
Response: Despite the lack of a developmental defect in Myf6-KO mice, Myf6 plays an important 
role in the maintenance of the muscle stem cell pool in adulthood. Therefore, the focal point of our 
manuscript is on the description of a novel function of Myf6 as a regulator of stem cell quiescence 
via myokine signaling from the muscle fiber. Our data regarding the viability and muscle fiber size 
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of Myf6-knockout mice is consistent with previous work by Dr. Eric Olson’s group and also is in 
agreement with the work by Moretti et al. 2016 with regards to increase in fiber size.  
  
 Could use MRF4(Myf6) throughout to avoid confusion, although I understand that Myf6 is the 
mouse gene and MRF4 the human. Please check the Guidelines for Formatting Gene and Protein 
Names and correct where required to reduce confusion. 
 
We use Myf6 as this is the nomenclature for the mouse gene. However, in the title we kept 
Myf6/MRF4 because in human it is called MRF4. 
• As the authors state in their previous publication presenting the ChTAP-seq protocol, an 
appropriate functional validation assay should be done showing DNA binding of the tagged Myf6 
with electrophoretic shift assay (EMSA) on some targets, although ChIP-Seq data is provided. 
 
Response: We believe experiments shown in Figure EV1 completely address this point raised by the 
reviewer. We have not only functionally validated ChTAP-Seq for numerous previously published 
proteins (MyoD, Myf5, E47, HDAC1, HDAC2, Snai1, Pax3, Pax7), but also, as shown in Figure EV1, 
Myf6-cTAP is expressed, has clear nuclear localization and more importantly it has robust in vivo 
activity on its target sequence in Luciferase assays (Figure EV1E). Lastly, Myf6-cTAP clearly binds 
to the expected muscle specific genes, as shown by ChIP-Seq assay (Figure 1). The use of EMSA for 
in vitro binding is an additional assay. However, it involves use of radioactive material and we lack 
the license and equipment to do this particular experiment. We believe the experiments in Figure 1 
and Figure EV1 are sufficient to demonstrate the functionality of Myf6-cTAP.    
 
 
The Myf6-null is constitutive, so MuSc will also lack Myf6 function. They explore their functions ex-
vivo and find no differences, but should also examine self-renewal by giving the proportions of 
Pax7, MyoD or Pax7/MyoD expressing satellite cells (already presented in Fig 7h), rather than just 
the total cell number. Indeed, 'Pax7 high' are counted in Fig 7k, and with EGF, LIF, but how is 'Pax7 
high' defined? Again counting Pax7, MyoD or Pax7/MyoD expressing satellite cells would be much 
more informative (e.g. DOI: 10.1083/jcb.200312007). Myf6 KO data on satellite cells should all be 
displayed together, as it appears in multiple figures. The authors should carefully detail Myf6 
expression profile in MuSc and also refer to the literature, for example Machado and colleagues 
(doi.org/10.1016/j.celrep.2017.10.080) report Myf6 mRNA in satellite cells, also the Comai and 
recent Zammet reviews (doi.org/10.1016/j.semcdb.2017.11.011.). 
 
 
Using RNA-Seq and qPCR, we show that Myf6 expression is negligible in muscle stem cells and 
nonexistent in proliferating myoblasts (Figure EV1A). This inconsequential expression implies that 
there is no Myf6 protein produced in muscle stem cells. Furthermore, the lack of a phenotype with 
regards to apoptosis, senescence and proliferation in Myf6-knockout cultured myoblasts further 
supports the notion that Myf6 is not expressed at the protein level, and therefore has no function in 
muscle stem cells. 
 
To determine the numbers of PAX7high and PAX7low cells when imaging EDL myofibers, images 
were captured at 60% signal intensity. Once all channels were overlaid, the GFP channel for PAX7 
staining was set to 40% intensity. If no signal was visible at that threshold, cells were counted as 
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PAX7low. If a signal was visible at that threshold, cells were counted at PAX7high. The imaging 
threshold was determined by focusing on a field of view containing cells with varying signal 
intensities, and adjusting the settings such that the brightest cells are visible after image capture 
whereas the dimmer cells are not. A similar method was used to determine numbers of pEGFRhigh 
and pSTAT3high cells. Equal imaging parameters were used between experimental and control 
sample groups.     
 
 
• Westerns to validate down-regulation of suggested Myf6 target genes in-vivo on muscle fibers is 
desirable to confirm observations. Same applies for up-regulation of p38 pathway. 
We have provided ELISA for key Myf6 target genes (Figure 3F-I) and performed immunostaining 
for phospho p38, which are both at protein level (Figure 6). Crucially our ELISA data shows that 
even in the serum of Myf6-KO mice, the levels of EGF and VEGFA are significantly lower than those 
of heterozygous mice. These experiments indicate that Myf6 is a master regulator of key 
myokines. We believe, for secreted factors, Western blots or immunofluorescent analyses are less 
efficient than ELISA. Therefore, we validated downregulation of key Myf6 targets by that 
technique.  
   
• P38 is also a very early step in MuSC activation too, so should be discussed (e.g. 
doi.org/10.3389/fcell.2016.00091). 
 
Response: We agree that p38 is involved in early activation and precedes activation of MyoD as 
shown previously. Similarly, our data shows that muscle stem cells from Myf6-KO activate p38 
MAPK and enter into myogenic differentiation prematurely (Figure 6K-P).  
 
• The Myf6 KO data is convincing, but it would be useful to have a rescue experiment with ectopic 
myf6 expressed in myf6-null cells (myogenin too as a control) to see that VEGF, VEGFA, LIF are up-
regulated. 
 
Response: Thank you for acknowledging the validity of our data. We have done rescue experiments 
of EGFR and STAT3 signaling by adding recombinant ligands on cultured myofiber-associated 
muscle stem cells (Figure 4D-I). Since Myf6 is not expressed in satellite cells or in proliferating 
myoblasts, generating a cell line over expressing Myf6 may not be a good way to draw any 
conclusions for the following reasons: 1) over expression will be out of context (i.e, forcing the 
expression of a transcription factor in a cell stage that normally does not express the factor), 2) the 
out of context expression of Myf6 may not be sufficient to override constraints in chromatin on 
genes such as EGF, VEGFA, etc. For example, even though MyoD is a master regulator of muscle 
cell differentiation, expression of MyoD either at physiological levels or by forced expression does 
not induce the expression of muscle differentiation genes in proliferating myoblasts (Soleimani et 
al. 2012. Molecular Cell).   
 
  
• MuSC numbers in Myf6-KO drop in older mice (it would be useful to actually have the means, as 
hard to discern from the graphs in Fig 5). The authors should investigate regeneration when MuSC 
numbers are clearly depleted, rather than at 8 weeks as presented in Figure S3. Was there any 
differences in regeneration dynamics though, as only the 3 week point is illustrated. 
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Response: We have analyzed the muscle stem cell pool at multiple time points during development 
such as postnatal day 7 (P7), postnatal day 21 (P21), at three months of age and at 10 months of 
age (Figure 5). Our data clearly show that the muscle stem cell compartment is completely normal 
up to the postnatal day 21 (P21) (Figure 5). Thereafter, the stem cell pool undergoes reduction due 
to the impaired state of muscle stem cell quiescence and their precocious entry into myogenic 
differentiation in mice lacking Myf6 (Figure 6).   
We have shown that the defect in the muscle stem cell pool of Myf6-knockout mice is only present 
in the resting, steady state. Muscle stem cells from Myf6-KO mice have no cell-intrinsic defects, 
and are completely capable of contributing to the regeneration of injured muscle and self-
renewing (Figure 7E-G). Furthermore, myogenesis occurs similarly between Myf6-KO and WT 
animals in early post-natal development, as shown by cross-sections taken at post-natal days 7 and 
21 (Figure 5). Taken together, this data suggests that the regeneration dynamics between WT and 
Myf6-KO mice would be similar at any given time point.  
 
 
 
• There appears to be different fiber CSAs visible in Figure 5 panel (5e) and (5g) and Fig 6? If this is 
representative. CSA measurements are required to resolve this objectively. A study on Mrf4 
shRNA-driven phenotype from Moretti el al. (doi:10.1038/ncomms12397) reports effects on adult 
muscle growth. The authors should cite this paper and discuss their findings in the context of 
Moretti et al., and adult muscle growth. 
 
Response: We have performed additional counts of fiber size (number of fibers per field of view). 
Our data is in complete agreement with the previous study from Dr. Eric Olson’s group that the 
function of Myf6 is redundant in muscle differentiation. However, we do see a slight increase in 
fiber size in Myf6-KO mice, although the increase in fiber size does not reach statistical 
significance, this trend is in agreement with Moretti et al. 2016. We speculate that the slight 
increase in fiber size is because of premature activation and fusion of satellite cells from Myf6-KO 
mice. 
 
• Are all MuSc depleted/affected equally? For example, using Myf5-YFP negative MuSC v Myf5-YFP 
expressing, as Figure 7n indicates that self-renewal occurs before activation. Does the RNA-Seq in 
Table S4 segregate these two populations in wt, are these changed in myf6 KO? 
 
Response: This is a very good point but falls outside of the scope of this manuscript. We know that 
the satellite cell compartment is heterogenous (Kuang et al. 2007. Cell). However, whether all 
satellite cells or a subset are more affected by the loss of Myf6 and perturbations in myokine 
signaling in adult mice requires more extensive analysis and also requires development and 
analysis of specific mouse models.  
 
