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1st Editorial Decision 9" November 2018

Thank you for submitting your manuscript "TIP30 counteracts cardiac hypertrophy and failure by
inhibiting translational elongation" to EMBO Molecular Medicine.

Upon receipt, manuscripts can sometimes be evaluated by the Scientific Editors to deal in a timely
fashion with a large number of submissions. In this case, I am afraid that we concluded that your
manuscript is not well suited for publication in EMBO Molecular Medicine and have therefore
decided not to proceed with peer review.

While potentially of interest to the more immediate community, I am afraid that due to its nature, the
article doesn't fit well within EMBO Molecular Medicine as we focus primarily on these studies that
provide functional novel insights of clinical and or translational significance in an appropriate
model, but also that are conceptually novel and of broad interest. As we do not feel that this is the
case here, we therefore cannot offer further consideration to your manuscript.

© European Molecular Biology Organization



EMBO Molecular Medicine - Peer Review Process File

Author’s appeal correspondence 14" November 2018

Thanks a lot for your email and decision, although I must admit that I do not fully understand it.
You mentioned that manuscripts "that provide functional novel insights of clinical and or
translational significance in an appropriate model, but also that are conceptually novel and of broad
interest" would be suitable for Embo Mol Med. Honestly, we feel that our study would fulfill
exactly these criteria: We show for the first time an antihypertrophic role for TIP30 in the heart
using mouse models (TAC and genetic cardiomyopathy) highly relevant for human heart disease.
We also demonstrate the translational relevance of our findings by showing dysregulation of TIP30
in human failing hearts. Perhaps even more importantly, we discover a novel molecular anti-
hypertrophic mechanism through interference with translational elongation and we suggest some
potential novel therapeutic strategies on this. Therefore we 1) a novel role for TIP30 in the heart 2)
provide novel mechanistic insight that could also be relevant for other diseases (such as cancer).
TIP30 has not been studied in the heart before and our mechanism of interference between eEF1 A
and eEF1B is also novel.

We had made very positive experiences with Embo Molecular Medicine previously (see Malek-
Mohammadi M et al., 2017, Embo Mol Med); however, recently, especially with your response to
EMM-2018-10018, but also with the response to EMM-2018-09956 (although there I agreed with
the Editorial Argument that we did not go far enough with regard to a translational perspective on
that paper), I now became quite uncertain which papers Embo Mol Med in general might be
interested in and whether there still is an interest in cardiovascular biology. This would be important
for us to know since we currently have another paper that in principal could be suitable for your
Journal, but also with regard to the more distant future, because we are doing mechanistic
cardiovascular research with the ultimate aim to identify novel therapeutic approaches.

I hope that you understand my concerns and could help me to figure out better the reasons for your

rejection of the TIP30 paper (without even sending it for review) and also to help me understand,
which papers Embo Mol Med is looking for,

Editor appeal correspondence 14" November 2018

Dear Prof. Heineken,

Thank you for your letter asking for clarifications. Thanks to your letter I realised that we didn't
understand well your paper and after reading it in full I confirm that it is in scope with EMBO Mol
Med. Our mistake was to rely on the abstract, which I don't think does a good job at reflecting the
content of your paper. I would suggest that you modify it to reflect better the novelty of your
findings, but also the use of 2 different models and clinical validation of the findings. I also
appreciated that while TIP30 was not associated with any cardiac hypertrophy genetic conditioning
as far as I could see, eEF1A was, which further validate the clinical relevance in our view.

I am therefore sending the paper out for review.

I will contact you again upon review completion.
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2nd Editorial Decision 7" December 2018

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now
heard back from the three referees whom we asked to evaluate your manuscript.

You will see that all referees find the data potentially interesting and referee 1 is more supportive
than referees 2 and 3, who are more reserved and highlight a few important issues. The main critical
point is about causality and referees are not fully convinced that the data demonstrate that tip30
depletion is indeed causing heart hypertrophy. The second critical point is about the underlying
mechanism that is not sufficiently developed. They do offer suggestions to improve and strengthen
the conclusions and we would like to encourage you to address these comments as indicated.

In particular, during our cross-commenting exercise, it became clear that 1) while the WT TAC was
not significantly different from the WT Sham data, ref. saw it as setting a threshold effect, whereby
the Het mice with TAC under the same experimental conditions did show a significant increase in
HW/TL and other parameters of heart failure. These experimental conditions were therefore judged
more than adequate in supporting the author's conclusions that partial loss of TIP30 was pathogenic
to the heart. 2) In agreement with reviewer #3, TIP 30 expression needs to be shown for the AAV9
experiment in Figure 1; 3) regarding comment 4 ref#3, should you support the interaction between
TIP30 and eEF1A1 with any sort of additional independent assay, the conclusion would be
strengthened. 4) please rewrite your abstract keeping in mind to not misrepresent the results of your
study.

We would welcome the submission of a revised version within three months for further
consideration and would like to encourage you to address all the criticisms raised as suggested to
improve conclusiveness and clarity.

REFEREE REPORTS

Referee #1 (Comments on Novelty/Model System for Author):
This is a solid paper and I found the results to be interesting and well done.
Referee #1 (Remarks for Author):

Comments to the Reviewers

In the manuscript by Grund et al., the authors investigate the regulation of protein synthesis and its
contribution to the development of cardiac hypertrophy. They characterized the role of the tumor
suppressor protein, Tip30, as an inhibitor of mRNA translation by interacting with the eukaryotic
translation elongation factor 1A (eEF1A). By modulating Tip30 and eEF1A1 expression in vitro and
in vivo, the authors demonstrate that the expression of Tip30 protects against the development of
cardiac hypertrophy by inhibiting protein synthesis. Overall, it is relatively thorough study with
supportive data from multiple angles that offers novel insights in to the regulation of cardiac
hypertrophy by enhanced protein synthesis. While there is a lot of data in the manuscript that
supports a unifying hypothesis, several conclusions made by the authors are not completely
supported by their data in the present form.

Major comments:

1. Although the in vitro data supports their observations in vivo, it would be helpful to show that
there are no baseline differences in cell numbers (e.g. fibroblasts and cardiomyocytes). For example,
there appears to be elevated fibrosis in the sham Tip30 het hearts. Similarly, the 7-month-old het
mice have enlarged hearts (EV2) - the authors should measure cardiomyocyte size for hypertrophy
(and not because there were more cells to begin with).

2.eEF1A1 has also been shown to play critical roles in actin organization and cell proliferation. To
what degree did this contribute to the phenotypes observed in the mice? (in other words, does
regulating Tip30 expression alter actin organization and proliferation).

3. The authors show that there is an effect in Tip30 het mice but not in Tip30 KO mice and speculate
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that this is due to compensatory mechanisms. What happens to eEF1A1 expression in the full KO
mice? This is somewhat shown in Figure 5 where it is used as a control sample, where it appears to
be significantly ablated. Thus, what happens to protein synthesis in the KO mice?

