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1st Editorial Decision 14th Aug 2023

Dear Prof. Trotti,

Thank you for the submission of your manuscript to EMBO reports. We have now received the comments from 2 referees. |
could not secure a third referee for your study, and think that the 2 reports we have are sufficient to make a decision.

As you will see, the referees acknowledge that the findings are interesting. However, they also point out that the data need to be
strengthened to support the main conclusions. | think all suggestions are good and should be addressed. Please let me know in
case you disagree and we can discuss the revision requirements further, also in a video chat, if you like.

I would thus like to invite you to revise your manuscript with the understanding that the referee concerns must be fully addressed
and their suggestions taken on board. Please address all referee concerns in a complete point-by-point response. Acceptance of
the manuscript will depend on a positive outcome of a second round of review. It is EMBO reports policy to allow a single round
of major revision only and acceptance or rejection of the manuscript will therefore depend on the completeness of your
responses included in the next, final version of the manuscript.

We realize that it is difficult to revise to a specific deadline. In the interest of protecting the conceptual advance provided by the
work, we recommend a revision within 3 months (14th Nov 2023). Please discuss the revision progress ahead of this time with
the editor if you require more time to complete the revisions.

IMPORTANT NOTE: we perform an initial quality control of all revised manuscripts before re-review. Your manuscript will FAIL
this control and the handling will be DELAYED if the following APPLIES:

1) A data availability section providing access to data deposited in public databases is missing. If you have not deposited any
data, please add a sentence to the data availability section that explains that.

2) Your manuscript contains statistics and error bars based on n=2. Please use scatter blots in these cases. No statistics should
be calculated if n=2.

When submitting your revised manuscript, please carefully review the instructions that follow below. Failure to include requested
items will delay the evaluation of your revision.

1) a .docx formatted version of the manuscript text (including legends for main figures, EV figures and tables). Please make sure
that the changes are highlighted to be clearly visible.

2) individual production quality figure files as .eps, .if, .jpg (one file per figure). See https://wol-prod-cdn.literatumonline.com/pb-
assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf for more info on how to prepare your figures.

3) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are collapsible/expandable online.
A maximum of 5 EV Figures can be typeset. EV Figures should be cited as 'Figure EV1, Figure EV2" etc... in the text and their
respective legends should be included in the main text after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be bundled together with their legends
in a single PDF file called *Appendix*, which should start with a short Table of Content. Appendix figures should be referred to in
the main text as: "Appendix Figure S1, Appendix Figure S2" etc. See detailed instructions regarding expanded view here:
<https://www.embopress.org/page/journal/14693178/authorguide#expandedview>

- Additional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc. Legends have to be provided in
a separate tab in case of .xls files. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

4) a .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point responses to their comments. As
part of the EMBO Press transparent editorial process, the point-by-point response is part of the Review Process File (RPF),
which will be published alongside your paper.

5) a complete author checklist, which you can download from our author guidelines
<https://www.embopress.org/page/journal/14693178/authorguide>. Please insert information in the checklist that is also
reflected in the manuscript. The completed author checklist will also be part of the RPF.

6) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript (<https://orcid.org/>). Please find instructions on how to link your ORCID ID to your account in our manuscript
tracking system in our Author guidelines
<https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines>

7) Before submitting your revision, primary datasets produced in this study need to be deposited in an appropriate public



database (see https://www.embopress.org/page/journal/14693178/authorguide#datadeposition). Please remember to provide a
reviewer password if the datasets are not yet public. The accession numbers and database should be listed in a formal "Data
Availability" section placed after Materials & Method (see also
https://www.embopress.org/page/journal/14693178/authorguide#datadeposition). Please note that the Data Availability Section
is restricted to new primary data that are part of this study. * Note - All links should resolve to a page where the data can be
accessed. *

If your study has not produced novel datasets, please mention this fact in the Data Availability Section.

8) At EMBO Press we ask authors to provide source data for the main manuscript figures. Our source data coordinator will
contact you to discuss which figure panels we would need source data for and will also provide you with helpful tips on how to
upload and organize the files.

9) Our journal also encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and
obtained from public databases. Data citations in the article text are distinct from normal bibliographical citations and should
directly link to the database records from which the data can be accessed. In the main text, data citations are formatted as
follows: "Data ref: Smith et al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database name, accession
number/identifiers and a resolvable link to the landing page from which the data can be accessed at the end of the reference.
Further instructions are available at https://www.embopress.org/page/journal/14693178/authorguide#referencesformat

10) Regarding data quantification (see Figure Legends:
https://www.embopress.org/page/journal/14693178/authorguide#figureformat)

The following points must be specified in each figure legend:

- the name of the statistical test used to generate error bars and P values,

- the number (n) of independent experiments (please specify technical or biological replicates) underlying each data point,

- the nature of the bars and error bars (s.d., s.e.m.),

- If the data are obtained from n Program fragment delivered error “"Can't locate object method "less" via package "than"
(perhaps you forgot to load "than"?) at //ejpvfs23/sites23b/embor_www/letters/embor_decision_revise_and_review.txt line 56.' 2,

use scatter blots showing the individual data points.

Discussion of statistical methodology can be reported in the materials and methods section, but figure legends should contain a
basic description of n, P and the test applied.

- Please also include scale bars in all microscopy images.

11) The journal requires a statement specifying whether or not authors have competing interests (defined as all potential or
actual interests that could be perceived to influence the presentation or interpretation of an article). In case of competing
interests, this must be specified in your disclosure statement. Further information: https://www.embopress.org/competing-
interests

We would also welcome the submission of cover suggestions, or motifs to be used by our Graphics lllustrator in designing a
cover.