• The phenotype in MuSC in Myf6-null is reminiscent of Notch inactivation in satellite cells, which 
should be explored, or at least discussed (e.g. Stem Cells. 2012 Feb;30(2):232-42. doi: 
10.1002/stem.773 and Stem Cells. 2012 Feb;30(2):243-52. doi: 10.1002/stem.775). 
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Response: This is a very good point! We have shown that VEGFA is under the direct control of Myf6 
in muscle fibers and is reduced in the serum of Myf6-KO mice. Therefore, one would expect that 
reduced VEGFA may lead to activation of satellite cells due to impaired recruitment of endothelial 
cells which in turn provide Notch ligands for their quiescence, based on the study of Verma et. al. 
2018. Cell Stem Cell. However, in addition to myofibers, FAPs and satellite cells also express 
VEGFA. Therefore, alternative sources of VEGFA exist in skeletal muscle. In the analysis of our 
RNA-Seq data from freshly sorted muscle stem cells of Myf6-KO and WT counterparts we see that 
upregulation of p38 MAPK pathway is the most significant and obvious upregulated pathway. On 
the other hand, similar analysis did not show convincing evidence for a significant change in Notch 
target genes. 
 
  
• In text "This observation that differentiation of muscle stem cells creates a physical niche 
whereby myokines (ligands) are produced in myofibers while their respective receptors are 
expressed in their associated MuSCs suggests the existence of a myokine-mediated 
communication network between myofiber and MuSCs." Figure 2 shows Myoblast and Myotubes, 
NOT MuSCs. To sustain such a statement authors need to show levels of myokines and receptor 
mRNA in quiescent MuSCs vs Fibers. Muscle Fiber isolation followed by MuSCs stripping could be 
useful. Is qsc gene expression detailed in Machado (doi.org/10.1016/j.celrep.2017.10.080) 
informative in this context? An interpretation of this data is creation of a niche by differentiating 
myotubes to direct MuSc self-renewal, this should be explored. 
 
Response: We now include comparison of gene expression profile between muscle stem cells and 
myofiber (Figure below). We also include whole transcriptome profile using our newly published 
method (single myofiber RNA-Seq, Blackburn et al. 2019. JBC) to show that myofibers, stripped of 
their associated satellite cells produce myokines. As can be seen in the following figure, the key 
myokine EGF and its receptor EGFR show a near perfect inverse expression pattern between 
satellite cells and muscle fibers.    
 

 
 
• After regeneration in transplanted mice, would the number of MuSc again be expected to drop 
through later life? 
 
Response: We clearly see a decrease in the muscle stem cell pool at three months, and a further 
decrease at 10 months. With everything being equal, transplantation of luciferase expressing donor 
muscle stem cells into the muscles of Myf6-KO mice (Figure 7) shows significant impairment in 
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retainment of engrafted donor stem cells. We would predict that the muscle stem cells would 
continue to decrease in the transplanted mice. This experiment alone provides strong evidence 
that the muscle niche in Myf6-KO mice is not capable of maintaining stem cell pool (Figure 7B-D).  
 
 
 
• What is being counted/measured in each panel should be made clearer in the figure legends, as 
should the N value, and what is actually being compared using statistical testing. 
 
Response: In the methods section and in figure legends we clearly say that we always use two 
tailed t-test. n values now always mention the number of mice and/or the number of cross-sections 
taken from each mouse, fields of view, or fibers. 
 
Figure 1 
• Most data in Figure 1 could be supplementary. 
 
Response: Figure 1 shows a key summary of Myf6 binding data in fully differentiated myotubes. 
This experiment was done using a novel method that we developed for DNA binding proteins for 
which there are no ChIP-grade antibodies (Soleimani et al. 2013. Nature Protocols). The figure is a 
key summary of how many binding sites Myf6 has (Figure 1A), the most significant transcription 
factor binding motifs (Figure 1B), position of the best sites within sequence under all Myf6 peaks 
(Figure 1C), and GO terms analysis of genes associated with Myf6 peaks. We believe all the panels 
in Figure 1 are necessary to show the function of Myf6 in differentiating skeletal muscle cells.  
 
 
• Panel (1c) clarification on the selection of MEF2A binding sites (among that of other muscle 
transcription factors) is required in text. Authors do not mention the study from Moretti el al. 
reporting the investigation of Myf6 in adult muscle. The report of Myf6/MEF2 duelling is worth 
mentioning here and in general in the manuscript. 
 
Response: Mef2a binding site is the result of unbiased analysis of 12,885 sequences under Myf6 
peaks by MEME (Bailey et al. 2009 Nucleic Acids Research). It’s is the second most highly enriched 
transcription factor binding motif under Myf6 peaks after E-box sequence.  
 
 
• Panel (1e) No standard deviation? P=0? 
 
Response: The standard deviation is so low it doesn’t show up. P-value is almost zero such that it is 
rounded up to zero. However, we agree with the reviewer that p-value should not be rounded up to 
zero. Therefore, in the revised version we indicate p-value as p< 2.2e-16 , standard p-value in similar 
analysis. 
 
Figure 2 
• Panels (2d-2g) refer to siRNA on primary myotubes. This is NOT 'in-vivo', please edit Page 49, as 
this is misleading. Done. 
• Panel (2c) it is not mentioned in the text. Done. 
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Figure 3 
• Panel (3c) N=? 
 
Response: N=3. Done. 
 
• Panel (3d) As per legend: "Depletion of Myf6 transcript by siRNAs in differentiated primary 
myotubes (5DM)" 
• In figure 3 the authors show a decrease in VEGFA and EGF protein levels in the serum of KO 
animals compared to heterozygous Myf6+/- mice. This is the only time heterozygous Myf6+/- data 
is presented. It is important to determine whether there is any phenotype in heterozygous Myf6+/- 
mice. 
 
Response: The use of Hets for our ELISA experiments is very conclusive in showing that knockout 
of Myf6 leads to a significant reduction in EGF and VEGFA protein in serum of Myf6-KO mice. The 
hets and WT mice have same phenotype.   
 
• Please check as figure legend for panel (3e) is confusing. 
Response: Figure 3E shows the Myf6 ChIP-Seq peak occupancy within +/-100kb of the transcription 
start sites (TSS) of genes coding for known myokines corresponding to panel 3D. Color scale 
ranges from black (zero peaks) to bright red (up to six peaks).  
 
Figure 4 
• Panel (4f) is every dot presenting a fiber or a mouse? Please indicate N. If every dot is a fiber 
please show separated columns, one per animal, followed by an ANOVA analysis. This is common 
issue in figures. 

 
Response: Every dot represents a myofiber. We now indicate all requested number in the figure 
legends. 

WT (n=24 fibers from n=3 mice) , Myf6-KO (n=22 fibers from n=3 mice) and Myf6-KO EDL  
• Panels (4g, h, i) same as per (4f) 
Fig 4g: WT (n=37 fibers from n=3 mice), Myf6-KO (n=34 fibers from n=3 mice) and Myf6-KO  
Fig 4h: WT (n=18 fibers from n=3 mice), Myf6-KO (n=18 fibers from n=3 mice) and Myf6-KO EDL 
myofibers treated with LIF (n=11 fibers from n=3 mice).   
Fig 4i: WT (n=29 fibers from n=3 mice), Myf6-KO (n=22 fibers from n=3 mice) 
 
• Panel (4g) how is "EGFR high" and "EGFR low" defined? 

 
We now provide a section in the revised manuscript on definition of EGFR- Pax7 high. 
Figure 5 
• Are CSAs different between nulls and wt? 
We measured the number of fibers/mm2 to look at fiber size in figure EV3, and do not see a 
significant difference between Myf6-KO and WT mice, despite a modest trend. 
• (5b, d, f, h) same as per 4f, the authors should indicate values per animal. If N=3 as written in 
legend, graphs (and analysis) should present 3 values for KO and 3 values for WT? 
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These are now mentioned in the figure legend for Fig 5: 
Figure 5b: (n=30 fields of view from n=3 animals) 
Figure 5d:(n=27 fields of view from n=3 animals). 
Figure 5f: (n=52 fields of view from n=5 animals). 
Figure 5h: (n=60 fields of view from n=3 animals). 
 
• (5j, k) same issue with data in the graph. The authors must indicate values per animal, not per 
fiber with all animals pooled together. 

 
5J: Myf6-KO (n=41 fibers from n=3 mice) from Myf6-KO mice and (n=31 fibers from n=3 mice) 
from WT mice 
5L (the quantification of data shown in 5K):  (n=38 fibers from n=3 mice) from Myf6-KO mice 
(n=67 fibers from n=3 mice) from WT mice. 
 
Figure 6 
• Panel (6e) similar to fig.5e (same stage) fiber CSA appears larger in null than WT. Please measure. 

 
We did measure, see figure EV3. There is no statistically significant difference between WT and 
Myf6-KO fiber size, despite a minor trend. 
 
• Panels (6b, d, f) data in the graph. The authors should indicate values per animal. I guess here 
every dot is a picture (?). If N=3 (or 5) as written in legend, graphs (and analysis) should present at 
least 3 values for KO and 3 values for WT. 

 
Figure 6b: (n=15 fields of view from n=3 animals). 
Figure 6d: (n=28 fields of view from n=3 animals)for Myf6-KO mice and (n=31 fields of view 
from n=3 animals) for WT mice. 
Figure 6f: (n=30 fields of view from n=5 mice).  
  
