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1st Editorial Decision 14 January 2016 

Thank you very much for the submission of your research manuscript to our editorial office. First of 
all, please accept my sincerest apologies for the unusual delay in getting back to you with a decision 
on your study. We have just now received the full set of reports from the referees that were asked to 
assess it. As the detailed reports are pasted below I will only repeat the main points here.  
 
As you will see, all referees agree on the potential interest of the findings and in principle support its 
publication here. While referees 1 and 2 only raise rather minor concerns (which nevertheless would 
need to be addressed), referee 3 raises two related issues that I would like to point out specifically: 
First, this reviewer feels that a better characterization of the ER-mitochondrial contact sites in the 
cultured cells is necessary. Second and related to this, s/he feels that additional data from transgenic 
mice on the dysregulation of the ER/mitochondrial interaction would strengthen the in vitro 
findings. After further discussion of this point with the other referees, I would suggest that you 
perform at least initial analyses of these interactions in mice, and maybe compare the life spans of 
animals with and without GSK-beta inhibition. Please do let me know whether you think this is 
feasible.  
 
Given the potential interest of your study and the constructive suggestions of the reviewers on how 
to improve it, I would like to give you the opportunity to revise your manuscript, with the 
understanding that the main concerns of the referees should be addressed. Acceptance of the 
manuscript will depend on a positive outcome of a second round of review and I should also remind 
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you that it is EMBO reports policy to allow a single round of major revision only and that, therefore, 
acceptance or rejection of the manuscript will depend on the completeness of your responses 
included in the next, final version of the manuscript.  
 
Revised manuscripts should be submitted within roughly three months of a request for revision. If 
you feel that this period is insufficient for a successful submission of your revised manuscript I can 
potentially extend this period slightly.  
 
Supplementary/additional data: If, in the course of the revision, you decide to display some data as 
supplementary information, please consider the following: All supplementary figures are now called 
Expanded View Figures and should be labelled and referenced as Figure EV1, Figure EV2 etc. in 
the main text of the manuscript. The files should be supplied as separate, high-resolution images. 
The legends for the EV figures should be incorporated in the main body of the text after the legends 
for the main figures. For more details, please refer to our guide to authors.  
 
I look forward to seeing a revised form of your manuscript when it is ready. Should you decide to 
seek rapid publication somewhere else instead, I would appreciate a short note as well.  
 
 
REFEREE REPORTS 
 
Referee #1:  
 
The major finding of this manuscript is that GSK-3β regulates ER-mitochondria associations and 
that inhibition of GSK3β rescues defective FUS-mediated ER-mitochondria associations.  
 
In 2014, Stoica et al. published similar findings as above in ALS/FTD-associated TDP-43. It has 
been known that GSK-3β is strongly implicated in ALS and inhibition of GSK-3β has already been 
proposed as a therapeutic candidate in ALS (Yang YM et al., 2013).  
 
This study targets ALS specialized community in the first plan, but it will certainly increase our 
understanding of ER-mitochondria interplay and FUS pathology in general.  
 
The study is not of a high novelty, but authors made very good work of testing and connecting 
already known facts within the new study in FUS model of ALS. The claims are convincing and 
well discussed. The experimental data are of sufficient quality.  
 
Inhibition of GSK-3β corrects defective ER-mt associations induced by FUS, but it is not clear if 
this rescue strategy have effect on disturbed Ca2+ homeostasis in FUS. An experiment answering 
this question would be worth to perform.  
 
 
Referee #2:  
 
Investigation of ER-mito contacts in neurodegeneration models is reasonable, particularly for ALS 
where VAPB is one of the many candidate genes. The authors used EGFP-FUS transfected cells as 
well as FUS transgenic mice to detect less ER-mito contact and reduced VAPB-PTPIP51 
interaction. In the transfected cells, small but significant Ca2+ flow from ER stores into 
mitochondria and reduced respiratory activity was noted. Finally, enhanced GSK-3β activity was 
indirectly detected by reduced serine-9 phosphorylation in cells and mice. Pharmacological 
inhibition of GSK-3β restored the ER-mito contacts in the EGFP-FUS transfected cells. The study is 
straightforward, and although the effects look small, they appear not only significant but also 
meaningful. Nevertheless, a few major problems deserve closer attention:  
 
1) ALS mutant FUS causes no significantly different effects as wild-type. Moreover, FUS silencing 
does not cause a converse increase in ER-mito contacts. While unfortunate, that does not disqualify 
the relevance of the present work in my opinion. There could be technical explanations, such as 
much longer-term pathogenic effects in human patients, and FUS not being limiting for the control 
of ER-mito contacts, respectively. Nevertheless, a more critical discussion of relevance seems 
appropriate.  
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2) Figure 1a shows no auto-inhibition of endogenous FUS by the EGFP-FUS constructs. How can 
we know that the transfected FUS fusion proteins are authentically active?  
 