4. The authors conclude that there was no effect on fibrosis - based on 1 section of PSR staining -
this is not adequately quantified.

5. The authors attempt to link the Tip30/eEF1A1 ratio to the degree of hypertrophy - this is rather
speculative (especially at the mRNA level) and is not supported by their data - for example the Mdx
mouse has the smallest ratio (which supposedly suggests more exaggerated hypertrophy), yet this
model has only a weak phenotype at the age studied. Perhaps the authors should temper their
speculation here.

6. The Mdx mouse model of cardiomyopathy, at what age was the expression of Tip30 and eEF1A1
assessed? In the methods the authors state that they use 6-week-old Mdx mice. At what age is the
HW/TL data measured - at 9 months? Why are their discrepancies in the number of data points (wall
thickness vs. HW data)?

7.In Figure 1, a WB to show the overexpression of Tip30 (for M) should be included.

Minor Comments:

1. The authors often use the word 'interestingly' to describe their results. This should be minimized.
2. Why does Narciclasine not reduce protein synthesis in WT mice after TAC?

3. In appendix table S2, m or f should be used to denote sex.

4. In the methods section, the authors state that either mRNA data was normalized to either L7 or
Gapdh - as Gapdh co-precipitated with Tip30, it would be important to state where Gapdh was used
and that in those cases no changes in the mRNA expression were observed.

5. Why is het capitalized (Het)?

Referee #2 (Comments on Novelty/Model System for Author):

The authors showed convincingly that Tip30 negatively regulates cardiac hypertrophy through its
interaction with eEF1A1, which is novel and significant. However, it is unclear to me whether
endogenous Tip30 prevents heart failure under stress through suppression of cardiac hypertrophy.
Cardiac hypertrophy is not always pathological and Tip30 KO hearts with pressure overload develop
heart failure without increases in apoptosis or fibrosis. The level of Tip30/eEF1A1 decreases only at
the phase of heart failure when cardiac hypertrophy is already established but cardiac contractility
starts to decrease. The authors should further investigate the molecular mechanism of heart failure in
the absence of Tip30 since the authors' conclusion is somewhat misleading at the present form.
Studying the contraction of isolated cardiomyocytes, protein quality control or myofibrillar structure
may allow identifying the true mechanisms. In addition, the quality of the data is insufficient since
many important data are missing. In particular, the authors could have shown the level of
endogenous Tip30 in the heart and cardiomyocytes at baseline and under hypertrophic stimuli or
heart failure.

Referee #2 (Remarks for Author):

The authors demonstrate that Tip30 suppresses cardiac hypertrophy by inhibiting the interaction
between eEF1A1 and eEF1B2 and decreasing translational elongation. Tip30 expression was
increased in response to hypertrophic stimuli and was decreased in the failing heart. AAV-mediated
expression of Tip30 protected the heart from pressure overload in Tip30 het KO mice and the
progression of heart failure in MDX mice, while heterozygous knockout of Tip30 exacerbated
cardiac dysfunction.

Major comments:

1. Although the authors claim that enhancement of cardiac hypertrophy is the cause of heart failure
in Tip30 KO mice, this claim may not be solid. Cardiac hypertrophy is not always pathological and
increased wall thickness reduces oxygen consumption and can act protectively in the presence of
pressure overload. In fact, apoptosis and fibrosis are not increased. Studying the contraction of
isolated cardiomyocytes, protein quality control or myofibrillar structure may allow identifying the
true mechanisms. Is the function of individual cardiomyocytes declined? If so, what is the
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underlying mechanism?

2. The ratio of Tip30/eEF1A1 did not change during pressure overload (Figure 5), while it was
decreased in failing human hearts (Figure 6). These results suggest that the ratio is not critical for
the development of TAC-induced pathological hypertrophy, but it is critical only for the
development of heart failure. What is the underlying mechanism by which the decreases in
Tip30/eEF1A1 promote heart failure?

3. Tip30 homozygous KO mice showed less hypertrophy and better cardiac function compared to
heterozygous KO mice after TAC (Figures 1C-F). If Tip30-mediated physical inhibition of the
interaction between eEF1A1 and eEF1B2 is critical, I think homozygous Tip30 should be worse
than heterozygous KO. Why was homozygous Tip30 KO better than heterozygous KO after TAC?

4. TAC surgery increased dP/dt max and decreased dP/dt min in WT mice (Figures 1G-H). I am
wondering whether knocking down Tip30 is really detrimental in the context of pressure overload.

Specific comments:
1. In all TAC experiments, the authors should show the level of LV systolic pressure and the
pressure gradient.

2. Appropriate control groups are missing in Figures 1N-O, including WT mice transduced with
TropT-TIP30 after Sham and TAC. In these experiment the level of Tip30 in sham operated and
TAC with or without rescue should be shown.

3.In EV Figure 1, the authors should show the level of HW/TL after 2 weeks TAC.

4. In Figure 2AB and EF, the authors should show the level of Tip30 with or without hypertrophic
stimuli.

5. The quality of immunoprecipitation assay is not high enough in Figures 3B and D. The authors
should improve the data.

6. The authors should include the control of full-length TIP30, such as N-terminal truncated TIP30,
to exclude the possibility of non-specific inhibition in Figure 4A.

7. Please provide the reason why the ratio of Tip30/eEF1A1 is decreased in hypertrophic
cardiomyopathy (HCM). Are the patients end-stage heart failure?

2nd Revision - authors' response 27" June 2019

POINT BY POINT RESPONSES TO EDITOR’S AND REVIEWER'S COMMENTS

Below the reviewer comments appear in bold, followed by our response in normal font.

Editor’s comments:
In particular, during our cross-commenting exercise, it became clear that

1) while the WT TAC was not significantly different from the WT Sham data, ref. saw it as
setting a threshold effect, whereby the Het mice with TAC under the same experimental
conditions did show a significant increase in HW/TL and other parameters of heart failure.
These experimental conditions were therefore judged more than adequate in supporting the
author's conclusions that partial loss of TIP30 was pathogenic to the heart.

We want to thank the Editor for this supportive statement, with which we fully agree.

2) In agreement with reviewer #3, TIP 30 expression needs to be shown for the AAV9
experiment in Figure 1;
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We now included this blot in the new Figure 1P in the revised manuscript. This blot shows only a
mild overexpression of TIP30 by AAV9-TropT-TIP30, which was intended, since we wanted no
strong overexpression, but rather a replacement of the lost endogenous TIP30 in TIP30 Het mice.
Cardiomyocyte specific overexpression is demonstrated in the new EV Figure 1M.