• Same in (6l, o, j, v). 

 
6l: (n= 88 myofibers) for Myf6-KO and (n= 86 myofibers) for WT mice. 
6o: (n=56 myofibers) for Myf6-KO and (n=67 myofibers) for WT mice. 
6j: (n=54 fields of view from n=3 mice) for Myf6-KO and (n=81 fields of view from n=4 mice) for 
WT mice. 
6v: (n=19 fibers in EGF-treated and n=16 from untreated control myofibers. 
 
• Panel (6 I, j) Fusion index is normally calculated as the number of nuclei within MyHC-positive 
myotubes with {greater than or equal to}2 nuclei as a percentage of the total nuclei present as 
reported in other studies (e.g. doi.org/10.1038/ncomms10871). Percentage of myonuclei in total 
number of nuclei per field of view" can be defined as a 'differentiation index'. Please amend. What 
is the N=?, please state and correct stats accordingly. 
Going by this description, we did measure the fusion index, not differentiation index. Our figure is 
the ratio of nuclei in myotubes (two or more nuclei) versus total number of nuclei. In the Figure 6J 
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we have counted n=54 fields of view from Myf6-KO myotubes from three mice and n=81 fields of 
view from myotubes of four WT mice. 
 
 What is the difference between (6l) and (6m) and (6o) and (6p), legend is unclear. (6l) and (6o) may 
use incorrect stats. Please correct according to biological replicates. 

 
In 6l-O, each point represents a fiber. In 6m-p, each point represents a mouse. In the revised 
version we have indicated the number of fibers, fields of view, number of biological replicates 
accordingly.  
 
• Panel (6u). Legend is unclear. Have the same fibers been treated several times with EGF or 
different fibers have been suggested to different time points. What is the picture actually showing? 

 
The same fibers were treated multiple times with EGF at different time points. The picture is 
showing the number of Pax7+ cells after the full 48 hours of sequential EGF treatments. We now 
mention that the fibers were treated sequentially. 
  
• Please correct (6v) to report biological replicates and stats accordingly. 
Figure 6v: n=16 fibers for WT and n=19 fibers for WT treated with EGF. 
 
Figure 7 
 
• Panel (7l) should be joined to (6u) and possibly to (2l and 2m) 

 
Fig 7l is showing EdU incorporation, which fits with the point that Myf6-KO mice have a defective 
MuSC niche and not an intrinsic defect in the satellite cells themselves. We therefore believe that 
panel 7l should remain where it is.  
 
• Panel (7m) Stats needs revision as per previous comment. 

 
Two tailed t-test were performed between Myf6-KO and WT at each different time point: 6 
hours (WT n=75 fields of view from n=3 mice, Myf6-KO  n=72 fields of view from n=3 mice), 12 
hours (WT n=82 fields of view from n=3 mice, Myf6-KOn=82 fields of view from n=3 mice), and 
24 hours (WT n=70 fields of view from n=3 mice, Myf6-KO n=65 fields of view from n=3 mice) of 
EdU incorporation. 
• Panel (7k) Authors should define "PAX7 high" 
 
We now define Pax7high in the materials and methods under “Immunofluorescence Imaging”. 
 
• Panel (7n) authors should show whether Myf6 is expressed form myofiber, MuSCs or both  
Panel 7n has been moved to the “synopsis” section. We now provide gene expression data of 
satellite cells, myoblasts and single muscle fiber and show that Myf6 is expressed in muscle fiber 
but not in adult satellite cells or myoblasts.  
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In this manuscript, Lazure et al. use a combination of approaches and datasets to provide 

evidence that MRF4 is the only myogenic basic helix-loop-helix (bHLH) transcriptional activator 

expressed in mature, differentiated skeletal myofibers and is specifically required for the 

activation of several myokines implicated in the paracrine control of muscle stem cell activation. 

 

While this reviewer appreciates that MRF4-regulated expression and release of myokines could 

provide a novel layer of regulation of muscle stem cells, by cross talk with myofibers, this study 

contains multiple flaws and inconsistencies that preclude the evaluation of most of the results 

presented in this manuscript. 

 

I note that this is the Reviewer 1 of the initial submission of this manuscript, and this assessment 

takes into account the author's point-to-point reply to the 3 referees. In this regard, the authors 

have made an effort to reply to the multiple concerns raised by this reviewer and reviewers 2 and 

3; however, not all the referee's points have been satisfactorily addressed and there are still 

important issues that remain unsolved. 

Below are the major concerns that remain unsolved in the revised manuscript and some 

suggestions on how to address them. I also encourage the authors to modify the manuscript by 

trimming the existing data and selecting the most accurate evidence that could support the main 

author's conclusion - that is, MRF4 regulates myofiber's output of regulatory factors for muscle 

stem cells. 

 

1) MRF4 vs other bHLH myogenic factors and control of gene expression in myofibers: while this 

reviewer appreciates from public datasets that MRF4 is the most expressed myogenic bHLH 

factor in differentiated myofibers, as the authors claim, this is not sufficient to support the 

conclusion that MRF4 accounts for the entire control of gene expression in adult myofibers, 

given that MRF4 knock out mice are viable and do not show any obvious phenotype. I believe 

this apparent discrepancy could be explained by the functional compensation and redundancy 

between the myogenic bHLH factors that has not been experimentally addressed by the authors. 

The experimental setting used by the authors does not adequately address this issue (see specific 

points below). 

 

Response: We agree that there is functional compensation by other MRFs during muscle cell 

differentiation. This is also consistent with our comparative ChIP-Seq data of MyoD and Myf6 

(Fig. EV5). However, in the resting myofibers Myf6 is the predominant MRF that is expressed 

(Fig. EV1). We included RNA-Seq data of single myofibers and qPCR analysis to support this 

conclusion in the revised manuscript. Second, during muscle injury myogenic differentiation is 

activated and obviously there is compensation from other myogenic factors such as MyoD that 

account for lack of differentiation phenotype in Myf6-KO muscle as shown in Fig. 7E,F. Thirdly, 

and consistent with reviewer’s comment we show that the core myogenic differentiation 

network is common between Myf6 and MyoD (Fig. EV5), suggesting that during differentiation 

there is compensation from other MRFs. In this manuscript we show that the myofiber acts as 

ligand and muscle stem cells as a receptor. The novel role of Myf6 in myofibers is to regulate the 
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expression of ligands. Since under steady state Myf6 is the predominant MRF expressed in the 

myofiber (Fig. EV1), genetic deletion of Myf6 abrogates ligand/receptor communication, hence 

leading to depletion of muscle stem cell pool in adult muscle under steady state. We have focused 

on two key signaling pathways, namely EGFR and STAT3 to show that loss of Myf6 leads to 

impaired activation of both pathways. We show that loss of Myf6 in muscle fiber leads to 

impairment in activation of both of these signaling pathways which play critical roles in the 

maintenance of the muscle stem cell pool and regulation of asymmetric division as shown by 

recent literature (Wang et al. 2019; Zhu et al. 2016). In the context of ligand/receptor 

communication between myofiber and associated muscle stem cells, transcriptional regulation of 

key ligands required for muscle stem cell function is controlled by Myf6 within the muscle fiber. 

Importantly, this function of Myf6 is not related to any potential role for Myf6 in adult muscle 

stem cells as our data clearly shows that muscle stem cells and myoblasts do not express Myf6.  

Therefore, Myf6 establishes a ligand/receptor interaction between myofibers and their associated 

stem cells via myokine signaling.  

 

2) Cell culture and MRF4 over-expression: the authors rely on data generated from MRF4-tagged 

over-expression in cultures of myoblasts generated from muscle stem cells isolated from wild 

type mice, propagated in culture, transduced with retriviral delivery of tagged-MRF4 and then 

cultured again under antibiotic selection. This protocol raises multiple concerns. First, although 

the authors claim that they have already published the generation of myoblasts from primary 

muscle stem cells isolated by FACS from adult muscles, the biological rationale is still missing, as 

muscle stem cells tend to spontaneously differentiate when cultured, even in the presence of 

high serum concentration. It is hard to believe that after multiple rounds of propagation, 

retroviral infection and puromycin selection, the authors could effectively generate 

differentiation-competent myoblasts. As a matter of fact, there is no evidence in the manuscript 

that these cells exist. The authors should show clear evidence of homogeneous cultures of 

myoblasts and their differentiated progenies (multinucleated myotubes), by providing phase 

contrast pictures of wide fields representative of these cultures, and use immunostaining for 

mutually exclusive identity markers (Pax7, MyoD, myogenin, MyHC). The data presented in Fig. 