3) The authors themselves acknowledge that the mechanism by which FUS influences the 
mitochondrial readouts as well as GSK-3β activity remain entirely unknown. We cannot be even 
sure that the effects are directly due to FUS or some kind of secondary cellular response. The 
authors suggest vaguely cytosolic FUS effects. For this purpose, it may be revealing to use more 
strongly nuclear import impaired FUS mutants, such as P525L or deltaC.  
 
Additional, Minor Comments:  
 
4) The authors state in the second introductory paragraph that "damage to mitochondria, ATP 
production, Ca2+ homeostasis, lipid metabolism, axonal transport, autophagy and the ER including 
activation of the unfolded protein response (UPR) are all features of ALS/FTD" and build the 
rationale for the present study on this very broad concept. The last concluding paragraph then 
extends that all this applies to Alzheimer's and Parkinson's diseases as well. Such dramatizing 
statements are bordering triviality, as practically every noxious cellular event has been tied to all 
neurodegenerative mechanisms at some point. Also the sentence "Damage to mitochondrial ATP 
production is believed to be a major driver of disease in ALS" (last paragraph introduction) applies 
to almost any neurological condition, doesn't it? Instead of superficially lumping everything together 
a more pointed writing style would be preferable, at least for my taste.  
 
5) Figure 7 is a (mistaken?) duplicate of Figure 6b and can be deleted.  
 
6) Page numbering missing.  
 
 
Referee #3:  
 
In general, the paper is well written and easy to follow. The authors provide supporting references to 
back up most of their claims of what their data suggests. The main issue is in their reliance on using 
2D EM as a measure of ER-mitochondrial interactions. It is difficult to know if the selected images 
capture actual physiology in the cell. Images of mitochondria next to a membrane are shown and the 
assumption is that this membrane is the ER, but it could be any single membrane organelle. 2D 
images may not capture the true nature of the interactions between ER and mitochondria. . ER 
markers using immune-EM may help identify the ER membrane with greater certitude.  
It is certainly understandable why this approach was used, but are the differences biological 
sufficient to cause neurodegeneration? Though appealing, is there hard data that ALS or ALS/FTD 
is a disorder of mitochondria? Ref 27 is a computer simulation and not actual data from ALS or 
FTD fibroblast derived neuronal cells or robust animal models. The paper stated that "For instance, 
in ALS, motor neurons that innervate the fast-fatigable (FF) motor units are affected early, whereas 
those that innervate the slow (S) motor units are affected late (Kanning et al., 2010). This does not 
suggest a primary mitochondrial pathology, rather the opposite. The Discussion should e therefore 
be more nuanced. Addition of mouse data would strengthen the paper. Do the FUS mice show this 
kind of dysregulation of the ER and mitochondrial interaction and do GSK-B inhibitors rescue the 
pathology  
 
Other points:  
 
• The figure panels are lower case, the legends are upper cases. I think there is a typo in the figure 
legend of figure 1F. I think this should read as FUS transgenic mice rather than TDP43 transgenic 
mice. As it is written it conflicts with the text in the results section and the figure itself.  
 
• I wonder for figure 2C and 2D, if there should be some normalization to the size of the cell. 
Obviously, the smaller the cell, the less signal that will be observed. I don't think that it is taken into 
consideration.  
 
• With regard to figures 5A and B, I don't think they can make the assumption that the proteins don't 
bind based on a negative IP result. Who knows if the conditions were appropriate to allow for 
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detection of an interaction? Given the reported low abundance of FUS in the cytoplasm, it would be 
an impressive feat if they did demonstrate an interaction. FUS is reported in the bead proteome so it 
surprising it did not come down  
 
• In figure 5C, if they transfected untagged FUS, the band in the control lane when probing with the 
FUS antibody makes sense. A concern is that that in their methods and all other blots mentioned 
either HA- or EGFP- tagged FUS and then one would expect a band of higher molecular weight than 
the endogenous FUS in the control lane (see figure 1A). The figure legend doesn't mention any tag 
on FUS, so I suppose benefit of the doubt is order?  
 
• Figure 6B and figure 7 are the same. I think figure 7 is included by mistake, it is not mentioned in 
the text. 
 
