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1st Editorial Decision 13th Feb 2024

Dear Prof. Sockanathan,

Thank you for submitting your manuscript for consideration by the EMBO Journal. It has now been seen by two referees whose
comments are shown below.

Given the referees’ positive recommendations, | would like to invite you to submit a revised version of the manuscript,
addressing the comments of both reviewers. | should add that it is EMBO Journal policy to allow only a single round of revision,
and acceptance of your manuscript will therefore depend on the completeness of your responses in this revised version. It would
be good to discuss your plan to address the referee concerns and | am available to do so in the coming weeks by zoom or
email.

When preparing your letter of response to the referees’' comments, please bear in mind that this will form part of the Review
Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process,
please visit our website: https://www.embopress.org/page/journal/14602075/authorguide#transparentprocess

We generally allow three months as standard revision time. As a matter of policy, competing manuscripts published during this
period will not negatively impact on our assessment of the conceptual advance presented by your study. However, we request
that you contact the editor as soon as possible upon publication of any related work, to discuss how to proceed. Should you
foresee a problem in meeting this three-month deadline, please let us know in advance and we may be able to grant an
extension.

Thank you for the opportunity to consider your work for publication. | look forward to your revision.
Yours sincerely,

Kelly M Anderson, PhD
Editor, The EMBO Journal
k.anderson@embojournal.org

Instructions for preparing your revised manuscript:
Please make sure you upload a letter of response to the referees' comments together with the revised manuscript.
Please also check that the title and abstract of the manuscript are brief, yet explicit, even to non-specialists.

When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability in
print as well as on screen:

https:/bit.ly/EMBOPressFigurePreparationGuideline

See also guidelines for figure legends: https://www.embopress.org/page/journal/14602075/authorguide#figureformat

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.

IMPORTANT: When you send the revision we will require

- a point-by-point response to the referees' comments, with a detailed description of the changes made (as a word file).
- a word file of the manuscript text.

- individual production quality figure files (one file per figure)

- a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide).

- Expanded View files (replacing Supplementary Information)

Please see out instructions to authors

https://www.embopress.org/page/journal/14602075/authorguide#expandedview

Please remember: Digital image enhancement is acceptable practice, as long as it accurately represents the original data and
conforms to community standards. If a figure has been subjected to significant electronic manipulation, this must be noted in the
figure legend or in the 'Materials and Methods' section. The editors reserve the right to request original versions of figures and
the original images that were used to assemble the figure.

Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide



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 (13th May 2024). Please discuss the revision progress ahead of this time with
the editor if you require more time to complete the revisions.

Referee #1:

The author present a compelling paper on the role of Gde2 in maintaining TDP-43 nuclear localization mediated by Wnt/beta-
catenin signal. The work is relevant for the ALS field and well performed. The study is carried out mainly in animal model and
then some finding are confirmed in iPSCs.

| found the first part very compelling and there is huge potential for the animal model to be used to study sporadic ALS; the
authors although need to address some concerns aimed at proving the validity of the model for the study of ALS.

The second part on hiPSCs is less technically sounded and more issues need to be addressed.

The authors also failed in explaining why the Gde2-Wnt-beta-cat axis is involved in NPC, NCT, TDP-43 localization. From their
data is evident that the two events (Gde2KO and TDP-43 nuclear loss/NPC disruption) have a correlation but there is no
mechanistic explanation. | understand though that this question might be the topic for another paper and thus | think the present
paper is fit for a publication in EMBO J after the major revisions listed below.

Major:

- Given the potentiality of this model to be a model for sporadic ALS it would be interesting to measure the behavioral phenotype
of this mice. From figure one the thinning of the cortex is very evident and | would be surprised if it doe snot correlate with a
cognitive phenotype (cognitive and motor see point below)

- From source publication of the mouse model (DOI 10.1016/j.neuron.2011.07.028) it looks like GDE2 KO affected motor
neurons maturation. The authors should include evaluation of TDP-43 localization in motor neurons as well and assessment of
behavior.

- Does LGK974 decrease b-cat? Does ablation of b-cat in Gde2KO mice rescue the phenotype? These experiments will give a
more complete picture of the mechanism.