As part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes online a Review Process File (RPF)
to accompany accepted manuscripts. This File will be published in conjunction with your paper and will include the referee
reports, your point-by-point response and all pertinent correspondence relating to the manuscript.

You are able to opt out of this by letting the editorial office know (emboreports@embo.org). If you do opt out, the Review
Process File link will point to the following statement: "No Review Process File is available with this article, as the authors have
chosen not to make the review process public in this case."

I look forward to seeing a revised form of your manuscript when it is ready.

Yours sincerely,

Esther Schnapp, PhD

Senior Editor
EMBO reports



Referee #1:

In this manuscript by Nelson and colleagues, they explore the relationship between glucose hypometabolism and RAN
translation in the pathogenesis of C9orf72 associated FTD and ALS. They see that C9 BAC mice have metabolic signatures that
correlate with glucose hypometabolism. They then demonstrate that treatment with 2 Deoxyglucose- which effectively creates a
hypometabolic state- is sufficient to boost RAN translation of G4C2 repeats (at least in the GA reading frame from linear
reporters) through activation of GCN2 and elF2alpha phosphorylation. They then show that 2DG is bad for patient iPSNs and
the C9-BAC mice. Lastly, they show that overexpression of PR DPRs interferes with glucose metabolism in neurons, suggesting
a potential mechanism by which the hypometabolism occurs in the first place.

Overall, this is an interesting manuscript with a significant body of data. | think their hypothesis is intriguing. Figures 1 thru 4 are
well laid out and add significant new information to the field. Both figure 5 and 6 support their hypothesis but both have some
significant limitations. Figure 5 shows only very modest benefitical effects in a single phenotypic readout in 2 iPSC lines (Figure
5). Figure 6 is hard to interpret given the existing hypometabolism present in these mice (that they demonstrate) and the logical
flaw with doing two separate bad things (mutant gene and further lowering glucose) and assuming they are worse together
because of some interactivity of these pathways. Figure 7 provides some evidence for how PR could play a role in this process,
but interpretation of this data is also somewhat problematic given that PR elicits a host of toxic cascades, of which altered
glucose metabolism may be just one. These last 3 figures leave the central premise of the manuscript - that RAN translation is
both triggered by and triggers GCN2 dependent stress cascades that contribute to ALS pathogenesis- largely still untested.

| think fully testing this hypothesis (e.g. by assessing whether loss of GCN or any of the drugs they spell out in the first or second
paragraph of their discussion are sufficient to actually rescue disease-relevant phenotypes in the C9 iNeurons or C9 BAC mice)
extends beyond the scope of this manuscript. As such, while the manuscript could be significantly improved by additional
experiments, | think that most of the issues | observe can be addressed with alterations in the language to acknowledge the
limitations of the data presented.

Specific suggestions:

1) Abstract: Change to

" These findings provide a potential mechanistic link between energy imbalance and C9-ALS/FTD pathogenesis and suggest a
feedforward loop model that opens several opportunities for therapeutic intervention.”

2) Line 296:

In this study, we identified a novel link between energy imbalance and disease pathogenesis in models of C9orf72-ALS/FTD,
which potentially reveals some opportunities for therapeutic intervention.

3) Lines 302-321: There is a lot of speculation on potential therapeutic interventions in patients here that are not warranted by
the data in the manuscript. Recommending therapies or even clinical trials based on the data presented in this manuscript is
premature and should be significantly limited.

4) Line 321:

Overall, our findings warrant additional preclinical efforts to determine the impact of preserving bioenergetic homeostasis in
C9orf72 ALS/FTD model systems - in both symptomatic and presymptomatic conditions in the hopes that such approaches
might reveal potential therapies that can be tested in C9orf72 ALS/FTD patients.

5) Line 341: This is too speculative on ISRIB.

6) The authors should include a paragraph that addresses the limitations of the studies performed (see paragraph 2, this review)
and provide future directions or approaches that might address these.

Referee #2:

C90RF72 hexanucleotide repeat expansion is the most common genetic cause of ALS and FTD. In this manuscript, the authors
reported disruption of energy and amino acid production in the C9-BAC mice. They showed that the glucose hypometabolism
leads to increased RAN translation of the repeat RNA by GCN2 kinase-mediated integrated stress response (ISR) using reporter
cells. They further showed GCN2 inhibition can rescue the disease phenotypes of patient iPS-neurons, and glycolysis inhibition
can increase poly-dipeptides and enhance phenotypes in C9-BAC mice. It has been reported that RAN translation can be
increased by ISR. GCN2 and hypometabolism is one of the upstream factors that trigger ISR. It is interesting finding that this
branch also contributes to DPR toxicity and disease phenotypes, using both in vivo and in vitro models. Some of the conclusions
need more evidence to support before publication.

1. The activation of elF2a pathway should be measured using phosphor-elF2a antibody. Only indirect evidence (such as ATF4)
was used in the whole manuscript.

2. The effect on endogenous DPR levels need to be measured in patient derived neurons. Especially, the authors reasoned that
the neuron survival changes is due to the DPR reduction. More data need to be provided to support this claim.

3. In Figure 5d, there is big variation of cell response to glucose deprivation. And the rescue effect is small in Figure 5e. More
iPS cell lines and replicates are needed to support the conclusion.

4. The DPR levels need to be measured using more quantitative methods, such as ELISA, in both cells and mice. The dot blot
data are not very convincing.



5. Overall, the statistics need to be improved. It is often not clear (or missing) the key information about replicates, cell numbers
that were quantified.

6. The authors should modify the writing and avoid overclaim. For example, the worsened phenotypes by 2DG treatment
correlates with DPR change (which also need to be confirmed using better method). But this evidence itself does not prove the
causal relationship. In particular, the timeline (which need better description) of DPR and behavior changes seems not
supporting DPR is the only cause.