 
1st Revision - authors' response 06 May 2016 

Thank you for forwarding me the Referees helpful comments on our manuscript. We have positively 
addressed these comments and our revised manuscript includes much new data with 7 additional 
Figure panels (new Figure 2A, Figure 2C, Figure 5C, Figure 5D, Figure 6B, Figure 8, and EV1). 
Our original Figures 2A and 2B which display control experiments to demonstrate the specificity of 
the proximity ligations assay have been moved to EV2. Likewise our original Figures 5A and 5B 
which display negative results showing no binding of FUS to either VAPB or PTPIP51 in 
immunoprecipitation experiments have been moved to EV3. Below, we detail our responses to the 
Referees comments. 
 
Referee 1 
1) Inhibition of GSK-3β corrects defective ER-mt associations induced by FUS, but it is not clear if 
this rescue strategy have effect on disturbed Ca2+ homeostasis in FUS. An experiment answering 
this question would be worth to perform. 
Our initial submission demonstrated that FUS disrupts ER-mitochondria associations and also 
uptake of Ca2+ by mitochondria following its release from ER stores. We also demonstrated that the 
GSK-3β inhibitor AR-A014418 corrects the FUS-induced defects in ER-mitochondria associations. 
In the revised manuscript, we now show that this correction to ER-mitochondria associations by 
AR-A014418 is accompanied by rescue of defective mitochondrial Ca2+ levels. This data is 
presented in a new figure (Figure 8) and described in Results page 9 paragraph 2. 
 
Referee 2 
1) ALS mutant FUS causes no significantly different effects as wild-type. Moreover, FUS silencing 
does not cause a converse increase in ER-mito contacts. While unfortunate, that does not disqualify 
the relevance of the present work in my opinion. There could be technical explanations, such as 
much longer-term pathogenic effects in human patients, and FUS not being limiting for the control 
of ER-mito contacts, respectively. Nevertheless, a more critical discussion of relevance seems 
appropriate. 
In the Discussion we addressed this issue by pointing out that expression of wild-type and ALS/FTD 
mutant FUS both cause aggressive disease in transgenic mice, and that mutations in the 3’ 
untranslated region (UTR) of FUS that cause increased expression of wild-type FUS protein are 
linked to familial and sporadic ALS. In the revised manuscript, we have re-worked this part of the 
Discussion to strengthen and clarify this point. We point out that in one study which compares 
transgenic mice expressing identical levels of wild-type and ALS/FTD mutant FUS(R521G), the 
wild-type mice actually display lower survival rates than the mutants (see Figure 1 in this 
publication) [1]. Moreover, the disease-associated 3’ UTR mutations have now been more closely 
linked to FUS overexpression via micro-RNAs and we cite this work in the revised Discussion [2]. 
To, summarise, there is strong evidence that overexpression of wild-type and mutant FUS are 
equally toxic. In this context, it is therefore not surprising that we detect no differences in ER-
mitochondria associations between the wild-type and the ALS/FTD mutants. We hope this reworked 
section will clarify this issue for Referee 2. Of course, mutations in APP and α-synuclein cause 
familial Alzheimer’s and Parkinson’s diseases respectively but later studies showed that gene 
duplication/triplication of these genes to increase expression of wild-type protein can also cause 
familial disease. It may be that a similar situation will be revealed for FUS in future studies but of 
course identifying these genetic causes is more difficult than identifying mutations. For comparison, 
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we draw attention to the APP and α-synuclein data. These reworked aspects are presented in 
Discussion page 10 paragraph 2. 
 
2) Figure 1a shows no auto-inhibition of endogenous FUS by the EGFP-FUS constructs. How can 
we know that the transfected FUS fusion proteins are authentically active? 
We have analysed FUS expression in the EGFP-FUS transfected cells at a later time point (72 
hours) and here we detect reduced expression of endogenous FUS consistent with autoregulation of 
the endogenous gene. This finding is in line with previous studies that likewise demonstrated 
autoregulation with EGFP-tagged FUS constructs [3]. This new data is presented as Expanded View 
Figure EV1 and described in Results (Page 5 paragraph 1. 
 
