
MicroRNA-574 Regulates FAM210A
Expression and Influences Pathological
Cardiac Remodeling
Jiangbin Wu, Kadiam C Venkata Subbaiah, Feng Jiang, Omar Hadaya, Amy Mohan, Tingting 
Yang, Kevin Welle, Sina Ghaemmaghami, Wai Hong Wilson Tang, Eric Small, Chen Yan, Peng 
Yao
DOI: 10.15252/emmm.202012710

Corresponding authors: Peng Yao (Peng_Yao@urmc.rochester.edu)

Review Timeline: Submission Date: 24th May 20
Editorial Decision: 16th Jun 20
Revision Received: 23rd Sep 20
Editorial Decision: 16th Oct 20
Revision Received: 17th Nov 20
Accepted: 19th Nov 20

Editor: Lise Roth

Transaction Report:
(Note: With the except ion of the correct ion of typographical or spelling errors that could be a source
of ambiguity, let ters and reports are not edited. Depending on transfer agreements, referee reports
obtained elsewhere may or may not be included in this compilat ion. Referee reports are anonymous
unless the Referee chooses to sign their reports.)



16th Jun 20201st Editorial Decision

16th Jun 2020 

Dear Prof. Yao, 

Thank you for submit t ing your work to EMBO Molecular Medicine. We have now heard back from
the three referees who agreed to evaluate your manuscript . As you will see below, the reviewers
raise substant ial concerns on your work, which preclude its publicat ion in EMBO Molecular Medicine
in its current form. 

The reviewers find that the quest ion addressed by the study is of potent ial interest , and appreciate
the novelty of the findings. However, they remain unconvinced that some of the major conclusions
are sufficient ly supported by the data. They thus raise the following major issues: 
● the global approaches used in vivo (global KO and iv inject ion of miRNA mimet ics) do not allow for
analysis of the role of miR574 on the different cell types. While generat ing cell-specific knock-out
mice would not be realist ic in a reasonable t ime frame, in vit ro experiments should be performed to
address this issue.
● the effects on mitochondria are not adequately characterized.

If you feel you can sat isfactorily address these points as well as the other points listed by the 
referees, you may wish to submit a revised version of your manuscript . 

Addressing the reviewers' concerns in full will be necessary for further considering the manuscript in 
our journal, and acceptance of the manuscript will entail a second round of review. EMBO Molecular 
Medicine encourages a single round of revision only and therefore, acceptance or reject ion of the 
manuscript will depend on the completeness of your responses included in the next, final version of 
the manuscript . For this reason, and to save you from any frustrat ions in the end, I would strongly 
advise against returning an incomplete revision. 

To submit your manuscript , please follow this link: 

Link Not Available 

*** 

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).

3) 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. 

4) A complete author checklist , which you can download from our author guidelines
(ht tps://www.embopress.org/page/journal/17574684/authorguide#submissionofrevisions). 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.

5) 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/17574684/authorguide#dataavailability).
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). 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. *** 

6) 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
.

7) Our journal 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  .

8) 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.

- 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.
See detailed instruct ions here:
.



9) The paper explained: EMBO Molecular Medicine art icles are accompanied by a summary of the
art icles to emphasize the major findings in the paper and their medical implicat ions for the non-
specialist  reader. Please provide a draft  summary of your art icle highlight ing
- the medical issue you are addressing,
- the results obtained and
- their clinical impact.

This may be edited to ensure that readers understand the significance and context  of the research.
Please refer to any of our published art icles for an example. 

10) For more informat ion: There is space at  the end of each art icle to list  relevant web links for
further consultat ion by our readers. Could you ident ify some relevant ones and provide such
informat ion as well? Some examples are pat ient  associat ions, relevant databases,
OMIM/proteins/genes links, author's websites, etc...

11) Author contribut ions: the contribut ion of every author must be detailed in a separate sect ion
(before the acknowledgments).

12) A Conflict  of Interest  statement should be provided in the main text

13) Every published paper now includes a 'Synopsis' to further enhance discoverability. Synopses
are displayed on the journal webpage and are freely accessible to all readers. They include a short
stand first  (maximum of 300 characters, including space) as well as 2-5 one-sentences bullet  points
that summarizes the paper. Please write the bullet  points to summarize the key NEW findings.
They should be designed to be complementary to the abstract  - i.e. not  repeat the same text . We
encourage inclusion of key acronyms and quant itat ive informat ion (maximum of 30 words / bullet
point). Please use the passive voice. Please at tach these in a separate file or send them by email,
we will incorporate them accordingly.

Please also suggest a striking image or visual abstract  to illustrate your art icle. If you do please
provide a png file 550 px-wide x 400-px high. 

14) As part  of the EMBO Publicat ions transparent editorial process init iat ive (see our Editorial at
ht tp://embomolmed.embopress.org/content/2/9/329), EMBO Molecular Medicine will publish online a
Review Process File (RPF) to accompany accepted manuscripts.

In the event of acceptance, this file will be published in conjunct ion with your paper and will include
the anonymous referee reports, your point-by-point  response and all pert inent correspondence
relat ing to the manuscript . Let  us know whether you agree with the publicat ion of the RPF and as
here, if you want to remove or not any figures from it  prior to publicat ion. 

Please note that the Authors checklist  will be published at  the end of the RPF. 

EMBO Molecular Medicine has a "scooping protect ion" policy, whereby similar findings that are
published by others during review or revision are not a criterion for reject ion. Should you decide to
submit  a revised version, I do ask that you get in touch after three months if you have not
completed it , to update us on the status. 



I look forward to receiving your revised manuscript . 

Yours sincerely, 

Lise Roth 

Lise Roth, PhD 
Editor 
EMBO Molecular Medicine 

*Addit ional important informat ion regarding Figures

Each figure should be given in a separate file and should have the following resolut ion: 
Graphs 800-1,200 DPI 
Photos 400-800 DPI 
Colour (only CMYK) 300-400 DPI" 

Figures are not edited by the product ion team. All let tering should be the same size and style; figure
panels should be indicated by capital let ters (A, B, C etc). Gridlines are not allowed except for log
plots. Figures should be numbered in the order of their appearance in the text  with Arabic numerals.
Each Figure must have a separate legend and a capt ion is needed for each panel. 

*Addit ional important informat ion regarding figures and illustrat ions can be found at
ht tp://bit .ly/EMBOPressFigurePreparat ionGuideline

***** Reviewer's comments ***** 

Referee #1 (Comments on Novelty/Model System for Author): 

Only suggest ion is that  a t issue specific KO of the mouse model tested should have been
generated to provide more detailed cell-specific informat ion about the loss of this part icular miR. 

Referee #1 (Remarks for Author): 

The manuscript  ent it led, "MicroRNA-574 regulates FAM210A expression and influences
pathological cardiac remodeling" by Wu et. al. sought to determine whether pathogenic cardiac
stressors can induce expression of miR-574 to modulate FAM210A. They show that the increase in
miR-574 and subsequent increase in FAM210A, expression modulates the expression of
mitochondrial encoded proteins to elicit  a protect ive response that antagonizes pathological
cardiac remodeling. This is a nicely writ ten manuscript  with extensive high quality data to support
this premise. The only major comment is with regards to the choice of animal models made; it
seems it  would have been more effect ive to generate t issue specific microRNA-574 KO mice, as
opposed to whole body KO mice where it  remains unclear which t issue types contribute to which
physiological effects in the heart . Nonetheless, the data are strong, with significant results that
provide substant ial novelty. 
Some minor addit ional suggested edits: 



