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1st Editorial Decision 30 July 2019 

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. 
 
As you will see from the set of comments pasted below, overall there is an agreement that the study 
is well executed and of interest. There are however some shortcomings as outlined by each of the 
reviewers. Therefore, we would like to encourage you to address the following: improve the 
discussion (ref. 1), check for the generality of the approach (ref. 1), tone down the diltiazem 
treatment conclusions (ref. 2 and 3), and add some RNAseq/transcriptomic analysis (ref. 2 and 3). 
 
We would therefore 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. Please note that EMBO Molecular Medicine strongly supports a 
single round of revision and that, as acceptance or rejection of the manuscript will depend on 
another round of review, your responses should be as complete as possible. 
 
EMBO Molecular Medicine has a "scooping protection" policy, whereby similar findings that are 
published by others during review or revision are not a criterion for rejection. 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. 
 
Please also contact us as soon as possible if similar work is published elsewhere. If other work is 
published, we may not be able to extend the revision period beyond three months. 
 
Please read below for important editorial formatting and consult our author's guidelines for proper 
formatting of your revised article for EMBO Molecular Medicine. 
 
I look forward to receiving your revised manuscript. 
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***** Reviewer's comments ***** 
 
Referee #1 (Remarks for Author): 
 
This is a very solid, right, and convincing study that shows clearly that information gleaned from 
hiPSc model system can lead to uncovering new therapeutic approaches for patients with a defined 
monogenic cardiac disease, namely HCM. Other studies have supported the utility of hIPS models 
to understand disease, and to model key features of the phoentype, but, to my knowledge, none have 
taken this in a strictly personalized manner to show that there could be potential therapeutic benefit 
using surrogate indicators in the same patient. In many ways, this is an elegant "case study" at a 
molecular level, which is its strength and also its weakness. On the one hand, it shows the way 
forward for more personalized therapy using hiPSc model systems, and at the same time it is only 
indicative of a single mutation in a single family when it is clear the diseae represents many personal 
mutations scattered across many sarcomeric genes. The question arises as to the generalizability of 
the finding. This point should be addressed in the discussion more completely, Also, there are 
personalized therapies for a distinct class of HCM due to mutations in myosin itself that are being 
tested by Myokardia. would these be expected to work in this patient or on the hiPsc model system? 
If not would lack of effect be also predictive? This would speak to the specificity of the response. If 
the authors believe that the diltiazem effect would apply to other forms of HCM, they could support 
this by examining one of the many other hiPSc lines that have been generated. Finally, the use of the 
novel 3-D muscle tissue system of Eschenhagen is a strength of this paper. It would be interest to 
highlight how the findings in this study may be different from other previous HCM iPSc models 
reported by Joe Wu and others. 
 
 
Referee #2 (Comments on Novelty/Model System for Author): 
 
The use of engineered heart tissues is outstanding and demonstrates than an ACTN2 mutation really 
does cause HCM. The use of the platform for drug screening is less solid. 
 
Referee #2 (Remarks for Author): 
 
The paper by Prondzynski and colleagues describes a small family with novel ACTN2 variant 
p.T247M, which is not found in large population databases. It has been suggested in the literature 
that the level of evidence for ACTN2 being a causative gene for hypertrophic cardiomyopathy is not 
strong. This work advances the evidence for ACTN2 being, at least for some variants, causing 
HCM. The authors generate iPSC derived cardiomyocytes from the proband with the ACTN2 
p.T247M variant and find the cells are larger and have abnormal force and abnormal action 
potentials. The authors describe abnormal force/calcium relationships. They suggest that the Ltype 
calcium channel blocker diltizem may be effective and treat less affected family members (n=2) 
with this agent and show reduction of the QT interval. The work around the ACTN2 variant and its 
role in HCM is quite good. This alone adds to the literature. 
 