3) The authors themselves acknowledge that the mechanism by which FUS influences the 
mitochondrial readouts as well as GSK-3β activity remain entirely unknown. We cannot be even 
sure that the effects are directly due to FUS or some kind of secondary cellular response. The 
authors suggest vaguely cytosolic FUS effects. For this purpose, it may be revealing to use more 
strongly nuclear import impaired FUS mutants, such as P525L or deltaC. 
FUS nuclear localization is regulated by C-terminal sequences and deletion of these sequences 
dramatically increases cytosolic FUS levels. To gain insight into whether the effects of FUS 
overexpression on GSK-3β activity are linked to cytosolic FUS levels, Referee 2 suggests utilising a 
mutant in which these C-terminal sequences are deleted (deltaC; FUSΔC). In the revised manuscript, 
we include new data showing that compared to wild-type FUS, FUSΔC decreases binding of VAPB 
to PTPIP51 and is more potent at activating GSK-3β (Figures 5C and 5D and described in Results 
page 8 paragraph 4). These findings support the notion that the effects of FUS on ER-mitochondria 
associations are linked to increased cytosolic levels of the protein. This was a really good suggestion 
by Referee 2 as it provides insight into mechanisms; we thank him/her for this input. 
 
Since part of these data involve immunoprecipitation assays to show the effect of FUSΔC on 
binding of VAPB to PTPIP51, we felt it necessary to include similar immunoprecipitation data on 
the effects of wild-type and ALS/FTD mutant FUS on the VAPB-PTPIP51 interaction (the earlier 
version relied on PLAs only). Our revised version therefore includes a new Figure to include this 
data. This new Figure shows that both wild-type and mutant FUS disrupt binding of VAPB to 
PTPIP51 in immunoprecipitation assays which is in agreement with the PLAs. These new data are 
displayed in Figure 2C and described in Results page 7 paragraph 2. 
 
Additional, Minor Comments: 
4) The authors state in the second introductory paragraph that "damage to mitochondria, ATP 
production, Ca2+ homeostasis, lipid metabolism, axonal transport, autophagy and the ER including 
activation of the unfolded protein response (UPR) are all features of ALS/FTD" and build the 
rationale for the present study on this very broad concept. The last concluding paragraph then 
extends that all this applies to Alzheimer's and Parkinson's diseases as well. Such dramatizing 
statements are bordering triviality, as practically every noxious cellular event has been tied to all 
neurodegenerative mechanisms at some point. Also the sentence "Damage to mitochondrial ATP 
production is believed to be a major driver of disease in ALS" (last paragraph introduction) applies 
to almost any neurological condition, doesn't it? Instead of superficially lumping everything 
together a more pointed writing style would be preferable, at least for my taste. 
Referee 2 is correct in stating that practically every noxious cellular event has been tied to all 
neurodegenerative diseases. However, damage to mitochondria, the ER (activation of the UPR), 
Ca2+ homeostasis, axonal transport and autophagy are particularly strongly linked to disease and 
especially to ALS/FTD (see for e.g. [4]). Remarkably, all of these features are regulated by ER-
mitochondria associations. Inflammation is also a prominent disease feature and inflammatory 
responses have now also been linked to ER-mitochondria associations with the discovery that the 
inflammasome forms at ER-mitochondria contact sites [5]. Such findings have stimulated interest in 
investigating ER-mitochondria contacts in neurodegenerative diseases and this is why we focused 
the rationale for our study on this concept. Indeed, since we submitted our manuscript, two major 
reviews have highlighted further, the relationship between ER-mitochondria contacts and 
neurodegenerative diseases [6, 7]. So whilst we take on board Referee 2s point (we have altered the 
Discussion relating to mitochondrial damage and ATP production in ALS; page 10 paragraph 4 and 
page 11, we hope to persuade him/her that the styling we have taken is valid. 
 
5) Figure 7 is a (mistaken?) duplicate of Figure 6b and can be deleted. 
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We apologise for this mistake; the duplicated Figure has been deleted. 
 
6) Page numbering missing. 
We have inserted page numbers in the revised manuscript. 
 
Referee 3 
The main issue is in their reliance on using 2D EM as a measure of ER-mitochondrial interactions. 
It is difficult to know if the selected images capture actual physiology in the cell. Images of 
mitochondria next to a membrane are shown and the assumption is that this membrane is the ER, 
but it could be any single membrane organelle. 2D images may not capture the true nature of the 
interactions between ER and mitochondria. ER markers using immune-EM may help identify the ER 
membrane with greater certitude. 
We are puzzled by this comment since ER is of course routinely identified in EM studies based upon 
morphology without the need for immune-labelling. Indeed, most of the images we show of ER 
actually display regions containing ribosomes so are clearly identifiable as ER. Standard (non-
immune) EM methods have also been used to analyse ER contacts with other organelles such as 
mitochondria and this includes recent studies in high impact journals. Without providing an 
exhaustive list, some recent publications that utilise standard EM (without immune EM) to analyse 
ER-organelle contacts include work in Developmental Cell, Nature Medicine, PNAS, J Clinical 
Investigation and our own work in Nature Communications [8-12]. 
 