1) Echo images throughout the paper are not convincing. Please replace with images that better
represent the data in the tables. In addit ion, several cardiac funct ional parameters are missing from
the echo tables, including LVIDd and LVIDs, which assesses the effects of the KO on dilatat ion,
part icularly given the the changes in LVPW are minimal.
2) The apoptosis TUNEL experiments throughout the paper are also not convincing, part icularly
since only 1-2 cells are indicated in each panel and it  is not clear from the image if the apoptot ic cell
is even a cardiomyocyte.
3) Authors suggest that  the KO reveals a "protect ive role of miR-574-5p and miR-574-3p."
However, it  is not clear that  the KO mouse reveals this; rather, it  reveals that one OR both may be
involved in the protect ive effects.
4) In this regard, the data in Fig 4 are difficult  to interpret . To me, it  seems that the addit ion of the
miR-574-3p mimet ic induces greater hypertrophy, as demonstrated by the H&E image in 4B and
the echo in 4D, as compared to WT. It  is clear this miR protects from fibrosis, however. In contrast , it
seems the miR-574-5p mimet ic better normalizes the heart , but  has more minimal effects on
fibrosis. How do the authors reconcile this?
5) How did the authors conclude that both miRs are needed for cardioprotect ion and why did they
only hone in on the one effector that  binds to both miR-574-5p and miR-574-3p for effects on
cardioprotect ion? It  seems likely there are individual targets that could play a different ial role in this
process (ie, in hypertrophy vs fibrosis; see my comment about fig 4). It  seems the authors may be
missing crit ical funct ional mechanisms by focusing in on only this one target. At  the very least , this
should be discussed as a limitat ion in the discussion sect ion of the paper.
6) Authors should also direct ly test  the effects of the mimet ics in vivo in their KO mice to see if they
can rescue the deleterious effects of pathological hypertrophy in response to TAC.

Referee #2 (Remarks for Author): 

This study by Wu and colleagues assess the contribut ion of microRNA-574 to cardiac stress
responses and pathophysiology. The work revealed FAM210A as important target for miR574 in
the heart  and a mechanism by which FAM210A regulates mitochondrial t ranslat ion through an
interact ion with the elongat ion factor EF-Tu. Overall this study contains high quality and interest ing
data that are informat ive and novel. The use of loss and gain of funct ion for miR574, as well as
more than one cardiac stress model, provides a comprehensive assessment of the contribut ion of
miR574 in the heart . However, the below concerns should be addressed to corroborate some of
their findings: 

1. It  would be important to test  the cardiomyocyte specificity of miR574 induct ion post stress using
primary cardiac cells. This is part icularly crit ical considering the use of global strategies for in vivo
manipulat ion of the levels of this microRNA.

2. Analysis of miR574 induct ion in the stressed heart  (perhaps following a t ime course of pressure
overload) would also represent important informat ion. This will help interpret  the somewhat modest
cardioprotect ive effect  of mimet ic oligomers and understand if start ing administering them earlier
than 7 days post pressure overload could have provided a stronger result .

3. An important missing control when addressing the mechanist ic part  of the study is
measurements of the number of mitochondria in all mouse mutants and treatments ut ilized in this



study. Assessing mitochondria DNA content in relat ion to nuclear DNA content is crit ical to assess
if the miR574-FAM210A axis indeed regulates mitochondrial protein t ranslat ion instead of
contribut ing to regulat ion of mitochondrial content in cardiomyocytes. I also suggest performing
electron microscopy to assess mitochondria morphology in the heart  of miR574 KO mice. 

4. It  would be nice to include a northern blot  (similar to what you have in supplemental figure 1A) to
corroborate organ enrichment of Fam210A expression for figure 6, and correlate this data to
miR574 expression pattern.

Minor points 

1. In figure 2D and 3D, when showing the zoomed picrosirius red images, please pick a similar
locat ion from each heart .

2. In figure 4, the overall effect  of mimet ic oligomers in rescuing cardiac funct ion is not very robust.
Please replace Echo images shown in figure 4D to better represent the result . Accordingly, please
also moderate the statements related to the rescue potent ial of the used treatment.

3. Also, apoptosis is not a major mechanism for cardiomyocyte cell death during pressure overload.
It  is likely that  the few TUNEL posit ive nuclei observed in the myocardium might actually originate
from non-myocyte populat ions. Perhaps including that assay as supplemental data would be better
suited.

Referee #3 (Comments on Novelty/Model System for Author): 

While the cardiac funct ion of miR-574 is unknown and the authors make use of a new knockout
mouse model, the cellular funct ion of miR-574 remains unclear and the in vivo relevance of the
proposed mechanism is not invest igated. 
Since a global knockout is used and the mimics are also delivered to all cardiac cell types the
authors would have to study the funct ion of miR-574 in mult iple cells types to study its t rue
contribut ion to cardiac funct ion and remodeling in vivo. 

Referee #3 (Remarks for Author): 

In this manuscript  the authors show that miR-574 is induced in the heart  during cardiac disease in
both mice and human. Global genet ic delet ion of miR-574 does not induce an overt  phenotype
under baseline condit ions but exacerbates remodeling during cardiac stress. Conversely,
intravenous delivery of miR-574 mimic inhibits TAC induced pathological remodeling. The authors
next define FAM210A as a direct  target of both strands of miR-574 and show in vit ro that this
regulates cellular mitochondrial funct ion. 

MicroRNAs have been shown to be important players for cardiac biology and disease including
mitochondrial funct ion. While the observed in vivo effects are striking, some key data points are
lacking to provide sufficient  comfort  regarding the proposed mechanism. 

Some key issues: 
- Which cardiac cells express miR-574 and how does this change during disease? Is this regulat ion
different between mice and human?



- Which cardiac cell type is targeted by the miR-574 mimics and how does this effect  the different
cell types?
- Which t issues besides the heart  is the miR mimic delivered to and how does this influence the
observed phenotype?
- The authors show that FAM210A is a direct  target of both strands of miR-574. The authors are
also able to show a regulat ion of FAM210A in the knockout mice. However, it  remains unclear how
this effects downstream regulators of mitochondrial funct ion in vivo or how this effects
mitochondrial funct ion.



Editor’s summarized major points: 
The reviewers find that the question addressed by the study is of potential interest, and 
appreciate the novelty of the findings. However, they remain unconvinced that some of the 
major conclusions are sufficiently supported by the data. They thus raise the following major 
issues: 
● the global approaches used in vivo (global KO and iv injection of miRNA mimetics) do not
allow for analysis of the role of miR574 on the different cell types. While generating cell-specific
knock-out mice would not be realistic in a reasonable time frame, in vitro experiments should be
performed to address this issue.
Response: We have performed multiple in vitro experiments (including newly added and
previously shown experiments) to address the miR-574 expression pattern and cell type specific
cardioprotective effects of miR-574-5p or miR-574-3p, which are presented in Figures EV1B,
EV1C, EV1F, EV3G, EV3H, EV3I, 7F-G, 8A-I, S4A-B, EV4A-E, and EV4H-I.
● the effects on mitochondria are not adequately characterized.
Response: We have provided more adequate characterizations of the effects of miR-574 loss
of function on mitochondria in addition to the data shown in the last version, which are all
presented in Figures 8G-H, 8J, EV4F, EV4G, EV5A, EV5B, EV5C, EV5D, and EV3E.

Referee #1 (Comments on Novelty/Model System for Author): 

Only suggestion is that a tissue specific KO of the mouse model tested should have been 
generated to provide more detailed cell-specific information about the loss of this particular miR. 

Referee #1 (Remarks for Author): 

The manuscript entitled, "MicroRNA-574 regulates FAM210A expression and influences 
pathological cardiac remodeling" by Wu et. al. sought to determine whether pathogenic cardiac 
stressors can induce expression of miR-574 to modulate FAM210A. They show that the 
increase in miR-574 and subsequent increase in FAM210A, expression modulates the 
expression of mitochondrial encoded proteins to elicit a protective response that antagonizes 
pathological cardiac remodeling. This is a nicely written manuscript with extensive high quality 
data to support this premise. The only major comment is with regards to the choice of animal 
models made; it seems it would have been more effective to generate tissue specific microRNA-
574 KO mice, as opposed to whole body KO mice where it remains unclear which tissue types 
contribute to which physiological effects in the heart. Nonetheless, the data are strong, with 
significant results that provide substantial novelty. 
Response: We appreciate this constructive suggestion from the reviewer. As advised by the 
editor, generating cell-specific knockout mice would be challenging in a short term. It is our 
future research goal to generate a cell type specific miR-574 knockout mouse model to further 
investigate the function of miR-574 in different cell types in the heart.  

