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1st Editorial Decision 28th March 2018 

Dear Prof. Seyfried,  
 
Thank you for submitting your manuscript to EMBO Molecular Medicine. I have now had a chance 
to read your manuscript carefully and to discuss it with the other members of our editorial team. In 
addition, I have also sought external advice on the study from a good expert in the field. I am sorry 
to inform you that we find that the manuscript is not well suited for publication in EMBO Molecular 
Medicine and that we therefore have decided not to proceed with its handling and peer review.  
 
Your study reports the results of a novel and integrative drug screen based on zebrafish, C. elegans 
and endothelial cell cultures models of cerebral cavernous malformations (CCM) that aimed at 
repurposing small compounds that would restore the wild-type phenotype in the 3 models. 
Computational tools further defined signaling pathways relevant to the disease and potential targets 
for small-molecule based therapies. Nevertheless, a different compound that is widely used in long-
term clinical treatments for leukemia and other chronic diseases was selected based on its ability to 
interfere with several molecular pathways relevant to CCM: indirubin-3-monoxime (IR3mo). 
Feeding pups with IR3mo alleviated the burden of lesions in knock-out mouse models of CCM2 and 
CCM3, which was attributable to a reduced number of small lesions.  
We recognize the interest and the technical solidity of your work. However, previous publication of 
similar screening and previous reports on the role of the identified pathways in CCM development 
detract from the kind of conceptual advance we expect from an EMBO Molecular Medicine article.  
Unfortunately, the expert external advisor we consulted with agreed with our concerns, which I am 
afraid preclude further consideration here.  
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Author Appeal 3rd April 2018 

My colleagues and I very much appreciate your willingness and additional effort in reviewing our 
appeal.  
 
Our manuscript summarizes the results of years of work of a large European-Canadian transnational 
consortium. The scope and results of our work exceed previous screens using CCM-deficient cell-
based assays that were rather limited in their output and that fell short of providing a comprehensive 
overview of relevant pathways in CCM (Gibson et al., 2015; Nishimura et al., 2017). For instance, 
the screen by Nishimura et al. was highly biased and mainly focused on the mevalonate pathway 
which had already been implicated in CCM. Hence, the results of our study are urgently anticipated 
by the entire CCM community.  
 
I would like to emphasize that what made the great difference of our screen was the completely 
unbiased, integrative, and multi-organism-based approach that had not previously been tried. We 
combined compound screens in the invertebrate model C. elegans and in the zebrafish embryo with 
its complex vertebrate cardiovascular system. Compounds that suppressed features and processes of 
CCM were then tested in CCM-deficient human endothelial cells and in preclinical mouse models of 
CCM1 and CCM3.  
 
Our combined multi-organismal screens revealed a number of important insights into the regulatory 
network involved in CCM. This has come with many surprises that we discuss in our manuscript. 
For instance, we find a striking conservation of the effects of drugs on worms and vertebrates, 
suggesting that some of these compounds may also have beneficial effects in translational 
therapeutic applications in the human disease. Among the compounds identified in both C. elegans 
and zebrafish were anti-hypertensive or anti-angiogenic drugs. Of note, worms have no circulatory 
system and hence, these drugs may act by affecting more fundamental functions of conserved 
molecular pathways – including roles that go beyond those that have been well-established in 
vertebrate physiology.  
 
Similarly, neurotransmitter-related agonists or antagonists had beneficial properties in both worm 
and zebrafish. This class of drugs may function either autonomously on non-neural tissues or non-
cell autonomously on neural cells in their interaction with the vasculature.  
Several compounds that affect MAPK signaling exhibited suppressive effects on CCM mutant 
phenotypes in worms and zebrafish. This finding suggests some cellular role of MAPK signaling in 
both apoptosis in the worm and roles in the vertebrate vasculature; until now, apoptosis is not among 
the functional GO-BP terms for the ccm2 mutant transcriptome.  
 
Metabolites of the retinoic acid synthesis pathway and drugs that affected the metabolic enzymes of 
this biochemical synthesis pathway showed a potent capacity to suppress the CCM phenotypes in 
zebrafish and C. elegans. This is an exciting finding given a recent study by the team of Andreas 
Trumpp who showed that Vitamin A-retinoic acid signaling regulates hematopoietic stem cell 
dormancy (Cabezas-Wallscheid et al., 2017). Further studies are required to assess the molecular 
role of this pathway upon the loss of CCM proteins.  
 
In conclusion, we identify both novel compounds and the molecular pathways and biological 
processes that they affect. These are conserved and relevant to both the basic cellular and more 
complex cardiovascular defects found in CCM animal models relevant to the pathology in humans. 
Our systems biological approach significantly improved our understanding of how these molecular 
pathways are interconnected, which will greatly aid in designing effective targeting therapeutics. 
The inventory of relevant compounds now raises the possibility of benefits to be gained through 
combinatorial treatments based on drugs which target different molecular pathways involved in the 
disease.  
We hope that you will favorably consider our appeal. In addition to the other reviewer suggestions, 
we would also like to suggest Elisabetta Dejana as an excellent reviewer of our work.  
 
2nd Editorial Decision 4th  April 2018 

Thank you for your e-mail asking us to reconsider our decision on your manuscript. I have now 
carefully read your letter and article again and discussed it with my colleagues, including our chief 
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editor.  
 