Nevertheless, we do take on board Referee 3’s point. We have tried using immune-EM with our and 
with commercial VAPB and PTPIP51 antibodies without success. In our hands, fixation conditions 
that preserve ultrastructure result in loss of immunostaining and relaxing of fixation conditions to 
preserve immunogenicity give poor ultrastructure that does not permit robust quantification of 
contacts involving VAPB-PTPIP51 interactions. One aspect which we did not highlight properly in 
our manuscript is that our use of proximity ligation assays (PLAs) with VAPB and PTPIP51 
antibodies also provides quantitative data on ER-mitochondria associations (VAPB and PTPIP51 are 
ER and mitochondrial proteins respectively and so serve as markers for these organelles). PLAs 
have a resolution similar to that of Förster resonance energy transfer which is 5-10 nm [13] and so 
are suitable for quantification of ER-mitochondria contacts. Moreover, PLAs have already been 
used to quantify changes in ER-mitochondria associations and so there are precedents for their use 
in this context [14, 15]. In the revised manuscript, we make it clearer that our PLAs complement the 
EM work and provide an alternative assay to quantify ER-mitochondria contacts. These changes are 
in the Results page 5 paragraph 5 and page 6 paragraphs 1-3. This re-work of the text has led to 
some alterations in the structuring of the Results section. We also include new PLA data which 
demonstrates that the GSK-3β inhibitors increase ER-mitochondria contacts (new Figure 6B). 
Finally, in the revised manuscript, we also utilise super-resolution structured illumination 
microscopy (SIM) to analyse the effects of FUS on ER-mitochondria contacts and these experiments 
corroborate the EM assays and PLAs; this data is shown in a new Figure 2A. Thus, the revised 
version of our manuscript includes new experimental data and utilises three different assays, EM, 
PLAs and super resolution SIM to quantify ER-mitochondria associations. All of these assays 
demonstrate that FUS reduces ER-mitochondria contacts. We trust that Reviewer 3 will accept the 
robustness of these data. 
 
It is certainly understandable why this approach was used, but are the differences biological 
sufficient to cause neurodegeneration? Though appealing, is there hard data that ALS or ALS/FTD 
is a disorder of mitochondria? Ref 27 is a computer simulation and not actual data from ALS or 
FTD fibroblast derived neuronal cells or robust animal models. The paper stated that "For instance, 
in ALS, motor neurons that innervate the fast-fatigable (FF) motor units are affected early, whereas 
those that innervate the slow (S) motor units are affected late (Kanning et al., 2010). This does not 
suggest a primary mitochondrial pathology, rather the opposite. The Discussion should therefore be 
more nuanced.  
Referee 3 is correct that the recent Neuron publication we cite to link ALS to mitochondrial 
dysfunction is a computational model [16]. We cited this publication because it demonstrates a 
fundamental concept in that relatively small decreases in mitochondrial ATP production can trigger 
disease. However, we accept that just citing this work does not make the case for mitochondrial 
dysfunction as a disease mechanism in ALS. There is in fact, a wealth of data linking ALS with 
mitochondrial dysfunction (if you screen PUBMED with “mitochondria” “amyotrophic lateral 
sclerosis” “review”; you will find there are currently 260 REVIEWS that cover this topic). We have 
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therefore strengthened this part of the Discussion linking ALS with damage to mitochondria and 
ATP production. We point out that a number of mutant genes linked to ALS including SOD1, TDP-
43, optineurin, TBK1 and VCP damage mitochondria, and that several of these impair ATP 
production. We also cite recent studies linking FUS with damage to mitochondria. This reworked 
section of the Discussion is now on page 10 paragraph 4 and page 11. We trust Referee 3 will accept 
this argument. 
 
Addition of mouse data would strengthen the paper. Do the FUS mice show this kind of 
dysregulation of the ER and mitochondrial interaction and do GSK-B inhibitors rescue the 
pathology.  
In her covering letter, the Editor Dr Pauly amplified this point stating “I would suggest that you 
perform at least initial analyses of these interactions in mice, and maybe compare the life spans of 
animals with and without GSK-3β inhibition. Please do let me know whether you think this is 
feasible.” 
 
Firstly, it seems to have been missed but our original submission did actually contain data to show 
that ER-mitochondria contacts are reduced in FUS transgenic mice that develop ALS. These data are 
shown in Figures 3A, B and C (originally Figures 1E, F and 2D). We also show that GSK-3β is 
activated in the FUS transgenic mice (Figure 5B; originally Figure 5D).   
 