- Figure 5: do inclusions contain pTDP-43?

- Figure 6 A and C: total levels of TDP-43 by WB are not sufficient to state that there is not TDP-43 abnormalities.
Immunofluorescence for TDP-43 should be performed and N/C should be assessed for every tested concentration od SB216763
- Figure 6D: TDP-43 targets decrease can be a sign of TDP-43 loss of function but also can be a sign of neuronal distress, while
appearance of STMN2CE or UNC13A are a most accepted sign of TDP-43 loss of function. The presence of CE should be
tested as well by gPCR.

- Figure 6E. only C9line are presented, while controls should be presented as well especially when a rescue is claimed. TDP43
nuclear and cytoplasmic localization should be tested for the treatment as well in both controls and C9-ALS iPSN.

Referee #2:

In this manuscript, Zhang et al. propose a new context for TDP-43 mislocalization in which glycerophosphodiester
phosphodiesterase 2 (GDE2) regulates the activity of canonical Wnt signaling, which results in cytoplasmic accumulation of
TDP-43. GDE2 knockout mice developed an age-progressive accumulation of TDP-43, progressing to nuclear loss of TDP-43 at
7 months, and degeneration of cortical neurons at 13 and 19 months of age. Mice lacking Gde2 (Gde2KO) showed deficits in
nucleocytoplasmic transport, as characterized by decreased nuclear localization of Ras-related GTPase (Ran). Transcriptomic
analysis of Gde2KO mice identified Wnt signaling as differentially regulated. To determine if sustained Wnt signaling is sufficient
to induce TDP-43 pathology, the authors utilized a mouse model with stabilized B-catenin and suggest there is mislocalization of
Ran, Nup98 and TDP-43. The authors further propose GDE2 abnormalities coincide with TDP-43 mislocalization in post-mortem
ALS patient tissue. Similarly, they observe increased Wnt activation and decreased GDEZ2 in induced human spinal neuron (iSN)
cultures derived from ALS patients. Overall, the authors present some compelling data and use several model systems which
will be of interest to the neurodegeneration and neuroscience community. However, several of their claims are not supported by
the data provided and the manuscript would be strengthened by addressing the following comments.

Major concerns:

-In Fig. 1G, the stated presence of a cryptic exon in Camk1g is not clear. The band indicated by the arrow around 500 bp is only
clearly present in 1 of 3 Gde2 KO lanes, and also is present in the first and third lanes of the WT cortex. This does not seem to
match the 3 points in the quantification in 1H where 2 Gde2KO points appear nearly the same and only one is about the same
level as WT.



Fig2 I-J and Fig.4 Fand H, why does the Nup98 IHC look different? Figure 4F and H shows bright band around nucleus, that is
not apparent in previous figure. Is there a mix-up with the images in Figure 2?

The authors state that "4-month Gde2KO animals showed an increase in Nup98

cytoplasmic aggregates compared with WT, accompanied by a decrease in Nup98 staining, (Figure 21, J O)". However, there is
no data that these are cytoplasmic aggregates. The overall staining is more dim in Gde2 KO, with some small areas of slightly
brighter intensity, but no experiments were done to determine that these were in fact protein aggregates. The authors should
revise their interpretation.

In Fig4. the Ran IHC with LGK974 appears to be less intense overall. It is not evident from the image provided that there is an
increase in nuclear Ran and decrease in cytosolic. Perhaps the overall decrease in cytoplasmic Ran is skewing the ratio and
nuclear Ran is not changed.

Fig S2. Iba1 should stain all microglia and is not a marker of activation per se. Microglial activation could be inferred based on
microglial morphology but the images too low resolution to observe. It looks like IHC for Iba1 was not successful in WT mice as it
should stain all microglia and there are patches with no staining.

Figure S3. The figure title states that GDE2 expression is required for neuronal survival. However, the NeuN numbers do not
change between groups WT and Gde2KO mice. There is no evidence provided that loss of Gde2KO induces
neurodegeneration.