I appreciate that you highlight once more the impact and novelty of the study. Reading your letter, I 
realized that indeed, some aspects of the work were not clear to us when we first evaluated your 
article:  
 
1) For example, you mention that your screening strategy is original and novel compared to previous 
published screens, that these screens might have been biased and as such should not be considered 
as precedence. This type of information would be relevant for the community to add in the 
discussion section of the paper and backed up with scientific arguments. We are a general journal 
and our readership is broad, explanations and clarifications for a general audience are always 
welcome.  
 
2) You also explain in the letter why the different pathways identified through the screen are 
particularly relevant in CCM. Our understanding now is that while the drug administered to mice 
was not identified through the screen, it targets some of the relevant pathways that were found 
relevant through the screen. Is that correct? If it is, I would strongly encourage you to rephrase this 
part of the work to make the reasons why you chose IR3mo more evident for the readers, or the 
study appears split with the screen on one side and a drug testing in mice on the other, with at best a 
weak link between the two. Moreover, IR3mo has no effect in C. elegans. It is unclear to us why that 
is.  Could you please clarify in the text as well?  
 
This said, after intense internal discussions about your paper, I would be happy to reconsider my 
decision and send your manuscript out for peer-review, provided you address these two points above 
to help with the understanding of the paper rationale.  
 
I look forward to hearing from you soon. Should you decide to modify your paper accordingly and 
resubmit, please let us know.  
 
1st Revision - authors' response 6th April 2018 

Thank you very much for reconsidering our manuscript. We have read your excellent comments and 
the two major points are well-made. We understand that they are critical for a better understanding 
of this study and we will be happy to improve upon these points. I would also like to briefly reply to 
your questions below: 
 
Best regards 
 
Salim Seyfried 
 
POINTS HIGHLIGHTED BY EDITOR.  
 
1) For example, you mention that your screening strategy is original and novel compared to previous 
published screens, that these screens might have been biased and as such should not be considered 
as precedence. This type of information would be relevant for the community to add in the 
discussion section of the paper and backed up with scientific arguments. We are a general journal 
and our readership is broad, explanations and clarifications for a general audience are always 
welcome. 
 
We will expand this discussion. 
 
2) You also explain in the letter why the different pathways identified through the screen are 
particularly relevant in CCM. Our understanding now is that while the drug administered to mice 
was not identified through the screen, it targets some of the relevant pathways that were found 
relevant through the screen. Is that correct? 
 
IR3mo has been identified during the screen (e.g. see tables S1,3). We realize that the reader 
may be surprised that it was not mentioned in the first part of the manuscript. We will 
strengthen the tie between the first and second part of the manuscript and better reveal the 
logic of analyzing IR3mo in preclinical trials (which is, among others and as discussed in the 
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first paragraph of the results chapter on IR3mo, that it targets some of the relevant pathways 
that were found relevant through the screen). 
 
If it is, I would strongly encourage you to rephrase this part of the work to make the reasons why 
you chose IR3mo more evident for the readers, or the study appears split with the screen on one side 
and a drug testing in mice on the other, with at best a weak link between the two. Moreover, IR3mo 
has no effect in C. elegans. It is unclear to us why that is. Could you please clarify in the text as 
well? 
 
We can only speculate why IR3mo is not working in worm. For instance, the worm cuticle 
may not be permeable for the drug or the concentration used in the trials may not have been 
sufficient. Another possibility is that IR3mo targeted some of the pathways that are specific 
for zebrafish (SRC, MST1R, VEGFR2). However, we decided that IR3mo was still an 
excellent candidate drug based on the logic as outlined above. 
 
3rd Editorial Decision 3rd May 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.  
 
As you will see from the reports below, while referees 2 and 3 are overall positive and support, in 
principle, publication of the article in EMBO Molecular Medicine (pending appropriate revisions), 
referee 1 questions the rationale for investigating IR3mo (as we did and previously discussed with 
you). Therefore, a more thorough discussion on the choice of IR3mo, as well as addressing the 
reviewers' concerns in full will be necessary for further considering the manuscript in our journal, 
with the exception of additional validation in other in vivo CCM models asked by referee 2 (referee 
2, comments 2 and 4). EMBO Molecular Medicine encourages a single round of revision only and 
therefore, acceptance or rejection of the manuscript will depend on the completeness of your 
responses included in the next, final version of the manuscript.  
 
 
----------------------------------------------------- 
 
 
 
 
REFEREE REPORTS. 
 
Referee #1 (Remarks for Author):  
 
The manuscript attempts to find new small molecule compounds that can therapeutically alleviate 
the condition, cerebral cavernous malformations (CCM). They use two established CCM model 
systems in zebrafish, worm, and in huvec knockdown cells, to probe a panel of compounds for those 
that have effects in all three systems. Surprisingly, although they found 5 compounds that seemed to 
have effects in each system, they chose a kinase inhibitor that did not work in the worm for further 
studies. Using this inhibitor, in wt and siKRIT1 HUVECs they report reduced ERK5 
phosphorylation, and in two mouse models of CCM disease they report rescue of lesion burdern. 
However, they do not understand the mechanism of ERK5 phosphorylation reduction, and I think 
that understanding the mechanism of IR3mo inhibition of ERK5 phosphorylation is required for this 
study to be clinically informative. Some specific comments are noted below.  
 