EV1 show just some random nuclear staining without any phenotypic or molecular indications 

that these nuclei belong to myoblasts or myotubes or other cell types, and this is largely 

insufficient. Second, MRF4 overexpression is not the proper way to determine the physiological 

role of MRF4 in the control of gene expression. As MRF4 target genes are bound by endogenous 

MRF4, the over-expressed MRF4 will clearly bind off-target genes. ChIP-qPCR validation is 

mandatory in this case, but has not been performed by the authors. As the authors have available 

MRF4 null mice, this reviewer is wondering why they did not use myoblasts from these mice, 

instead of wild type cells, to replace MRF4 with the exogenous gene. Third, the relative role of 

MRF4 versus endogenous bHLH is also not properly addressed, given that the authors did not 

perform a direct comparison of chromatin binding of exogenous tagged-MRF4 and other bHLH 

factors (i.e. MyoD) in the same cell types - see specific point below. Again, comparative 

ChIPqPCR validation should have been performed on target genes with antibodies against 

taggedMRF4, MyoD, Myf5, and myogenin. 
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Response: First, the ChTAP-Seq approach (Soleimani et al. 2013, Nat. Protocols) we have taken 

to map genome-wide expression of Myf6 is the same approach that we have taken to generate 

data for numerous other myogenic factors such as Pax3, Pax7 (Soleimani et al. 2012. Dev. Cell), 

MyoD, Myf5, Snai1, HDAC1, HDAC2 (Soleimani et al. 2012. Mol. Cell). The validity of this 

method has already been experimentally demonstrated and peer reviewed in the above 

publications from our lab. We have no problem with generating cultured myoblasts over 

expressing myogenic factors as demonstrated by our published work just cited. Second, due to 

the lack of a ChIP-grade antibody against Myf6, ChTAP-Seq is a robust and viable alternative 

which we have successfully used to map Myf6 binding sites. Third, Myf6 ChIP is only a screen 

and the overwhelming in vivo and in vitro data presented in the manuscript to support our 

conclusion stand on its own even in the absence of ChIP-Seq data. Lastly, we have validated key 

Myf6 myokine targets by loss of function analysis such as qPCR (Fig. 2D-G), myotubes secretome 

(Fig. 3F,G) and blood serum (Fig. 3H,I). I would also like to point out that there is no ChIP grade 

antibody against Myf6 (MRF4). Therefore, performing an endogenous ChIP qPCR using Myf6 

antibody is impossible. 

 

3) Explanation of MRF4 null phenotype: the lack of an overt phenotype is likely due to the 

compensatory effect by other bHLH factors, which means that MRF4 represses them and that 

upon MRF4 deficiency de-repression of these factor drives the compensation. Interestingly, this 

compensation does not seem to occur with myokines. Thus, it seems to me that the authors 

should focus on the understanding of this selective phenotype shown by MRF4 null muscles - 

e.g. loss of myofiber-muscle stem cell control, presumably by failure of MRF4 to transcriptionally 

activate the expression of myokines from myofibers. This is the major novelty of this work and it 

raises the interesting issue of why in myofibers the transcription of myokines is specifically and 

non-redundantly regulated by MRF4, but not other bHLH factors. Of course, a comparative 

analysis with MyoD- or Myf5-null muscles would also be necessary to support this contention. 

 

Response: Our RNA-Seq of Myf6-KO and WT and ELISA assay (Fig. 3) clearly shows 
what the reviewer is pointing out. This conclusion is also clearly outlined in the synopsis 
figure. As to why in resting myofiber the transcription of myokines is specifically 
regulated by Myf6 is because in resting myofiber Myf6, but no other MRFs is expressed 
(Fig. EV1). What makes Myf6 unique in regulating myokines in muscle fiber is the 
unique temporal expression of Myf6 which is restricted to the mature myofiber (Fig. 
EV1). In other words, in resting myofibers, Myf6 is the predominant myogenic factor that 
is expressed! The expression of other remaining myogenic factor (Myf5, MyoD and 
Myogenin) is minimal – at the background level. In our datasets available through this 
GitHub link (https://github.com/ahcorcha/Lazure_et_al_2020/tree/master/data/bigwigs) 
one can clearly see that only single myofibers and whole muscle but not muscle stem 
cells express Myf6. With regards to the suggestion that a comparative analysis with 
MyoD and Myf6-null mice is required to support our conclusion, we respectfully 
disagree. In the Myf6-KO mice myokine expression is significantly down regulated (Fig. 
3), clearly indicating that none of the other MRFs can compensate for Myf6 function. 
This is because myofibers only expresses Myf6. I would also like to draw the attention 

about:blank
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of the reviewer to Fig. 7 where we show that everything else being equal, Myf6-KO 
muscle is incapable of maintaining transplanted muscle stem cells. This data clearly 
indicates that Myf6-KO muscle is an unfavorable niche for stem cells. 
 

4) Genome wide data and analysis. 1) ChIPseq: Although multiple ChIPseq datasets are 

presented, this reviewer found that the GEO link provided shows that the only ChIPseq data 

generated by the authors is actually just one experimental replicate with anti-Tag antibodies 

against tagged-MRF4 (in this regard, the authors should rectify the information in the public 

repository about the antibodies used, as it is stated anti-Myf6-MRF4, while it should instead be 

specified that the ChIPseq has been done with an antibody against an over-expressed tagged-

Myf6-MRF4). One replicate with over-expressed tagged protein and without validation with 

ChIPqPCR analysis on gene of specific interest is not acceptable to support the multiple claims 

made by authors in this manuscript. Moreover, only Myf6-MRF4 peak calls and two differential 

expression analyses results were found in the GEO link, with no ChIP-seq o RNA-seq tracks in 

bigWig format (bigWig files of RNA-seq data are provided as a separate GitHub link). Raw data 

are not accessible. It is therefore impossible to assess the data quality. Finally, the comparisons of 

ChIPseq profiles shown in this manuscript are between the over-expressed tagged-MRF4 (in the 

myoblast cell line generated by the authors) and publicly available datasets, which have been 

generated from other cell types. This is not an accurate comparison, especially when made 

among myogenic bHLH factors that share the same DNA binding motif. Likewise, RNA-seq 

tracks are compared with gene expression microarrays generated from different cell lines (Fig. 2 

and 3, and Fig. EV2) and this comparison is definitely inaccurate. 

 

Response: As mentioned earlier we performed Myf6 ChIP-Seq following the same protocol as we 

have done with multiple other myogenic factors (Soleimani et al. 2013, Nat. Protoc, Soleimani et 

al. 2012, Dev. Cell; Soleimani et al. 2012, Mol. Cell). All of the ChIP-Seq datasets that the 

reviewer is referring to were generated by VDS (The corresponding author on this manuscript). I 

am sorry the reviewer has problems with login to GEO. We have verified with NCBI and logged 

in to access data from multiple computers and we do not see any problem with accessing data. In 

the GitHub page we provided RNA-Seq data for WT satellite cells, Myf6-KO satellite cells, single 

myofibers, whole muscle of Myf6-KO and WT mice under resting and injury condition. We have 

made this data publicly available so that the reviewers can access it freely without needing 

password. We provided BigWig files in response to specific request from the editorial team. All 

of the raw data is also deposited in GEO. Regarding the last point raised in Figure EV2, we are 

not comparing RNA-Seq to microarray, we just show them side by side. I don’t see any problem 

with showing different datasets side by side. 

 

5) MRF4-target myokines and their effect on muscle stem cells: this analysis is very diffuse, with 

an initial identification, from ChIP-seq and RNA-seq data, of certain potential MRF4-target 

myokines in myofibers (EGF, VEGF, LIF), which is followed by analysis of their downstream 

signaling pathways activated in muscle stem cells that range from STAT3 and EGFR to p38 

signalling in WT or MRF4 KO cells. Overall, the analysis turns to be diffuse and not conclusive. 

A coherent and complete investigation of just one axis between MRF4-activated myokines in 
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myofibers and the engagement of the specific downstream signal transduction pathway that 

regulates muscle stem cell activity is highly recommended. In this regard, I also recommend that 

the authors refer to just one mechanism of control of muscle stem cells by MRF4-activated 

myokines - either maintenance of quiescence or activation. It is still unclear the interpretation of 

the biological outcome of MRF4 deficiency. For instance, the authors show that MRF4 null 

myofibers are defective in EGF, VGEF and LIF expression in unperturbed conditions, and this 

results in deficient activation of STAT3 and EGFR signaling in muscle stem cells. These signaling 

have been implicated in the activation, division polarity and differentiation of satellite cells, but 

not maintenance of quiescence; however, the MRF4 deficient muscle stem cells show 

spontaneous loss of quiescence and activation, leading to an overall loss of number. It is also 

unclear why is the p38 activated in MRF4 null muscle stem cells - what is the MRF4-regulated 

myokine in myofibers that negatively represses p38 signaling in muscle stem cells and how? 

 

Response: We respectfully disagree with the reviewer on this point. Going from the binding of 

Myf6, to the ligands required for activation of those signaling pathways, followed by validation 

and gain/loss of function and its effect on myofiber associated stem cells is a very focused and 

logical progression. The key signaling pathways we refer to in the manuscript are known to play 

essential roles in regulating muscle stem cell function. For example, VEGFA signaling has 

recently been implicated in maintaining muscle stem cell quiescence (Verma et al. 2018). EGFR 

has been shown to regulate muscle stem cells asymmetric cell division (Wang et al. 2019) and 

STAT3 has been shown to regulate the muscle stem cell pool (Zhu et al. 2016). With regards to 

why in Myf6-KO muscle p38MAPK is activated and what might be responsible to block p38, we 

have already shown in the revised manuscript that EGF alone can block activation of p38 (Fig 6). 

Therefore, loss of Myf6 in muscle leads to abrogation of ligand/receptor communication. This 

communication is required to maintain muscle stem cell quiescence.  

