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1st Editorial Decision 19 October 2016

Thank you for the submission of your manuscript to EMBO Molecular Medicine and for your recent
letter informing us of a similar article just published. We have now heard back from the three
referees whom we asked to evaluate your manuscript.

You will see from the comments below that the referees find the manuscript interesting and well
performed. Suggestions are provided to make the conclusions stronger and few issues should be
clarified and discussed. Referees 2 and 3 recommend repeating the experiments in neurons, which
we agree would strengthen the data. You will also see that referees 2 and 3 mention the Cell Rep
paper. As you know, this article does not impact our decision at this stage thanks to our scooping
protection policy. Nevertheless, in the interest of time, we would strongly encourage you to revise
the article to the best of your possibilities but with the understanding that the referees’ concerns
must be fully addressed and that acceptance of the manuscript would entail a second round of
review. We will do our best to facilitate the process our end.

Please note that it is EMBO Molecular Medicine policy to allow only a single round of revision and
that, as acceptance or rejection of the manuscript will depend on another round of review, your
responses should be as complete as possible.

Revised manuscripts should be submitted within three months of a request for revision; they will

otherwise be treated as new submissions, except under exceptional circumstances in which a short
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extension is obtained from the editor.

Please have a look at our guidelines and recommendations for submitting your revised article below
in order to waste as little time as possible upon submission of the revised article.

I look forward to seeing a revised form of your manuscript as soon as possible.

*EkxEE Reviewer's comments *#%*#%
Referee #1 (Remarks):

Zhou et al investigate whether the dipeptide repeat proteins (DPRs) generated by the FTD and ALS
causing C9orf72 repeat expansion show cell to cell transmission and seeded aggregation. This is an
important topic which is of great interest to the field and beyond.

Overall it is clearly demonstrated that HEK and HeLa cells can take up poly-GA protein and that
this drives increases in repeat RNA and GA protein levels, which can be reversed by pre-incubation
with anti-GA antibodies. As both RNA and protein levels are increased it is not possible to
determine whether increased protein levels are due to increased seeded aggregation or simply
increased mRNA, leading to increased protein levels. Therefore, the current conclusion that seeded
aggregation explains the results is not justified.

Points to address
1. The authors must distinguish between increased poly-GA-induced GA-flag levels/aggregates
being caused by increased repeat RNA levels or seeded aggregation.

2. Figure 3c. It is essential to quantify the number of aggregates. For genuine seeding, increased flag
aggregates would be expected in GA-RFP treated cells compared to RFP alone.

3. Figure 6. Does the antibody treatment reduce the brain homogenate-induced increase in repeat
RNA levels? This will help clarify whether the reduction in poly-GA protein is due to reduced
seeded aggregation or reducing the repeat RNA.

4. It should be stated whether the filter trap assays were normalised for protein amount prior to
loading, or if a loading control was performed on the blot. If not, the rationale for this should be

explained.

5. Figure 2. It would be helpful to see images to observe the nature of the GFP and RFP double
positive cells - are there double-labelled aggregates?

6. Figure 2. The conditions which show higher amounts of GFP in RFP cells (GA, GP and PA) also
show higher amounts of GFP-only cells. This could indicate that increased transfection efficiency of
these constructs is driving the observed effect. The authors should address whether it is more
appropriate to normalise to GFP levels.

7. Figure 1. Quantification of aggregate size and number is needed to confirm the effect of DPR co-
transfection on (G4C2)80-GA-FLAG.

8. Stating in the title that the antibodies are 'immunotherapeutic' is an unnecessary stretch -
immunoprecipitating GA protein from brain lysates does not give a good indication of likely

therapeutic potential.

If these points can be addressed, the findings would be an important step forward for the field.

Referee #2 (Comments on Novelty/Model System):

The authors used different cell lines throughout the manuscript. They used HEK293 cell line for
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most of their experiment and they used HeLa cell line for some of their assays. The authors could
use a more consistent approach or provide a justification for using multiple cell lines.

They should consider using a neuronal cell line or iPSC-derived motor neurons from C9 patients to
support their findings. Human fibroblast cells from C9 patients are not the best model for addressing
cell-to-cell transmission.