Fig 5. I do not see other cells in image provided that meet the criteria for having both GDE2 accumulations and lost nuclear
TDP-43. It is not clear how the authors reached the quantification in C and D. Based on how the quantification is plotted, it is
also not clear whether there is variability between patients. Is this an average cells/mm2 across all 5 controls and 6 ALS?

Minor concerns:
The authors state that LGK974 did not affect Myc expression in non-neuronal cells. That is surprising considering it is a small
molecule. How were non-neuronal cells identified?

For most of the analyses, error bars should be plotted as SD and not SEM. It is more informative to the reader to understand
variability between samples and not proximity to the mean.

In Figure 6D, are the points technical replicates or biological replicates (ie. independent experiments)? How many times was this
experiment repeated?



1st Authors' Response to Reviewers 8th May 2024

Response to Reviews

Overall, the referees were very positive, with Referee #1 stating, “The author present a compelling paper
on the role of Gde2 in maintaining TDP-43 nuclear localization mediated by Wnt/beta-catenin signal.

The work is relevant for the ALS field and well performed.... there is huge potential for the animal model
to be used to study sporadic ALS” and Referee #2 stating, “Overall, the authors present some compelling
data and use several model systems which will be of interest to the neurodegeneration and neuroscience
community”. However, both referees had concerns, which we address below.

Referee #1:
Major:
- Given the potentiality of this model to be a model for sporadic ALS it would be interesting to measure
the behavioral phenotype of this mice. From figure one the thinning of the cortex is very evident and |
would be surprised if it doe snot correlate with a cognitive phenotype (cognitive and motor see point
below)

We recently published a manuscript describing cognitive phenotypes in Gde2KO mice (Daudelin
et al., DOl.org/10.1186/512993-024-00234-1). The behavioral outcomes are referred to in the revised
Introduction.

- From source publication of the mouse model (DOI! 10.1016/j.neuron.2011.07.028) it looks like GDE2 KO
affected motor neurons maturation. The authors should include evaluation of TDP-43 localization in
motor neurons as well and assessment of behavior.

We have qualitative data showing that TDP-43 in 2-month old Gde2KO animals is mislocalized in
spinal motor neurons. We have included this in the following figure for the reviewer’s perusal. However,
we are unable to generate quantitative data to include in the manuscript as this would require generating
new animals, which would take several months and is outside the window for resubmission.

| 2-month spinal cord |

| WT | Gde2KO

TDP-43.ChAT

TDP-43

Reviewer Figure 1. TDP43 is mislocalized in the spinal cord of Gde2KO animals. A-h’”’. Sections of
spinal cord from 2-month-old animals. ChAT expression identifies motor neurons. Panels e’-f””’ show
predominantly nuclear TDP-43 expression in ChAT+ neurons in WT spinal cord, with occasional motor
neurons showing cytoplasmic TDP-43 expression (e””’). However, almost all ChAT+ motor neurons in



Gde2KO spinal cords show expression of TDP-43 in the nucleus and cytoplasm (arrows in G and H,
panels g’-h"’). Scale bar A-H:50um; e’-h’”’: 15um.

The assessment of motor behavior in Gde2KO mice has already been published (Cave et al., 2017
DOI: 10.1186/513024-017-0148-1). These animals show hindlimb clasping, reductions in grip strength and
fine motor movement, as well as increased heat sensitization consistent with altered motor and sensory
function. We have referred to this study in the revised introduction.

- Does LGK974 decrease b-cat? Does ablation of b-cat in Gde2KO mice rescue the phenotype? These
experiments will give a more complete picture of the mechanism.

We show in Fig.6l that LGK974 treatment lowers B-catenin amounts in human iSNs generated
from C9ALS patients. In mice, LGK974 treatment of Gde2KOs dampens neuronal Wnt signaling but not the
robust Wnt signaling in non-neuronal cells. Given this confound, evaluating the effects of LGK974 on non-
phosphorylated B-catenin by Western blot using whole tissue lysates would not be informative.
Accordingly, we have treated primary mouse WT and Gde2KO neuronal cultures with LGK974. We include
new data in Fig. EV3E and F showing that LGK974 reduces the amounts of non-phosphorylated -catenin
in cultured Gde2KO neurons, confirming that it decreases Wnt activation.