 

Overall, the manuscript does not seem suitable for publication in the present form, as it lacks 

scientific rigor, rationale and data supporting author's conclusions. Still, this reviewer notices 

that there are some convincing datasets that could stand alone to support some novel and 

interesting conclusion, when separated from the other inaccurate datasets. Most of the data ex 

vivo and in vivo generated with MRF4 KO mice, single fibers and satellite cells are convincingly 

supporting the author's hypothesis that in myofibers MRF4 is required to activate expression of 

myokines that regulate muscle stem cell activation. I suggest that the authors re-haul the whole 

manuscript by focusing on these data and adding essential experiments. For instance, starting 

with RNA-seq analysis in MRF4 KO fiber can identify MRF4-specific myokines, and this can be 

followed by biochemical validation (qPCR and ChIPqPCR) upon restoration of MRF4 (by 

delivery of tagged-MRF4) as compared with tagged-MyoD, as control. Then, the authors can 

focus on activation of one specific signaling triggered by one MRF4-regulated myokine in 

satellite cells in one specific condition (either quiescence or injury-mediated activation of muscle 

stem cells) and then show related experiments of rescue ex vivo and the in vivo data, which 

appear accurate and reproducible. This reviewer highly recommend that the authors limit the 

complexity of their experimental system (and claims to support) by narrowing down the study 
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on just one event regulated by MRF4 - either myofiber-released myokines that control muscle 

stem cell quiescence in resting conditions or satellite cell activation upon injury. 

 

Response: We disagree with selectively narrowing down the effect of Myf6 to one molecule and 

one pathway and ignoring everything else. We think the manuscript represent an unbiased 

analysis of Myf6 function in muscle and should include key components regulated by Myf6. We 

have extensively validated the role Myf6-mediated regulation of myokines to EGFR and STAT3 

pathways and provide compelling evidence that Myf6 functions as a major regulator of muscle 

stem cell quiescence by establishing a ligand/receptor interaction between myofiber and the 

associated muscle stem cells. The reviewer mentions “accurate” and “inaccurate” datasets but 

doesn’t say which one is which and on what basis certain datasets are inaccurate or accurate!  

 



31st Mar 20201st Revision - Editorial Decision

Dear Vahab, 

Thank you for the submission of your revised manuscript . We have now received the comments
from referee 1 whom I asked to assess your reply to all concerns, as the other 2 referees were
unfortunately not available. 

As you will see, the referee is not convinced that the data have been sufficient ly and sat isfactorily
strengthened, and we can therefore not offer to publish your manuscript . I also at tach the referee
response to your reply to the comments below and hope that it  makes our case clear. While we are
interested in the novel findings reported in your study, these would have to be strengthened and
the manuscript  would have to be refocused on the most novel and interest ing aspects. In the
absence of such revisions, we have decided not to proceed with the handling of your manuscript  at
EMBO reports. 

I am sorry to disappoint  you on this occasion, and hope that the referee comments will be helpful in
your cont inued work in this area.

Kind regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports

Referee #1:

In this manuscript , Lazure et  al. use a combinat ion of approaches and datasets to provide evidence
that MRF4 is the only myogenic basic helix-loop-helix (bHLH) t ranscript ional act ivator expressed in
mature, different iated skeletal myofibers and is specifically required for the act ivat ion of several
myokines implicated in the paracrine control of muscle stem cell act ivat ion.
While this reviewer appreciates that MRF4-regulated expression and release of myokines could
provide a novel layer of regulat ion of muscle stem cells, by cross talk with myofibers, this study
contains mult iple flaws and inconsistencies that preclude the evaluat ion of most of the results
presented in this manuscript .
I note that this is the Reviewer 1 of the init ial submission of this manuscript , and this assessment
takes into account the author's point-to-point  reply to the 3 referees. In this regard, the authors
have made an effort  to reply to the mult iple concerns raised by this reviewer and reviewers 2 and 3;
however, not all the referee's points have been sat isfactorily addressed and there are st ill important
issues that remain unsolved. 
Below are the major concerns that remain unsolved in the revised manuscript  and some
suggest ions on how to address them. I also encourage the authors to modify the manuscript  by
trimming the exist ing data and select ing the most accurate evidence that could support  the main
author's conclusion - that  is, MRF4 regulates myofiber's output of regulatory factors for muscle
stem cells.

1) MRF4 vs other bHLH myogenic factors and control of gene expression in myofibers: while this
reviewer appreciates from public datasets that MRF4 is the most expressed myogenic bHLH factor



in different iated myofibers, as the authors claim, this is not sufficient  to support  the conclusion that
MRF4 accounts for the ent ire control of gene expression in adult  myofibers, given that MRF4 knock
out mice are viable and do not show any obvious phenotype. I believe this apparent discrepancy
could be explained by the funct ional compensat ion and redundancy between the myogenic bHLH
factors that has not been experimentally addressed by the authors. The experimental set t ing used
by the authors does not adequately address this issue (see specific points below). 
2) Cell culture and MRF4 over-expression: the authors rely on data generated from MRF4-tagged
over-expression in cultures of myoblasts generated from muscle stem cells isolated from wild type
mice, propagated in culture, t ransduced with retriviral delivery of tagged-MRF4 and then cultured
again under ant ibiot ic select ion. This protocol raises mult iple concerns. First , although the authors
claim that they have already published the generat ion of myoblasts from primary muscle stem cells
isolated by FACS from adult  muscles, the biological rat ionale is st ill missing, as muscle stem cells
tend to spontaneously different iate when cultured, even in the presence of high serum
concentrat ion. It  is hard to believe that after mult iple rounds of propagat ion, retroviral infect ion and
puromycin select ion, the authors could effect ively generate different iat ion-competent myoblasts.
As a matter of fact , there is no evidence in the manuscript  that  these cells exist . The authors
should show clear evidence of homogeneous cultures of myoblasts and their different iated
progenies (mult inucleated myotubes), by providing phase contrast  pictures of wide fields
representat ive of these cultures, and use immunostaining for mutually exclusive ident ity markers
(Pax7, MyoD, myogenin, MyHC). The data presented in Fig. EV1 show just  some random nuclear
staining without any phenotypic or molecular indicat ions that these nuclei belong to myoblasts or
myotubes or other cell types, and this is largely insufficient . Second, MRF4 overexpression is not the
proper way to determine the physiological role of MRF4 in the control of gene expression. As MRF4
target genes are bound by endogenous MRF4, the over-expressed MRF4 will clearly bind off-target
genes. ChIP-qPCR validat ion is mandatory in this case, but has not been performed by the authors.
As the authors have available MRF4 null mice, this reviewer is wondering why they did not use
myoblasts from these mice, instead of wild type cells, to replace MRF4 with the exogenous gene.
Third, the relat ive role of MRF4 versus endogenous bHLH is also not properly addressed, given that
the authors did not perform a direct  comparison of chromat in binding of exogenous tagged-MRF4
and other bHLH factors (i.e. MyoD) in the same cell types - see specific point  below. Again,
comparat ive ChIPqPCR validat ion should have been performed on target genes with ant ibodies
against  taggedMRF4, MyoD, Myf5, and myogenin. 
3) Explanat ion of MRF4 null phenotype: the lack of an overt  phenotype is likely due to the
compensatory effect  by other bHLH factors, which means that MRF4 represses them and that
upon MRF4 deficiency de-repression of these factor drives the compensat ion. Interest ingly, this
compensat ion does not seem to occur with myokines. Thus, it  seems to me that the authors should
focus on the understanding of this select ive phenotype shown by MRF4 null muscles - e.g. loss of
myofiber-muscle stem cell control, presumably by failure of MRF4 to t ranscript ionally act ivate the
expression of myokines from myofibers. This is the major novelty of this work and it  raises the
interest ing issue of why in myofibers the transcript ion of myokines is specifically and non-
redundant ly regulated by MRF4, but not other bHLH factors. Of course, a comparat ive analysis with
MyoD- or Myf5-null muscles would also be necessary to support  this content ion. 
4) Genome wide data and analysis. 1) ChIPseq: Although mult iple ChIPseq datasets are presented,
this reviewer found that the GEO link provided shows that the only ChIPseq data generated by the
authors is actually just  one experimental replicate with ant i-Tag ant ibodies against  tagged-MRF4
(in this regard, the authors should rect ify the informat ion in the public repository about the
ant ibodies used, as it  is stated ant i-Myf6-MRF4, while it  should instead be specified that the
ChIPseq has been done with an ant ibody against  an over-expressed tagged-Myf6-MRF4). One
replicate with over-expressed tagged protein and without validat ion with ChIPqPCR analysis on
gene of specific interest  is not acceptable to support  the mult iple claims made by authors in this