3) regarding comment 4 ref#3, should you support the interaction between TIP30 and eEF1A1
with any sort of additional independent assay, the conclusion would be strengthened.

We verified the interaction of both proteins in cardiomyocytes using a newly establishes proximity
ligation assay employing specific anti-TIP30 and anti-eEF1A1 antibodies. By this means we
demonstrate that endogenous TIP30 and eEF1A1 interact in primary cardiomyocytes in situ.
4) please rewrite your abstract keeping in mind to not misrepresent the results of your study.

We rewrote our abstract and hope that it is now more suitable.

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

This is a solid paper and I found the results to be interesting and well done.
We want to thank this reviewer for her/his positive comments.

Referee #1 (Remarks for Author):

Comments to the Reviewers

In the manuscript by Grund et al., the authors investigate the regulation of protein synthesis
and its contribution to the development of cardiac hypertrophy. They characterized the role of
the tumor suppressor protein, Tip30, as an inhibitor of mRNA translation by interacting with
the eukaryotic translation elongation factor 1A (¢eEF1A). By modulating Tip30 and eEF1A1
expression in vitro and in vivo, the authors demonstrate that the expression of Tip30 protects
against the development of cardiac hypertrophy by inhibiting protein synthesis. Overall, it is
relatively thorough study with supportive data from multiple angles that offers novel insights
in to the regulation of cardiac hypertrophy by enhanced protein synthesis. While there is a lot
of data in the manuscript that supports a unifying hypothesis, several conclusions made by the
authors are not completely supported by their data in the present form.

Major comments:

1. Although the in vitro data supports their observations in vivo, it would be helpful to
show that there are no baseline differences in cell numbers (e.g. fibroblasts and
cardiomyocytes). For example, there appears to be elevated fibrosis in the sham Tip30 het
hearts. Similarly, the 7-month-old het mice have enlarged hearts (EV2) - the authors should
measure cardiomyocyte size for hypertrophy (and not because there were more cells to begin
with)

Thank you for these valuable suggestions. We now quantified myocardial fibrosis in the revised
manuscript in the different experimental groups (new Figure 1K). Although there was a trend, no
significantly increased fibrosis was observed in both groups after TAC, which is in line with our
mild TAC approach in this study. Both genotypes were also not different with regard to fibrosis after
TAC or sham surgery. We also quantified the number of myocardial fibroblasts after
immunofluorescence staining for the fibroblast marker PDGFRa as ratio of
fibroblasts/cardiomyocyte. As demonstrated in the new EV Figure 1H-I, there was no significant
difference in the number of myocardial fibroblasts between groups. In addition, we analyzed the
number of capillary endothelial cells in the heart. As demonstrated in the new Figure 1M-N of the
revised manuscript, we found that the capillary/cardiomyocyte ratio as established marker for
myocardial capillary density (see Heineke J et al., JCI, 2007; Sano M et al., Nature 2007; [zumiya
Y, Hypertension, 2006) strongly dropped in Het mice after TAC. Since capillary rarefaction triggers
heart failure (see the above mentioned references), we hypothesize that it contributes to the cardiac
dysfunction that we observed in TIP30 Het mice after TAC. Mechanistically, we propose that
angiogenesis cannot keep up with the exaggerated growth of the cardiomyocytes in these mice.
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As suggested by this reviewer, we also measured the cardiomyocyte cross-sectional area in
7 months old Het and WT mice and found a significantly increased cardiomyocyte cross-sectional
area in the Het mice (see new EV Figure 2F-G). This would likely explain the increased heart
weight in these mice.

2. e¢EF1A1 has also been shown to play critical roles in actin organization and cell
proliferation. To what degree did this contribute to the phenotypes observed in the mice? (in
other words, does regulating Tip30 expression alter actin organization and proliferation).

This is also a very interesting point raised by the reviewer. In this regard, it was suggested by
Pittman YR (JBC, 2009; this reference is also included in our manuscript) that ““...eEF1B acts as a
balancer”, because by binding to eEF1A it drives translational elongation and keeps eEF1 A away
from actin. Therefore, if eEF1A does not bind eEF 1B, it is then free to interact with actin and
promote actin bundling. Similarly, according to our model, binding of TIP30 to eEF1A replaces
binding of eEF1B to eEF1A. Whether the eEF1A-TIP30 complex is still able to bind actin is not
known, and we have not investigated this in the current study. Since TIP30 bind to domain II of
eEF1A, where also actin binds, the actin binding/bundling function in TIP30 bound eEF1A might
also be suppressed. We would like to address this point in future studies. We checked the subcellular
structure in Het and WT mice after TAC by electron microscopy (new Expanded View Figure 1K).
No major differences were observed, making strong changes in cardiomyocyte actin bundling less
likely.

3. The authors show that there is an effect in Tip30 het mice but not in Tip30 KO mice and
speculate that this is due to compensatory mechanisms. What happens to eEF1A1 expression
in the full KO mice? This is somewhat shown in Figure 5 where it is used as a control sample,
where it appears to be significantly ablated. Thus, what happens to protein synthesis in the
KO mice?

We cannot fully explain why the homozygous TIP30 KO mice have a milder phenotype than
heterozygous KO mice. The expression levels of eEF1A1 do not change significantly in KO mice
(please see the Figure under this response). The seemingly reduced eEF1A1 expression in Figure 5
might be the result of an “edge effect” during Western blotting. In the revised version of our
manuscript, we provide some evidence that a stronger adaptive Unfolded Protein Response (UPR) to
ER stress (likely activated by an initially increased protein synthesis) is induced in KO mice (please
see new EV Figure 5B). Since the UPR is adaptive, this could improve cardiac function and
ameliorate cardiomyocyte protein synthesis. At the time point, when we measured protein synthesis
in mouse hearts 3d after TAC, we could not detect a significantly increased cardiac protein synthesis
level in homozygous TIP30 KO mice (please see new EV Figure 5A).

TIP30 WT sham  TIP30 KO sham

===y -

[ a5 o BB BB~ ™| GaroH

Figure: eEF1A1 protein and GAPDH protein (as loading control) abundance in hearts of the
indicated mice.

4. The authors conclude that there was no effect on fibrosis - based on 1 section of PSR
staining - this is not adequately quantified.

As stated in response to point 1 by this reviewer, we now quantified fibrosis levels 6 weeks after
sham or TAC surgery and found no significant difference between the groups (new Figure 1K).