Major comment 
1. The weakness of the work is around the suggestion that diltiazem and reduced QT interval is 
reliable indicator of outcomes. The presence of cardiomyopathy alone is well known to prolong QT 
intervals and is not felt to be a primary finding. Furthermore, reducing the QT interval in this setting 
is not of clear clinical value. All the wording and conclusions around using diltiazem to treat 
arrhythmias and long QT should be softened since this is not a clinical trial and the number of 
treated subjects is simply to small and without adequate outcomes to make this assertion. 
Furthermore, the data linking the L type channel to a-actinin is quite limited. If there is an effect on 
calcium handling and action potentials, it is likely quite downstream and much more would need to 
be shown to assert a more proximal relationship. 
 
2. Allelic balance is better assessed using RNAseq rather than a subcloning method that evaluates 
very few clones. 
 
Minor comments 
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3. It is worthwhile to emphasize that this is a later onset HCM, compared to some genetic mutations 
which can present quite early in life in young adults or even children. Is there any clinical history on 
the parents of 1-2 to know which side of the family it derived? Any early death in either paternal or 
maternal side? 
 
4. Was the 43 yo affected individual screened for abnormal rhythms, if so how? Is there more data 
on this patient? MRI findings- details? 
 
5. The clinical descriptions need to be rewritten since there is some unusual and non-native English 
here. 
 
 
Referee #3 (Comments on Novelty/Model System for Author): 
 
The manuscript by Prondzynski et al. reports on a novel HCM mutation in alpha-Actinin-2, which is 
associated with hypertrophic cardiomyopathy (HCM). The authors are using an impressive amount 
of different techniques and experimental approaches to characterize the pathological phenotype 
present in the index patient using iPS cell derived cardiac myocytes, which are either cultured in 2 
dimensional cultures or as EHT tissue model. The authors also control for genetic background 
effects by rescuing the mutation by CRISPR Cas9-mediated homology repair demonstrating a 
partial rescue of the phenotype. Given the importance of heart failure as a prevalent disease and the 
importance to develop novel patient-specific therapeutic approaches, this manuscript details how 
one can come up with novel insight, which guided the researchers to propose some novel treatment 
regime, which had some impact on the pathological phenotype. iPS cells, rescuing the genotype 
homology repair, and careful phenotype analysis are executed to a very high standard in this 
manuscript. 
 
Referee #3 (Remarks for Author): 
 
The length of the manuscript is apropriate and I think that overall the paper is extremely well-
written, and the discussion is focused on the most important aspects. 
1. What I am struggling with is the intermediate phenotype of the rescued iPS cell line. If the 
ACTN2 mutant would be the only disease-causing mutation present in this patient would you not 
expect a more complete rescue. Several measured parameters as for example cell area, which 
reflects something like a prohypertrophic state is clearly intermediate to the mutant but also clearly 
higher than in WT. The same holds true for force, relaxation etc. 
2. I am not a geneticist, so it is hard for me to decide whether maybe another coupled pathogenic 
allele could be present, which acts in combination with ACTN2 to cause the phenotype. You have 
tested a couple of candidates but clearly a transcriptome analysis and a comparison of affected and 
normal family members would maybe give some information what else is causing this intermediate 
pathology after ACTN2 rescue. 
3. How is the mutation in ACTN2 mechanistically linked to a gain of function of the L-type calcium 
channel. Can you enlighten the reader how this is mechanistically linked? What is known to cause a 
similar gain of function? 
4. Although diltiazem was able to lower QT time, it is still far away from normalizing the QT time. 
This suggest that maybe other elements controlling calcium transients are probably also aberrantly 
modulated in cells transcribing the mutant allele. 
 
 
1st Revision - authors' response 22 August 2019 

Response to Referee #1 
We would like to thank the reviewer for his/her careful work on our manuscript and his/her nice, 
positive comments. We have carefully considered your comments and modified the discussion 
accordingly. 
 
Please note that all changes in the manuscript are marked with yellow. 
 