1. Their rationale to follow up Indirubin-3-monoxime, which rescued in only two of the models, and 
not one of the 5 compounds that rescued in all 3 is unclear. For example, one of these (ENMD-2076, 
which should be listed in the main text), is an kinase inhibitor (ENMD-2076) that also inhibits 
Aurora, KDR, FLT4, FLT3 and SRC. There seems to be much overlap with targets of indirubin-3-
monoxime. Also, the protein interaction network (p12 referring to Table S8) discusses the 
importance of proteins involved in angiogenesis signaling, including FLT1, KDR and FLT4 which 
they didn't follow up experimentally (are the effects they see due to IR3mo inhibition of KDR or 
SRC tyrosine kinases, for example, and not MEK5 serine/threonine kinase as shown in Fig 4h, does 
IR3mo inhibit ROCK?). This leads one to wonder what the best candidate compound from their 
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screens was. Particularly as this study is trying to move towards a clinically-useful compound.  
 
2. Figure 3CDE. The Western blots should be shown in the figure, and a scatter plot is the preferred 
method of data representation. The individual data points should be shown for each replicate. SD is 
preferred over SEM; Figure 5 of PMID 25204545 (Motulsky, 2014) illustrates why. Likewise Fig 4g 
should be shown as a scatter plot using SD not SEM.  
 
3. The schematic in figure 4h is misleading: they do not know the mechanism of IR3mo modulation 
of ERK5 inhibition.  
 
4. P9. Lines 3-4. They should include the full list of compounds shown in Table S2.  
 
5. They should include line numbers in their manuscript.  
 
 
 
Referee #2 (Remarks for Author):  
 
Comments to the authors on the article titled,  
"Systematic Pharmacological suppression uncovers novel molecular pathways involved in cerebral 
cavernous malformations"  
 
This paper nicely reports the application of small-molecule suppression screens in different CCM-
mutant models which revealed signaling pathways relevant to CCM diseases. The authors also 
identified indirubin-3-monoxime IR3mo compound as a prime candidate that alleviated the CCM-
lesion burden in murine models and HUVECs. Altogether, the technicality of this study is robust 
and therefore, has the possibility to open up new platforms for future studies affecting several 
signaling pathways and biological processes relevant to CCM pathology.  
 
However, there are a few concerns which need to be addressed:  
 
Comment 1. Figure 3. Page 22-23: The authors applied STRING network clustering to visualize 
protein interaction networks related to CCM disease. This revealed several protein clusters both in 
the zebrafish and C. elegans model. However, implementing one network clustering is insufficient 
to determine the efficacy of the results obtained. In order to avoid biased results and achieve 
consistency, it would be relevant to apply multiple protein-protein interaction web based programs 
available online (such as: BioGRID, IntAct etc).  
 
Comment 2. Figure 4a. The author used ccm2 mutant as an example to show the effects of IR3mo 
on zebrafish embryos. It will worth to know whether IR3mo will have any changes on ccm1 and 
ccm3 mutants on zebrafish heart phenotype.  
 
Comment 3. Figure 4b. Similarly it will be relevant to also see the phenotype of IR3mo on CCM2 or 
PDCD10 siRNA silenced HUVECs.  
Comment 4. Figure 4f. The authors demonstrated the effect of treatment of IR3mo on iCCM2 and 
iCCM3 mice which alleviated the lesion burden. One might also try to look if there is any effect on 
lesion burden of IR3mo on iKRIT1 mice model.  
 
 
 
Referee #3 (Comments on Novelty/Model System for Author):  
 
The use of multiple animal models for the initial screen, and then a cell culture model for validation 
of targets makes this a unique study and a very robust study design. The final mouse model, used for 
only one compound/drug, is important as well as the mouse model is the most relevant for future 
clinical trials. All in all a very nice and robust study with high scientific and potential medical 
impact, per my comments below.  
 
Referee #3 (Remarks for Author):  
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This is a real tour de force in terms of effort and organization, and the study design is quite robust. 
The use of two different animal models for the drug screen makes this study unique, and the 
confirmatory cell culture model before moving to the more difficult but clinically relevant mouse 
model is another nice addition.  
 
I am not an expert regarding the data mining and bioinformatic analyses. Since CCM pathobiology 
is already extensively studied, it was reassuring that quite a few drugs, drug targets, or 
pathways/biological processes were identified through the analysis that have already been suggested 
by other published studies. However, there seem to be so many different and apparently distinct 
pathways and biological processes that have resulted from the analyses that I would wonder how 
many are truly relevant to CCM pathobiology? When the analysis points in so many different 
directions, I have less confidence the relevance of each. However, one advantage to including all the 
bioinformatic analyses in this paper is that now there are new hypotheses to test concerning CCM 
pathobiology. So if I consider all this data analyses as hypothesis generating, I am more assured of 
its importance.  
 
A final point is that IR3mo appears to be a very strong candidate for additional mechanistic studies, 
but also additional studies in animals that might lead to clinical trials. So the proof of the value of 
this study is that a new, exciting compound has been identified that might ultimately provide some 
relief to CCM patients. Congratulations to the investigative team. 
 