To address the reviewer’s question using the available miR-574 KO mouse model, we 
measured miR-574-5p and miR-574-3p in isolated primary cardiomyocytes and cardiac 
fibroblasts from hearts under TAC surgery for 3 days. We found that miR-574-5p and miR-574-
3p were significantly induced in CMs and CFs, respectively and the other strand was only 
slightly induced in each cell type (New Figure EV1C). We have also performed in vitro 
experiments using the anti-miRNA inhibitors (loss-of-function) and miRNA mimics (gain-of-
function) transfection in human AC16 CM cells and confirmed the anti-hypertrophic (Figure 
EV4C, D) and mitochondrial protective (Figure 8E, F) effects of miR-574-5p/3p. The anti-
hypertrophic effect of miR-574-5p/3p mimics was also confirmed in primary mouse neonatal 
CMs (New Figure EV3G). More importantly, the anti-hypertrophic, anti-apoptotic, and 

23rd Sep 20201st Authors' Response to Reviewers



mitochondrial protective activities of miR-574 were validated in isolated primary mouse adult CM 
cells from WT and miR-574 KO hearts (Figure EV2A, B and Figure 8G, H). In contrast, we did 
not observe obvious effects of both miR-574-5p and miR-574-3p on the proliferation of primary 

mouse CFs (new Figure EV3H). miR-574-3p (not miR-574-5p) reduced -SMA protein 

expression in TGF--activated primary mouse CFs though both miRNA strands inhibited -SMA 
protein expression at baseline (new Figure EV3I). These results suggest that exogenous miR-
574-5p and miR-574-3p mimics may primarily target CMs as a synergistic pair and could also
target CFs as a complementary mechanism. Please see Page 11 and 14 in the text. Vertical
lines were drawn in the left margin area to highlight the major changes.

Some minor additional suggested edits: 
1) Echo images throughout the paper are not convincing. Please replace with images that better
represent the data in the tables. In addition, several cardiac functional parameters are missing
from the echo tables, including LVIDd and LVIDs, which assesses the effects of the KO on
dilatation, particularly given the the changes in LVPW are minimal.
Response: According to the reviewer’s question, we have replaced some images in Figure 3F
and Figure 4D to better represent the data in the tables. We have also included LVIDd and
LVIDs as well as cardiac output, stroke volume, and LV mass in the supplemental Tables.

2) The apoptosis TUNEL experiments throughout the paper are also not convincing, particularly
since only 1-2 cells are indicated in each panel and it is not clear from the image if the apoptotic
cell is even a cardiomyocyte.
Response: We agree with the reviewer that CM apoptosis is not a strong phenotype during
pressure overload and TUNEL signal may not come from CM cells. As also suggested by
reviewer 2, we have moved TUNEL experimental data to supplemental figures (Figure EV2E,
EV3F) and moderated the statement in the text (…cardiac apoptosis (though occurring at
modest level under pressure overload)…). In Figure EV2B, we have shown that cultured
primary mouse adult CMs from miR-574 KO mice are more susceptible to ISO-induced
apoptosis. We believe that this experiment confirmed the autonomous effects of loss-of-function
of miR-574 on CM apoptosis in the cell culture system in vitro using isolated primary CM cells.

3) Authors suggest that the KO reveals a "protective role of miR-574-5p and miR-574-3p."
However, it is not clear that the KO mouse reveals this; rather, it reveals that one OR both may
be involved in the protective effects.
Response: We have modified the statement as suggested by the reviewer. We changed
“protective role of miR-574-5p and miR-574-3p" to “potential protective effect of either one or
both of miR-574-5p and miR-574-3p strands”.

4) In this regard, the data in Fig 4 are difficult to interpret. To me, it seems that the addition of
the miR-574-3p mimetic induces greater hypertrophy, as demonstrated by the H&E image in 4B
and the echo in 4D, as compared to WT. It is clear this miR protects from fibrosis, however. In
contrast, it seems the miR-574-5p mimetic better normalizes the heart, but has more minimal
effects on fibrosis. How do the authors reconcile this?
Response: We greatly appreciate the reviewer’s thoughtful comment on Figure 4. The
representative images for miR-574-3p mimics panel in Figure 4B and 4D did not present well
the quantitative results shown in the right panel of WGA staining results. We replaced the
images as also suggested by the reviewer for question 1. Based on the quantitative result in
WGA staining in Figure 4B, miR-574-3p mimics reduced cardiac hypertrophy to a similar extent
than miR-574-5p mimics upon TAC surgical stress (but definitely not inducing hypertrophy by
miR-574-3p). We agree with the reviewer that miR-574-5p mimics show slightly better inhibition
of cardiac hypertrophy and less inhibition of fibrosis than miR-574-3p mimics. We think that



there might be two possible explanations: 1) The loading efficiency of miR-574-5p and miR-574-
3p onto RNA-induced silencing complex (RISC) with Ago2 may be different after miRNAs 
entering CM and CF cells via nanoparticle delivery; 2) As the reviewer commented in question 5, 
the function and contribution of other putative individual targets of miR-574-5p/3p cannot be 
ruled out to play a differential role in cardiac remodeling (e.g., in hypertrophy versus fibrosis) 
and warrant further investigation. Consistent with our in vivo findings, in our new Figure EV3G-I, 
we found that miR-574-5p showed stronger anti-hypertrophic activity but weaker inhibition of 
myofibroblast activation compared to miR-574-3p. We have added these points in the 
discussion. Please see Page 20 in the text. 

5) How did the authors conclude that both miRs are needed for cardioprotection and why did
they only done in on the one effector that binds to both miR-574-5p and miR-574-3p for effects
on cardioprotection? It seems likely there are individual targets that could play a differential role
in this process (ie, in hypertrophy vs fibrosis; see my comment about fig 4). It seems the authors
may be missing critical functional mechanisms by focusing in on only this one target. At the very
least, this should be discussed as a limitation in the discussion section of the paper.
Response: We highly appreciate the constructive suggestions from the reviewer. We agree
with the reviewer that we may not conclude that both miRNAs are essential for
cardioprotection. Instead, we have modified the statement from “protective role of miR-574-5p
and miR-574-3p" to “potential protective effects of either one or both of miR-574-5p and miR-
574-3p strands” on Page 12. We identified bona fide miR-574-5p/3p targets by performing
RNA-Seq of the total RNA from the hearts of WT and miR-574–/– mice at baseline. We found
that 34 genes are significantly upregulated at the mRNA level. Among these, 8 genes contain
the putative miR-574-5p target seed sequence, while one single gene contains the putative
miR-574-3p target seed sequence. Although FAM210A is identified as the only common target
gene of both miR-574-5p and miR-574-3p in our studies, the function and contribution of other
putative individual targets of miR-574-5p/3p cannot be ruled out to play a differential role in
cardiac remodeling (e.g., in hypertrophy versus fibrosis) and warrant further investigation. We
added Appendix Figure S2D to show several other potential regulated target transcripts by
miR-574-5p in addition to Fam210a. As suggested by the reviewer, we have stated this as a
limitation to our study in the discussion. Please see Page 22 in the text.