This is a very solid, right, and convincing study that shows clearly that information gleaned from 
hiPSc model system can lead to uncovering new therapeutic approaches for patients with a defined 
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monogenic cardiac disease, namely HCM. Other studies have supported the utility of hIPS models 
to understand disease, and to model key features of the phenotype, but, to my knowledge, none have 
taken this in a strictly personalized manner to show that there could be potential therapeutic benefit 
using surrogate indicators in the same patient. In many ways, this is an elegant "case study" at a 
molecular level, which is its strength and also its weakness. On the one hand, it shows the way 
forward for more personalized therapy using hiPSc model systems, and at the same time it is only 
indicative of a single mutation in a single family when it is clear the disease represents many 
personal mutations scattered across many sarcomeric genes. The question arises as to the 
generalizability of the finding. This point should be addressed in the discussion more completely, 
Also, there are personalized therapies for a distinct class of HCM due to mutations in myosin itself 
that are being tested by Myokardia. Would these be expected to work in this patient or on the hiPSc 
model system? If not would lack of effect be also predictive? This would speak to the specificity of 
the response. If the authors believe that the diltiazem effect would apply to other forms of HCM, 
they could support this by examining one of the many other hiPSc lines that have been generated. 
Finally, the use of the novel 3-D muscle tissue system of Eschenhagen is a strength of this paper. It 
would be interest to highlight how the findings in this study may be different from other previous 
HCM iPSc models reported by Joe Wu and others. 
 
Response: We thank the reviewer for his/her positive comments. We agree that this is a “case study” 
evaluating a single HCM mutation out of more than 1000 identified in HCM. However, and 
specifically, the level of evidence for ACTN2 being a causative gene in HCM is not strong as 
compared to MYBPC3 and MYH7 genes (Walsh R et al., Genet Med 2017). Furthermore, the 
interesting fact that the prolonged QTc did not find attention during clinical routine but was revealed 
after the work in vitro underlines the necessity for more personalized medicine. Therefore, using 
isogenic control and different assays in vitro we validated its causal role in HCM and could change 
the treatment of the patient. We modified the discussion to better stress the “case study” and the fact 
that other less evident genes could be validated by this approach (page 9, lines 264-265; page 10, 
lines 334 and 336; page 11, line 337 and lines 340-342). 
 
The Myocardia compound MYK-461 (mavacamten) is a myosin inhibitor that stabilizes the super-
relaxed state (SRX) of myosin and normalized hypercontractility associated with MYH7 and 
MYBPC3 mutations (Anderson RL et al., PNAS 2018; Toepfer CN et al., Sci Transl Med 2019). 
Therefore, it could also work for the ACTN2 mutation, which was associated with higher force in 
EHTs. However, this compound would not be expected to ameliorate the larger LTCC current 
detected in HCM-cardiomyocytes, which we believe is the primary cause for the prolonged QTc 
interval observed in the family members carrying the ACTN2 mutation. Thus, the iPSC-approach 
revealed a mechanism offering a more specific therapeutic intervention (with diltiazem). 
 
Diltiazem has been very recently used in healthy or HCM iPSC-cardiomyocytes by the group of Joe 
Wu (Lam CK et al., Circ Res 2019; Wu H et al., Eur Heart J 2019). They showed  that diltiazem 
ameliorates HCM-phenotypes and particularly abnormal relaxation in 2Dcultured hiPSC-
cardiomyocytes carrying MYH7, MYBPC3 or TNNT2 missense mutations (Wu H et al., 2019 Eur 
Heart J). These data are in line with our findings (relaxation), but did not reveal the underlying 
mechanism. The data are now discussed (page 10, lines 306-308). 
 