With regard to comparing lifespans of FUS transgenic mice after treatment with GSK-3β inhibitors, 
then there are scientific and ethical reasons why we cannot perform these experiments. We 
discussed these issues with Dr Pauly shortly after receiving the Referees comments which she 
understood and stated that EMBO Reports would not insist on the addition of these data. However, 
for transparency Dr Pauly asked that we present our views on this point in the formal response to the 
Referees comments. We have therefore included our earlier comments as an Appendix at the end of 
this communication. We have also deleted the part of our Discussion relating to GSK-3β inhibitors 
as a therapy since this was clearly misleading. 
 
Other points: 
• The figure panels are lower case, the legends are upper cases. I think there is a typo in the figure 
legend of figure 1F. I think this should read as FUS transgenic mice rather than TDP43 transgenic 
mice. As it is written it conflicts with the text in the results section and the figure itself. 
We apologise for these mistakes which have now been corrected. 
 
• I wonder for figure 2C and 2D, if there should be some normalization to the size of the cell. 
Obviously, the smaller the cell, the less signal that will be observed. I don't think that it is taken into 
consideration. 
In the revised version, these Figures are now Figures 2B and 3C. There is also a further figure 
involving proximity ligation assays (Figure 6B). There are no significant differences between the 
size of control and FUS expressing cells (Figure 2B and 3C) or between vehicle and inhibitor treated 
cells (Figure 6B) in these assays. We present these data in relevant parts of the Results (page 6 
paragraph 2 and 3; page 9 paragraph 1). Thus, differences in proximity ligation signals between 
treatments are not the result of changes in cell size. 
 
• With regard to figures 5A and B, I don't think they can make the assumption that the proteins don't 
bind based on a negative IP result. Who knows if the conditions were appropriate to allow for 
detection of an interaction? Given the reported low abundance of FUS in the cytoplasm, it would be 
an impressive feat if they did demonstrate an interaction. FUS is reported in the bead proteome so it 
surprising it did not come down. 
These figures have now been moved to Figure EV3. This is a valid point by Referee 3 and we have 
therefore altered our discussion of these findings so that they are more circumspect (see Discussion 
page 11 paragraph 3).  
 
• In figure 5C, if they transfected untagged FUS, the band in the control lane when probing with the 
FUS antibody makes sense. A concern is that that in their methods and all other blots mentioned 
either HA- or EGFP- tagged FUS and then one would expect a band of higher molecular weight 
than the endogenous FUS in the control lane (see figure 1A). The figure legend doesn't mention any 
tag on FUS, so I suppose benefit of the doubt is order? 
Figure 5C is now Figure 5A. We have now clarified the legend to state that it involves transfection 
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of HA-tagged FUS and probing with FUS antibody. Unlike the EGFP tag utilized in Figure 1A, the 
HA-tag involves addition of only 9 amino acids (YPYDVPDYA) and this does not noticeably affect 
its migration on SDS-PAGE in our hands. 
 
• Figure 6B and figure 7 are the same. I think figure 7 is included by mistake, it is not mentioned in 
the text. 
We apologise for this mistake and have removed this Figure. 
 
Finally, we wish to thank all three Referees for their time and input. Irrespective of any decision by 
EMBO Reports to publish our study, their comments have helped us improve our manuscript. 
Appendix -Communication to Dr Pauly 22.1.2016.   
Dear Dr Pauly, 
Thank you for getting back to me with the Reviewers comments and your very helpful advice on our 
manuscript. There was a little bit of a mix-up in receiving your email with the reviews but Joel in 
the Editorial office kindly sorted it out. In your email, you ask us to get back to you quickly about a 
point relating to GSK-3β inhibitors and transgenic mice. So please forgive me for the little delay in 
responding; we obtained your email a bit later than I think was intended. 
 
The point you requested our response to was raised by Reviewer 3 and involves testing the 
therapeutic potential of GSK-3β inhibitors in the transgenic FUS mice; your suggestion was that we 
“perform at least initial analyses of these interactions in mice, and maybe compare the life spans of 
animals with and without GSK-3β inhibition. Please do let me know whether you think this is 
feasible”. 
 
Firstly, I note that Reviewer 3 is not insistent on testing of GSK-3β inhibitors in the transgenic FUS 
mice but merely says such “mouse data would strengthen the paper”; but irrespective of this, I have 
to tell you that we cannot perform this particular experiment and I detail the reasons below. 
 