 
2ND  Revision - authors' response 3rd  July 2018 

Referee #1 (Remarks for Author):  
The manuscript attempts to find new small molecule compounds that can therapeutically alleviate 
the condition, cerebral cavernous malformations (CCM). They use two established CCM model 
systems in zebrafish, worm, and in huvec knockdown cells, to probe a panel of compounds for those 
that have effects in all three systems. Surprisingly, although they found 5 compounds that seemed to 
have effects in each system, they chose a kinase inhibitor that did not work in the worm for further 
studies. Using this inhibitor, in wt and siKRIT1 HUVECs they report reduced ERK5 
phosphorylation, and in two mouse models of CCM disease they report rescue of lesion burden. 
However, they do not understand the mechanism of ERK5 phosphorylation reduction, and I think 
that understanding the mechanism of IR3mo inhibition of ERK5 phosphorylation is required for this 
study to be clinically informative. Some specific comments are noted below.  
  
1. Their rationale to follow up Indirubin-3-monoxime, which rescued in only two of the models, and 
not one of the 5 compounds that rescued in all 3 is unclear. For example, one of these (ENMD-2076, 
which should be listed in the main text), is an kinase inhibitor (ENMD-2076) that also inhibits 
Aurora, KDR, FLT4, FLT3 and SRC. There seems to be much overlap with targets of indirubin-3-
monoxime. Also, the protein interaction network (p12 referring to Table S8) discusses the 
importance of proteins involved in angiogenesis signaling, including FLT1, KDR and FLT4 which 
they didn't follow up experimentally (are the effects they see due to IR3mo inhibition of KDR or 
SRC tyrosine kinases, for example, and not MEK5 serine/threonine kinase as shown in Fig 4h, does 
IR3mo inhibit ROCK?). This leads one to wonder what the best candidate compound from their 
screens was. Particularly as this study is trying to move towards a clinically-useful compound.  
 
Upon completion of the primary screen in worms, zebrafish, and HUVECs, our consortium was 
facing the difficult decision to select not more than one or two compounds for preclinical trials in 
the murine ccm models. Given this limitation, we defined a number of criteria that served as a 
guideline for this decision. As indicated in our manuscript, one key aspect was the possibility of 
applying the drug safely for long-term usage without causing major side effects in patients. 
Furthermore, we ranked the positive effects of a drug in the zebrafish ccm model higher compared to 
the C.elegans ccm model since the zebrafish is a vertebrate with a cardiovascular system. As 
discussed in the text (lines 296-306), IR3mo is an FDA-approved drug with low toxicity derived 
from traditional Chinese medicine that has been widely used to treat leukemia and other chronic 
diseases (Eisenbrand et al, 2004; Williams et al, 2011) and interferes with several molecular 
pathways relevant to CCM. In comparison, treatment with other strong anti-angiogenic or anti-
proliferative drugs (such as the multi-kinase inhibitor ENMD-2076) is associated with more severe 
side effects. Also, as shown in Table EV10 (former suppl. Table S10), IR3mo has at least 10 known 
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protein targets as predicted by DePick and other known targets including AHR, CDK5, CDK5R1, 
which are described DrugBank interaction partners according to PubChem. Potentially, IR3mo may 
affect a unique combination of targets that mediate the rescue effect. 
 
As additional information, throughout the revisions phase, the Toronto teams of Brent Derry and 
Peter Roy applied different IR3mo treatment plans on C. elegans ccm models which did not yield a 
rescue effect. We conclude that IR3mo is highly effective in the context of vertebrate ccm models 
and human CCM-depleted endothelial cells but not in C.elegans. 
 
2. Figure 3CDE. The Western blots should be shown in the figure, and a scatter plot is the preferred 
method of data representation. The individual data points should be shown for each replicate. SD is 
preferred over SEM; Figure 5 of PMID 25204545 (Motulsky, 2014) illustrates why. Likewise Fig 4g 
should be shown as a scatter plot using SD not SEM.  
 
Within the revised manuscript, we have now improved old Figure 4 which has been divided into 
new Figure 4 (zebrafish and HUVEC data) and a new Figure 5 (mouse data and model): the Western 
blots (previous suppl. Figure S6) have been moved into new Figure 4 (Fig 4I). The representation of 
the quantifications shown in Figure 4C-E has been changed into scatter plots with error bars 
representing the SD (Fig 4J-M). Mouse data from previous Figure 4F-H and suppl. Fig S7 have been 
moved into new Figure 5A-H. We have also complied with EMBO Molecular Medicine standards 
and included the information about p-values, n sizes, and statistical tests within figure legends. 
  
3. The schematic in figure 4h is misleading: they do not know the mechanism of IR3mo modulation 
of ERK5 inhibition.  
 
This point has been addressed by modifying the model figure and the text of the figure legend to 
highlight the finding that IR3mo affects pERK5 protein levels and KLF2 expression levels (which is 
a strong molecular readout of the CCM pathway). As indicated in that figure, two arrowheads are 
used to indicate these effects of IR3mo and we do not mean to imply that KLF2 mRNA or ERK5 
phosphorylation are directly affected by IR3mo. This is explicitly described within the revised 
figure legend. 
  
4. P9. Lines 3-4. They should include the full list of compounds shown in Table S2.  
 
We have changed the text accordingly and list the other compounds from Table EV2 that were 
missing in the main text (line 185-186). Similarly, we have also named the 5th compound that 
showed some degree of rescue in all three CCM models and that was missing from the main text 
(Table EV3) (lines 200-201).  
 