Finally, we also believe that the EHT model was crucial for modeling contractile HCMphenotypes 
and for evaluating diltiazem as a treatment option in this study. We are currently not aware of any 
hiPSC 3D model that has been used to investigate disease-specific phenotypes for HCM except the 
EHT model (Smith JGW et al., Stem Cell Rep 2018; Mosqueira D et al., Eur Heart J 2018). 
Nevertheless, besides the EHT model we believe that the next most commonly used 3D model is the 
engineered human myocardium (EHM) used by the Zimmermann group in Göttingen (Tiburcy M et 
al., Circulation 2017) and adapted by Joe Wu´s group (Lam CK et al., Circ Res 2019). The recent 
publication of this group tested diltiazem and other LTCC blockers in EHMs from healthy control 
cardiomyocytes with similar results as observed in our study, namely reduction in force and 
relaxation. This is what one would expect from a LTCC blocker. The point we make in our study is 
the larger (and as we believe specific) effect of diltiazem in ACTN2-mutated than control EHTs. 
Extensive electrophysiological studies have not been undertaken for the EHM as they were done for 
EHTs (Uzun AU et al., Front Physiol 2016; Lemoine MD et al., Sci Rep 2017; Horvath A et al. 
2018 Stem Cell Reports; Lemoine MD et al., Circ Arrhythm Electrophysiol 2018). Therefore, EHTs 
are an important model for investigating electrophysiological components in 3D, which is not 
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commonly done in the tissue engineering community. 
 
 
Response to Referee #2 
We would like to thank the reviewer for his/her comments and critiques on our manuscript. We have 
softened some of our wordings and performed an additional experiment to address your point. 
Please note that all changes in the manuscript are marked with yellow.  
 
The paper by Prondzynski and colleagues describes a small family with novel ACTN2 variant 
p.T247M, which is not found in large population databases. It has been suggested in the literature 
that the level of evidence for ACTN2 being a causative gene for hypertrophic cardiomyopathy is not 
strong. This work advances the evidence for ACTN2 being, at least for some variants, causing 
HCM. The authors generate iPSC derived cardiomyocytes from the proband with the ACTN2 
p.T247M variant and find the cells are larger and have abnormal force and abnormal action 
potentials. The authors describe abnormal force/calcium relationships. They suggest that the L-type 
calcium channel blocker diltiazem may be effective and treat less affected family members (n=2) 
with this agent and show reduction of the QT interval. The work around the ACTN2 variant and its 
role in HCM is quite good. This alone adds to the literature. 
 
Major comment 
1. The weakness of the work is around the suggestion that diltiazem and reduced QT interval is 
reliable indicator of outcomes. The presence of cardiomyopathy alone is well known to prolong QT 
intervals and is not felt to be a primary finding. Furthermore, reducing the QT interval in this setting 
is not of clear clinical value. All the wording and conclusions around using diltiazem to treat 
arrhythmias and long QT should be softened since this is not a clinical trial and the number of 
treated subjects is simply to small and without adequate outcomes to make this assertion. 
Furthermore, the data linking the L type channel to a-actinin is quite limited. If there is an effect on 
calcium handling and action potentials, it is likely quite downstream and much more would need to 
be shown to assert a more proximal relationship. 
 
Response: We thank the reviewer for this comment. We agree that cardiomyopathy as such can be 
associated with prolonged QT intervals and this cannot be excluded as a contributor in the case of 
this mutation. However, we provide evidence for a more specific effect of the actinin mutation on 
the LTCC current and believe that the larger diltiazem effect in mutation-carrier EHTs and the new 
data on the interaction of wild-type and mutated actinin with Cavα1.2 (see below) support this view. 
 
We are fully aware of the fact that shortening of the QT interval in the HCM patients as such is of 
unknown therapeutic significance. We apologize if we used too strong wording and softened the 
wording in the abstract, results and discussion, accordingly (page 2, lines 47 and 48; page 7, line 
212; page 8, line 236; page 10 lines 330-333). 
 