6) Authors should also directly test the effects of the mimetics in vivo in their KO mice to see if
they can rescue the deleterious effects of pathological hypertrophy in response to TAC.
Response: We appreciate this important suggestion from the reviewer. The more pronounced
cardiac remodeling could be due to in-cis effects from the DNA deletion in the genomic locus of
miR-574. To confirm the in-trans effects of miR-574 in cardioprotection, we have already tested
the effects of the miR-574 mimetics in vivo in our miR-574 KO mice to see if they could rescue
the deleterious effects of pathological hypertrophy in response to ISO stimulation (we did not
include the data in our original submission, but we included it in this revised version). As we
showed in new Appendix Figure S5, we injected miR-574-5p/3p mimics into miR-574–/– mice
and could significantly rescue the cardiac disease phenotype under ISO treatment including
reducing CM hypertrophy and cardiac fibrosis (accompanied by reduced hypertrophy and
fibrosis marker gene expression), and myocyte death. We hope that these data will be able to
address the similar question from reviewer regarding TAC model because we used both ISO
and TAC models in which cardiac hypertrophy and fibrosis are activated as common
pathological remodeling process. Please see Page 20 in the text.
Referee #2 (Remarks for Author):

This study by Wu and colleagues assess the contribution of microRNA-574 to cardiac stress 



responses and pathophysiology. The work revealed FAM210A as important target for miR574 in 
the heart and a mechanism by which FAM210A regulates mitochondrial translation through an 
interaction with the elongation factor EF-Tu. Overall this study contains high quality and 
interesting data that are informative and novel. The use of loss and gain of function for miR574, 
as well as more than one cardiac stress model, provides a comprehensive assessment of the 
contribution of miR574 in the heart. However, the below concerns should be addressed to 
corroborate some of their findings: 

1. It would be important to test the cardiomyocyte specificity of miR574 induction post stress
using primary cardiac cells. This is particularly critical considering the use of global strategies for
in vivo manipulation of the levels of this microRNA.
Response: We appreciate this constructive suggestion from the reviewer. We isolated cardiac
myocytes and fibroblasts in 3-day post TAC hearts from WT mice and extracted miR-574-5p
and miR-574-3p. We found that miR-574-5p and miR-574-3p were significantly induced in CMs
and CFs, respectively and the other strand was only slightly induced in each cell type (new
Figure EV1C). These observations are consistent with increased miR-574-5p and miR-574-3p
observed in cultured adult mice CM with ISO treatment (compared to vehicle treatment) and
therefore indicate the higher miR-574-5p induction in CMs than in CFs. Please see Page 11 in
the text. Vertical lines were drawn in the left margin area to highlight the major changes.

2. Analysis of miR574 induction in the stressed heart (perhaps following a time course of
pressure overload) would also represent important information. This will help interpret the
somewhat modest cardioprotective effect of mimetic oligomers and understand if starting
administering them earlier than 7 days post pressure overload could have provided a stronger
result.
Response: In the new Figure EV1D, E, we measured miR-574-5p and miR-574-3p expression
level in the stressed hearts at different time points post-TAC surgery, including 3-day, 7-day, 14-
day and 21-day. We observed that miR-574-5p and miR-574-3p were induced by ~2-3 folds on
day 3 through day 21 (4 week time point was shown in Figure 1E). We agree with the reviewer
that this may explain that modest cardioprotective effects of injected mimetic oligomers starting
from day 7 and that starting to administer the oligomers earlier than 7 days might provide a
stronger cardioprotective effect. We chose to inject miR-574 mimics starting on day 7 based on
a scenario of a therapeutic-like model rather than a preventive model (start injection at earlier
time point such as 1-3 days post TAC). Please see Page 11 in the text.

3. An important missing control when addressing the mechanistic part of the study is
measurements of the number of mitochondria in all mouse mutants and treatments utilized in
this study. Assessing mitochondria DNA content in relation to nuclear DNA content is critical to
assess if the miR574-FAM210A axis indeed regulates mitochondrial protein translation instead
of contributing to regulation of mitochondrial content in cardiomyocytes. I also suggest
performing electron microscopy to assess mitochondria morphology in the heart of miR574 KO
mice.
Response: According to the reviewer’s question, we measured the copy number of
mitochondrial DNA in relation to nuclear DNA content. We did not observe obvious changes in
mitochondrial DNA content in miR-574 KO hearts compared to WT hearts at baseline or 3 days
post TAC surgery (new Figure EV5C). We also did not observe changes in mitochondrial DNA
content for miR-574-5p/3p mimics transfection in AC16 human CM cells (new Figure EV4I). We
performed electron microscopy to assess mitochondrial morphology in the heart of miR-574 KO
vs. WT mice at baseline and under ISO stimulation. We found that the morphology does not
change much in miR-574 KO heart at baseline but mitochondria underwent more swelling,
reduced cristae formation, and overall disarray upon the ISO stress than WT hearts (see new



Figure EV4F, G), suggesting miR-574 KO renders the heart prone to more severe mitochondrial 
dysfunction under cardiac stresses. Please see Page 18 in the text. 

4. It would be nice to include a northern blot (similar to what you have in supplemental figure 1A)
to corroborate organ enrichment of Fam210A expression for figure 6, and correlate this data to
miR574 expression pattern.
Response: The northern blot data was obtained in Cleveland Clinic before I established my
own lab. I have not obtained a license to use radioactivity in my current position in Aab
Cardiovascular Research Institute. It will take several months before we can get permission to
do Northern blot. Therefore, we performed RT-qPCR to measure the organ-specific expression
level of Fam210a mRNA. Please see new Figure EV1A and updated Figure 6B. The organ
enrichment of FAM210A expression is consistent between human and mouse heart and skeletal
muscle (Figure 6B and EV1A). Interestingly, miR-574-5p is also highly expressed in the mouse
heart, suggesting that FAM210A mRNA expression could be regulated at the transcriptional
level prior to post-transcriptional regulation mediated by miR-574. Please see Page 16 in the
text.

Minor points: 

1. In figure 2D and 3D, when showing the zoomed picrosirius red images, please pick a similar
location from each heart.
Response: As suggested by the reviewer, we picked a similar location from each heart to show
the zoomed picrosirius red images. Please see updated Figure 2D and 3D.

2. In figure 4, the overall effect of mimetic oligomers in rescuing cardiac function is not very
robust. Please replace Echo images shown in figure 4D to better represent the result.
Accordingly, please also moderate the statements related to the rescue potential of the used
treatment.
Response: As suggested by the reviewer, we replaced some images (more representative of
the average value in the bar graphs) in updated Figure 4D to better represent the result and
also modified the statements related to the rescue potential of the used treatment in the main
text (TAC-induced cardiac hypertrophy and fibrosis were moderately reduced by miR-574-3p
mimics; Cardiac function was partially or moderately recovered with miR-574-3p and miR-574-
5p treatment at the end point; In addition, miR-574-5p/3p treatment moderately decreased ROS
production…). In addition, we have also included LVIDd and LVIDs as well as cardiac output,
stroke volume, and LV mass in the updated supplemental Tables.

3. Also, apoptosis is not a major mechanism for cardiomyocyte cell death during pressure
overload. It is likely that the few TUNEL positive nuclei observed in the myocardium might
actually originate from non-myocyte populations. Perhaps including that assay as supplemental
data would be better suited.
Response: We agree with the reviewer that CM apoptosis is not a strong phenotype during
pressure overload and TUNEL signal may not come from CM cells. As suggested by both
reviewer 1 and 2, we have moved TUNEL experimental data to supplemental figures (Figure
EV2E, EV3F), and modified the statement in the text (…cardiac apoptosis (though occurring at
modest level under pressure overload)…).