1st Authors' Response to Reviewers 26th Feb 2024

We appreciate the valuable suggestions made by the referees and agree that they should be
considered during the revision process. We have provided a detailed response to all of the
referee's concerns, addressing each comment thoroughly and transparently. We have included
in the revised manuscript additional data, the necessary clarifications, and modifications as
required. Below, is our point-by-point response to the reviewers’ comments.

Comments Referee #1: In this manuscript by Nelson and colleagues, they explore the
relationship between glucose hypometabolism and RAN translation in the pathogenesis of
C9orfr2-associated FTD and ALS. They see that C9 BAC mice have metabolic signatures that
correlate with glucose hypometabolism. They then demonstrate that treatment with 2
Deoxyglucose- which effectively creates a hypometabolic state- is sufficient to boost RAN
translation of G4C2 repeats (at least in the GA reading frame from linear reporters) through
activation of GCN2 and elF2alpha phosphorylation. They then show that 2DG is bad for patient
iPSNs and the C9-BAC mice. Lastly, they show that overexpression of PR DPRs interferes with
glucose metabolism in neurons, suggesting a potential mechanism by which the
hypometabolism occurs in the first place. Overall, this is an interesting manuscript with a
significant body of data. | think their hypothesis is intriguing. Figures 1 thru 4 are well laid out
and add significant new information to the field. Both figure 5 and 6 support their hypothesis but
both have some significant limitations.

Figure 5 shows only very modest beneficial effects in a single phenotypic readout in 2 iPSC
lines (Figure 5).

Response: We have added a third C9 iPSC line to our experiments. In Fig 5, we present now
the data for all three lines together. Moreover, we have provided a breakdown of the survival
analysis for each iPSC line separately in Fig. EV5 for transparency and scientific rigor.

Figure 6 is hard to interpret given the existing hypometabolism present in these mice (that they
demonstrate) and the logical flaw with doing two separate bad things (mutant gene and further
lowering glucose) and assuming they are worse together because of some interactivity of these
pathways.

Response: In response to the criticism of Figure 6, it's understandable that interpreting the data
might be challenging given the pre-existing hypometabolism in the C9 BAC mice. However, we
presented compelling evidence that the combination of the human mutant hexanucleotide
repeat expansion and further lowering glucose levels exacerbates the phenotype beyond what
would be expected by the individual effects alone. This suggests an interaction between the
pathways involved, which is a common phenomenon in complex biological systems. While it's
true that both factors individually lead to negative outcomes, the synergistic effect observed in
Figure 6 underscores the importance of understanding the interplay between glucose
metabolism and RAN translation in the context of C9orf72-associated ALS and FTD. We agree
that further studies elucidating the molecular mechanisms underlying this interaction would
strengthen the conclusions drawn from this intriguing manuscript. These additional studies are
complex and underway. However, we believe they are beyond the scope and depth of this initial
report.

The translational aspect of human disease is crucial in interpreting findings from animal models
like the C9orf72 ALS mouse model, which has a shorter lifespan than humans. In response to
the concern about the relevance of exacerbating conditions in the mouse model, we believe it's
important to acknowledge that while the mouse model may not fully recapitulate the human
disease's progression and lifespan, it provides valuable insights into disease mechanisms and
potential therapeutic interventions. Without exacerbating conditions such as further lowering
glucose levels, the mice would be expected to still exhibit the characteristic features of C9orf72
ALS, albeit at a slower rate or to a lesser degree. The presence of hypometabolism in the brains



of these mice indicates that metabolic dysfunction is already a significant aspect of the disease
pathology. However, by exacerbating this condition, we aimed to mimic a scenario where
metabolic dysfunction is further compromised, potentially accelerating disease progression or
exacerbating specific aspects of the pathology. In studying human disease in a mouse model
with a limited lifespan, exacerbating conditions can provide valuable insights into potential
disease mechanisms and therapeutic targets within a feasible timeframe. While the exact
extrapolation to human patients should be done cautiously, understanding the impact of
exacerbating conditions in the mouse model can inform future studies and therapeutic strategies
to mitigate metabolic dysfunction in C9orf72 patients. Therefore, despite its limitations, we firmly
believe that the findings shown in Figure 6 contribute to our understanding of disease pathology
and potential therapeutic avenues for further investigation.

Figure 7 provides some evidence for how PR could play a role in this process, but interpretation
of this data is also somewhat problematic given that PR elicits a host of toxic cascades, of which
altered glucose metabolism may be just one. These last 3 figures leave the central premise of
the manuscript - that RAN translation is both triggered by and triggers GCN2 dependent stress
cascades that contribute to ALS pathogenesis- largely still untested. | think fully testing this
hypothesis (e.g. by assessing whether loss of GCN or any of the drugs they spell out in the first
or second paragraph of their discussion are sufficient to actually rescue disease-relevant
phenotypes in the C9 iNeurons or C9 BAC mice) extends beyond the scope of this manuscript.
As such, while the manuscript could be significantly improved by additional experiments, | think
that most of the issues | observe can be addressed with alterations in the language to
acknowledge the limitations of the data presented. Specific suggestions:

1) Abstract: Change to "These findings provide a potential mechanistic link between energy
imbalance and C9-ALS/FTD pathogenesis and suggest a feedforward loop model that opens
several opportunities for therapeutic intervention."

2) Line 296: In this study, we identified a novel link between energy imbalance and disease
pathogenesis in models of C9orf72-ALS/FTD, which potentially reveals some opportunities for
therapeutic intervention.

3) Lines 302-321: There is a lot of speculation on potential therapeutic interventions in patients
here that are not warranted by the data in the manuscript. Recommending therapies or even
clinical trials based on the data presented in this manuscript is premature and should be
significantly limited.