5. They should include line numbers in their manuscript. 
 
We have included line numbers within the revised manuscript.  
  
Referee #2 (Remarks for Author):  
  
Comments to the authors on the article titled,  
"Systematic Pharmacological suppression uncovers novel molecular pathways involved in cerebral 
cavernous malformations"  
  
This paper nicely reports the application of small-molecule suppression screens in different CCM-
mutant models which revealed signaling pathways relevant to CCM diseases. The authors also 
identified indirubin-3-monoxime IR3mo compound as a prime candidate that alleviated the CCM-
lesion burden in murine models and HUVECs. Altogether, the technicality of this study is robust 
and therefore, has the possibility to open up new platforms for future studies affecting several 
signaling pathways and biological processes relevant to CCM pathology.  
  
However, there are a few concerns which need to be addressed:  
  
Comment 1. Figure 3. Page 22-23: The authors applied STRING network clustering to visualize 
protein interaction networks related to CCM disease. This revealed several protein clusters both in 
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the zebrafish and C. elegans model. However, implementing one network clustering is insufficient 
to determine the efficacy of the results obtained. In order to avoid biased results and achieve 
consistency, it would be relevant to apply multiple protein-protein interaction web based programs 
available online (such as: BioGRID, IntAct etc).  
 
The reviewer suggests to apply protein-protein interaction web based programs available online and 
suggests BioGRID and IntAct as examples of such programs. Unfortunately, BioGRID and IntAct 
are repositories of protein-protein interaction data but they do not provide online web programs for 
Network visualization. These (and other) resources storing protein-protein interaction information 
are instead commonly used by several web tools (programs) dedicated to protein Networks 
including STRING.  

We chose STRING to visualize our Networks for its comprehensiveness –it uses the widest breadth 
of input sources, including automated text-mining and computational predictions - and more 
importantly, for its quality control - each interaction is annotated with benchmarked confidence 
scores-. The scores indicate the estimated likelihood that a given interaction is biologically 
meaningful, specific, and reproducible, given the supporting evidence (e. g experiments) (PMID: 
27924014). We chose to display high confidence Networks by selecting only interactions highly 
supported (e.g. by more than one evidence) (high confident cut-off :0.7). With the choice of 
STRING, we also reduce and compensate the individual biases in information that each resource 
might have. While our Networks are not free of potential general bias in the currently existing 
protein-protein information data (e.g. certain proteins are better characterized than others and 
therefore, more interactions for them are known), they provide a more comprehensive and consistent 
picture of protein CCM Networks than those constructed with only one source of protein-protein 
interaction information (e.g. only BioGRID or IntAct). 
  
Comment 2. Figure 4a. The author used ccm2 mutant as an example to show the effects of IR3mo 
on zebrafish embryos. It will worth to know whether IR3mo will have any changes on ccm1 and 
ccm3 mutants on zebrafish heart phenotype.  
 
Within the revised version of the manuscript, we have now included an additional figure which 
shows the rescue effect of IR3mo treatment on the krit1ty2019c mutant cardiac phenotype (Fig EV5A-
D). This experiment supports our findings in the murine preclinical model and show that IR3mo has 
beneficial effects in different vertebrate ccm models. 
 
Currently, mutants for the two redundant ccm3a/pdcd10a and ccm3b/pdcd10b genes of zebrafish 
have not yet been described and there have been some controversial reports of ccm3a/b knockdown 
phenotypes. Hence, we did not attempt to rescue ccm3 knockdown phenotypes in zebrafish using 
IR3mo.  
 
Comment 3. Figure 4b. Similarly it will be relevant to also see the phenotype of IR3mo on CCM2 or 
PDCD10 siRNA silenced HUVECs.  
 
Within the revised version of the manuscript, we show the effective rescue by IR3mo of KRIT1- or 
CCM3-silenced HUVECs, whose phenotype is identical to CCM2-deficient HUVECs (Fig EV5E-J). 
 
Comment 4. Figure 4f. The authors demonstrated the effect of treatment of IR3mo on iCCM2 and 
iCCM3 mice which alleviated the lesion burden. One might also try to look if there is any effect on 
lesion burden of IR3mo on iKRIT1 mice model. 
 
We are grateful to the editor for acknowledging that testing IR3mo in a third mouse model would be 
beyond the scope of this work. Taken together, IR3mo has beneficial effects in different vertebrate 
ccm models. 
 
Referee #3:  
The use of multiple animal models for the initial screen, and then a cell culture model for validation 
of targets makes this a unique study and a very robust study design. The final mouse model, used for 
only one compound/drug, is important as well as the mouse model is the most relevant for future 
clinical trials. All in all a very nice and robust study with high scientific and potential medical 
impact, per my comments below.  
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Referee #3 (Remarks for Author):  
  
This is a real tour de force in terms of effort and organization, and the study design is quite robust. 
The use of two different animal models for the drug screen makes this study unique, and the 
confirmatory cell culture model before moving to the more difficult but clinically relevant mouse 
model is another nice addition.  
  