1. GSK-3β was a target for dementia treatment by the pharmaceutical industry and hence the 
development of inhibitors such AR-A014418 and CT99021 that we utilise in our study. Despite 
major effort by pharma, most GSK-3β inhibitors failed in preclinical studies with only two making 
it to clinical trials; one an analogue of AR-A014418 (AstraZeneca compound) and NP-12/tideglusib. 
Clinical studies on AR-A014418 have been discontinued and tideglusib has recently failed to show 
efficacy (see [17-20]). One problem with targeting GSK-3β for neurological disease is that it 
functions in many physiological processes outside of the nervous system including insulin signaling, 
wnt signaling, autophagy, apoptosis and of course its original identified role in glucose/glycogen 
metabolism [21]. Indeed, many of the inhibitors display liver toxicity including an AstraZeneca AR-
A014418 analogue [22]; this is in agreement with the phenotype of GSK-3β knockout mice which 
die due to liver degeneration [23]. Thus there is strong evidence that despite their effects on ER-
mitochondria associations, treatment of the mice with the GSK-3β inhibitors will not prove 
beneficial and this is probably due to effects of GSK-3β outside of the nervous system. 
 
2. Studies of lithium in ALS lend further support to a lack of beneficial affect of targeting GSK-3β. 
Lithium, an FDA approved drug is a potent although non-specific inhibitor of GSK-3β [24]. In a 
high profile publication, the therapeutic effects of lithium were studied in ALS transgenic mice and 
also in a patient cohort; marked beneficial affects were reported especially in the mice [25]. 
However, subsequent studies have failed to replicate any of these findings; properly powered and 
blinded experiments in the mice showed no improvement with lithium and neither did three full 
clinical trials in ALS patients [26-30]. 
 
3. The FUS mice we are using display aggressive disease and death by 12 weeks [31]. Your 
suggestion of experiments to determine the efficacy of the inhibitors in extending lifespan of the 
mice means allowing them to live to end-point. UK government Home Office regulations which 
govern experimental usage of mice such as you propose (see https://www.gov.uk/guidance/research-
and-testing-using-animals) classify suffering as Mild, Moderate and Severe and taking the mice to 
end-point will of course be classified as Severe. Any experiments involving Severe banding fall 
under special Home Office restrictions that requires further ethical review and the time taken to 
review such work is not quick. Moreover, I believe it unlikely that permission will be given to us (or 
any other UK laboratory) to conduct animal experimentation banded as Severe that involves GSK-
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3β inhibitors where the approach has already failed in either preclinical or full clinical trials. As 
mentioned above, all trials for GSK-3β inhibitors have failed in the clinic and many display toxicity 
[17-20, 22]. 
 
4. I quite understand EMBO Reports rules for a 3 month restricted time period to perform additional 
experiments. However, even if we had UK Home Office permission to perform the trial you 
propose, this could not be conducted within 3 months. The mice we are utilizing are FUS 
homozygous and as they die by 12 weeks [31], we have to breed them up when needed. Also, the 
“initial analyses” you indicate is not really scientifically rigorous and such work is not in line with 
current views on testing of therapeutics in transgenic mice. ARRIVE guidelines which we ascribe to 
involve testing of compounds in both transgenics and non-transgenics with properly powered Ns, 
monitoring of toxicity (which is a major issue with the GSK-3β inhibitors) and of course performing 
detailed pharmacokinetics and relating these to any phenotype; in our case this would involve 
amounts of drug crossing the blood brain barrier [32]. To properly conduct any testing of a 
therapeutic in transgenic mice is a major experiment on its own and in the past, performing low 
number and powered studies have produced data that has not always been replicated; the lithium 
study that relates directly to GSK-3β and ALS that I describe above is one such example.  
 
To summarise, we are using the GSK-3β inhibitors as experimental tools to probe mechanisms and 
not as potential therapeutics. As we detail above, there are both scientific and ethical reasons for not 
pursuing the trial of the GSK-3β inhibitors you mention. Towards the end of our Discussion, we do 
briefly discuss the therapeutic potential of GSK-3β inhibitors for FTD/ALS and if you are happy to 
let us resubmit without testing efficacy in mice, this is one aspect of our manuscript that we 
certainly need to alter. I suspect that our current discussion on this may well have prompted the 
request for testing! 
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2nd Editorial Decision 13 June 2016 

First of all I would like to apologise for the unusual delay in getting back to you with a decision on 
your manuscript. We have tried very hard to get in touch with the missing referees, without success. 
Therefore, and to keep you from waiting any longer, I am now making a decision based on the one 
report we received on the revised version and which was positive. I am thus very pleased to accept 
your manuscript for publication in the next available issue of EMBO reports. Thank you for your 
contribution to our journal. 
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  tested	
  but	
  clearly	
  this	
  cannot	
  be	
  performed	
  with	
  
immunoblots	
  etc	
  since	
  the	
  Ns	
  are	
  too	
  small.	
  	