4) Line 321: Overall, our findings warrant additional preclinical efforts to determine the impact of
preserving bioenergetic homeostasis in C9orf72 ALS/FTD model systems - in both symptomatic
and presymptomatic conditions in the hopes that such approaches might reveal potential
therapies that can be tested in C9orf72 ALS/FTD patients.

5) Line 341: This is too speculative on ISRIB.

6) The authors should include a paragraph that addresses the limitations of the studies
performed (see paragraph 2, this review) and provide future directions or approaches that might
address these.

Response: We appreciate the positive comments on our work's overall interest and
significance and the constructive suggestions for improvement. We acknowledge the
observations regarding the limitations of our interpretation of some of our results and appreciate
the suggestions for addressing these concerns. We have carefully considered the
recommendations for language alterations to convey the scope and limitations of our findings.
The point about the need for additional experiments to thoroughly test our hypothesis is well
taken, and we agree that exploring the impact of preserving bioenergetic homeostasis in
C9orf72 ALS/FTD in in-vivo model systems is an essential avenue for future research.



Based on the specific suggestions, we made the following changes (in red throughout the
revised version of our manuscript):

1) Abstract: The abstract has been revised to reflect a more cautious interpretation of our
findings and emphasize the potential mechanistic link between energy imbalance and
C9-ALS/FTD pathogenesis without overemphasizing therapeutic opportunities.

2) Line 296: The text has been revised to align with the recommended cautious
interpretation.

3) Lines 302-321: This section has been revised to limit speculation on potential
therapeutic interventions, ensuring that our recommendations are more closely aligned
with the data presented in the manuscript.

4) Line 321: We have acknowledged that our findings warrant additional preclinical efforts
without prematurely recommending specific therapies or clinical trials.

5) Line 341: We tempered our speculation on ISRIB to align with a more cautious
interpretation.

6) Limitations and Future Directions: We have included a paragraph addressing the
limitations of our studies and providing insights into future directions and approaches
that may address these limitations.

We genuinely appreciate the thoughtful feedback, and we believe that these revisions provided
a more accurate representation of our findings.

Comments Referee #2: CO9ORF72 hexanucleotide repeat expansion is the most common
genetic cause of ALS and FTD. In this manuscript, the authors reported disruption of energy and
amino acid production in the C9-BAC mice. They showed that the glucose hypometabolism
leads to increased RAN translation of the repeat RNA by GCN2 kinase-mediated integrated
stress response (ISR) using reporter cells. They further showed GCN2 inhibition can rescue the
disease phenotypes of patient iPS-neurons, and glycolysis inhibition can increase poly-
dipeptides and enhance phenotypes in C9-BAC mice. It has been reported that RAN translation
can be increased by ISR. GCN2 and hypometabolism is one of the upstream factors that trigger
ISR. It is interesting finding that this branch also contributes to DPR toxicity and disease
phenotypes, using both in vivo and in vitro models. Some of the conclusions need more
evidence to support before publication.

1. The activation of elF2a pathway should be measured using phospho-elF2a antibody. Only
indirect evidence (such as ATF4) was used in the whole manuscript.

Response: In addition to quantifying ATF4 and downstream pathway effectors such as CHOP
and GADD34, we have now shown the quantification of the phosphorylated elF2a/elF2a ratio
and corresponding representative western blots in Figure 3e, e and Figure EV6f of the
manuscript.

-2DG 2DG NaArs

We are, instead, including an extended version of Fig. 3e here in this
rebuttal for the reviewer's benefit. In this extended version of the
figure, we have quantified, in addition to what we did for the figure
presented in the main manuscript, the phosphor/dephospho ratio of
iPS neurons that were treated with Na Arsenite. We used Na arsenite
(500 uM) as a positive control to validate the phosphor/dephospho
elF2a antibodies and to maximize the activation in the iPS neurons of
the ISR response. Our results showed that Na-arsenite, a well-known
e oxidative stressor activator of the ISR, increased the elF2a
oL Ll phosphor/dephospho ratio by approximately 7-fold. However, we

decided not to include this data set in the experimental design since
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it is not directly relevant.



2. The effect on endogenous DPR levels need to be measured in patient derived neurons.
Especially, the authors reasoned that the neuron survival changes is due to the DPR reduction.
More data need to be provided to support this claim.

Response: see our response to point #4.

3. In Figure 5d, there is big variation of cell response to glucose deprivation. And the rescue
effect is small in Figure 5e. More iPS cell lines and replicates are needed to support the
conclusion.

Response: We have included an extra C9orf72 line in our experimental design to address the
issue of cell response variation during glucose deprivation stress. To present a clear
representation of the dataset, we have aggregated the results from three C9-iPSC lines in Fig.
5d and Fig. 5f. Furthermore, to ensure rigor, we have provided a breakdown of the individual cell
line responses in Fig. EV5 a-d.

4. The DPR levels need to be measured using more quantitative methods, such as ELISA, in
both cells and mice. The dot blot data are not very convincing.