We also agree that the link between ACTN2 and L-type calcium channel was not fully elucidated. 
And since reviewer #3 also asked for mechanistic insights, we performed an additional experiment 
in collaboration with the group of Daniele Catalucci (Milan, Italy). Indeed, it has been shown that α-
actinin 2 interacts with ion channels and contributes to their modulation, such as the L-type calcium 
channel (LTCC) complex. In particular, by binding to the IQ segment of the Cavα1.2, pore unit of 
the LTCC, α-actinin 2 modulates LTCC density and function at the plasma membrane. Therefore, 
we tested whether the α-actinin 2 mutation affects the binding of α-actinin 2 to Cavα1.2. By a 
bioluminescence resonance energy transfer (BRET) assays performed in live cardiac myocyte-like 
HL-1 cell, we observed a similar binding affinity of Cavα1.2 to WT and mutant α-actinin 2 (new 
Figure S4). However, while this binding affinity of Cavα1.2 to WT α-actinin 2 strongly increased 
with the co-transfection of Cavα2, the LTCC accessory subunit and chaperone of the LTCC pore 
unit, it did not in case of mutant α-actinin 2. Thus, the HCM mutation decreased the interaction of 
α-actinin 2 with the LTCC complex, possibly affecting the activity of the channel. This may explain 
the electromechanical phenotype of the investigated HCM-affected family, characterized by higher 
ICa,L density. This experiment has been added in the revised version of the manuscript and 
discussed (Results, page 6, line 175; page 7, lines 196-210; Discussion, pages 10-11, lines 291-301 
and line 347; Methods, page 19, lines 621-628). 
 
2. Allelic balance is better assessed using RNAseq rather than a subcloning method that evaluates 
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very few clones. 
 
Response: Thank you for the suggestion. We performed RNAseq in different samples and confirmed 
the presence of both wild-type and mutant mRNA in a 50:50 distribution in both HCM-EHTs and in 
septal myectomy of patient II.4, confirming the allelic balance (see new Figure S2C; Results page 5, 
line 143; Methods, page 16, lines 509-526). 
 
Minor comments 
3. It is worthwhile to emphasize that this is a later onset HCM, compared to some genetic mutations 
which can present quite early in life in young adults or even children. Is there any clinical history on 
the parents of 1-2 to know which side of the family it derived? Any early death in either paternal or 
maternal side? 
 
Response: We agree with the reviewer and modified the clinical characterization accordingly (page 
4, lines 121-123). Furthermore, we do not have any information from the parents of individual I.2, 
which could indicate transmission from either the father or the mother.  
 
4. Was the 43 yo affected individual screened for abnormal rhythms, if so how? Is there more data 
on this patient? MRI findings- details  
 
Response: We added long ECG and MRI examinations of the patient III.4 (43 yo) and added this 
information in the revised manuscript (Results, page 4, lines 110-114). 
 
5. The clinical descriptions need to be rewritten since there is some unusual and non-native English 
here. 
 
Response: Thank you for notifying it. We asked an English native speaker to correct the clinical 
description of the family (page 4, lines 102-123). 
 
Response to Referee #3 
We would like to thank the reviewer for his/her careful work on our manuscript, the positive 
feedback and constructive comments and suggestion to improve the manuscript. We have performed 
new experiments to address your points. Please note that all changes in the manuscript are marked 
with yellow. 
 
The manuscript by Prondzynski et al. reports on a novel HCM mutation in alpha-Actinin-2, which is 
associated with hypertrophic cardiomyopathy (HCM). The authors are using an impressive amount 
of different techniques and experimental approaches to characterize the pathological phenotype 
present in the index patient using iPS cell derived cardiac myocytes, which are either cultured in 2 
dimensional cultures or as EHT tissue model. The authors also control for genetic background 
effects by rescuing the mutation by CRISPR Cas9-mediated homology repair demonstrating a 
partial rescue of the phenotype. Given the importance of heart failure as a prevalent disease and the 
importance to develop novel patient-specific therapeutic approaches, this manuscript details how 
one can come up with novel insight, which guided the researchers to propose some novel treatment 
regime, which had some impact on the pathological phenotype. iPS cells, rescuing the genotype 
homology repair, and careful phenotype analysis are executed to a very high standard in this 
manuscript. The length of the manuscript is apropriate and I think that overall the paper is extremely 
well-written, and the discussion is focused on the most important aspects. 
 