Genetic KO of B-catenin leads to gastrulation defects at the blastula stage of embryogenesis
(DOI: 10.1083/jcb.148.3.567; DOI: 10.1242/dev.121.11.3529); thus, conventional KOs of B-catenin cannot
be used to ablate B-catenin in Gde2KOs. B-catenin has other essential roles besides mediating Wnt-
signaling, such as in cellular adhesion (doi.org/10.1098/rsob.200267); therefore, even neuron-specific
conditional KO of B-catenin is likely to have pleiotropic effects, complicating interpretation. Taken
together, ablating B-catenin in Gde2KO mice would not be informative for understanding roles in Wnt-
dependent phenotypes.

- Figure 5: do inclusions contain pTDP-43?

We have stained sections of postmortem brain of patients with ALS using our GDE2 antibody and
published antibodies against pTDP-43. We find that cells with GDE2 accumulations contain pTDP-43, and
in some cases, GDE2 accumulations coincide with pTDP-43 expression. We have included this data in
revised Fig. EV4G-J.

- Figure 6 A and C: total levels of TDP-43 by WB are not sufficient to state that there is not TDP-43
abnormalities. Immunofluorescence for TDP-43 should be performed and N/C should be assessed for
every tested concentration od SB216763.

We performed this experiment in iSNs, as suggested by the reviewer, and found that TDP-43
nuclear expression is reduced in response to SB216763 treatment. We have included these data in
revised Fig. 6E and F.

- Figure 6D: TDP-43 targets decrease can be a sign of TDP-43 loss of function but also can be a sign of
neuronal distress, while appearance of STMN2CE or UNC13A are a most accepted sign of TDP-43 loss of
function. The presence of CE should be tested as well by qPCR.

The reduction of TDP-43 target transcripts and the incorporation of cryptic exons (CE) in STMN2
and UNCI13A transcripts are typically observed in iSNs under conditions where TDP-43 function is


https://doi.org/10.1083/jcb.148.3.567
https://doi.org/10.1242/dev.121.11.3529
https://doi.org/10.1098/rsob.200267

completely abolished/knocked down or in patient tissues (DOI:10.1038/s41593-018-0293-z; DOI:
10.1038/541593-018-0300-4; DOI: 10.1038/541586-022-04424-7; DOI: 10.1038/541586-022-04436-3).

However, CE inclusion is not consistently observed in iSNs in patient lines; instead, the
downregulation of TDP-43 targets is reproducibly detected in iSNs when TDP-43 activity is decreased
(DOI: 10.1016/].celrep.2023.113046; DOI: 10.1038/541593-018-0300-4; DOI:
10.1126/scitranslmed.abe1923). This is evident in published studies using the same differentiation
protocol as our study, where TDP-43 localization and expression either show modest changes or appear
unchanged (DOI: 10.1126/scitransimed.abe1923). Indeed, recent RNA-seq studies detect no evidence of
transcripts with CEs in patient iSNs but identify reductions in TDP-43 target RNAs
(DOI:10.1016/].celrep.2023.113046). We have included new data in Fig. EV5R showing that we do not
detect CEs in iSNs treated with SB216763. The apparent discrepancies between iSNs and patient tissue
where CEs are detected may be due to impaired RNA clearance mechanisms in disease. Accordingly, the
examination of target gene levels is a more reproducible method to detect TDP-43 loss of function when
TDP-43 expression is not completely ablated and RNA clearance mechanisms are intact.

Should neurons be in such distress that TDP-43 target transcripts are reduced through TDP-43
independent mechanisms (such as impaired transcription), then we would expect a global reduction of
cellular transcript levels. We show that the transcription of a panel of genes encompassing structural,
metabolic, ribosomal, and motor neuron transcripts is not compromised by the addition of the Wnt
agonist, arguing against global effects on transcription due to neuronal distress (Fig. EV5Q). In support of
this notion, we include new data in revised Fig. EV5A-P, showing that neuronal identity, stress granule
formation, and autophagy are not altered by treating neurons with SB216763.