manuscript . Moreover, only Myf6-MRF4 peak calls and two different ial expression analyses results
were found in the GEO link, with no ChIP-seq o RNA-seq tracks in bigWig format (bigWig files of
RNA-seq data are provided as a separate GitHub link). Raw data are not accessible. It  is therefore
impossible to assess the data quality. Finally, the comparisons of ChIPseq profiles shown in this
manuscript  are between the over-expressed tagged-MRF4 (in the myoblast  cell line generated by
the authors) and publicly available datasets, which have been generated from other cell types. This
is not an accurate comparison, especially when made among myogenic bHLH factors that share the
same DNA binding mot if. Likewise, RNA-seq tracks are compared with gene expression microarrays
generated from different cell lines (Fig. 2 and 3, and Fig. EV2) and this comparison is definitely
inaccurate.
5) MRF4-target myokines and their effect  on muscle stem cells: this analysis is very diffuse, with an
init ial ident ificat ion, from ChIP-seq and RNA-seq data, of certain potent ial MRF4-target myokines in
myofibers (EGF, VEGF, LIF), which is followed by analysis of their downstream signaling pathways
act ivated in muscle stem cells that  range from STAT3 and EGFR to p38 signalling in WT or MRF4
KO cells. Overall, the analysis turns to be diffuse and not conclusive. A coherent and complete
invest igat ion of just  one axis between MRF4-act ivated myokines in myofibers and the engagement
of the specific downstream signal t ransduct ion pathway that regulates muscle stem cell act ivity is
highly recommended. In this regard, I also recommend that the authors refer to just  one mechanism
of control of muscle stem cells by MRF4-act ivated myokines - either maintenance of quiescence or
act ivat ion. It  is st ill unclear the interpretat ion of the biological outcome of MRF4 deficiency. For
instance, the authors show that MRF4 null myofibers are defect ive in EGF, VGEF and LIF
expression in unperturbed condit ions, and this results in deficient  act ivat ion of STAT3 and EGFR
signaling in muscle stem cells. These signaling have been implicated in the act ivat ion, division
polarity and different iat ion of satellite cells, but  not maintenance of quiescence; however, the MRF4
deficient muscle stem cells show spontaneous loss of quiescence and act ivat ion, leading to an
overall loss of number. It  is also unclear why is the p38 act ivated in MRF4 null muscle stem cells -
what is the MRF4-regulated myokine in myofibers that negat ively represses p38 signaling in muscle
stem cells and how? 

Overall, the manuscript  does not seem suitable for publicat ion in the present form, as it  lacks
scient ific rigor, rat ionale and data support ing author's conclusions. St ill, this reviewer not ices that
there are some convincing datasets that could stand alone to support  some novel and interest ing
conclusion, when separated from the other inaccurate datasets. Most of the data ex vivo and in
vivo generated with MRF4 KO mice, single fibers and satellite cells are convincingly support ing the
author's hypothesis that in myofibers MRF4 is required to act ivate expression of myokines that
regulate muscle stem cell act ivat ion. I suggest that  the authors re-haul the whole manuscript  by
focusing on these data and adding essent ial experiments. For instance, start ing with RNA-seq
analysis in MRF4 KO fiber can ident ify MRF4-specific myokines, and this can be followed by
biochemical validat ion (qPCR and ChIPqPCR) upon restorat ion of MRF4 (by delivery of tagged-
MRF4) as compared with tagged-MyoD, as control. Then, the authors can focus on act ivat ion of
one specific signaling t riggered by one MRF4-regulated myokine in satellite cells in one specific
condit ion (either quiescence or injury-mediated act ivat ion of muscle stem cells) and then show
related experiments of rescue ex vivo and the in vivo data, which appear accurate and reproducible.
This reviewer highly recommend that the authors limit  the complexity of their experimental system
(and claims to support) by narrowing down the study on just  one event regulated by MRF4 - either
myofiber-released myokines that control muscle stem cell quiescence in rest ing condit ions or
satellite cell act ivat ion upon injury. 



** As a service to authors, EMBO Press provides authors with the ability to t ransfer a manuscript
that one journal cannot offer to publish to another journal, without the author having to upload the
manuscript  data again. To transfer your manuscript  to another EMBO Press journal using this
service, please click on 
Link Not Available
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Point-by-point response to reviewer: 

We thank the reviewer for in depth examination of our manuscript and for many of her/his 
important suggestions to improve the quality and readability of the manuscript. To address 
the reviewer’s and editorial concerns in the revised version of this manuscript, we have 
incorporated the following new figures and panels: new Fig1A; new Fig2F; new Fig3J,K,L,M; 
new FigEV1C,D; new Fig EV2 E,F,G and new FigEV4A. These new experiments further 
corroborate our original conclusions that Myf6 has a critical and unique role in regulating 
myokines in the myofiber to prevent premature differentiation of their associate satellite cells. 
The manuscript conclusively shows that 1) Myf6 is required to establish a receptor/ligand 
relationship between myofibers and their associated satellite cells; 2) Myf6 is the principal 
MRF that is exclusively expressed in myofibers but not in adult satellite cells; 3) myofibers are 
the major sources of myokines such as EGF and VEGFA whos transcription is dependent on 
Myf6 in the fiber and 4) in the absence of Myf6 in the myofiber their associated satellite cells 
prematurely activate and differentiate by upregulating p38 MAPK and MyoD.    

More specifically, and as requested by the reviewer and the editor, we have performed a 
rescue experiment, validated by both RT-qPCR and ELISA, showing that re-introduction of 
exogenous Myf6 through retroviral vector into the Myf6-null primary myoblasts isolated from 
the Myf6-KO mice by FACS can restore the expression of myokines. We have now confirmed 
the reintroduction of Myf6 into these cells and their ability to differentiate using qPCR and 
immunofluorescence. We have also performed ChIP-qPCR for H3K27Ac in myotubes, a 
regulatory histone mark of active chromatin and reanalyzed previous RNA-Seq data from 
whole muscle, single myofibers and satellite cells to further prove the contribution of the 
muscle fiber to myokine production. Finally, we have refocused the manuscript to center our 
findings on the EGF/EGFR/P38MAPK axis. We strongly believe that the extensive amount of 
experimental data presented in this revised manuscript provides unequivocal proof of our 
conclusion. Lastly, we have extensively edited the manuscript and refocused specifically on 
EGFR signaling pathway to demonstrate the importance of Myf6-regulated ligands within 
myofiber in establishing a receptor/ligand relationship between satellite cells and myofibers. 
We believe, this novel discovery will further enhance our knowledge on how skeletal muscle 
stem cells communicate with their niche environment.   

1) MRF4 vs other bHLH myogenic factors and control of gene expression in myofibers: while this
reviewer appreciates from public datasets that MRF4 is the most expressed myogenic bHLH factor
in differentiated myofibers, as the authors claim, this is not sufficient to support the conclusion
that MRF4 accounts for the entire control of gene expression in adult myofibers, given that MRF4
knock out mice are viable and do not show any obvious phenotype. I believe this apparent
discrepancy could be explained by the functional compensation and redundancy between the
myogenic bHLH factors that has not been experimentally addressed by the authors. The
experimental setting used by the authors does not adequately address this issue (see specific
points below).

Response: 

25th Aug 20202nd Authors' Response to Reviewers
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We appreciate the reviewer’s comments regarding relationship between Myf6 and other MRFs. 
In this refocused version of the revised manuscript we show that Myf6 transcriptionally 
regulates EGF which in turn prevents premature differentiation of satellite cells under normal 
physiological conditions by blocking p38 MAPK activation. This signaling pathway between 
myofiber and satellite cells is entirely regulated by Myf6. The proof of this novel regulatory 
pathway is further corroborated by the new rescue experiment in which exogenous Myf6 
reintroduced into the Myf6-KO restores the expression of EGF.    
 
2) Cell culture and MRF4 over-expression: the authors rely on data generated from MRF4-tagged 
over-expression in cultures of myoblasts generated from muscle stem cells isolated from wild type 
mice, propagated in culture, transduced with retriviral delivery of tagged-MRF4 and then cultured 
again under antibiotic selection. This protocol raises multiple concerns. First, although the authors 
claim that they have already published the generation of myoblasts from primary muscle stem 
cells isolated by FACS from adult muscles, the biological rationale is still missing, as muscle stem 
cells tend to spontaneously differentiate when cultured, even in the presence of high serum 
concentration. It is hard to believe that after multiple rounds of propagation, retroviral infection 
and puromycin selection, the authors could effectively generate differentiation-competent 
myoblasts. As a matter of fact, there is no evidence in the manuscript that these cells exist. 
 
We have now added additional primary cells lines over expressing Myf6 and we show that 
these cells are perfectly capable of myogenic differentiation as shown by immunofluorescence 
analysis with marker of terminal differentiation, MF20. Specifically, the following new 
experiment directly address the reviewer’s concern: 
new Fig EV1C: IF of Myf6-HF myotubes (staining for Flag, DAPI, transmitted) 
new Fig EV1D: IF of Myf6-HF myotubes (staining for MF20, DAPI, transmitted) 
new Fig 3K: qPCR for Myf6 in Myf6-HF, WT, and Myf6-KO myotube cDNA. 
These new experiments and new figures are proof that stable primary cell lines are capable of 
myogenic differentiation as we have shown in this manuscript. 
 