Referee #3 (Comments on Novelty/Model System for Author): 

While the cardiac function of miR-574 is unknown and the authors make use of a new knockout 



mouse model, the cellular function of miR-574 remains unclear and the in vivo relevance of the 
proposed mechanism is not investigated. 
Since a global knockout is used and the mimics are also delivered to all cardiac cell types the 
authors would have to study the function of miR-574 in multiple cells types to study its true 
contribution to cardiac function and remodeling in vivo. 
Response: We highly appreciate this constructive and important suggestion from the reviewer. 
To address the reviewer’s questions regarding the cellular function of miR-574, we measured 
miR-574-5p and miR-574-3p in isolated primary cardiomyocytes and cardiac fibroblasts from 
hearts under TAC surgery. We found that miR-574-5p and miR-574-3p were significantly 
induced in CMs and CFs, respectively and the other strand was only slightly induced in each 
cell type (new Figure EV1C). We have also performed in vitro experiments using the anti-
miRNA inhibitors (loss-of-function) and miRNA mimics (gain-of-function) transfection in human 
AC16 CM cells and confirmed the anti-hypertrophic (Figure EV4C, D) and mitochondrial 
protective (Figure 8E, F) effects of miR-574-5p/3p. The anti-hypertrophic effect of miR-574-
5p/3p mimics was also confirmed in primary mouse neonatal CMs (New Figure EV3G). More 
importantly, the anti-hypertrophic, anti-apoptotic, and mitochondrial protective activities of miR-
574 were validated in isolated primary mouse adult CM cells from WT and miR-574 KO hearts 
(Figure EV2A, B and Figure 8G, H). In contrast, we did not observe obvious effects of both miR-
574-5p and miR-574-3p on the proliferation of primary mouse CFs (new Figure EV3H). miR-

574-3p (not miR-574-5p) reduced -SMA protein expression in TGF--activated primary mouse

CFs though both miRNA strands inhibited -SMA protein expression at baseline (new Figure
EV3I). These results suggest that exogenous miR-574-5p and miR-574-3p mimics may primarily
target CMs as a synergistic pair and could also target CFs as a complementary mechanism.
Please see Page 11 and 14 in the text. Vertical lines were drawn in the left margin area to
highlight the major changes.

To address the reviewer’s question regarding the in vivo relevance of the proposed mechanism, 
we tested our hypothesis of miR-574-Fam210A axis influencing mitochondria encoded ETC 
protein expression and whether loss of miR-574 causes dysregulation of MEG and NEMG 
expression for the ETC complex. We measured the change of ETC proteins using IF in mice 
after 3-day post TAC (new Figure 8J and EV5A-C). We observed more significantly induced 
mitochondrial encoded ETC component protein expression as well as FAM210A in miR-574 KO 
hearts compared to WT hearts but the nuclear-encoded ETC component proteins were not 
significantly altered (new Figure 8J and EV5A-C). This imbalance between mitochondrial-
encoded and nuclear-encoded protein expression at the early stage may cause mitochondrial 
stress and more severe cardiac pathological remodeling and heart dysfunction at the late stage, 
as we observed (Figure EV5D and Figure 3).  

We have measured ROS production by DHE staining in heart frozen sections under ISO 
treatment, TAC surgery, and miR-574 mimics injections (Figure EV2C, EV2D, EV3D). We have 
also measured  membrane potential by TMRE staining and ATP production in cultured primary 
mouse adult CM cells isolated from ISO-treated WT and miR-574 KO mice (Figure 8G, H and 
ATP production in the TAC plus miR-574 mimics treatment model (EV3E). We further measured 
the activity of complex I, II, III and IV in WT vs. miR-574 KO mice with Sham or TAC surgery 
after 2 months (New Figure EV5D) and found that the ETC complex activity is more severely 
affected in miR-574 KO vs. WT hearts, suggesting that unbalanced protein expression of ETC 
component proteins mentioned above could compromise their activity in the late stage. Please 
see Page 21 in the text. 
Referee #3 (Remarks for Author): 

In this manuscript the authors show that miR-574 is induced in the heart during cardiac disease 
in both mice and human. Global genetic deletion of miR-574 does not induce an overt 



phenotype under baseline conditions but exacerbates remodeling during cardiac stress. 
Conversely, intravenous delivery of miR-574 mimic inhibits TAC induced pathological 
remodeling. The authors next define FAM210A as a direct target of both strands of miR-574 and 
show in vitro that this regulates cellular mitochondrial function. 

MicroRNAs have been shown to be important players for cardiac biology and disease including 
mitochondrial function. While the observed in vivo effects are striking, some key data points are 
lacking to provide sufficient comfort regarding the proposed mechanism. 

Some key issues: 
- Which cardiac cells express miR-574 and how does this change during disease? Is this
regulation different between mice and human?
Response: We appreciate the constructive suggestions and questions from the reviewer. We
address these questions separately as follows.

Which cardiac cells express miR-574 and how does this change during disease? 
We have added several experimental data to address the questions. New Figure EV1B shows 
that miR-574-5p is more dominantly expressed in cardiomyocytes (CMs) and also moderately 
expressed in cardiac fibroblasts (CFs), while miR-574-3p is moderately expressed in CMs and 
CFs. We isolated CMs and CFs in 3-day post TAC hearts from WT mice and measured the 
expression level of miR-574-5p and miR-574-3p. We found that miR-574-5p and miR-574-3p 
were significantly induced in CMs and CFs, respectively and the other strand was only slightly 
induced in each cell type (new Figure EV1C), suggesting miR-574-5p plays more dominant role 
in CMs during remodeling process. These observations are consistent with increased miR-574-
5p and miR-574-3p observed in cultured adult mouse CM with ISO treatment (compared to 
vehicle treatment). 

We further measured miR-574-5p and miR-574-3p expression level in the stressed heart at 
different time points post-TAC surgery, including 3-day, 7-day, 14-day and 21-day. We observed 
that miR-574-5p and miR-574-3p were induced by 2-3 folds on day 3 through day 21. In 
combination of results from Figure 1E (4 weeks after TAC surgery), we concluded that an 
increase in miR-574-5p and miR-574-3p occurs at both early and late stages of remodeling 
processes (d3, d7, d14, d21, and month 1). Please see Page 11 in the text. 

Is this regulation different between mice and human? 
We have shown that miR-574-5p and miR-574-3p are increased in human failing hearts 
similarly as in mouse failing hearts (Figure 1C-E). We don’t have the capacity to culture live 
human heart derived primary CM and CF cells. It is clear that human FAM210A mRNA 3’UTR 
contains the target seed sequence sites of miR-574-5p and miR-574-3p (new Appendix Figure 
S2C). Please see Page 14 in the text. More importantly, we used human ventricular CM cell line 
AC16 to confirm the regulation of FAM210A via miR-574-5p and miR-574-3p. we have used 
anti-miR-574-5p, anti-miR-574-3p, and control anti-miR inhibitors to transfect AC16 human 
cardiomyocyte cells and measured the expression of mitochondrial encoded and nuclear 
encoded electron transport chain complex proteins and hypertrophic growth of AC16 cells under 
the treatment of ISO vs. vehicle (Figure 8A-D and 8I, Figure EV4A-D and EV4H, I). In vitro 
studies using human AC16 cells and in vivo studies using mouse genetic and disease models at 
least partially address the human relevance and evolutionary conservation of this regulatory 
mechanism. Therefore, we believe that the miR-574-5p/3p-mediated regulation of FAM210A is 
similar between mice and human.  



- Which cardiac cell type is targeted by the miR-574 mimics and how does this effect the
different cell types?
Response: Based on Figure 4B, both miR-574-5p and miR-574-3p reduced cardiac
hypertrophy upon injection in vivo. We performed experiments to test if both miRNA strands
could antagonize CM hypertrophy under ISO stimulation in vitro. New Figure EV3G showed that
miR-574-5p and miR-574-3p could reduce myocyte hypertrophy in primary mouse neonatal
cardiomyocyte cells. Moreover, Figure EV4C and EV4D showed that miR-574-5p and miR-574-
3p could reduce myocyte hypertrophy in AC16 human cardiomyocyte cell line. These results
suggest that miR-574-5p and miR-574-3p can target CM cells and reduce CM hypertrophy.
Please see Page 14 and 18 in the text.