- Figure 6E. only C9line are presented, while controls should be presented as well especially when a
rescue is claimed. TDP43 nuclear and cytoplasmic localization should be tested for the treatment as well
in both controls and C9-ALS iPSN.

We have presented the results this way because we are comparing the C9 lines treated with either
vehicle alone or with the Wnt inhibitor. The control lines were not treated with vehicle or inhibitor and
thus are not appropriate for comparative analysis. We also excluded one C9 cell line we initially examined
for TDP-43 molecular dysfunction because it did not exhibit Wnt suppression in response to the drug,
making it difficult to pair the two experiments for comparative analysis. We have now changed the text
to state “increased expression” or “partial rescue”.

Published studies of C9 lines using the same differentiation protocol and using some of the lines
we employ in our study show that changes in TDP-43 localization are typically not observed in C9ALS iSNs
at Day 46 (the time point of our study) (DOI: 10.1126/scitranslmed.abe1923 ). We have confirmed this to
be the case and include this data in Fig. S8P.

Referee #2:

Major concerns:

-In Fig. 1G, the stated presence of a cryptic exon in Camk1g is not clear. The band indicated by the arrow
around 500 bp is only clearly present in 1 of 3 Gde2 KO lanes, and also is present in the first and third
lanes of the WT cortex. This does not seem to match the 3 points in the quantification in 1H where 2
Gde2KO points appear nearly the same and only one is about the same level as WT.

When quantified, the data stands as shown with an increase in Camk1g cryptic exon (CE) in the
Gde2KOs. To address the reviewer’s concern, we have examined two other targets of TDP-43 function
(see revised Fig.1G-l). The increase in CE is clearly shown for Synj2bp, where the appearance of the
fragment relates to CE inclusion. We note that there is some variation in CE inclusion in particular genes



amongst animals; however, all Gde2KOs show CE inclusion spread across different genes, reflective of
TDP43 dysfunction. This variation may reflect the stochastic nature of TDP-43 downregulation in Gde2KOs
that could affect different neuronal types in different animals. We have noted this in the revised text.

Fig2 I-J and Fig.4 Fand H, why does the Nup98 IHC look different? Figure 4F and H shows bright band
around nucleus, that is not apparent in previous figure. Is there a mix-up with the images in Figure 2?

There is no mix-up with the images. In Fig 2I-J, the samples were prepared from paraffin sections
of 4-month-old tissues, while in Fig 4F and H, the samples were analyzed using frozen (cryo) sections 3
weeks post AAV injection as a means to capture early changes upon Wnt activation. These different
preparations and different time points result in different IHC appearances for Nup98. However, we note
that the band around the nucleus is still observed in Fig. 2l for the WT condition.

The authors state that "4-month Gde2KO animals showed an increase in Nup98
cytoplasmic aggregates compared with WT, accompanied by a decrease in Nup98 staining, (Figure 21, J
0)". However, there is no data that these are cytoplasmic aggregates. The overall staining is more dim in
Gde2 KO, with some small areas of slightly brighter intensity, but no experiments were done to
determine that these were in fact protein aggregates. The authors should revise their interpretation.

We thank the reviewer for pointing this out, and we have modified the text to state “puncta”
rather than “aggregates”.

In Fig4. the Ran IHC with LGK974 appears to be less intense overall. It is not evident from the image
provided that there is an increase in nuclear Ran and decrease in cytosolic. Perhaps the overall decrease
in cytoplasmic Ran is skewing the ratio and nuclear Ran is not changed.

We thank the reviewer for pointing this out, and we have changed the image to better reflect the
quantified data. We note, however, that the Ran gradient is critical for nuclear-cytoplasmic transport and
that measuring the nuclear/cytoplasmic ratio is the most accepted method for measuring this gradient.

Fig S2. Ibal should stain all microglia and is not a marker of activation per se. Microglial activation could
be inferred based on microglial morphology but the images too low resolution to observe. It looks like
IHC for Ibal was not successful in WT mice as it should stain all microglia and there are patches with no
staining.