1. What I am struggling with is the intermediate phenotype of the rescued iPS cell line. If the 
ACTN2 mutant would be the only disease-causing mutation present in this patient would you not 
expect a more complete rescue. Several measured parameters as for example cell area, which 
reflects something like a prohypertrophic state is clearly intermediate to the mutant but also clearly 
higher than in WT. The same holds true for force, relaxation etc. 
 
Response: We thank the reviewer for the attentive hint. Indeed, several parameters showed 
intermediate values for the isogenic control cell line in between the HCM and the control cell lines. 
It could indeed indicate an incomplete rescue with CRISPR/Cas9 or genetic variability between cell 
lines. However, all parameters were significantly different between the HCM and the isogenic 
control line carrying the same genetic background, providing evidence that the mutation is 
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responsible of the disease phenotype. On the other hand, our control cell line is not the universal 
reference and variability between control cell lines has been reported in several studies. For 
example, it has been recently shown that response to drugs varied between different control cell 
lines (for example to diltiazem, Lam CK et al., Circ Res 2019). We also previously found 
significantly different APD90 in 3 different healthy hiPSCcardiomyocyte cell lines (180 ms vs. 240 
ms vs 290 ms; Lemoine et al., Circ Arrhythm Electrophysiol 2018, Supplemental Figure III b). 
Finally, we have systematically analysed in a blinded manner 36 control cell lines, which showed 
that the the SD of EHT parameters are 20-35% of the mean (Eschenhagen, personal communication; 
see results below). All this underlines the need of isogenic control for personalized medicine. We 
therefore discussed further and added the respective references (page 9, lines 275-286).  
 
Parameters obtained under 1 Hz-pacing in 36 control iPSC-derived engineered heart tissues 
(Mean ± SD): 
Force = 0.151 ± 0.053 mN (± 35% of the mean) 
T180% = 0.143 ± 0.029 sec (± 20% of the mean) 
T280% = 0.205 ± 0.069 sec (± 34% of the mean) 
 
2. I am not a geneticist, so it is hard for me to decide whether maybe another coupled pathogenic 
allele could be present, which acts in combination with ACTN2 to cause the phenotype. You have 
tested a couple of candidates but clearly a transcriptome analysis and a comparison of affected and 
normal family members would maybe give some information what else is causing this intermediate 
pathology after ACTN2 rescue. 
 
Response: In the line of the response to your comment 1, we think that the main genetic difference is 
between the control and isogenic control, but we do not have DNA samples of the control individual 
to confirm that. You suggest performing a transcriptome analysis of affected and normal family 
members, but we cannot get cardiac samples from unaffected individuals. Thus, we think it will be 
difficult to solve this issue with RNAseq with patient’s tissue. Further OMIC analyses are planned 
on several HCM and isogenic control cell lines but will be part of another study. On the other hand, 
and to respond in part to your question, preliminary RNAseq data obtained on HCM, HCMrep and 
Ctrl EHTs showed the following correlation of gene expression (counts). This shows a higher 
variability between HCMrep and Crl EHTs than HCMrep and HCM EHTs, underlying more genetic 
variability between the two control cell lines than between the HCM and isogenic control lines (n=7 
EHTs out of 3-6 batches of cardiomyocyte differentiation). 
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3. How is the mutation in ACTN2 mechanistically linked to a gain of function of the L-type calcium 
channel. Can you enlighten the reader how this is mechanistically linked? What is known to cause a 
similar gain of function? 
 