Figure 4C shows that injected miR-574-3p and miR-574-5p reduce cardiac fibrosis in vivo. We 
tested whether these anti-fibrotic effects were caused by autonomous or non-autonomous 
mechanism. We performed miR-574-5p and miR-574-3p treatment (compared to control miRNA) 

in primary adult CF cells to measure CF proliferation under baseline or upon TGF- treatment 
following serum starvation (new Figure EV3H). We did not observe any significant effects of 

miR-574-5p and miR-574-3p on CF cell proliferation. We also measured -SMA protein 

expression in TGF--treated CF cells, and found that miR-574-3p (not miR-574-5p) reduced -

SMA protein expression during TGF--triggered CF activation while both miRNA strands 

reduced -SMA protein expression at baseline (new Figure EV3I). These observations suggest 
that the reduction of cardiac fibrosis might be partly caused by reduced CF activation and partly 
due to non-autonomous effects from normalized CM as a potential complementary mechanism. 
Please see Page 14 in the text. 

We haven’t tested other cardiac cell types such as immune cells since ISO and TAC mouse 
models are not considered as robust heart failure models driven by extensive immune cell 
infiltration and inflammation (like myocardial infarction). Endothelial cells or smooth muscle cells 
are not involved so much in ISO model even they could play a role in TAC model. We will 
further study the potential role of miR-574 in these immune and vascular cell types in the future 
study in vitro and in vivo. 

- Which tissues besides the heart is the miR mimic delivered to and how does this influence the
observed phenotype?
Response: Based on the delivery capacity of the nanoparticle-based in vivo transfection
reagent
from Altogen Biosystems, miR-574 could be delivered to multiple organs in addition to heart. We
measured miR-574-5p/3p level in kidney and liver from the mice and found that both miR-574-
5p and miR-574-3p were also delivered to these two organs to some extent (Figures shown
below). Figure EV3B suggests that no obvious toxicity or side-effects have been observed in
kidney and liver. We cannot exclude the possibility that miR-574 delivery to the liver or kidney
(or even other organs) may influence the observed cardioprotective phenotype. But based on
our in vitro studies using CM and CF cells, we think that the effects of miR-574 in these two
cardiac cell types could play a major role in the heart disease phenotypes, especially the
autonomous anti-hypertrophic effects on CM cells and autonomous or potential non-
autonomous anti-fibrotic effects on CF cells.



Figure legend: Expression levels of miR-574-3p and miR-574-5p in liver and kidney after injections 
of the miRNA mimics in WT mice for 2 and 4 days. All values are expressed as mean±SEM (n=4) 

- The authors show that FAM210A is a direct target of both strands of miR-574. The authors are
also able to show a regulation of FAM210A in the knockout mice. However, it remains unclear
how this effects downstream regulators of mitochondrial function in vivo or how this effects
mitochondrial function.
Response: We performed transmission electric microscopy and found that mitochondria
underwent more swelling, reduced cristae formation, and overall disarray in miR-574 KO mouse
hearts than WT hearts upon the ISO stress (new Figure EV4F, G). This observation indicates
that increased FAM210A in the miR-574 KO mice render the animals prone to more severe
mitochondrial dysfunction under cardiac stresses.

To test our hypothesis of miR-574-Fam210A axis influencing mitochondria encoded ETC protein 
expression and whether loss of miR-574 causes dysregulation of MEG and NEMG expression 
for the ETC complex, we measured the change of ETC proteins using IF in mice after 3-day 
post TAC (new Figure 8J and EV5A-C). We observed more significantly induced mitochondrial 
encoded ETC component protein expression as well as FAM210A in miR-574 KO hearts 
compared to WT hearts but the nuclear-encoded ETC component proteins were not significantly 
altered (new Figure 8J and EV5A-C). This imbalance between mitochondrial-encoded and 
nuclear-encoded protein expression in the early stage may cause mitochondrial stress and 
more severe cardiac pathological remodeling and heart dysfunction in the late stage as we 
observed (Figure EV5D and Figure 3).  

We have measured ROS production by DHE staining in heart frozen sections under ISO 
treatment, TAC surgery, and miR-574 mimics injections (Figure EV2C, EV2D, EV3D). We have 
also measured  membrane potential by TMRE staining and ATP production in cultured primary 
mouse adult CM cells isolated from ISO-treated WT and miR-574 KO mice (Figure 8G, H and 
ATP production in the TAC plus miR-574 mimics treatment model (EV3E). We further measured 
the activity of complex I, II, III and IV in WT vs. miR-574 KO mice with Sham or TAC surgery 
after 2 months (New Figure EV5D) and found that the ETC complex activity is more severely 
affected in miR-574 KO vs. WT hearts, suggesting that unbalanced protein expression of ETC 
component proteins mentioned above could compromise their activity in the late stage. Please 
see Page 21 in the text. 



16th Oct 20201st Revision - Editorial Decision

16th Oct 2020 

Dear Prof. Yao, 

Thank you for the submission of your revised manuscript  to EMBO Molecular Medicine. We have
now received the enclosed reports from the three referees who reviewed the new version of your
manuscript . As you will see, they are support ive of publicat ion, and I am thus pleased to inform you
that we will be able to accept your manuscript  pending the following final minor amendments: 

1) Main manuscript  text :
- Please answer/correct  the changes suggested by our data editors in the main manuscript  file (in
track changes mode). This file will be sent to you in the next couple of days. Please use this file for
any further modificat ion.
- Please remove the vert ical lines in the left  margin area.
- Please move the "Material and methods" sect ion after the "Discussion" and before the
"Acknowledgements".
- Material and methods: Please include a statement that informed consent was obtained from all
subjects and that the experiments conformed to the principles set out in the WMA Declarat ion of
Helsinki and the Department of Health and Human Services Belmont Report . For the mice
experiments, please indicate the housing and husbandry condit ion, as well as the age and gender
of the mice. Please also indicate in the Material and Methods whether the cells were authent icated
(when applicable) and tested for mycoplasma contaminat ion.
- Please remove the Appendix figure legends from the main manuscript  text  (it  should only be in the
Appendix file). Please remove the legends from the figure files (they should be assembled together
into one "Figure legends" sect ion after the references).
- Please remove "data not shown". As per our guidelines on "Unpublished Data" the journal does
not permit  citat ion of "Data not shown". All data referred to in the paper should be displayed in the
main or Expanded View figures. "Unpublished observat ions" may be referred to in except ional
cases, where these are data peripheral to the major message of the paper and are intended to form
part  of a future or separate study, the names of the persons that reported the observat ion should
be listed in brackets. Personal communicat ions (Author name(s), personal communicat ions) must be
authorised in writ ing by those involved, and the authorisat ion sent to the editorial office at  t ime of
submission.

2) Figures:
Each individual figure should fit  into 1 page, including EV figures.

3) Source Data:
We 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).
In part icular, please provide Source Data for Fig. 6F.

4) Appendix:
We note that an consequent part  of your material and methods has been placed in the Appendix.



We would suggest moving part  of it  back to the main manuscript  text  (such as the ISO inject ion, the
TAC surgical model, the therapeut ic model with miRNA mimics, etc...) to ensure better accessibility
for the readers. (There will be no length restrict ion). 

5) Checklist :
Please fill out  part  E/Human subjects, 11 and 12.

6) For more informat ion: There is space at  the end of each art icle to list  relevant web links for
further consultat ion by our readers. Could you ident ify some relevant ones and provide such
informat ion as well? Some examples are pat ient  associat ions, relevant databases,
OMIM/proteins/genes links, author's websites, etc...