I am not an expert regarding the data mining and bioinformatic analyses. Since CCM pathobiology 
is already extensively studied, it was reassuring that quite a few drugs, drug targets, or 
pathways/biological processes were identified through the analysis that have already been suggested 
by other published studies. However, there seem to be so many different and apparently distinct 
pathways and biological processes that have resulted from the analyses that I would wonder how 
many are truly relevant to CCM pathobiology? When the analysis points in so many different 
directions, I have less confidence the relevance of each. However, one advantage to including all the 
bioinformatic analyses in this paper is that now there are new hypotheses to test concerning CCM 
pathobiology. So if I consider all this data analyses as hypothesis generating, I am more assured of 
its importance.  
 
The reviewer points out correctly that a larger number of pathways are misregulated upon loss-of 
CCM. Hence, some pathways may be changed secondarily after those primarily affected. In future 
investigations into the molecular control of CCM formation, we will benefit from these pathway 
lists that provide candidates. Also, in patients, cavernomas are detected only after first clinical 
manifestations and by that time secondary pathways may be active. Therefore, it is equally relevant 
to know which are the initial forces driving CCM formation, as well as which are the secondary 
pathways that are misregulated at later stages of CCM development.  
 
A final point is that IR3mo appears to be a very strong candidate for additional mechanistic studies, 
but also additional studies in animals that might lead to clinical trials. So the proof of the value of 
this study is that a new, exciting compound has been identified that might ultimately provide some 
relief to CCM patients. Congratulations to the investigative team. 
 
We agree with the reviewer that the discovery of IR3mo as an active compound will be beneficial in 
two ways: first, to further investigate the pathobiology of the CCM disease, and second, as a 
promising compound (potentially in combination with other compounds) with low toxicity for 
patients. Currently, we are in the process of establishing a chronic late-onset mouse model of CCM, 
which will allow us to test the regression of lesions rather than the prevention of their appearance. It 
will be very interesting to assess whether IR3mo can also be beneficial in this paradigm, which more 
closely mimicks the human disease.   
 
 
4th  Editorial Decision 7th August 2018 

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine, and my 
apologies for the unusually long review process. We have now received the enclosed reports from 
the referees. As you will see the reviewers are now supportive, and I am pleased to inform you that 
we will be able to formally accept your manuscript after the following final editorial amendments:  
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A small typo: line 433 - models is still -> models are still  
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� common	  tests,	  such	  as	  t-‐test	  (please	  specify	  whether	  paired	  vs.	  unpaired),	  simple	  χ2	  tests,	  Wilcoxon	  and	  Mann-‐Whitney	  
tests,	  can	  be	  unambiguously	  identified	  by	  name	  only,	  but	  more	  complex	  techniques	  should	  be	  described	  in	  the	  methods	  
section;

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

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

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

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

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

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

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

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

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

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

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

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

EMBO	  PRESS	  

YOU	  MUST	  COMPLETE	  ALL	  CELLS	  WITH	  A	  PINK	  BACKGROUND	  ê
PLEASE	  NOTE	  THAT	  THIS	  CHECKLIST	  WILL	  BE	  PUBLISHED	  ALONGSIDE	  YOUR	  PAPER

Corresponding	  Author	  Name:	  Salim	  Seyfried
Journal	  Submitted	  to:	  EMBO	  Molecular	  Medicine
Manuscript	  Number:	  	  EMM-‐2018-‐09155-‐V3

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	  
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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:

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.	  	  

B-‐	  Statistics	  and	  general	  methods Please	  fill	  out	  these	  boxes	  ê	  (Do	  not	  worry	  if	  you	  cannot	  see	  all	  your	  text	  once	  you	  press	  return)

2)	  HUVECS:	  No	  explicit	  power	  analysis	  was	  used.	  	  Experiments	  were	  performed	  on	  populations	  of	  
HUVEC	  cells	  four	  times	  as	  generally	  accepted	  in	  the	  field	  of	  biology.	  3)	  WORM:	  In	  the	  C.	  elegans	  
screens,	  20	  synchronized	  L1	  larval	  stage	  worms	  were	  added	  to	  each	  well	  of	  96	  well	  plates	  
containing	  either	  a	  small	  molecule	  or	  DMSO.	  After	  incubation,	  the	  number	  of	  living	  worms	  in	  each	  
well	  were	  counted	  to	  asses	  the	  degree	  of	  pharmacological	  suppression	  of	  the	  kri-‐1(ok1251);	  ccm-‐3	  
(RNAi)	  semi-‐lethal	  phenotype.	  Use	  of	  20	  L1	  worms	  per	  well	  is	  standard	  in	  our	  screens	  as	  20	  healthy	  
L1	  larvae	  will	  develop	  to	  adulthood	  and	  produce	  hundreds	  of	  progeny	  per	  well	  within	  the	  
incubation	  period.	  This	  allows	  us	  to	  easily	  detect	  suppression	  of	  the	  CCM	  semi-‐lethal	  phenotype	  in	  
the	  presence	  of	  a	  small	  molecule	  using	  our	  counts.	  4)	  FISH:	  For	  the	  zebrafish	  screen	  experiments,	  
we	  chose	  the	  24-‐well	  format	  with	  16-‐20	  embryos	  per	  well	  in	  order	  to	  have	  an	  optimal	  compromise	  
between	  using	  as	  few	  zebrafish	  embryos	  as	  possible	  and	  nevertheless	  having	  a	  sample	  size	  large	  
enough.	  We	  screened	  for	  compounds	  that	  reverted	  the	  ccm2	  mutant	  phenotype	  to	  wild-‐type,	  but	  
treated	  the	  embryos	  from	  16hpf	  onwards,	  at	  which	  timepoint	  the	  mutants	  are	  undistingushable	  
from	  the	  wild-‐type	  siblings.	  Therefore,	  for	  each	  well,	  we	  assumed	  that	  on	  average	  75%	  of	  the	  
embryos	  are	  wild-‐type,	  resulting	  in	  a	  maximum	  possibility	  of	  0.75^16	  =	  ca.	  1%	  false-‐positive	  
compounds.	  