Response: To address the reviewer's concern comprehensively, we have incorporated the
SIMOA dataset into Figure 6 to provide additional support and complement the dot blot data,
which has now been moved to Fig. EV6. Despite our best efforts, technical challenges hindered
our attempts to measure poly(GP) levels in iPS-derived C9orf72 neurons using SIMOA. We
have diligently engaged with Quanterix's technical support to address these issues, suspecting
issues with reagent quality or machine functionality. However, despite extensive efforts,
resolving these technical obstacles remains pending. Given this impasse, we have
supplemented our analysis with dot blot quantification of poly(GP) formation in C9 lines at day 6,
accompanied by appropriate controls, to reinforce our findings. While acknowledging that dot
blot analysis may not match the accuracy of SIMOA, its robustness in detecting poly(GP)
formation in various models and recent literature supports its use
(https://doi.org/10.1073/pnas.2123487119; https://www.nature.com/articles/s41593-021-00923-
4; https://www.science.org/doi/epdf/10.1126/science.1232927). We want to emphasize that we
showcased our mechanism using the RAN-translation GA-GFP reporters, which are highly
robust and reliable, enabling a comprehensive and accurate assessment of the pathway.
However, the assessment of endogenous DPR production is still a technical challenge in most
cases and may not provide clear conclusions. That is why we believed that the mechanism's
demonstration could be established by using fluorescent RAN-translation reporters instead of,
or in combination when feasible, with direct endogenous DPRs assessment.

In summary, while we continue to strive for the most rigorous quantification methods, including
SIMOA, technical limitations have led us to rely on dot blot analysis, supplemented by
appropriate controls, to support our findings. We are committed to resolving these technical
challenges and will continue to explore alternative approaches to enhance the robustness of our
data.

5. Overall, the statistics need to be improved. It is often not clear (or missing) the key
information about replicates, cell numbers that were quantified.

Response: Essential information about statistical analysis was disclosed in the Material and
Methods section of the original submission. However, we understand that this information might
be missed if only reported in the Material and Methods section of the manuscript. We have
therefore expanded the information section in the Figure legends to present statistical analysis
and relative information. The newly added text in the revised manuscript is in red.


https://doi.org/10.1073/pnas.2123487119
https://www.nature.com/articles/s41593-021-00923-4
https://www.nature.com/articles/s41593-021-00923-4
https://www.science.org/doi/epdf/10.1126/science.1232927

6. The authors should modify the writing and avoid overclaim. For example, the worsened
phenotypes by 2DG treatment correlates with DPR change (which also need to be confirmed
using better method). But this evidence itself does not prove the causal relationship. In
particular, the timeline (which needs better description) of DPR and behavior changes seems
not supporting DPR is the only cause.

Response: We acknowledge the significance of improving the language to prevent
exaggeration. We are grateful for the chance to clarify certain aspects, which we have done in
response to the same feedback from reviewer 1. We understand the concern about claiming a
causal relationship regarding the correlation between worsened phenotypes with 2DG treatment
and DPR changes. We have revised the text to emphasize the observed correlation while
acknowledging the need for further investigation to establish causation. Please also see our
response to point #4.



1st Revision - Editorial Decision 25th Mar 2024

Dear Prof. Trotti,

Thank you for the submission of your revised manuscript. We have now received the enclosed reports from the referees.
Referee 2 still has a few more suggestions that | would like you to address and incorporate before we can proceed with the
official acceptance of your manuscript. Please co-submit with your final ms a point-by-point response to all last concerns.
A few editorial requests will also need to be addressed:

- Please reduce the number of keywords to 5.

- Please add full first author names to the ms file.

- Please remove the author credits from the ms file. All credits need to be entered during online ms submission into our online
system.

- A completed author checklist needs to be uploaded with your final ms file. You can find the checklist here:
<https://www.embopress.org/page/journal/14693178/authorguide>. The completed author checklist will also be part of our
transparent peer-review file.

- Some funding info is missing in our online submission system, please add all funding info there and in the ms file.

- Please add the missing callout for Fig. 2f to the ms text.

- Table EV1 has 2 sheets and should be called Dataset EV1. Please correct the name, add a table title and legend to the excel
file, and correct the callout in the ms text.

- The source data (SD) of each main figure need to be grouped into one folder and one SD folder per figure should be uploaded.
SD for EV figures should be zipped into one folder.

- The manuscript sections should be in the following order: Title page - Abstract & Keywords - Introduction - Results -
Discussion - Materials & Methods - Data Availability - Acknowledgments - Disclosure Statement & Competing Interests -
References - Figure Legends - Tables with legends - Expanded View Figure Legends.

- We unfortunately can only process 5 EV figures. Can you may be try to rearrange the figures, or combine 2 ? If not, additional
supplementary data need to uploaded as an Appendix file. Please see our guide to authors for more information.

- Please note that the box plots need to be defined in terms of minima, maxima, centre, bounds of box and whiskers, and
percentile in the legends of figures 3e; 5e, g; 6f; EV 6e, g.

- For all figures with n<2 no statistics should be calculated. Especially not when n=1 and 3 technical replicates. Please remove
the error bars and show all individual data points instead.

- In Fig 7e please specify if n=4 refers to technical or biological replicates?

- Please note that the statistical test information for figure 4c is incorrectly mentioned as 4d in the data information section. This
needs to the rectified.

- Please note that the legend for figure 5a is incorrectly labelled as 5d. This needs to be rectified.
- Please note that the figure panel EV 6g is not labelled in the figure. This needs to be rectified.

- Please note that the statistical test information for figure EV 6e, g is incorrectly labelled as EV 6e-f in the data information
section. This needs to be rectified.

- Please define the annotated p values ****/* in the legend of figure EV 5a-d; as appropriate.
- Please indicate the statistical test used for data analysis in the legends of figures 3a; EV 2a; EV 5a-d; EV 6a.

- Please note that in figures 2e-f, h-i; 7c-e; EV 1b-e; there is a mismatch between the annotated p values in the figure legend
and the annotated p values in the figure file that should be corrected.

- Please note that scale bar and its definition are missing for figure EV 7b.