Response: thank you for your very interesting point, which we also tried to understand. it has been 
shown that α-actinin 2 interacts with ion channels and contributes to their modulation, such as the 
L-type calcium channel (LTCC) complex. In particular, by binding to the IQ segment of the 
Cavα1.2, pore unit of the LTCC, α-actinin 2 modulates LTCC density and function at the plasma 
membrane. Therefore, we tested whether the α-actinin 2 mutation affects the binding of α-actinin 2 
to Cavα1.2. By a bioluminescence resonance energy transfer (BRET) assays performed in live 
cardiac myocyte-like HL-1 cells we observed a similar binding affinity of Cavα1.2 to WT and 
mutant α-actinin 2 (new Figure S4). However, while this binding affinity of Cavα1.2 to WT α-
actinin 2 strongly increased with the co-transfection of Cavα2, the LTCC accessory subunit and 
chaperone of the LTCC pore unit, it did not in case of mutant α-actinin 2. Thus, the HCM mutation 
decreased the interaction of α-actinin 2 with the LTCC complex, possibly affecting the activity of 
the channel. This may explain the electromechanical phenotype of the investigated HCM-affected 
family, characterized by higher ICa,L density. This experiment has been added in the revised 
version of the manuscript and discussed (Results, page 6, line 175; page 7, lines 196-210; 
Discussion, pages 9-10, lines 291-301 and line 348; Methods, page 19, lines 621-628). 
 
 
2nd Editorial Decision 24 September 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 globally supportive and I am pleased to inform you that we will be able to 
accept your manuscript pending minor editorial amendments. 
 
***** Reviewer's comments ***** 
 
Referee #2 (Remarks for Author): 
 
None 
 
 
Referee #3 (Comments on Novelty/Model System for Author): 
 
The use of iPS cell model and to further differentiate them in 3D culture is an advanced model of 
analysing the pathomechanisms that cause HCM related phenotypes. This is highly innovative and 
exemplifies state of the art of modelling heart disease with iPS cells. 
 
Referee #3 (Remarks for Author): 
 
The authors have addressed my points of concerns and even performed some additional 
experiments, which demonstrate a biochemical difference between the mutant and wildtype a-
actinin and provides an functional explanation for the effect of the mutation on LTCC. 
 
 
2nd Revision - authors' response 8 October 2019 

Authors made the requested editorial changes. 
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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?

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

NA

No	data	were	excluded.

There	was	no	randomization	in	this	study.	

Manuscript	Number:	EMM-2019-11115

Definitions	of	biological	replicates	and	technical	replicates,	for	iPSC	and	biochemical	assays,	are	
described	in	detail	in	the	manuscript.	The	individual	results	from	each	biological	replicate	are	
displayed	in	the	main	figure	panels	and	demonstrate	that	all	experimental	findings	were	able	to	be	
reliably	reproduced.

NA

NA

NA

NA

Investigators	were	blinded	for	analysis	of	myofibrillar	disarray,	echocardiography	and	
electrocardiography.

NA

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	#	(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).

No	sample	size	calculation	was	performed.	

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

C-	Reagents

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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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.		
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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.

No.

NA

NA

NA

NA

NA

NA

We	cannot	provide	genomic	dataset	due	to	missing	individual	consent.

NA

NA

NA

NA

G-	Dual	use	research	of	concern

F-	Data	Accessibility

This	study	is	in	accordance	with	the	Code	of	the	Ethics	Committee	of	Hamburg.

The	HCM	patient	provided	written	informed	consent	for	genetic	analysis	and	the	use	of	
fibroblasts.	Control	donor	tissues	were	from	non-failing	human	heart	tissues	not	suitable	for	
transplantation	or	from	donors	that	did	not	die	from	cardiac	disease	but	of	another	cause.	All	
materials	were	taken	with	informed	consent	of	the	patients	and	donors.	This	study	is	in	
accordance	with	the	Code	of	Ethics	of	the	World	Medical	Association	(Declaration	of	Helsinki).