5. The authors attempt to link the Tip30/eEF1A1 ratio to the degree of hypertrophy - this is
rather speculative (especially at the mRNA level) and is not supported by their data - for
example the Mdx mouse has the smallest ratio (which supposedly suggests more exaggerated
hypertrophy), yet this model has only a weak phenotype at the age studied. Perhaps the
authors should temper their speculation here.
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We formulated this part of our manuscript more careful. For example we write (page 7 of the
revised manuscript, new more careful language is underlined): “When linking the TIP30/eEF1A1
ratios to the degree of cardiac hypertrophy and function during pressure overload (see Fig 1) one
could infer that a ratio around 1 might allow the development of moderate hypertrophy with
compensated heart function, while a ratio <I could enable exaggerated hypertrophy and cardiac
dysfunction, presumably because of disinhibition of eEF1A1 due to reduced TIP30 levels. By
overexpression of TIP30 via AAV-TIP30, the TIP30/eEF1A1 ratio was increased (Fig 51-J), which
led to reduced cardiac hypertrophy and improved heart function after TAC (Fig 2).”

In addition, we added the following sentence at the end of this section (page 8 of the revised
manuscript): “Although the association of the TIP30/eEF1A1 ratio with the degree of cardiac
hypertrophy is in line with our hypothesis, it should be emphasized that a variety of other variables
affect the outcome of hypertrophy (e.g. the presence or absence of additional hypertrophic stimuli,
the genetic background, age, etc.).”

6. The Mdx mouse model of cardiomyopathy, at what age was the expression of Tip30 and
e¢EF1A1 assessed? In the methods the authors state that they use 6-week-old Mdx mice. At
what age is the HW/TL data measured - at 9 months? Why are their discrepancies in the
number of data points (wall thickness vs. HW data)?

The Tip30 and eEF1A1 expression was assessed in 6 months old mdx and corresponding wild-type
mice. This information is now added to text in the Results section of the revised manuscript. At 6
weeks of age (as stated in the Methods section), AAV9 was applied to mdx and corresponding wild-
type mice for the experiment shown in Figure 6 D-F. The HW/TL ratio was assessed at the age of 9
months, one day after the last echocardiographic examination. This information is now also included
in Results section text of the revised manuscript.

For the last echocardiographic measurement, at the age of 9 months 6 mice were analyzed per
genotype, with one overlying data point (marked in red). In the night after echocardiography, one
mouse in the AAV-TIP30 treatment group died (marked with a *) and the dead body was eliminated
by the animal caretaker on the next morning. Therefore, we could not assess the HW/TL ratio in this
mouse and the n-number in the AAV-TIP30 group was reduced from n=6 (Figure 6E) to n=5
(Figure 6F).

Wall thickness data at 9 months:

AAV-Con AAV-TIP30
1,516842 *0,943684
1,447368 1,279474
1,592105 1,088421
1,453158 1,430010
1,707895 1,457018
1,453211 1,337368

HW/TL data at 9 months:
AAV-Con AAV-TIP30

105,88 94,12
94,12 94,12
100 76,47
105,88 88,24
94,12 76,47

117,65

7. In Figure 1, a WB to show the overexpression of Tip30 (for M) should be included.

This Western blot is now included in the new Figure 1P of the revised manuscript. This blot shows
only a mild overexpression of TIP30 by AAV9-TropT-TIP30, which was intended, since we wanted
no strong overexpression, but rather a replacement of the lost endogenous TIP30 in TIP30 Het mice.
Cardiomyocyte specific overexpression is demonstrated in the new EV Figure 1M.
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Minor Comments:
1. The authors often use the word 'interestingly' to describe their results. This should be
minimized.

We have changed this.
2. Why does Narciclasine not reduce protein synthesis in WT mice after TAC?

We assume that the lack of Narciclasine effect on protein synthesis as well as on hypertrophy in
wild-type mice was due to insufficient in vivo dosing of Narciclasine, which was only administered
once per day in mice. In the dose we used, Narciclasine only reduced the over-activation of protein
synthesis and heart growth that we observed in Het mice after TAC. We mention this in the revised
manuscript in the Discussion section on page 11: “Indeed, Narciclasine reduced hypertrophy in
wild-type rat cardiomyocytes and Het mouse cardiomyocytes in vitro as well as in Het mice in vivo,
although an effect on protein synthesis and heart growth in wild-type mice in vivo was not observed
here, likely due to insufficient dosing.”

3. In appendix table S2, m or f should be used to denote sex.
We changed this.
4. In the methods section, the authors state that either mRNA data was normalized to

either L7 or Gapdh - as Gapdh co-precipitated with Tip30, it would be important to state
where Gapdh was used and that in those cases no changes in the mRNA expression were
observed.

We added this information to the respective Figure legends.

S. Why is het capitalized (Het)?

In our manuscript, we used the abbreviation/designation WT, for wild-type mice; KO for Tip30

homozygous knock-out mice and Het for Tip30 heterozygous mice. Therefore, all our
abbreviations/designations started with a capital letter, and we applied this also to Het.

Referee #2 (Comments on Novelty/Model System for Author):

The authors showed convincingly that Tip30 negatively regulates cardiac hypertrophy
through its interaction with eEF1A1, which is novel and significant.

We want to thank this reviewer for her/his positive comments regarding our paper.

However, it is unclear to me whether endogenous Tip30 prevents heart failure under stress
through suppression of cardiac hypertrophy. Cardiac hypertrophy is not always pathological
and Tip30 KO hearts with pressure overload develop heart failure without increases in
apoptosis or fibrosis. The level of Tip30/eEF1A1 decreases only at the phase of heart failure
when cardiac hypertrophy is already established but cardiac contractility starts to decrease.
The authors should further investigate the molecular mechanism of heart failure in the
absence of Tip30 since the authors' conclusion is somewhat misleading at the present form.
Studying the contraction of isolated cardiomyocytes, protein quality control or myofibrillar
structure may allow identifying the true mechanisms.