  

Yes	
  Error	
  bars	
  are	
  shown	
  in	
  the	
  bar	
  charts	
  for	
  the	
  figures.	
  Also	
  variation	
  for	
  size	
  of	
  cells	
  for	
  the	
  
proximitly	
  ligation	
  assays	
  are	
  provided	
  in	
  the	
  relevant	
  sections	
  of	
  the	
  Results.	
  

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	
  accession	
  codes	
  for	
  deposited	
  data.	
  See	
  author	
  guidelines,	
  under	
  ‘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.	
  As	
  far	
  as	
  possible,	
  primary	
  and	
  referenced	
  data	
  should	
  be	
  formally	
  cited	
  in	
  a	
  Data	
  Availability	
  section.	
  Please	
  state	
  
whether	
  you	
  have	
  included	
  this	
  section.

Examples:
Primary	
  Data
Wetmore	
  KM,	
  Deutschbauer	
  AM,	
  Price	
  MN,	
  Arkin	
  AP	
  (2012).	
  Comparison	
  of	
  gene	
  expression	
  and	
  mutant	
  fitness	
  in	
  
Shewanella	
  oneidensis	
  MR-­‐1.	
  Gene	
  Expression	
  Omnibus	
  GSE39462
Referenced	
  Data
Huang	
  J,	
  Brown	
  AF,	
  Lei	
  M	
  (2012).	
  Crystal	
  structure	
  of	
  the	
  TRBD	
  domain	
  of	
  TERT	
  and	
  the	
  CR4/5	
  of	
  TR.	
  Protein	
  Data	
  Bank	
  
4O26
AP-­‐MS	
  analysis	
  of	
  human	
  histone	
  deacetylase	
  interactions	
  in	
  CEM-­‐T	
  cells	
  (2013).	
  PRIDE	
  PXD000208
22.	
  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.

23.	
  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.

F-­‐	
  Data	
  Accessibility

D-­‐	
  Animal	
  Models

E-­‐	
  Human	
  Subjects

We	
  cite	
  the	
  publication	
  that	
  describes	
  creation	
  of	
  the	
  FUS	
  transgenic	
  mice	
  and	
  their	
  	
  backgound	
  
strain	
  in	
  the	
  Results	
  section.	
  These	
  mice	
  will	
  be	
  supplied	
  by	
  Jackson	
  Laboratory	
  repository	
  (JAX	
  
stock	
  number	
  017916).	
  The	
  age	
  of	
  the	
  mice	
  used	
  is	
  provided	
  in	
  the	
  Figure	
  legends.	
  	
  

Experiments	
  were	
  performed	
  under	
  the	
  UK	
  animals	
  (scientific	
  procedure)	
  act	
  1986.

N/A

G-­‐	
  Dual	
  use	
  research	
  of	
  concern

We	
  provide	
  details	
  of	
  the	
  antibodies	
  (citations	
  and	
  suppliers)	
  in	
  the	
  Materials	
  and	
  Methods.	
  
Purchased	
  antibodies	
  with	
  catalogue	
  numbers	
  are:-­‐	
  Anti-­‐FAM82A2:	
  Atlas	
  Antibodies	
  HPA009975,	
  
Anti-­‐HA:	
  SIGMA	
  H6908,	
  Anti-­‐α-­‐Tubulin	
  	
  	
  (DM1A):	
  SIGMA	
  T6199,	
  Anti-­‐Mitofusin-­‐2:	
  SIGMA	
  M6319,	
  
Anti-­‐Myc-­‐Tag	
  (9B11):	
  Cell	
  Signaling	
  2276,	
  Anti-­‐GAPDH:	
  Cell	
  Signaling	
  2118	
  ,	
  Anti-­‐FUS:	
  NOVUS	
  
NB100-­‐565,	
  Anti-­‐	
  TOM20:	
  Santa	
  Cruz	
  sc-­‐11415,	
  Anti	
  	
  GSK3B:	
  BD	
  610201,	
  Anti	
  Ser9	
  GSK3B:	
  Cell	
  
Signaling	
  9336,	
  Anti-­‐GFP:	
  ABCAM	
  AB290,	
  Anti-­‐PDI	
  (RL77):	
  Affinity	
  Bioreagents	
  (Now	
  Thermo)	
  MA3-­‐
018

We	
  report	
  the	
  sources	
  of	
  cells	
  in	
  the	
  Materials	
  and	
  Methods.	
  The	
  cells	
  are	
  tested	
  for	
  mycoplasma	
  
regularly.

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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