7) Thank you for providing a synopsis. I slight ly modified the text  to fit  our style and format, please
let  me know if you agree with the following:

The findings ident ify that  miR-574 fine-tunes FAM210A expression and modulates mitochondrial
encoded protein expression, thereby maintaining normal mitochondrial funct ion and protect ing the
heart  from cardiac stress induced pathological remodeling. 

• miR-574-5p and miR-574-3p were induced in failing human and mouse hearts.
• miR-574 knockout mice showed severe pathological cardiac remodeling under stress, suggest ing
a cardioprotect ive role of that  miR-574.
• Delivery of exogenous miR-574-5p/3p mimics antagonized pathological cardiac remodeling.
• FAM210A interacted with mitochondrial t ranslat ion elongat ion factor EF-Tu and promoted
mitochondrial encoded protein expression.
• miR-574 fine-tuned FAM210A expression and modulated mitochondrial encoded protein
expression, thereby maintaining normal mitochondrial funct ion.

The synopsis should be provided as a individual document. 

Thank you for providing a nice synopsis image. Please make sure that the text  remains readable
when resized to 550px wide. 

8) As part  of the EMBO Publicat ions transparent editorial process init iat ive (see our Editorial at
ht tp://embomolmed.embopress.org/content/2/9/329), EMBO Molecular Medicine will publish online a
Review Process File (RPF) to accompany accepted manuscripts.
In the event of acceptance, this file will be published in conjunct ion with your paper and will include
the anonymous referee reports, your point-by-point  response and all pert inent correspondence
relat ing to the manuscript . Let  us know whether you agree with the publicat ion of the RPF and as
here, IF YOU WANT TO REMOVE OR NOT ANY FIGURES from it  prior to publicat ion.
Please note that the Authors checklist  will be published at  the end of the RPF.

I look forward to receiving your revised manuscript . 

Yours sincerely, 

Lise Roth 

Lise Roth, PhD 
Editor 



EMBO Molecular Medicine 

To submit your manuscript , please follow this link: 

Link Not Available 

The system will prompt you to fill in your funding and payment informat ion. This will allow Wiley to 
send you a quote for the art icle processing charge (APC) in case of acceptance. This quote takes 
into account any reduct ion or fee waivers that you may be eligible for. Authors do not need to pay 
any fees before their manuscript is accepted and transferred to our publisher. 

***** Reviewer's comments ***** 

Referee #1 (Remarks for Author): 

The authors have sat isfactorily addressed all my previous concerns. 

Referee #2 (Remarks for Author): 

We thank the authors for being responsive to my comments and mit igat ing my concerns. 

Referee #3 (Remarks for Author): 

The authors were able to answer most of the issues raised and in doing so provided an improved 

version of the manuscript . 



17th Nov 20202nd Authors' Response to Reviewers

The authors performed the requested changes.



19th Nov 20202nd Revision - Editorial Decision

19th Nov 2020 

Dear Prof. Yao, 

We are pleased to inform you that your manuscript  is accepted for publicat ion in EMBO Molecular
Medicine. 

Before we transfer your manuscript  to our publisher to be included in the next available issue of
EMBO Molecular Medicine, could you please address the following: 
- in your source data files, should figure 5D be 5F?
- in the source data for figure EV5, you ment ion that the order of the panels should be changed on
the first  slide of the powerpoint  file, however I could not see the difference between the source
data and the main manuscript .

Please let  us know as soon as possible if the source data files have to be changed. 

Congratulat ions on your interest ing work! 

Sincerely, 

Lise Roth 

Lise Roth, Ph.D 
Scient ific Editor 
EMBO Molecular Medicine 

*** *** *** IMPORTANT INFORMATION *** *** *** 

SPEED OF PUBLICATION� 
The journal aims for rapid publicat ion of papers, using using the advance online publicat ion "Early
View" to expedite the process: A properly copy-edited and formatted version will be published as
"Early View" after the proofs have been corrected. Please help the Editors and publisher avoid
delays by providing e-mail address(es), telephone and fax numbers at  which author(s) can be
contacted. 

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

LICENSE AND PAYMENT: 

All art icles published in EMBO Molecular Medicine are fully open access: immediately and freely
available to read, download and share. 



EMBO Molecular Medicine charges an art icle processing charge (APC) to cover the publicat ion
costs. You, as the corresponding author for this manuscript , should have already received a quote
with the art icle processing fee separately. Please let  us know in case this quote has not been
received. 

Once your art icle is at  Wiley for editorial product ion you will receive an email from Wiley's Author
Services system, which will ask you to log in and will present you with the publicat ion license form
for complet ion. Within the same system the publicat ion fee can be paid by credit  card, an invoice,
pro forma invoice or purchase order can be requested. 

Payment of the publicat ion charge and the signed Open Access Agreement form must be received
before the art icle can be published online. 

PROOFS 

You will receive the proofs by e-mail approximately 2 weeks after all relevant files have been sent o
our Product ion Office. Please return them within 48 hours and if there should be any problems,
please contact  the product ion office at  embopressproduct ion@wiley.com. 

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. 

All further communicat ions concerning your paper proofs should quote reference number EMM-
2020-12710-V3 and be directed to the product ion office at  embopressproduct ion@wiley.com. 

Thank you, 

Lise Roth, Ph.D 
Scient ific Editor 
EMBO Molecular Medicine 



USEFUL LINKS FOR COMPLETING THIS FORM

http://www.antibodypedia.com Antibodypedia
http://1degreebio.org 1DegreeBio
http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-reporting-the-arrive-guidelines-for-reporting-animal-research/ARRIVE Guidelines

http://grants.nih.gov/grants/olaw/olaw.htm NIH Guidelines in animal use
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm MRC Guidelines on animal use
http://ClinicalTrials.gov Clinical Trial registration
http://www.consort-statement.org CONSORT Flow Diagram
http://www.consort-statement.org/checklists/view/32-consort/66-title CONSORT Check List

è
http://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tumour-marker-prognostic-studies-remark/REMARK Reporting Guidelines (marker prognostic studies)

è
http://datadryad.org Dryad

è
http://figshare.com Figshare
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http://www.ncbi.nlm.nih.gov/gap dbGAP
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http://www.ebi.ac.uk/ega EGA

http://biomodels.net/ Biomodels Database

http://biomodels.net/miriam/ MIRIAM Guidelines
è http://jjj.biochem.sun.ac.za JWS Online
è http://oba.od.nih.gov/biosecurity/biosecurity_documents.html Biosecurity Documents from NIH
è http://www.selectagents.gov/ List of Select Agents
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� common tests, such as t-test (please specify whether paired vs. unpaired), simple χ2 tests, Wilcoxon and Mann-Whitney 
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods 
section;

� are tests one-sided or two-sided?
� are there adjustments for multiple comparisons?
� exact statistical test results, e.g., P values = x but not P values < x;
� definition of ‘center values’ as median or average;
� definition of error bars as s.d. or s.e.m. 

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. 
randomization procedure)? If yes, please describe. 

For animal studies, include a statement about randomization even if no randomization was used.

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results 
(e.g. blinding of the investigator)? If yes please describe.

4.b. For animal studies, include a statement about blinding even if no blinding was done

5. For every figure, are statistical tests justified as appropriate?

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Is there an estimate of variation within each group of data?

The statement has been included in the Supplemental Material and Methods as summarized in the 
above description.

We did not exclude any mice in the case of ISO infusion procedure. For the TAC procedure, we 
would exclude the mice if the stenosis peak gradient pressure was smaller than 100 mm/Hg since 
it suggested that surgery was not effectively performed. We would include the mice if the stenosis 
peak gradient pressure was above or equal to 100 mm/Hg. In previous experiences from our 
Microsurgical Core, we have observed a survival rate of ~90% after the TAC procedure. Therefore, 
sometimes a small number of mice might die of surgery unexpectedly and we could not collect 
data for those dead mice for analysis.

The mice are randomized for experiments using simple randomization with a specific ID number 
before animal procedures. 