NA

All	antibodies	were	commercially	available,	validated	and	suitable	for	human	species	as	specified	
by	the	manufacturer.	Monoclonal	Anti-α-Actinin	used	in	a	1:800	dilution	for	Immunofluorescence	
staining	(Sigma,	produced	in	mouse,	Cat.:	A7811-.2ML,	Lot:027M4813V)	Goat	anti-Mouse	IgG	
(H+L)	Highly	Cross-Adsorbed	Secondary	Antibody,	Alexa	Fluor	488	used	in	a	1:800	dilution	for		
immunofluorescence	staining	(Invitrogen,	produced	in	goat,	Cat.:	A-11029,	Lot:1829920)	Anti-
ACTN2	used	in	a	1:1000	dilution	for	Western	blot	analysis	(Sigma,	produced	in	rabbit,	Cat.:		
SAB2108642-100UL,	Lot:	QC12269)	Anti-Cardiac	Troponin	T	antibody	used	in	a	1:5000	dilution	for	
Western	blot	analysis	(Abcam,	produced	in	mouse,	Cat.:	ab8295,	Lot:	GR3232545-1)	Anti-Mouse	
IgG	(whole	molecule)–Peroxidase	antibody	used	in	a	1:5000	dilution	for	Western	blot	analysis	
(Sigma,	produced	in	rabbit,	Cat.:	A9044-2ML,	Lot:	055M4818V)	Anti-Rabbit	IgG	(whole	
molecule)–Peroxidase	antibody	used	in	a	1:6000	dilution	for	Western	blot	analysis	(Sigma,	
produced	in	goat,	Cat.:	A0545-1ML,	Lot:	065M4769V)	Anti-Cardiac	Troponin	T-FITC	used	in	a	1:10	
dilution	for	FACS-analysis	(Miltenyi	Biotech,	Cat.:	130-119-575,	Lot:	5181219151)	REA-Control	(I)-
FITC	used	in	a	1:10	dilution	for	FACS	analysis	as	isotype	control	(Miltenyi	Biotech,	Cat.:	130-104-
611,	Lot:	5180809130)

All	antibodies	were	commercially	available,	validated	and	suitable	for	human	species	as	specified	
by	the	manufacturer.	Monoclonal	Anti-α-Actinin	used	in	a	1:800	dilution	for	Immunofluorescence	
staining	(Sigma,	produced	in	mouse,	Cat.:	A7811-.2ML,	Lot:027M4813V)	Goat	anti-Mouse	IgG	
(H+L)	Highly	Cross-Adsorbed	Secondary	Antibody,	Alexa	Fluor	488	used	in	a	1:800	dilution	for	
Immunofluorescence	staining	(Invitrogen,	produced	in	goat,	Cat.:	A-11029,	Lot:1829920)	Anti-
ACTN2	used	in	a	1:1000	dilution	for	Western	blot	analysis	(Sigma,	produced	in	rabbit,	Cat.:	
SAB2108642-100UL,	Lot:	QC12269)	Anti-Cardiac	Troponin	T	antibody	used	in	a	1:5000	dilution	for	
Western	blot	analysis	(Abcam,	produced	in	mouse,	Cat.:	ab8295,	Lot:	GR3232545-1)	Anti-Mouse	
IgG	(whole	molecule)–Peroxidase	antibody	used	in	a	1:5000	dilution	for	Western	blot	analysis	
(Sigma,	produced	in	rabbit,	Cat.:	A9044-2ML,	Lot:	055M4818V)	Anti-Rabbit	IgG	(whole	
molecule)–Peroxidase	antibody	used	in	a	1:6000	dilution	for	Western	blot	analysis	(Sigma,	
produced	in	goat,	Cat.:	A0545-1ML,	Lot:	065M4769V)	Anti-Cardiac	Troponin	T-FITC	used	in	a	1:10	
dilution	for	FACS-analysis	(Miltenyi	Biotech,	Cat.:	130-119-575,	Lot:	5181219151)	REA-Control	(I)-
FITC	used	in	a	1:10	dilution	for	FACS	analysis	as	isotype	control	(Miltenyi	Biotech,	Cat.:	130-104-
611,	Lot:	5180809130)

D-	Animal	Models

E-	Human	Subjects
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