This point is well taken, and these are great suggestions by the reviewer. We investigated further
why the TIP30 Het mice after TAC develop cardiac dysfunction during the hypertrophic over-
growth. We measured single cardiomyocyte contractility using an Ionoptix set up at two weeks after
TAC in WT and Het cardiomyocytes, when hearts already display cardiac dysfunction in
echocardiography (Expanded View Figure 1A). We measured up to 50 cardiomyocytes in 5 mice
per genotype at 3 different stimulation frequencies (1Hz, 2Hz and 4Hz), but could not detect any
difference in the sarcomere shortening rate during contraction between both genotypes (please see
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the new Expanded View Figure 1G). In addition, we conducted electron microscopy studies in Het
and WT mice after TAC, and found no major disturbances or differences in myofibrillar structure
between both genotypes (new Expanded View Figure 1K). Therefore, neither a primary
cardiomyocyte contractility difference, nor myofibrillar disarray appears to be responsible for
cardiac dysfunction in TIP30 Het mice. We also studied the activation of the Unfolded Protein
Response (UPR) as response to ER stress, which is viewed as adaptive mechanism during
pathological overload (Arrieta et al, Curr Top Microbiol Immunol, 2018; Blackwood et al, Circ Res,
2019; Wang et al, Circulation, 2019). We measured the activation of the UPR by assessing the
expression of UPR marker genes (Rhebl, Hrdl, Xbpl, Manf) following the advice of Dr. Shirin
Doroudgar, who is an expert in proteostasis research at our University. As shown in the new
Expanded View Figure 5B, the UPR response is mainly activated in homozygous TIP30 KO mice,
perhaps explaining the milder phenotype in these mice, while this compensatory mechanism is not
activated strong enough in Het mice to ameliorate cardiac dysfunction. As potential
mechanism to explain the reduced systolic heart function after TAC, we identified capillary
rarefaction (like it is also seen in human hearts from patients with end-stage heart failure; Hein S et
al., Circulation, 2003) in the TIP30 Het mice after TAC: As demonstrated in the new Figure 1M-N
of the revised manuscript, we show that the capillary/cardiomyocyte ratio as established marker for
myocardial capillary density (see Heineke J et al., JCI, 2007; Sano M et al., Nature 2007; Izumiya
Y, Hypertension, 2006) strongly dropped in Het mice after TAC. Since capillary rarefaction leads to
cardiac dysfunction (see the above mentioned references) we hypothesize that it contributes to the
cardiac dysfunction that we observed in TIP30 Het mice after TAC. Mechanistically, we propose
that angiogenesis cannot keep up with the exaggerated growth of the cardiomyocytes in these mice.

In addition, the quality of the data is insufficient since many important data are missing. In
particular, the authors could have shown the level of endogenous Tip30 in the heart and
cardiomyocytes at baseline and under hypertrophic stimuli or heart failure.

We show the level of endogenous cardiac TIP30 protein at baseline in Figure 1A. Endogenous
TIP30 levels at different time points after TAC are displayed in Figure 5 A, C and E. The levels of
cardiac Tip30 mRNA levels in human control and failing as well as HCM hearts are presented in
Figure 6A and B and in Mdx mice in Figure 6C. We added a Western blot showing the upregulation
of endogenous TIP30 protein in isolated rat cardiomyocytes after pro-hypertrophic stimulation with
PE, FBS and ET-1 in the new Appendix Figure S1A. Similar to the transient upregulation of cardiac
TIP30 after TAC, we interpret this as adaptive cellular response to counteract exaggerated
cardiomyocyte protein synthesis and growth.

Referee #2 (Remarks for Author):

The authors demonstrate that Tip30 suppresses cardiac hypertrophy by inhibiting the
interaction between eEF1A1 and eEF1B2 and decreasing translational elongation. Tip30
expression was increased in response to hypertrophic stimuli and was decreased in the failing
heart. AAV-mediated expression of Tip30 protected the heart from pressure overload in Tip30
het KO mice and the progression of heart failure in MDX mice, while heterozygous knockout
of Tip30 exacerbated cardiac dysfunction.

Major comments:

1. Although the authors claim that enhancement of cardiac hypertrophy is the cause of heart
failure in Tip30 KO mice, this claim may not be solid. Cardiac hypertrophy is not always
pathological and increased wall thickness reduces oxygen consumption and can act
protectively in the presence of pressure overload. In fact, apoptosis and fibrosis are not
increased. Studying the contraction of isolated cardiomyocytes, protein quality control or
myofibrillar structure may allow identifying the true mechanisms. Is the function of individual
cardiomyocytes declined? If so, what is the underlying mechanism?

We measured single cardiomyocyte contractility using an Ionoptix set up at two weeks after TAC in
WT and Het cardiomyocytes, when hearts already display cardiac dysfunction in echocardiography
(Expanded View Figure 1A). We measured up to 50 cardiomyocytes in 5 mice per genotype at 3
different stimulation frequencies (1Hz, 2Hz and 4Hz), but could not detect any difference in the
sarcomere shortening rate during contraction between both genotypes (please see the new Expanded
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View Figure 1G). In addition, we conducted electron microscopy studies in Het and WT mice after
TAC, and found no major disturbances or differences in myofibrillar structure between both
genotypes (new Expanded View Figure 1K). Therefore, neither a primary cardiomyocyte
contractility defect, nor myofibrillar disarray appears to be responsible for cardiac dysfunction in
TIP30 Het mice. We also studied the activation of the Unfolded Protein Response (UPR) as
response to ER stress, which is viewed as adaptive mechanism during pathological overload (Arrieta
et al, Curr Top Microbiol Immunol, 2018; Blackwood et al, Circ Res, 2019; Wang et al, Circulation,
2019). We measured the activation of the UPR by assessing the expression of UPR marker genes
(Rhebl, Hrd1, Xbpl, Manf) following the advice of Dr. Shirin Doroudgar, who is an expert in
proteostasis research at our University. As shown in the new Expanded View Figure 5B, the UPR
response is mainly activated in homozygous TIP30 KO mice, perhaps explaining the milder
phenotype in these mice, while this compensatory mechanism is not activated strong enough in Het
mice to ameliorate cardiac dysfunction.

As potential mechanism to explain the reduced systolic heart function after TAC,
we identified capillary rarefaction (like it is also seen in human hearts from patients with end-stage
heart failure; Hein S et al., Circulation, 2003) in the TIP30 Het mice after TAC: As demonstrated in
the new Figure 1M-N of the revised manuscript, we show that the capillary/cardiomyocyte ratio as
established marker for myocardial capillary density (see Heineke J et al., JCI, 2007; Sano M et al.,
Nature 2007; Izumiya Y, Hypertension, 2006) strongly dropped in Het mice after TAC. Since
capillary rarefaction leads to cardiac dysfunction (see the above mentioned references) we
hypothesize that it contributes to the cardiac dysfunction that we observed in TIP30 Het mice after
TAC. Mechanistically, we propose that angiogenesis cannot keep up with the exaggerated growth of
the cardiomyocytes in these mice.

2. The ratio of Tip30/eEF1A1 did not change during pressure overload (Figure 5), while
it was decreased in failing human hearts (Figure 6). These results suggest that the ratio is not
critical for the development of TAC-induced pathological hypertrophy, but it is critical only
for the development of heart failure. What is the underlying mechanism by which the
decreases in Tip30/eEF1A1 promote heart failure?

Indeed, a balanced ration of TIP30 to eEF1A1 (as observed in WT mice after TAC) allows the
generation of compensated cardiac hypertrophy, while a reduction of this ratio (during pathological
overload) in Het mice facilitates hypertrophy and cardiac dysfunction. As mechanism, we propose
that reduced level of TIP30 facilitate the interaction between eEF 1B and eEF1A, which is known to
drive protein synthesis and cell growth (Pittman YR, JBC, 2009). Due to increased cardiomyocyte
protein synthesis and overgrowth of these cells in Het mice, vascular growth cannot keep up with
the growth of cardiomyocytes resulting in a reduced capillary density, which is also observed in
failing human hearts, and which is known to promote cardiac dysfunction.