1)	  MOUSE:	  Size	  of	  animal	  groups	  was	  based	  on	  power	  calculation	  performed	  on	  data	  obtained	  
with	  iCCM2	  animals	  prior	  to	  the	  study	  3)	  WORM:	  N/A	  4)	  FISH:	  see	  Materials	  &	  Methods

1)	  MOUSE:	  All	  the	  samples	  have	  been	  analyzed	  without	  exclusion	  3)	  WORM:	  No	  samples	  were	  
excluded-‐	  all	  hits	  from	  the	  first	  round	  were	  retested	  in	  a	  second	  round.	  	  Only	  those	  that	  were	  
reproducible	  over	  independent	  biological	  replicates	  were	  considered	  hits.	  4)	  FISH:	  No	  animals	  
were	  excluded	  from	  the	  analysis.	  

1)	  MOUSE:	  New	  born	  mice	  were	  randomized	  prior	  to	  the	  treatment:	  in	  each	  litter,	  half	  of	  the	  pups	  
were	  randomly	  choosen	  to	  be	  treated,	  the	  others	  were	  non	  treated	  (vehicle	  administrated)	  3)	  
WORM:	  N/A	  4)	  FISH:	  See	  answer	  to	  question	  1a.	  We	  worked	  with	  many	  hundreds	  of	  zebrafish	  
embryos	  that	  were	  all	  identical	  and	  looking	  wild-‐type-‐like	  at	  16hpf	  at	  the	  time	  of	  transfer	  into	  the	  
compound	  solutions.	  

3)	  WORM:	  N/A	  4)	  FISH:	  In	  the	  zebrafish	  experiments,	  randomization	  was	  used.

1)MOUSE:	  Lesion	  burden	  quantification	  was	  performed	  on	  anonymized	  samples:	  names	  were	  
changed	  at	  the	  step	  of	  paraffin	  embedment	  and	  restored	  for	  graph	  representation	  and	  statistical	  
analyses.	  2)	  HUVECS:	  No	  3)	  WORM:	  No,	  although	  the	  technician	  doing	  the	  screen	  had	  no	  
expectations	  as	  to	  what	  should	  or	  should	  not	  be	  a	  hit	  when	  doing	  the	  small	  molecule	  screens	  for	  
suppression	  of	  phenotype	  with	  the	  C.	  elegans	  model	  of	  CCM.	  	  In	  addition,	  the	  technician	  was	  
screening	  thousands	  of	  distinct	  small	  molecules,	  the	  identies	  of	  which	  were	  simply	  coded	  by	  plate	  
and	  well	  number.	  	  Hence,	  in	  practice,	  the	  technician	  was	  blinded	  to	  the	  identities	  of	  the	  molecules	  
they	  were	  screening.	  4)	  FISH:	  For	  the	  zebrafish	  screen	  experiments,	  we	  obtained	  24-‐well	  plates	  
labelled	  with	  a	  code	  and	  containing	  the	  compounds	  from	  the	  group	  of	  Jens	  von	  Kries,	  but	  did	  not	  
get	  the	  information	  about	  the	  contents	  of	  the	  wells	  until	  the	  analyses	  had	  been	  conducted.	  
Therefore,	  the	  analyses	  were	  performed	  blindly,	  except	  for	  the	  control	  wells	  that	  were	  always	  well	  
C6	  and	  D6	  and	  contained	  no	  compound.	  For	  the	  zebrafish	  IR3mo	  experiments,	  blinding	  was	  not	  
necessary.	  

2)	  HUVECS:	  N/A	  3)	  WORM:	  See	  above.	  4)	  FISH:	  Blinding	  was	  done	  for	  the	  zebrafish	  screen	  
experiments,	  but	  not	  for	  the	  IR3mo	  experiments.

2)	  HUVECS:	  Yes	  3)	  WORM:	  In	  the	  C.	  elegans	  screens,	  worms	  were	  added	  to	  each	  well	  of	  96	  well	  
plates	  containing	  either	  a	  small	  molecule	  or	  DMSO.	  After	  incubation,	  the	  number	  of	  living	  worms	  
in	  each	  well	  were	  counted.	  The	  degree	  of	  rescue	  of	  the	  kri-‐1(ok1251);	  ccm-‐3	  (RNAi)	  semi-‐lethal	  
phenotype	  induced	  by	  each	  compound	  was	  assessed	  and	  broadly	  categorized	  based	  on	  a	  
comparison	  of	  the	  number	  of	  living	  worms	  in	  wells	  exposed	  to	  the	  small	  molecule	  versus	  the	  
number	  of	  living	  worms	  in	  DMSO	  controls.	  No	  statistical	  tests	  were	  applied.	  4)	  FISH:	  yes??????