We have included better images for Ibal staining and also higher magnification images to
provide clarity on microglial morphology. We have also changed the text to address the reviewer’s
concern

Figure S3. The figure title states that GDE2 expression is required for neuronal survival. However, the
NeuN numbers do not change between groups WT and Gde2KO mice. There is no evidence provided that
loss of Gde2KO induces neurodegeneration.

We have changed the Figure title to say that “GDE2 expression in the adult is required to prevent
neurodegenerative changes”. We note that Appendix Fig. S2 relates to an earlier timepoint (13 months)
when there is no neuronal loss in Gde2KOs; however, there is a neuronal loss in 19-month Gde2KO animals
(Fig. EV1) consistent with neurodegeneration.

Fig 5. | do not see other cells in image provided that meet the criteria for having both GDE2
accumulations and lost nuclear TDP-43. It is not clear how the authors reached the quantification in C



and D. Based on how the quantification is plotted, it is also not clear whether there is variability between
patients. Is this an average cells/mm2 across all 5 controls and 6 ALS?

Similar to quantification in Westerhaus et al., 2022 (DOI: 10.1186/s40478-022-01376-x), cells with
accumulations of GDE2 were manually quantified from paraffin sections of control (n=5) and ALS patient
(n=6) motor cortices. For each sample, 16 regions of interest (0.212 mm?) per section were chosen at
random to be imaged and analyzed. DAB staining (brown) for GDE2 was considered an accumulation if it
was above a relative intensity threshold set to WT using Imagel. In cells with GDE2 accumulations, TDP-
43 abnormalities were scored in two categories: TDP-43 loss and TDP-43 cytoplasmic mislocalization. TDP-
43 loss was visually scored as the absence of TDP-43 (red) staining. Cytoplasmic mislocalization was
visually scored as the presence of TDP-43 (red) in the cytoplasm with reduction or loss in the nucleus. This
was confirmed by examining corresponding immunofluorescence images of TDP-43 alkaline phosphatase
staining. This has been clarified in the methods section, and additional example images of cells with GDE2
accumulations and TDP-43 abnormalities are included in revised Fig. 5A and B to provide clarity.

Panel C refers to the total cells with GDE2 accumulations, and of these cells, the number of cells
with both GDE2 accumulations and TDP-43 abnormalities (nuclear loss or cytoplasmic mislocalization)
were plotted. Panel D refers to the total TDP-43+ cells per image, and of these cells, TDP-43+ cells, which
also had GDE2 accumulations, were plotted. These are plotted as the average of cells/mm? by patient of
control and ALS, respectively. The variability between patients for these analyses is shown in Fig. EV4,
with each dot representing an individual patient average.

Minor concerns:

The authors state that LGK974 did not affect Myc expression in non-neuronal cells. That is surprising
considering it is a small molecule. How were non-neuronal cells identified?

Non-neuronal cells were identified as Myc+NeuN- (ie lacking NeuN expression). It is possible that
the non-neuronal cells may respond to treatments of higher concentrations of LGK974.

For most of the analyses, error bars should be plotted as SD and not SEM. It is more informative to the
reader to understand variability between samples and not proximity to the mean.

We respectfully point out that error bars plotted as SEM are widely used in published literature
and in the EMBO journal.

In Figure 6D, are the points technical replicates or biological replicates (ie. independent experiments)? How
many times was this experiment repeated?

The points refer to 4 different iPSC lines, each subject to 2 separate differentiations. This is
stated in the Figure legend.



1st Revision - Editorial Decision 29th May 2024

Dear Shanthini,

Congratulations on a great revision! Overall, the referees have been positive, however there remain a few editorial items that |
ask you to attend to in a revised manuscript. When you submit your revised version, please address the following editorial items
and add this to a new point-by-point response:

1. Please provide up to five keywords, which may or may not appear in the title, should be given in alphabetical order, below the
abstract, each separated by a slash (/).

2. Please move the references to before the figure legends.

3. Please move the data availability section before the acknowledgments section.

4. Please rename the conflict of interest section to "Disclosure Statement and Competing Interests".
5. Please remove the author contribution section from the main manuscript.