3. Tip30 homozygous KO mice showed less hypertrophy and better cardiac function
compared to heterozygous KO mice after TAC (Figures 1C-F). If Tip30-mediated physical
inhibition of the interaction between eEF1A1 and eEF1B2 is critical, I think homozygous
Tip30 should be worse than heterozygous KO. Why was homozygous Tip30 KO better than
heterozygous KO after TAC?

We were also initially surprised by the fact that homozygous TIP30 KO mice show a milder
phenotype than heterozygous mice. This is actually also the case with regard to tumor growth that is
observed at older age (in animals > 1 year of age): Heterozygous TIP30 KO mice exert a higher
tumor load than homozygous KO mice (). Therefore, TIP30 is haploinsufficient for tumor
suppression and for the suppression of heart growth, i.e. even a reduction of TIP30 levels by about
50% triggers disease. Due to the suggestion of this reviewer we also studied the activation of the
Unfolded Protein Response (UPR) as response to ER stress, which is viewed as adaptive mechanism
during pathological overload and enhanced protein synthesis (Arrieta et al, Curr Top Microbiol
Immunol, 2018; Blackwood et al, Circ Res, 2019; Wang et al, Circulation, 2019). We measured the
activation of the UPR by assessing the expression of UPR marker genes (Rhebl, Hrd1, Xbpl, Manf)
following the advice of Dr. Shirin Doroudgar, who is an expert in proteostasis research at our
University. As shown in the new Expanded View Figure 5B, the UPR response is mainly activated
in homozygous TIP30 KO mice, perhaps explaining the maintained heart function in these mice,
while this compensatory mechanism is not activated strong enough in Het mice to ameliorate
cardiac dysfunction.
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4. TAC surgery increased dP/dt max and decreased dP/dt min in WT mice (Figures 1G-H). I
am wondering whether knocking down Tip30 is really detrimental in the context of pressure
overload.

TAC surgery in wild-type mice left the dp/dtmax ratio unchanged, which is in agreement with the
mild TAC approach we used in this study. In contrast, this ratio significantly drops during TAC in
Het mice, as it is characteristic for reduced cardiac contractility.

On the other hand, a more negative dp/dtmin ratio indicates that in diastole the pressure drops
quicker over time, i.e. that the diastolic function is better. This was observed in wild-type mice after
TAC (again in agreement with the mild TAC, in which sometimes even a hyper-contractile state can
be observed). However, in the Het mice after TAC, the dp/dtmin ratio is significantly less negative,
which means that the left ventricle relaxes less quickly in diastole, indicating a reduced diastolic
function.

In addition, a reduced cardiac function in TIP30 Het mice after TAC is indicated by a reduced
fractional area change as well as by increased pulmonary congestion (increased lung weights) in Het
mice in multiple experiments (Figure 1C, D and R; EV Figure 1A) after TAC.

On the other hand, TIP30 overexpression during TAC leads to a sustained increase in left ventricular
function 2, 4 and 6 weeks after TAC, indicating that TIP30 is beneficial under these circumstances
(Figure 2J).

Specific comments:
1. In all TAC experiments, the authors should show the level of LV systolic pressure and the
pressure gradient.

Cardiac catheterization was only performed in a subset of mice 6 weeks after TAC or Sham surgery
(i.e. the mice from which the +dp/dt and the —dp/dt values are demonstrated). The systolic
intraventricular pressure (Psys) of these mice is now shown in the new EVFigure 1F of the revised
manuscript. Psys increases in both TAC groups, although to a lesser extent in Het mice. This is most
likely due to the reduced ventricular contractility in Het mice after TAC, because these mice cannot
develop so high intraventricular pressure levels.

Unfortunately, we did not measure the transaortic pressure gradient in all mice subjected to TAC,
since we did not have access to an appropriate Doppler device when these experiments were
conducted in the first place.

In order to rule out a principally different transaortic pressure gradient after TAC, we operated
another cohort of WT and Het mice. We estimated the degree of left ventricular pressure overload
by measuring the flow velocity signals of the right carotid artery (RCA) versus the LCA by placing
the Doppler-probe (20 MHz probe of INDUS instruments (Version 1.7)) on the right or left side of
the cervical midline, respectively (Hartley CJ, Am J Physiol, 2011). Based on these measurements,
the RCA/LCA flow ratio significantly increased to a similar degree in both WT and Het mice,
indicating a similar degree of pressure overload in both groups (shown in the new EV Fig. 1F)

In addition, I would like to mention that all TAC surgeries in this study were conducted by
Malgorzata Szaroszyk, who is co-author of this study and the most experienced animal surgeon in
our group. She also operated all mice in three other recent studies by our group (Zwadlo C et al.,
2015, Circulation; Appari M et al., 2017, Circ Res; Grund et al., 2018, Cardiovascular Research).

2. Appropriate control groups are missing in Figures 1N-O, including WT mice transduced
with TropT-TIP30 after Sham and TAC. In these experiment the level of Tip30 in sham
operated and TAC with or without rescue should be shown.

We added the requested additional groups of mice. The results are shown in the new Figures 1Q-R
of the revised manuscript. We also now demonstrate a Western blot to show expression on TIP30
protein in all experimental groups (new Figure 1P). This blot shows only a mild overexpression of
TIP30 by AAV9-TropT-TIP30, which was intended, since we wanted no strong overexpression, but
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rather a replacement of the lost endogenous TIP30 in TIP30 Het mice. Cardiomyocyte specific
overexpression is demonstrated in the new EV Figure 1M.

3.In EV Figure 1, the authors should show the level of HW/TL after 2 weeks TAC.

Unfortunately, this is not possible, because in this group of mice, only an echocardiography was
performed and they were sacrificed 6 weeks after TAC.

4. In Figure 2AB and EF, the authors should show the level of Tip30 with or without
hypertrophic stimuli.

We added a Western Blot showing the upregulation of endogenous TIP30 protein in isolated rat
cardiomyocytes after pro-hypertrophic stimulation with PE, FBS and ET-1 in the new Appendix
Figure S1A. Similar as the transient upregulation of cardiac TIP30 after TAC, we view this as
adaptive cellular response to counteract exaggerated cardiomyocyte protein synthesis and growth.

5. The quality of immunoprecipitation assay is not high enough in Figures 3B and D. The
authors should improve the data.

We repeated all relevant immunoprecipitations using a cross-linking protocol. The resulting new
blots are shown in the new Figures 3B and E. In addition, we established a new proximity ligation
assay to demonstrate the interaction of endogenous TIP30 and eEF1A1 in situ (new Figure 3D).

S. The authors should include the control of full-length TIP30, such as N-terminal
truncated TIP30, to exclude the possibility of non-specific inhibition in Figure 4A.