Manuscript Number: EMM-2020-12710

Yes. All quantitative data were presented as mean ± SEM, and analyzed using Prism 8.3.0 software 
(GraphPad). We used Kolmogorov-Smirnov test to assess if the data are normally distributed. For 
comparison between 2 groups, unpaired Mann-Whitney test for not normally distributed data and 
unpaired two-tailed Student t-test for normally distributed data were performed. For multiple 
comparisons among ≥3 groups, one-way or two-way ANOVA with Tukey’s method for post hoc 
comparisons and non-parametric Kruskal-Wallis test with Dunn’s multiple comparisons were 
performed. Two-sided P values <0.05 were considered to indicate statistical significance. Specific 
statistical methods and post hoc tests were described in the figure legends.

Yes. We used Kolmogorov-Smirnov test to calculate the normal distribution of data. 

Yes. It is a part of the ANOVA.

The statement has been included in the Supplemental Material and Methods as summarized in the 
above description.

Our animal experiments were performed in a blinded manner by technical associates in the core 
facility. Animal surgeons from the Microsurgical Core were blinded to the genotypes when they 
performed the TAC or MI surgery or ISO infusion. The technicians from the Histology Core were 
also blinded to the genotypes of the tissue samples we submitted. Therefore, we believe that our 
datasets (including animal surgery, echocardiography measurement, and histology analysis) 
produced by two core facilities are unbiased. I have already described it in the “Material and 
Methods” part.

The statement has been included in the Supplemental Material and Methods as summarized in the 
above description.

1. Data

the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the 
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically 
meaningful way.

The data shown in figures should satisfy the following conditions:

Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship 
guidelines on Data Presentation.

Please fill out these boxes ê (Do not worry if you cannot see all your text once you press return)

a specification of the experimental system investigated (eg cell line, species name).

For group size justification, we performed the power analysis using both G*power2 version 3.1.9.6 
and the function of power.anova.test in R version 3.5.3 (R Foundation for Statistical Computing, 
Vienna, Austria). The assumptions include the same standard variance in each study group, effect 
size=(Difference of the means between study groups)/(common standard deviation), alpha 
level=0.05, power=0.9 and number of study groups. The effect size for specific experiments is 
assumed based on previous similar studies or literature. In previous experiences from our 
Microsurgical Core, we have observed a survival rate of ~90% after the TAC procedure. To offset 
the possible loss of mice per treatment, we added at least one mouse per treatment group.

graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should 
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be 
justified

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

Each figure caption should contain the following information, for each panel where they are relevant:

2. Captions

B- Statistics and general methods

the assay(s) and method(s) used to carry out the reported observations and measurements 
an explicit mention of the biological and chemical entity(ies) that are being measured.
an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

a statement of how many times the experiment shown was independently replicated in the laboratory.

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

 

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself. 
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).  
We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human 
subjects.  

definitions of statistical methods and measures:

a description of the sample collection allowing the reader to understand whether the samples represent technical or 
biological replicates (including how many animals, litters, cultures, etc.).
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Is the variance similar between the groups that are being statistically compared?

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog 
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g., 
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for 
mycoplasma contamination.

* for all hyperlinks, please see the table at the top right of the document

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing 
and husbandry conditions and the source of animals.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the 
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), e1000412, 2010) to ensure 
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting 
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations.  Please confirm 
compliance.

11. Identify the committee(s) approving the study protocol.

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments 
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human 
Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained.

14. Report any restrictions on the availability (and/or on the use) of human data or samples.

15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable.

16. For phase II and III randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) 
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting 
Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at 
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data 
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462, 
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for: 
a. Protein, DNA and RNA sequences 
b. Macromolecular structures 
c. Crystallographic data for small molecules 
d. Functional genomics data 
e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the 
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets 
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured 
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).
20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting 
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the 
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).
21. Computational models that are central and integral to a study should be shared without restrictions and provided in a 
machine-readable form.  The relevant accession numbers or links should be provided. When possible, standardized format 
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM 
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top 
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited 
in a public repository or included in supplementary information.

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top 
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines, 
provide a statement only if it could.

NA

NA

NA

NA

NA

Seciton of "DATA AVAILABILITY" has been provided.

RNA-Seq data produced and used in this study were deposited on Gene Expression Omnibus (GEO) 
database under accession number GSE149168.

NA

NA

Three Sanger MirKO ES cell lines for Mir574 (produced by Wellcome Trust Sanger Institute)1 were 
purchased from the mutant mouse regional resource center (MMRRC). miR-574–/– global 
knockout chimera founder mice were generated in the Case Western Reserve University 
Transgenic Core Facility (Dr. Ronald Conlon). We generated a miR-574 targeted male chimera 
mouse in the C57BL/6J background, performed germline transmission, and backcrossed the mice 
to C57BL6J mice (purchased from Jackson Laboratory) for more than 10 generations. A 182-bp 
DNA region was deleted including the microRNA574 gene (96-bp for pre-miR-574 sequence) in the 
intron 1 of the host gene Fam114a1. Puromycin resistance cassette was removed by breeding with 
C57BL/6-Tg(Zp3-cre)93Knw/J mouse (ZP3-Cre transgene), which expresses Cre recombinase in 
oocytes, resulting in a null allele. For experiments with miR-574–/– mice, control mice of the same 
age and gender from littermates or sibling mating were used. Experimental mice are siblings 
generated from intercrosses of miR-574+/– mice. Age and background matched WT and miR-
574–/– female mice at 10-12 weeks of age were subjected to vehicle (saline) or ISO treatment. 
Age and background matched WT and miR-574–/– male mice at 10-12 weeks of age were 
subjected to Sham or TAC surgery. 

All animal procedures were performed in accordance with the National Institutes of Health (NIH) 
and the University of Rochester Institutional guidelines. 

Yes. We confirm compliance.

G- Dual use research of concern

F- Data Accessibility

This study was approved by the Material Transfer Agreement between the URMC and the 
Cleveland Clinic.

Yes. We have included a statement in the paper as follows: "Informed consent was obtained from 
all subjects and that the experiments conformed to the principles set out in the WMA Declaration 
of Helsinki and the Department of Health and Human Services Belmont Report."

NA

AC16 adult human ventricle cardiomyocyte cells, and HEK293T cells were used to address 
questions at the cellular and molecular levels. Both cells were cultured following the manual 
(Sigma, Cat. No. SCC109 for AC16, SCC065 for HL-1). AC16 cells were cultured in DMEM/F12 
containing 2 mM L-Glutamine, 12.5% FBS, and 1x Penicillin/Streptomycin Solution. For myocyte 

cultured in DMEM containing 2 mM L-Glutamine, 10% FBS, 1x Penicillin/Streptomycin Solution. 
The cells were tested for mycoplasma contamination and shown negative signals.

Yes. In most of the cases the variance is similar between the groups that are being statistically 
compared. 

Primary antibodies used in this study include: rabbit polyclonal anti-FAM210A antibody 
(HPA014324, validated by ProteinAtlas) and mouse monoclonal anti-Flag antibody (F3165) were 
purchased from Sigma-Aldrich. Mouse monoclonal antibodies against VDAC (sc-390996), ATP5B (sc-
74549), TOM20 (sc-17764), EF-Tu (sc-393924), NDUFS1(sc-271510), COX4 (sc-376731), COX2 (sc-
514489), NDUFA8 (sc-398097), SDHA (sc-166909), and UQCRC2 (sc-390161) were obtained from 

Tubulin (11224-1-AP) and ND1 (19703-1-AP), and mouse monoclonal anti-GAPDH (60004-1-lg) 
were from Proteintech. Rabbit polyclonal antibodies against CYTB (PA5-43533), ATP8 (PA5-68103) 

#4970) was from Cell Signaling Technology. 

C- Reagents

D- Animal Models

E- Human Subjects
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