 
The authors should show clear evidence of homogeneous cultures of myoblasts and their 
differentiated progenies (multinucleated myotubes), by providing phase contrast pictures of wide 
fields representative of these cultures, and use immunostaining for mutually exclusive identity 
markers (Pax7, MyoD, myogenin, MyHC). The data presented in Fig. EV1 show just some random 
nuclear staining without any phenotypic or molecular indications that these nuclei belong to 
myoblasts or myotubes or other cell types, and this is largely insufficient. Second, MRF4 
overexpression is not the proper way to determine the physiological role of MRF4 in the control of 
gene expression. As MRF4 target genes are bound by endogenous MRF4, the over-expressed 
MRF4 will clearly bind off-target genes. ChIP-qPCR validation is mandatory in this case, but has not 
been performed by the authors. As the authors have available MRF4 null mice, this reviewer is 
wondering why they did not use myoblasts from these mice, instead of wild type cells, to replace 
MRF4 with the exogenous gene. Third, the relative role of MRF4 versus endogenous bHLH is also 
not properly addressed, given that the authors did not perform a direct comparison of chromatin 
binding of exogenous tagged-MRF4 and other bHLH factors (i.e. MyoD) in the same cell types - see 
specific point below. Again, comparative ChIPqPCR validation should have been performed on 
target genes with antibodies against taggedMRF4, MyoD, Myf5, and myogenin. 
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Response: We have now provided immunofluorescent images of myotubes (5DM) over-
expressing Myf6-HF (Figure EV1C-D), including staining for both FLAG and MF20. We also 
provide homogenous cultures of those stable primary cell lines stained PAX7 prior to their 
differentiation. These new experiments show that our Myf6-HF primary myoblasts are 
differentiation-competent. Additionally, we show by RT-qPCR (new Fig. 3K) of Myf6 
expression in Myf6-KO, WT and Myf6-OE myotubes generated from Myf6-KO myoblasts, that 
Myf6-O/E myotubes are exogenously expressing Myf6-HF. 
 
 
Regarding comparative analysis of ChIP for myogenic factors such as MyoD, Myf5 and Myog, 
we agree with the reviewer that such analysis is important but it is beyond the scope of this 
manuscript. However, as an additional confirmation that myofibers are an important source of 
myokines, we have performed ChIP-qPCR for H3K27Ac in myotubes, and show that the 
Transcription Start Sites (TSS) of EGF and VEGFA are active compared to a closed, negative 
control region of the genome (Chr17qE5). Additionally, we have now generated Integrative 
Genomics Viewer (IGV) tracks comparing EGF, EGFR and VEGFA expression from RNA-Seq of 
whole muscle, single fibers, and satellite cells, including positive controls (Myf6, CKM) and 
negative control (Pdgfra) for single fiber purity. These additional panels complement our UCSC 
ChIP-Seq tracks (figure 2C,D,E) for H3K4me3 and H3K4me1 in the regulatory regions of EGF, 
VEGFA, OSM and LIF, and further confirm one of our main findings that muscle fibers are a 
principal source of myokines.  
 

        
 
To address the reviewers’ concerns on the effect of endogenous versus exogenous Myf6, we 
have now generated stable cell lines derived from Myf6-null myoblasts, where Myf6-HF has 
been reintroduced by retroviral infection. RT-qPCR analysis shows that the addition of Myf6 
into Myf6-null cells rescues the expression of myokines EGF and VEGFA. Furthermore, ELISA 
using the secretome from these Myf6-OE myotubes shows a similar increase of EGF at the 
protein level. This new data further corroborates our original conclusions and shows that Myf6 
is necessary and sufficient for transcriptional activation of myofiber-derived myokines. 
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3) Explanation of MRF4 null phenotype: the lack of an overt phenotype is likely due to the 
compensatory effect by other bHLH factors, which means that MRF4 represses them and that 
upon MRF4 deficiency de-repression of these factor drives the compensation. Interestingly, this 
compensation does not seem to occur with myokines. Thus, it seems to me that the authors should 
focus on the understanding of this selective phenotype shown by MRF4 null muscles - e.g. loss of 
myofiber-muscle stem cell control, presumably by failure of MRF4 to transcriptionally activate the 
expression of myokines from myofibers. This is the major novelty of this work and it raises the 
interesting issue of why in myofibers the transcription of myokines is specifically and non-
redundantly regulated by MRF4, but not other bHLH factors. Of course, a comparative analysis 
with MyoD- or Myf5-null muscles would also be necessary to support this contention. 
 
We agree with the reviewer that lack of differentiation phenotype in Myf6 null mice is likely 
due to compensation from other MRFs. However, as the reviewer points out regulation of 
Myokines within myofiber is uniquely controlled by Myf6 and hence in the absence of Myf6 
myokine-mediated communication between myofiber and associated satellite cells breaks 
down. We have extensively edited the manuscript and refocused it to clearly demonstrate this 
unique function of Myf6.  
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4) Genome wide data and analysis. 1) ChIPseq: Although multiple ChIPseq datasets are presented, 
this reviewer found that the GEO link provided shows that the only ChIPseq data generated by the 
authors is actually just one experimental replicate with anti-Tag antibodies against tagged-MRF4 
(in this regard, the authors should rectify the information in the public repository about the 
antibodies used, as it is stated anti-Myf6-MRF4, while it should instead be specified that the 
ChIPseq has been done with an antibody against an over-expressed tagged-Myf6-MRF4). One 
replicate with over-expressed tagged protein and without validation with ChIPqPCR analysis on 
gene of specific interest is not acceptable to support the multiple claims made by authors in this 
manuscript. Moreover, only Myf6-MRF4 peak calls and two differential expression analyses results 
were found in the GEO link, with no ChIP-seq o RNA-seq tracks in bigWig format (bigWig files of 
RNA-seq data are provided as a separate GitHub link). Raw data are not accessible. It is therefore 
impossible to assess the data quality. Finally, the comparisons of ChIPseq profiles shown in this 
manuscript are between the over-expressed tagged-MRF4 (in the myoblast cell line generated by 
the authors) and publicly available datasets, which have been generated from other cell types. This 
is not an accurate comparison, especially when made among myogenic bHLH factors that share 
the same DNA binding motif. Likewise, RNA-seq tracks are compared with gene expression 
microarrays generated from different cell lines (Fig. 2 and 3, and Fig. EV2) and this comparison is 
definitely inaccurate. 
 

1. The Myf6 ChIP-Seq was performed as an initial screen. The requirement of Myf6 for 
adequate production of myokines has been validated through our extensive in vivo and 
in vitro experiments including whole muscle RNA-Seq, ELISA, immunofluorescence 
and qPCR, knockout/rescue experiments.  

2. All ChIP-Seqs included in this manuscript (Myf6, MyoD, H3K4me3, H3K4me1, H3) have 
been performed by the corresponding author, and we therefore believe that is 
appropriate to display different tracks alongside each other. 

3. We have edited all figures containing both microarray and RNA-Seq data. We now 
display the whole muscle RNA-Seq figure and the microarray panels in separate figures 
(Fig 2A, Fig 3D), or in separate panels (Fig EV3 B,D). 

 
 
5) MRF4-target myokines and their effect on muscle stem cells: this analysis is very diffuse, with an 
initial identification, from ChIP-seq and RNA-seq data, of certain potential MRF4-target myokines 
in myofibers (EGF, VEGF, LIF), which is followed by analysis of their downstream signaling 
pathways activated in muscle stem cells that range from STAT3 and EGFR to p38 signalling in WT 
or MRF4 KO cells. Overall, the analysis turns to be diffuse and not conclusive. A coherent and 
complete investigation of just one axis between MRF4-activated myokines in myofibers and the 
engagement of the specific downstream signal transduction pathway that regulates muscle stem 
cell activity is highly recommended. In this regard, I also recommend that the authors refer to just 
one mechanism of control of muscle stem cells by MRF4-activated myokines - either maintenance 
of quiescence or activation. It is still unclear the interpretation of the biological outcome of MRF4 
deficiency. For instance, the authors show that MRF4 null myofibers are defective in EGF, VGEF 
and LIF expression in unperturbed conditions, and this results in deficient activation of STAT3 and 
EGFR signaling in muscle stem cells. These signaling have been implicated in the activation, 
division polarity and differentiation of satellite cells, but not maintenance of quiescence; however, 
the MRF4 deficient muscle stem cells show spontaneous loss of quiescence and activation, leading 
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to an overall loss of number. It is also unclear why is the p38 activated in MRF4 null muscle stem 
cells - what is the MRF4-regulated myokine in myofibers that negatively represses p38 signaling in 
muscle stem cells and how? 
 
Response: we have now refocused our manuscript to highlight the involvement of Myf6 in the 
EGF/EGFR signaling pathway. We show that Myf6 is required for the production of EGF in the 
myofiber. We have moved data involving LIF/STAT3 signaling to the expanded view section 
(figure EV3). EGF signaling is directly related to p38MAPK activation, as shown by the block of 
differentiation upon EGF treatment (Fig 5Q-T). Overall, our manuscript now clearly focuses on 
how Myf6 regulates EGF, which blocks P38MAPK signaling in order to prevent premature 
differentiation and consequent exhaustion of the MuSC pool. 
 
Once again we thank the reviewer for critical evaluation of our manuscript. We believe, the 
revised and refocused version of our manuscript which contain additional new experiments 
provides compelling evidence that Myf6 establishes a receptor/ligand relationship between 
myofiber and their associated satellite cells.   
 



15th Sep 20202nd Revision - Editorial Decision

Dear Vahab, 

Thank you for the submission of your revised manuscript . We have now received the enclosed
comments from referee 1 who now supports the publicat ion of your manuscript  and we can
therefore in principle accept it . 

Only a few formal changes are st ill required:

- Please delete one keyword as only 5 keywords can be included. 

- Arezu Jahani-Asl is missing from the Author Contribut ions, please add.

- Our Reference format changed to Harvard style, please correct . The EMBO reports style is also in
EndNote. 

- Please add the grant numbers to our online manuscript  handling system when you upload the final
manuscript  version. 

- A Table EV1 callout  is missing, please add.

- Please add the EV Figure legends to the main Art icle file after the main Figure legends.