This is also a very good suggestion by this reviewer. We aimed to repeat the assay with deltaN-
TIP30, but unexpectedly could not produce the His-tagged version of the protein, which was
previously easy to produce. After several failed trials, we realized only very close to the re-
submission deadline of our manuscript that the respective plasmid DNA was degraded. We
therefore have to produce new plasmid, before we can start another round of transfection and protein
production, before the GST-pull down experiment can be performed. We will keep this work going
to eventually have it ready for a second revision.

On the other hand, we feel that by providing several different experimental set-ups to show that
TIP30 interferes with the interaction of eEF1B and eEF1A1 (GST-pull down, Figure 4A; co-IP from
cardiomyocytes, Figure 4B-C; proximity ligation assay in situ with TIP30 gain and loss of function
studies, Figures 4D-G) a non-specific inhibition is unlikely. In addition, we show that expression of
the deltaN-TIP30 mutant in rabbit reticulocyte lysate, in contrast to WT Tip30, cannot inhibit
translation of Renilla mRNA in this system (EV Figure 5F).

7. Please provide the reason why the ratio of Tip30/eEF1A1 is decreased in hypertrophic
cardiomyopathy (HCM). Are the patients end-stage heart failure?

Our study was not designed to study the mechanism of cardiac TIP30 downregulation in end-stage
heart failure in humans, in cardiomyopathic Mdx mice or in human HCM patients. The HCM
patients were not in end-stage heart failure, as most of them (the HOCM patients) were operated to
remove the obstruction from their left ventricular outflow tract. Why TIP30 is downregulated in
these different cardiac conditions will be the subject of future studies in our lab.

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

The authors failed to provide objective data to substantiate their claims that (i) depletion of
TIP30 aggravates the detrimental effects of pathologic cardiac hypertrophy

We show in the manuscript in multiple experiments (Figure 1B, 1Q) that heterozygous TIP30
knock-out mice (as well as homozygous TIP30 knock out mice) exert an increased HW/TL ratio, i.e.
a bigger heart. We also show that Het mice have bigger cardiomyocytes after TAC (Figure 1L).

In addition we show by multiple approaches (echocardiography, cardiac catheterization, increased
pulmonary congestion leading to heavier lungs) that Het mice after TAC have a reduced cardiac
function (please see Figure 1C, D, F, G, Q, R and EV Figure 1A).
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and that (ii) TIP30 interacts and regulates eEF1A1, which, in my opinion, invalidate their
conclusions.

We repeated all relevant immunoprecipitations using a cross-linking protocol. The resulting new
blots are shown in the new Figures 3B and E. In addition, we established a new proximity ligation

assay to demonstrate the interaction of endogenous TIP30 and eEF1 A1 in sifu (new Figure 3D).

Referee #3 (Remarks for Author):

In this manuscript, the authors report data suggesting that myocardial depletion of the tumor
suppressor TIP30 worsens, while systemic administration of AAV9 vector encoding a
recombinant TIP30 directed by troponin T promoter partially reversed the detrimental effects
of load-induced cardiac hypertrophy. Pulldown assays performed with GST-TIP30 and total
lysates of NRCM, coupled to MS, show that TIP30 associates with several proteins identified
in the translational apparatus. Further experiments focused on the association of TIP30 with
eEF1A1 indicated that TIP30 might negatively interfere in the binding of the GEF cofactor
¢EF1B2 to eEF1A1l, inhibiting the protein synthesis invoked by pro-hypertrophic stimuli in
NRCM. Besides, the authors show a reduced TIP30/eEF1A1 ratio in the MDX murine model
and samples of diseased human hearts, supporting the notion that a reduction of TIP30 may
play a role in the pathogenesis of heart failure.

In general, the manuscript is very interesting and has potentially important novelties.
However, some conclusions require further supportive evidence and additional controls.

We appreciate the positive comments by this reviewer.
Major points

1) The authors draw a conclusion about the detrimental cardiac effects of TIP30
depletion based on comparisons of the impact of pressure-overload induced by TAC in the
structure and function of the left ventricle of wild-type, heterozygous and homozygous TIP30
KO mice. Data shown in Figure 1 (C, E, G and H) indicate a greater deleterious impact of
TAC in the heterozygous TIP30 KO mice. However, no statistical differences were seen
regarding HW/TL, left ventricle area shortening/tibia length and [ |dP/dt between WT-TAC
and sham-operated mice, implying that WT-TAC mice failed to develop (on average)
hypertrophic growth in response to pressure overload. These data invalidate the conclusion
that depletion of TIP30 aggravates the pathologic hypertrophy in the heterozygous or
homozygous TIP30 KO mouse models.

As pointed out by the Editor, we set “a threshold effect, whereby the Het mice with TAC under the
same experimental conditions did show a significant increase in HW/TL and other parameters of
heart failure. These experimental conditions were therefore judged more than adequate in supporting
the author's conclusions that partial loss of TIP30 was pathogenic to the heart.”

In addition, Figure 1Q in the revised manuscript shows a significant increase in the HW/TL ratio
between WT mice after TAC versus sham surgery. Het mice also show a significant increase in
HW/TL in this setting versus WT mice after TAC.

The successful TAC surgery in our mice was also verified by a significant increase in the systolic
ventricular pressure after TAC (new EV Figure 1F), as well as by Doppler measurements to infer a
significant and similar pressure overload in TIP30 Het and WT mice after TAC (new EV Figure
1E).

2) Left ventricular sections shown in Figure 1K are not consistent with data of Figure 1C
(see comments above). Besides, one cannot conclude about myocardial fibrosis by Figure 1K,
as stated on Page 04, lines 26-27.

Although not quite significant, we saw on average bigger hearts in WT mice after TAC, which is
demonstrated in Figure 1J of the revised manuscript. We now quantified
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myocardial fibrosis in the revised manuscript in the different experimental groups (new Figure 1K).
Although there was a trend, no significantly increased fibrosis was observed in both groups after
TAC, which is in line with our mild TAC approach in this study. Both genotypes were also not
different with regard to fibrosis after TAC. We also quantified the number of myocardial fibroblasts
after immunofluorescence staining for the fibroblast marker PDGFRa as ratio of
fibroblasts/cardiomyocyte. As demonstrated in the new EV Figure 1H-I, there was no significant
difference in the number of myocardial fibroblasts between groups.

3) Data shown in Figure 1N and 10 suggest that cardiac-specific expression of a recombinant
TIP30 may rescue the detrimental effects related to its depletion in heterozygous TIP30-KO
mice. However, essential for any conclusion of the data is the demonstration that the
recombinant TIP30 protein expression is indeed increased in cardiomyocytes following the
systemic administration of the AAV9-Tip30 vector. The immunofluorescence imaging data
shown in EV Fig 1F are not sufficiently strong evidence in favor of an efficient expression of
the recombinant TIP30 in the myocardial cells. Also, as an appropriate control, the authors
need to show that an irrelevant protein, equally expressed in cardiomyocytes, would not rescue
the detrimental effects of TIP30 depletion in heterozygous mice.