I would like to suggest some changes to the abstract that needs to be written in present tense. Do you agree with this, and
please add more information where | indicate below:

The most prevalent genetic cause of both amyotrophic lateral sclerosis and frontotemporal dementia is a (GGGGCC)n
nucleotide repeat expansion (NRE) occurring in the first intron of the C9orf72 gene (C9). Brain glucose hypometabolism is
consistently observed in C9-NRE carriers, even at pre-symptomatic stages, but its role in disease pathogenesis is unknown.
Here, we show alterations in glucose metabolic pathways and ATP levels in the brains of asymptomatic C9-BAC mice. We find
that, through activation of the GCN2 kinase, glucose hypometabolism drives the production of dipeptide repeat proteins (DPRs),
impairs the survival of C9 patient-derived neurons, and triggers motor dysfunction in C9-BAC mice. We also show that one of
the arginine-rich DPRs (PR) can directly contribute to glucose metabolism and metabolic stress [It would be good to briefly
explain how here]. Our findings provide a potential mechanistic link between energy imbalances and C9-ALS/FTD pathogenesis
and suggest a feedforward loop model with potential opportunities for therapeutic intervention.

EMBO press papers are accompanied online by A) a short (1-2 sentences) summary of the findings and their significance, B) 2-
3 bullet points highlighting key results and C) a synopsis image that is exactly 550 pixels wide and 200-600 pixels high (the
height is variable). You can either show a model or key data in the synopsis image. Please note that text needs to be readable
at the final size. Please send us this information along with the final manuscript.

I look forward to seeing a final version of your manuscript as soon as possible.

Best regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports

Referee #1:

the reviewers have sufficiently addressed my concerns and have returned what | think is an excellent manuscript.

Referee #2:

The authors have improved the manuscript by adding more data and editing the writing. Here are the remaining concerns:
Figure EV6f: there is huge signal from the saline control. It is unclear how the authors quantified the gel. No increase of p-elF2a
in the 2DG samples from the gel.

For all the Kaplan-Meier survival analysis, it is better to include error bars to show the variations of technical/biological
replicates. The information of the 3 control and 3 C9 patient-derived iPSC lines should be provided. The authors did not mention
these are isogenic pairs. Then it is not clear how they were paired for comparison, control-A vs C9-A, etc? The 3 lines should be
regarded as biological replicates, and the control group (n=3) should be compared with the C9 group (n=3) for the statistical
comparison to determine whether there are significant differences.

In patient neurons, why DPR is not increased under glucose deprived condition?



2nd Authors' Response to Reviewers 4th Apr 2024

Below is a point-by-point response to all of the last concerns raised by reviewer #2 and
the editor.

Point-by-Point Rebuttal to the Editor

Please reduce the number of keywords to 5. —
Please add full first author names to the ms file. —

Please remove the author credits from the ms file. All credits need to be entered
during online ms submission into our online system. -

A completed author checklist needs to be uploaded with your final ms file. You
can find the checklist here:
<https://www.embopress.org/page/journal/14693178/authorguide>;. The
completed author checklist will also be part of our transparent peer-review file. —

Some funding info is missing in our online submission system, please add all
funding info there and in the ms file. —

Please add the missing callout for Fig. 2f to the ms text. -

Table EV1 has 2 sheets and should be called Dataset EV1. Please correct the
name, add a table title and legend to the excel file, and correct the callout in the
ms text. -

The source data (SD) of each main figure need to be grouped into one folder and
one SD folder per figure should be uploaded. SD for EV figures should be zipped
into one folder. —

The manuscript sections should be in the following order: Title page - Abstract &
Keywords - Introduction - Results - Discussion - Materials & Methods - Data
Availability - Acknowledgments - Disclosure Statement & Competing Interests -
References - Figure Legends - Tables with legends - Expanded View Figure
Legends. -

We unfortunately can only process 5 EV figures. Can you may be try to rearrange
the figures, or combine 2 ? If not, additional supplementary data need to
uploaded as an Appendix file. Please see our guide to authors for more
information. —

Please note that the box plots need to be defined in terms of minima, maxima,
centre, bounds of box and whiskers, and percentile in the legends of figures 3e;
5e, g; 6f; EV 6e, g. -

For all figures with n<2 no statistics should be calculated. Especially not when
n=1 and 3 technical replicates. Please remove the error bars and show all
individual data points instead. -

In Fig 7e please specify if n=4 refers to technical or biological replicates? -
Please note that the statistical test information for figure 4c is incorrectly
mentioned as 4d in the data information section. This needs to be rectified. -

Please note that the legend for figure 5a is incorrectly labelled as 5d. This needs
to be rectified. -



Please note that the figure panel EV 6g is not labelled in the figure. This needs to
be rectified. -

Please note that the statistical test information for figure EV 6e, g is incorrectly
labelled as EV 6e-f in the data information section. This needs to be rectified. -

Please define the annotated p values ****/* in the legend of figure EV 5a-d; as
appropriate. -

Please indicate the statistical test used for data analysis in the legends of figures
3a; EV 2a; EV 5a-d; EV 6a. The statistical test applies is the Fischer's exact test
with a Benjamini-Hochberg False Discovery Rate (FDR).

Please note that in figures 2e-f, h-i; 7c-e; EV 1b-e; there is a mismatch between
the annotated p values in the figure legend and the annotated p values in the
figure file that should be corrected. -

Please note that scale bar and its definition are missing for figure EV 7b. -

| would like to suggest some changes to the abstract that needs to be written in
present tense. Do you agree with this, and please add more information where |
indicate below:

EMBO press papers are accompanied online by
A) a short (1-2 sentences) summary of the findings and their significance.