1)MOUSE:	  Included	  in	  GraphPad	  Prism	  analyses	  3)	  WORM:	  N/A	  4)	  FISH:	  yes

3)	  WORM:	  N/A	  4)	  FISH:	  standard	  deviation	  (SD)	  is	  provided

1)MOUSE:	  Included	  in	  GraphPad	  Prism	  analyses	  3)	  WORM:	  N/A	  4)	  FISH:	  yes



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.

C-‐	  Reagents

Zn-‐8/	  Alcam	  (Developmental	  Studies	  Hybridoma	  Bank);	  DyLight	  649-‐conjugated	  goat	  anti-‐mouse	  
(Jackson	  ImmunoResearch	  Laboratories,	  #115-‐495-‐003);	  Alexa	  Fluor	  647	  Phalloidin;	  VE-‐Cadherin	  
(Millipore,	  #MABT129);	  Goat	  anti-‐Mouse	  IgG	  Alexa	  Fluor	  488	  (Thermo	  Fisher	  Scientific,	  #A-‐11029);	  
TRITC-‐Phalloidin	  (Sigma,	  #P-‐1951);	  phospho-‐ERK5	  (Cell	  signaling,	  #3371),	  ERK5	  (Cell	  signaling,	  
#3372),	  ACTIN	  (Sigma,	  #A	  3853),	  Peroxidase	  AffiniPure	  Goat	  Anti-‐Mouse	  IgG	  (Jackson	  Immuno	  
Research,	  #115-‐035-‐174),	  Peroxidase	  AffiniPure	  Fragment	  Donkey	  Anti-‐Rabbit	  IgG	  (Jackson	  
Immuno	  Research,	  #711-‐036-‐152).

Human	  Umbilical	  Vein	  Endothelial	  Cells	  (HUVECs)	  from	  pooled	  donors	  (Lonza,	  #C2519A)	  were	  
grown	  in	  EBM-‐2	  basal	  medium	  (Lonza,	  #CC-‐3156)	  enriched	  with	  EGM-‐2	  (Lonza,	  #CC-‐4176)	  growth	  
factors	  at	  37°C	  and	  5	  %	  CO2	  in	  a	  humidified	  cell	  chamber.

D-‐	  Animal	  Models

1)	  MOUSE:	  All	  strains	  were	  maintained	  on	  a	  C57BL/6	  background.	  Animals	  were	  housed	  at	  
“Villemin”	  animal	  facility	  (agreement	  C75-‐10-‐01)	  using	  standard	  individually	  ventilated	  cages,	  
12:12	  light/dark	  cycles	  and	  ad	  libitum	  access	  to	  food	  and	  water.	  3)	  WORM:	  Caenorhabditis	  elegans	  
kri-‐1(ok1251)	  mutant	  strain	  was	  obtained	  from	  the	  Caenorhabditis	  Genetics	  Center.	  L1	  larval	  stage	  
hermaphrodite	  worms	  were	  used	  in	  all	  experiments.	  Strains	  were	  maintained	  on	  NGM	  agar	  plates	  
at	  20°C.	  4)	  FISH:	  Handling	  of	  Zebrafish	  was	  done	  in	  compliance	  with	  German	  and	  Brandenburg	  
state	  law	  and	  monitored	  by	  the	  local	  authority	  for	  animal	  protection	  (LAVG,	  Brandenburg,	  
Germany).	  The	  following	  strains	  of	  zebrafish	  were	  maintained	  under	  standard	  conditions	  as	  
previously	  described	  (Westerfield	  et	  al,	  1997):	  ccm2m201	  and	  krit1ty219c	  (Mably	  et	  al,	  2006);	  
Tg(kdrl:GFP)s843	  (Jin	  et	  al,	  2005)	  ;	  Tg(myl7:EGFP)twu34	  (Huang	  et	  al,	  2003).	  

1)	  MOUSE:	  All	  experimental	  animal	  procedures	  and	  	  mouse	  handling	  described	  in	  this	  study	  were	  
in	  full	  accordance	  with	  the	  European	  directive	  regarding	  the	  protection	  of	  animals	  used	  for	  
scientific	  purposes	  (Directive	  2010/63/UE)	  and	  obtained	  authorization	  from	  the	  French	  Ministry	  of	  
Research	  after	  approval	  from	  the	  “Lariboisiere-‐Villemin”	  Ethic	  Committee	  on	  animal	  testing	  	  
(APAFIS#2769-‐201511061228356v3).	  4)	  FISH:	  Handling	  of	  Zebrafish	  was	  done	  in	  compliance	  with	  
German	  and	  Brandenburg	  state	  law	  and	  monitored	  by	  the	  local	  authority	  for	  animal	  protection	  
(LAVG,	  Brandenburg,	  Germany).	  

We	  confirm	  compliance	  with	  the	  committee	  approving	  the	  zebrafish	  experiments	  and	  with	  the	  
committee	  approving	  the	  mouse	  experiments.

E-‐	  Human	  Subjects

N/A

N/A

N/A

N/A

N/A

N/A

G-‐	  Dual	  use	  research	  of	  concern

N/A

N/A

N/A

N/A

F-‐	  Data	  Accessibility

N/A

N/A