We isolated adult cardiomyocytes from AAV-control as well as AAV-TropT-TIP30 treated mice
and analyzed TIP30 overexpression by Western blotting: Indeed, TIP30 was mildly overexpressed
in these cells after AAV-TropT-TIP30 treatment (see new EV Figure 1P). This was intended, since
we wanted no strong overexpression, but rather a replacement of the lost endogenous TIP30 in
TIP30 Het mice. Cardiomyocyte specific overexpression is demonstrated in the new EV Figure 1M.
AAV9-rLuc (AAV9-control) was used as AAV9-control vector over-expressing Renilla
luciferase as irrelevant protein that we administered to Het and WT mice before sham or TAC

surgery. We also added additional control groups to this experiment (please see the new Figure 1Q-
R).

4) The authors performed pull-down assays with recombinant GST-TIP30 and extracts of
neonatal cardiomyocytes, coupled to mass spectrometry, for identification of potential
partners of TIP30. They report interactions with proteins linked to translational machinery.
Some of the protein-protein interactions were verified (Figure 3A and 3B) in cells
overexpressing Myc- and GST-tagged recombinant proteins using pull-down and
immunoprecipitation assays. However, these biochemical and immunological techniques are
unsuitable to confirm the physical interaction between proteins. A pull-down experiment with
cell lysates either with endogenous or overexpressed recombinant proteins might contain false
positives. The vast majority of the interacting proteins reported in this manuscript (Appendix
Table S1) are common high abundance contaminants in pull-down coupled to MS
experiments, including eEF1A1. The authors need to provide further in vitro (e.g. fluorescence
titration experiments or size exclusion chromatography combined with 'on-line' multi-angle
laser light-scattering), and in vivo (e.g. FRET) to confirm the physical interaction between
TIP30 and eEF1A1.

These are great suggestion by the reviewer. Unfortunately, in the shortness of time given for the
review, we could not find a collaborator performing the suggested interesting new techniques.

To strengthen our data on the interaction of TIP30 and eEF1A1, we repeated all relevant
immunoprecipitations using a cross-linking protocol. The resulting new blots are shown in the new
Figures 3B and E.

Importantly, we established a new proximity ligation assay to demonstrate the interaction of
endogenous TIP30 and eEF1A1 in situ in primary cardiomyocytes (new Figure 3D).

3rd Editorial Decision 15M July 2019

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
now received the enclosed reports from the referees that were asked to re-assess it. As you will see
the reviewers are now supportive and I am pleased to inform you that we will be able to accept your
manuscript pending editorial final amendments.
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REFEREE REPORTS

Referee #1 (Comments on Novelty/Model System for Author):
The revised manuscript is now acceptable. I believe the study to be well done and important
Referee #1 (Remarks for Author):

Revisions were adequate and have addressed my concerns

Referee #2 (Comments on Novelty/Model System for Author):
The authors have addressed my concerns.
Referee #2 (Remarks for Author):

The authors have addressed my concerns. The paper is ready for publication.

3 Revision - authors' response 1t August 2019

Reviewers ~ comments:

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

The revised manuscript is now acceptable. I believe the study to be well done and important
Referee #1 (Remarks for Author):

Revisions were adequate and have addressed my concerns

Thank you, we appreciate these statements.

Referee #2 (Comments on Novelty/Model System for Author):

The authors have addressed my concerns.

Referee #2 (Remarks for Author):

The authors have addressed my concerns. The paper is ready for publication.

Thank you, we appreciate these statements.

© European Molecular Biology Organization 16



MBO PRESS
YOU MUST COMPLETE ALL CELLS WITH A PINK BACKGROUND

PLEASE NOTE THAT THIS CHECKLIST WILL BE PUBLISHED ALONGSIDE YOUR PAPER

USEFUL LINKS FOR COMPLETING THIS FORM

Corresponding Author Name: Joerg Heineke

Journal Submitted to: EMBO Molecular Medicine

Manuscript Number: EMM-2018-10018-V3

http://www.antibodypedia.com

Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:

=> 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.
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
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.

>
>
>
>

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

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

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.

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

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.).

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

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 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.

YoV vy

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.

http://1degreebio.org

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm

http://ClinicalTrials.gov

http://www.consort-statement.org

http://www.consort-statement.org/checklists/view/32-consort/66-title

http://datadryad.org

http://figshare.com

http://www.ncbi.nim.nih.gov/gap

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/

B- Statistics and general methods

http://jjj.biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurity_documents.html
http://www.selectagents.gov,

Please fill these boxes t worry if you cannot see all your text once you press retur

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

No statistical method was used to check this.

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

No statistical method was used to predetermine sample size.

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

Premature death was a pre-established criterion for exclusion from an ongoing experiment (see
Material and Methods).

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.

The experiments were not randomized (see Material and Methods).

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

The experiments were not randomized (see Material and Methods).

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.

The investigators were blinded for mouse genotype and treatment during surgeries,
echocardiography, cardiac catheterization, organ weight determination and all histological and
immunofluorescence quantifications (see Material and Methods).

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

The investigators were blinded for mouse genotype and treatment during surgeries,
echocardiography, organ weight determination and all histological and immunofluorescence
quantifications (see Material and Methods).

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

(see Material and Methods)

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

The variance was comparable between groups and normality was assumed (see Material and
Methods)

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

Yes (see Material and Methods)

Is the variance similar between the groups that are being statistically compared?

Yes (see Material and Methods)

C- Reagents



6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |See Materials and Methods.
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 See Materials and Methods. Cell lines were not tested.
mycoplasma contamination.

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

D- Animal Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing |see Material & Method section "Mouse models" and Appendix Table S4
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 |All procedures involving the use and care of animals were performed according to the Guide for
committee(s) approving the experiments. the Care and Use of Laboratory Animals published by the National Research Council (NIH
Publication No. 85-23, revised 1996) and the German animal protection code. Approval was
granted by the local state authorities (33.14-42502-04-15_1871). (Page 12)

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure |We confirm.
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.

E- Human Subjects

11. Identify the committee(s) approving the study protocol. Their use was permitted by the Massachusetts General Hospital Institutional Review Board (US),
and by the Ethical Committee of the Hannover Medical School, Germany.

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments see Material & Method section "Human Heart Samples"
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. N/A
14. Report any restrictions on the availability (and/or on the use) of human data or samples. N/A
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. N/A

16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) |N/A
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 [N/A
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data N/A
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 N/A
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|N/A
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 ina |N/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.

G- Dual use research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top N/A
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.