B) 2-3 bullet points highlighting key results

C) a synopsis image that is exactly 550 pixels wide and 200-600 pixels high (the

height is variable). —

Point-by-Point Rebuttal to Referee #2

Figure EV6f: There is a huge signal from the saline control. It is unclear how the
authors quantified the gel. There is no increase of p-elF2a in the 2DG samples
from the gel. Response: We concur with the reviewer's observation that there is
no significant increase in phospho-EIF2a. However, there is a reduction in the
dephospho form of elF2a, suggesting an increase in turnover. Although we did
not present a quantification of elF2a in the paper, we are including it here for the
referee.
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For all the Kaplan-Meier survival analysis, it is better to include error bars to
show the variations of technical/biological replicates. The information of the 3
control and 3 C9 patient-derived iPSC lines should be provided. The authors did
not mention these are isogenic pairs. Then it is not clear how they were paired
for comparison, control-A vs C9-A, etc? The 3 lines should be regarded as
biological replicates, and the control group (n=3) should be compared with the C9
group (n=3) for the statistical comparison to determine whether there are
significant differences. Response: We have added the bands indicating the 95%
confidence interval (Cl) to the K-M graphs. We apologize for not including the
information that the iPSC lines are not isogenic. To our knowledge, there are no
C9 isogenic lines available as of now due to the intrinsic technical difficulties and
several factors:

1. Genetic Instability. The C9orf72 repeat expansion is highly unstable,
characterized by somatic repeat length variation between different tissues and
individuals. This instability poses a challenge in establishing stable iPSC lines
with consistent repeat lengths, as the repeat expansions may undergo expansion
or contraction during reprogramming or subsequent cell culture.

2. Repeat Length Heterogeneity. The repeat expansions in C9orf72-associated
diseases can vary widely in length, ranging from tens to thousands of repeats.
This heterogeneity makes it difficult to create isogenic iPSC lines with precisely
matched repeat lengths, which is essential for studying the specific effects of
repeat expansions on cellular phenotypes.

3. Epigenetic Variability. Epigenetic modifications, such as DNA methylation and
histone acetylation, play crucial roles in regulating gene expression and cellular
identity. However, these epigenetic marks can vary between iPSC lines derived
from different individuals or even between different clones of the same individual,
complicating efforts to establish truly isogenic iPSC lines.

4. Differentiation Efficiency. Even after successfully generating iPSC lines,
differentiating them into disease-relevant cell types, such as motor neurons or
cortical neurons, can be challenging and may exhibit variability between different
lines or clones. This variability can obscure subtle phenotypic differences caused



by C9orf72 repeat expansions, making it difficult to draw meaningful conclusions
from comparative studies.

We have included a table with all the necessary information regarding the control
and C9orf72 iPSC lines used in this revised version of our manuscript.

We apologize for any confusion regarding the stats. We combined the three
control lines and the three C9 lines for statistical comparison. In Figure EV5A, we
represented the breakout of % survival of each individual iPSC line, and the
comparison was performed between three replicates of one control line and three
technical replicates of a C9 line. It is important to note that the lines compared
against each other were originated by the same lab (i.e. Lines "A" from Dr.
Ward's Lab, etc.) (see Table 4)

In patient neurons, why DPR is not increased under glucose deprived condition?
Response: It's important to clarify that our experimental setup did not involve
complete glucose deprivation but rather a nuanced condition comprising 15mM
glucose supplemented with 20mM 2DG. This specific medium composition was
chosen based on its ability to mimic glucose scarcity while maintaining some
level of energy metabolizing activity. It's plausible that under these conditions, the
cellular response could differ from what would be observed in a scenario of
absolute glucose deprivation, potentially influencing the dynamics of DPR
production. Notably, our findings showed a significant modulation of DPR
production levels under 2DG conditions upon treatment with A92. This
pharmacological intervention, targeting the GCN2-specific pathway/activity,
effectively attenuated DPR levels. Such observations underscore the complexity
of DPR regulation and hold promise for the development of targeted therapeutic
strategies aimed at mitigating DPR-associated pathologies in neurodegenerative
diseases. To summarize, it might appear confusing that there is no noticeable
rise in DPRs during glucose-starved conditions. However, a careful examination
of the complex biology governing DPR regulation can help clarify this
phenomenon. Our research not only enhances our comprehension of DPR
dynamics but also highlights the potential therapeutic benefits of focused
interventions in ameliorating DPR-induced neurotoxicity.



2nd Revision - Editorial Decision 9th Apr 2024

Prof. Davide Trotti

Thomas Jefferson University
Neuroscience, Weinberg ALS center
900 Walnut street

Philadelphia, PA 19107

United States

Dear Prof. Trotti,

| am very pleased to accept your manuscript for publication in the next available issue of EMBO reports. Thank you for your
contribution to our journal.

Your manuscript will be processed for publication by EMBO Press. It will be copy edited and you will receive page proofs prior to
publication. Please note that you will be contacted by Springer Nature Author Services to complete licensing and payment
information.

You may qualify for financial assistance for your publication charges - either via a Springer Nature fully open access agreement
or an EMBO initiative. Check your eligibility: https://www.embopress.org/page/journal/14693178/authorguide#chargesguide

Should you be planning a Press Release on your article, please get in contact with embo_production@springernature.com as
early as possible in order to coordinate publication and release dates.

If you have any questions, please do not hesitate to contact the Editorial Office. Thank you for your contribution to EMBO
Reports.

Yours sincerely,
Esther Schnapp, PhD

Senior Editor
EMBO reports

>>> Please note that it is EMBO Reports policy for the transcript of the editorial process (containing referee reports and your
response letter) to be published as an online supplement to each paper. If you do NOT want this, you will need to inform the
Editorial Office via email immediately. More information is available here: https://www.embopress.org/transparent-
process#Review_Process



EMBO Press Author Checklist

Corresponding Author Name: Davide Trotti
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Submitted to: EMBO Reports

Manuscript Number: EMBOR-2023-57723V2

Reporting Checklist for Life Science Articles (updated January
This checklist is adapted from Materials Design Analysis Reporting (MDAR) Checklist for Authors. MDAR establishes a minimum set of requirements in

transparent reporting in the life sciences (see Statement of Task: 10.31222/osf.io/9sm4x). Please follow the journal's guidelines in preparing your
Please note that a copy of this checklist will be published alongside your article.