6. We require that all figures be referred to in the main manuscript and in chronological order, please add a callout to figure 2K,
L, M, N, 3C, and 4T.

7. For the dataset EVs, there are two zipped datasets; each should be unzipped and uploaded as a Dataset and each legend
should be provided in its Excel file as a separate sheet/tab.

8. For the appendix file, the table of contents should have listed each Appendix item with a page number; "Supplementary Table
S4" should be changed to "Appendix Table S4".

9. Please rename the material and methods section to "Methods".

10. In the figure legends, please ensure that figures 3c-k and 4s-x are provided sequentially.

11. Please provide the exact p value in the legend of figures 2r, 4m-p, s.

12. Please describe the nature of N in the legends of figures 1e, I-m.

13. Please provide a scale bar for figures 3a, a-b', f-g, i-j; 4a-c, e-g, i-k, g, u, w; EV 4g-i, |, n; EV 5a-k.

14. Please provide a scale bar and its definition for figures 1a, ¢, j; 2a, a', ¢, ¢', c", d', e-g, e'-g', i; 5a’-a’, b'-b"; EV 1a-g, c'-d"; EV
2a-c, e.

Thank you for the opportunity to consider your work for publication and | look forward to your revision.

Warm wishes,
Kelly

Kelly M Anderson, PhD

Editor, The EMBO Journal
k.anderson@embojournal.org

Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/

authorguide

Referee #1:

the manuscript is now in a ready-to-publish format



Referee #2:

The authors have sufficiently addressed this reviewer's concerns. This work will be of interest to the neurodegeneration and
neuroscience communities.



2nd Authors' Response to Reviewers 31st May 2024

The authors addressed the minor formatting issues.



2nd Revision - Editorial Decision 10th Jun 2024

Dear Shan,

Congratulations on an excellent manuscript, | am pleased to inform you that your manuscript has been accepted for publication
in the EMBO Journal. Thank you for your comprehensive response to the referee concerns and for providing detailed source
data. It has been a pleasure to work with you to get this to the acceptance stage.

I will begin the final checks on your manuscript before submitting to the publisher next week. Once at the publisher, it will take
about 3 weeks for your manuscript to be published online. As a reminder, the entire review process including referee concerns
and your point-by-point response will be available to readers.

I will be in touch throughout the final editorial process until publication. In the meantime, | hope you find time to celebrate!

Warm wishes,
Kelly

Kelly M Anderson, PhD
Editor, The EMBO Journal
k.anderson@embojournal.org

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/14602075/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.

>>> Please note that it is The EMBO Journal 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: Shanthini Sockanathan
Journal Submitted to: The EMBO Journal
Manuscript Number: EMBOJ-2024-116687

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

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: 10.31222/0sf.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.
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

1

2. Captions
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Information included in
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Antibodies (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 Appendix Table S2

Information included in
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In which section is the information available?

DNA and/RNA sequences (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

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

Yes Appendix Table S4
sequences.

Information included in
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In which section is the information available?

Cell materials (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 Appendix Table S3

Primary cultures: Provide species, strain, sex of origin, genetic

Py Yes Methods and Materials
modification status.

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

" Yes Methods and Materials
and tested for mycoplasma contamination.
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Experimental animals (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 Yes
OR supplier name, catalog number, clone number, OR RRID.

Methods and Materials

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

Please detail housing and husbandry conditions. Yes Methods and Materials

Information included in
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In which section is the information available?

Plants and microbes (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.
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In which section is the information available?
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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
DOI.

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.

Yes

Methods and Materials

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?

Methods and Materials

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

Methods and Materials

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.

Methods and Materials

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?

Figure legends and associated source data files

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

Figure legends and associated source data files

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

Yes

Figure legends and associated source data files

Ethics

Information included in
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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.

Methods and Materials

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:/h nts.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.

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 quidelines.

For phase Il and Il 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
numbers provided in the Data Availability Section?

Yes

Data Availability

Were human clinical and genomic datasets deposited in a public access-
controlled repository in accordance to ethical obligations to the patients and
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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