- The EV Tables with their legends should be uploaded as individual word or excel files.

- The source data needs to be uploaded as one file per figure. 

- Tables EV1-3 should be regular EV tables and uploaded as individual files. 

- Tables EV4 and EV5 should be Datasets (Dataset EV1 and EV2) and uploaded as individual excel
files. All EV Tables and Datasets need a legend within their files. 

- I at tach to this email a related ms file with comments by our data editors. Please address all
comments in the final manuscript . 

I slight ly modified the short  summary and first  bullet  point . Please let  me know whether you agree
with the following:

Skeletal muscle fibers are a key signaling component of the muscle stem cell niche. Myf6-induced
expression of myokines in skeletal muscle maintains myofiber-associated muscle stem cell pools by
blocking their premature different iat ion in adult  mice.
• Myf6 t ranscript ionally promotes the expression of a vast array of myokines such as Epidermal
Growth Factor EGF and VEGFA in the myofibers of adult  mice.
• Genet ic delet ion of Myf6 impairs the act ivat ion of the EGFR signaling pathway in satellite cells. 
• Mice with a homozygous delet ion of Myf6 are born normal. However, Muscle stem cells from Myf6-
knockout mice spontaneously break from quiescence, act ivate p38 MAPK and enter into myogenic
different iat ion in rest ing adult  mouse muscle.



I look forward to seeing a final version of your manuscript  as soon as possible. 

Best regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports

Referee #1:

The authors have addressed most of the reviewer concerns and extensively rehauled the
manuscript , which is now more focused on the most interest ing discovery here - that  is, the specific
and non-redundant (among the myogenic bHLH factors) ability of Myf6//MRF4 to act ivate the
expression of myofiber-derived signals that negat ively regulate satellite cell act ivat ion. There are
st ill few experimental details that  do not completely convince this reviewer; however, I believe that
at  this stage it  is fair to give to the authors the opportunity to publish their study and in part icular
their findings on a this novel myofiber/satellite cells cross-communicat ion through the Myf6/MRF4-
EGF-p38 signalling, as it  will be of great interest  to the scient ific community in the field of skeletal
myogenesis.



Response to Reviewer: 

Referee #1: 

The authors have addressed most of the reviewer concerns and extensively rehauled the 

manuscript, which is now more focused on the most interesting discovery here - that is, the 

specific and non-redundant (among the myogenic bHLH factors) ability of Myf6//MRF4 to 

activate the expression of myofiber-derived signals that negatively regulate satellite cell 

activation. There are still few experimental details that do not completely convince this 

reviewer; however, I believe that at this stage it is fair to give to the authors the opportunity 

to publish their study and in particular their findings on a this novel myofiber/satellite cells 

cross-communication through the Myf6/MRF4-EGF-p38 signalling, as it will be of great 

interest to the scientific community in the field of skeletal myogenesis. 

Response: Thank you! 

Response to editor: 

Only a few formal changes are still required: 

- Please delete one keyword as only 5 keywords can be included.

Response: Done.

- Arezu Jahani-Asl is missing from the Author Contributions, please add.

Response: Done.

- Our Reference format changed to Harvard style, please correct. The EMBO reports style is

also in EndNote.

Response: Done.

- Please add the grant numbers to our online manuscript handling system when you upload

the final manuscript version.

Response: Done.

- A Table EV1 callout is missing, please add.

Response: Done.

- Please add the EV Figure legends to the main Article file after the main Figure legends.

Response: Done.

- The EV Tables with their legends should be uploaded as individual word or excel files.

17th Sep 20203rd Authors' Response to Reviewers



Lazure et al. 2020 Point-by-point response to reviewer and editor 

Response: Done. 

 

- The source data needs to be uploaded as one file per figure. 

Response: Done. 

 

- Tables EV1-3 should be regular EV tables and uploaded as individual files. 

Response: Done. 

 

- Tables EV4 and EV5 should be Datasets (Dataset EV1 and EV2) and uploaded as individual 

excel files. All EV Tables and Datasets need a legend within their files. 

Response: Done. 

 

- I attach to this email a related ms file with comments by our data editors. Please address 

all comments in the final manuscript. 

Response: We have now addresses all comments in the final version of the manuscript. 

 

I slightly modified the short summary and first bullet point. Please let me know whether you 

agree with the following: 

Response: Thank you! I agree with the changes you made. 

 

Skeletal muscle fibers are a key signaling component of the muscle stem cell niche. Myf6-

induced expression of myokines in skeletal muscle maintains myofiber-associated muscle 

stem cell pools by blocking their premature differentiation in adult mice. 

• Myf6 transcriptionally promotes the expression of a vast array of myokines such as 

Epidermal Growth Factor EGF and VEGFA in the myofibers of adult mice. 

• Genetic deletion of Myf6 impairs the activation of the EGFR signaling pathway in satellite 

cells. 

• Mice with a homozygous deletion of Myf6 are born normal. However, Muscle stem cells 

from Myf6-knockout mice spontaneously break from quiescence, activate p38 MAPK and 

enter into myogenic differentiation in resting adult mouse muscle. 

 



18th Sep 20203rd Revision - Editorial Decision

Dr. Vahab Soleimani
McGill University
Human Genet ics
3640 rue University
Montreal, QC H3A 0C7
Canada

Dear Vahab,

I am very pleased to accept your manuscript  for publicat ion in the next available issue of EMBO
reports. Thank you for your contribut ion to our journal.

At  the end of this email I include important informat ion about how to proceed. Please ensure that
you take the t ime to read the informat ion and complete and return the necessary forms to allow us
to publish your manuscript  as quickly as possible.

As part  of the EMBO publicat ion's Transparent Editorial Process, EMBO reports publishes online a
Review Process File to accompany accepted manuscripts. As you are aware, this File will be
published in conjunct ion with your paper and will include the referee reports, your point-by-point
response and all pert inent correspondence relat ing to the manuscript .

If you do NOT want this File to be published, please inform the editorial office within 2 days, if you
have not done so already, otherwise the File will be published by default  [contact :
emboreports@embo.org]. If you do opt out, the Review Process File link will point  to the following
statement: "No Review Process File is available with this art icle, as the authors have chosen not to
make the review process public in this case."

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates.

Thank you again for your contribut ion to EMBO reports and congratulat ions on a successful
publicat ion. Please consider us again in the future for your most excit ing work.

Best regards, 
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports 

********************************************************************************

THINGS TO DO NOW: 

You will receive proofs by e-mail approximately 2-3 weeks after all relevant files have been sent to



our Product ion Office; you should return your correct ions within 2 days of receiving the proofs. 

Please inform us if there is likely to be any difficulty in reaching you at  the above address at  that
t ime. Failure to meet our deadlines may result  in a delay of publicat ion, or publicat ion without your
correct ions. 

All further communicat ions concerning your paper should quote reference number EMBOR-2019-
49499V4 and be addressed to emboreports@wiley.com. 

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates. 
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a specification of the experimental system investigated (eg cell line, species name).
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committee(s) approving the experiments.
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in a public repository or included in supplementary information.
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A Data Availability section is provided. The primary ChIP-Seq and RNA-Seq data reported in this 
paper is deposited in NCBI and available through Geo Accession numbers GSE123836 and 
GSE133505.

Data has been deposited.
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C57BL/6J: Jackson Laboratories000664
C57BL/6: Charles RiverC57BL/6NCrl
Myf6tm1.1(cre/ERT2)Lepr/J: (Christoph Lepper laboratory)025669
(C57BL/6-Tg(CAG- EGFP)1Osb/J):Jackson Laboratories003291                                                            
Animals were housed at no more than 5 mice/cage with constant supply of food and water. We 
have primarily used mice of the ages: 1 week, 3 weeks, 3 months, 10 months of age, as indicated in 
the manuscript. The Myf6tm1.1(cre/ERT2)Lepr/J colony was maintained using heterozygous 
litermates. Both male and female mice were used in this study. Control and experimental 
conditions were sex-matched. 

All animal procedures were approved by the McGill University Animal Care Committee (UACC).

We have complied with these guidelines.

G- Dual use research of concern

F- Data Accessibility

NA

NA

NA

All cell lines were tested for mycoplasma contrmination                                                                  
HEK-293T: ATCC, CRL-1573
COS-7:ATCC, CRL-1651
Phoenix-ECO:ATCC, CRL-3214
HeLa:ATCC, CCL-2
C2C12:ATCC, CRL-1772

Antibodies with Company and Catalog number
Pax7:DSHB AB_528428
MyoD (G-1):Santa Cruz Sc-377460
Laminin: Sigma-Aldrich, L9393
MF20:DSHB, AB_2147781
EGFR:Cell Signaling4267S
Phospho-EGFR (Y1068): Cell Signaling 2234S
STAT3:Cell Signaling9139S
STAT3:Cell Signaling4904S
Phospho-STAT3 (Y705): Cell Signaling, 9131S
Phospho-STAT3 (Y705): Cell Signaling, 9145S
Phospho-STAT3 (S727): Cell Signaling, 9136S
GAPDH: Abcam ab9484
Tubulin: Sigma P82O3
Ki67: Abcam AB15580
Anti-mouse ITGA7-Alexa647:R&D systemsFAB3518R
Anti-mouse PE-CD45:Invitrogen 12-0451-82
Anti-mouse PE-CD11b: Invitrogen ebioscience 12-0112-82
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