Abridged guidelines for 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.

USEFUL LINKS FOR COMPLETING THIS FORM
The EMBO Journal - Author Guidelines
EMBO Reports - Author Guidelines
Molecular Systems Biology - Author Guidelines
EMBO Molecular Medicine - Author Guidelines

— ideally, figure panels should include only measurements that are directly comparable to each other and obtained with the same assay.
— plots include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical
— if n<5, the individual data points from each experiment should be plotted. Any statistical test employed should be justified.

— Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:
— a specification of the experimental system investigated (eg cell line, species name).
— the assay(s) and method(s) used to carry out the reported observations and measurements.

—

an explicit mention of the biological and chemical entity(ies) that are being measured.

— an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
the exact sample size (n) for each experimental group/condition, given as a number, not a range;
a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including

—

—

how many animals, litters, cultures, etc.).

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

—

definitions of statistical methods and measures:

- common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney tests, can be
unambiguously identified by name only, but more complex techniques should be described in the methods section;

- are tests one-sided or two-sided?
- are there adjustments for multiple comparisons?

- exact statistical test results, e.g., P values = x but not P values < x;

- definition of ‘center values’ as median or average;
- definition of error bars as s.d. or s.e.m.

Please complete ALL of the questions below.
Select "Not Applicable™ only when the requested information is not relevant for your study.

Materials

Newly Created Materials

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

New materials and reagents need to be available; do any restrictions
apply?

Yes

Antibodies

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

For antibodies provide the following information:

- Commercial antibodies: RRID (if possible) or supplier name, catalogue
number and or/clone number

- Non-commercial: RRID or citation

Yes

DNA and RNA sequences

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Short novel DNA or RNA including primers, probes: provide the
sequences.

Cell materials

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Cell lines: Provide species information, strain. Provide accession number

in repository OR supplier name, catalog number, clone number, and/OR Yes
RRID.

Primary cultures: Provide species, strain, sex of origin, genetic Yes
modification status.

Report if the cell lines were recently authenticated (e.g., by STR profiling) Yes

and tested for mycoplasma contamination.

Experimental animals

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Laboratory animals or Model organisms: Provide species, strain, sex,
age, genetic modification status. Provide accession number in repository
OR supplier name, catalog number, clone number, OR RRID.

Yes

Animal observed in or captured from the field: Provide species, sex,
and age where possible.

Please detail housing and husbandry conditions.

Plants and microbes

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Plants: provide species and strain, ecotype and cultivar where relevant,
unique accession number if available, and source (including location for
collected wild specimens).

Microbes: provide species and strain, unique accession number if
available, and source.

Human research participants

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If collected and within the bounds of privacy constraints report on age, sex
and gender or ethnicity for all study participants.

Core facilities

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If your work benefited from core facilities, was their service mentioned in
the acknowledgments section?

Yes

Design
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Ethics

Study protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If study protocol has been pre-registered, provide DOI in the
manuscript. For clinical trials, provide the trial registration number OR cite
DOl.

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

Laboratory protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Provide DOI OR other citation details if external detailed step-by-step
protocols are available.

Experimental study design and statistics

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Include a statement about sample size estimate even if no statistical
methods were used.

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

Yes

Include a statement about blinding even if no blinding was done.

Yes

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

If sample or data points were omitted from analysis, report if this was due
to attrition or intentional exclusion and provide justification.

Yes

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?

Yes

Sample definition and in-laboratory replication

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

In the figure legends: state number of times the experiment was replicated
in laboratory.

Yes

In the figure legends: define whether data describe technical or biological
replicates.

Yes

Ethics

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Studies involving human participants: State details of authority granting
ethics approval (IRB or equivalent committee(s), provide reference
number for approval.

Studies involving human participants: 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.

Studies involving human participants: For publication of patient photos,
include a statement confirming that consent to publish was obtained.

Studies involving experimental animals: State details of authority
granting ethics approval (IRB or equivalent committee(s), provide
reference number for approval. Include a statement of compliance with
ethical regulations.

Yes

Studies involving specimen and field samples: State if relevant permits
obtained, provide details of authority approving study; if none were
required, explain why.

Dual Use Research of Concern (DURC)

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Could your study fall under dual use research restrictions? Please check
biosecurity documents and list of select agents and toxins (CDC):
https://www.selectagents.gov/sat/list.htm

If you used a select agent, is the security level of the lab appropriate and
reported in the manuscript?

If a study is subject to dual use research of concern regulations, is the
name of the authority granting approval and reference number for the
regulatory approval provided in the manuscript?

Reporting

The MDAR framework recommends adoption of discipline-specific guidelines, established and endorsed through community initiatives. Journals have their own policy about

requiring specific guidelines and recommendations to complement MDAR.

Adherence to community standards

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

State if relevant guidelines or checklists (e.g., ICMJE, MIBBI, ARRIVE,
PRISMA) have been followed or provided.

Yes

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.

For phase Il and lll 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.

Data Availability

Data availability

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Have primary datasets been deposited according to the journal's

guidelines (see 'Data Deposition' section) and the respective accession Yes
numbers provided in the Data Availability Section?

Were human clinical and genomic datasets deposited in a public access-

controlled repository in accordance to ethical obligations to the patients and Yes

to the applicable consent agreement?

Are computational models that are central and integral to a study
available without restrictions in a machine-readable form? Were the
relevant accession numbers or links provided?

If publicly available data were reused, provide the respective data citations
in the reference list.
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