Referee #2 (Remarks):

The manuscript by Zhou and colleagues describe that the hydrophobic DPR proteins are transmitted
between cells and expression of poly-GA induces the formation of nuclear RNA foci in (G4C2)80
expressing cells and patient fibroblasts. Hexanucleotide repeat expansion in C9orf72 is the most
common cause of ALS/FTD and non-ATG mediated translation (RAN) has been reported in
ALS/FTD patient carrying expanded hexanucleotide repeats as well as cellular and animal models of
C9orf72. Interestingly, they observed that treatment with recombinant poly-GA and cerebellar
extracts of C9orf72 patients elevated repeat RNA levels and promoted aggregation of all DPR
proteins in recipient cells expressing (G4C2)80. They went on to demonstrate that treatment with
anti-GA antibodies prevented intracellular poly-GA aggregation and blocked the seeding process.
Based on these findings, the authors suggest that poly-GA based immunotherapy may help in
suppressing disease progression and aggregation in C9orf72 ALS/FTD patients. Overall, the
manuscript is well-written and experiments are properly described. There are few concerns and
comments that should be addressed.

1. Figure 1A: The authors should describe how many cells were observed. What is the rationale for
co-transfecting (G4C2)80 along with GA, GP, PR, PA or GR? Did you use (G4C2) with lower
repeats as a control?

2. PR and GR have been shown to be the most toxic DPRs in different cellular and animal models.
Why PR and GR are not transmitted between cells? Is it possible that PR and GR proteins are
expressed at very low level and that is why it is difficult to observe any cell-to-cell transmission?
3. It is not clear why did they use HEK293 for most of their assays and HeLa cell line for some of
their experiments. The authors should use a neuronal cell line that might be more appropriate and
relevant to ALS/FTD.

4. Figure 4C and 4D: What about poly-GR? Why poly GR was excluded in this experiment?

5. The authors should consider adding few more controls or C9-ALS patient brain homogenates in
the figure 5. Using just one ALS patient sample and one control is not enough for drawing any
conclusions.

6. Recently, Westergard et al., (Cell Reports 2016) reported cell-to-cell transmission of DPRs using
cell culture models and suggest the all of the DPRs are transmitted cell-to-cell. The authors should

discuss this paper in their results and discussion section.

7. There is few syntax and grammatical errors in the manuscript that should corrected.

Referee #3 (Comments on Novelty/Model System):

Non-neuronal cells are used throughout the manuscript. Ultimately, the cell to cell transmission, the
induction of repeat mRNA and the immunotherapy should be confirmed in neurons.

Referee #3 (Remarks):

The manuscript by Zhou et al, describes the cell to cell transmission of aggregates formed by RAN
translation of dipeptides from C90rf72 repeat expansions.
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The data is clearly interesting, and the manuscript describe the novel findings well. However, cell to
cell transmission of C90rf72 dipeptides has been very recently described by others (Chang et al,
JBC, 2016). Also, it has been just published in the context of neurons and patient-derived iPSCs
derived motor neurons (Westergard et al, Molecular Cell, 2016).

The novel findings from this manuscript include:

- The identification of a positive feedback loop by which the polyGA dipeptide or cerebellar extracts
from C9orf72 patients promote the C9orf72 repeat mRNA expression and/or stability in non-
neuronal cells.

- Immunotherapy against the polyGA peptide reduces GA intracellular aggregation and rescues the
effect of the polyGA on repeat mRNA levels.

The data presented is comprehensive, but there are a number of issues that would need to be
addressed prior publication, including:

1. All experiments have been done in non-neuronal cells. Is this because in the models used, the
levels of expression achieved are toxic to primary neurons and/or neuronal cell lines? Ultimately,
the cell-to-cell transmission, the induction of repeat mRNA and the immunotherapy should be
confirmed in neurons.

2. The cellular models generally used in here rely on the ectopic expression of labelled DPRs and
their transmission to "recipient” cells expressing (G4C2)80 constructs. This may lead to artefacts
due to over-expression of the "recipient" and "donor" constructs in terms of secretion as well as in
terms of the effects on aggregation. The authors addressed this issue by using patient-derived
fibroblasts transduced by GFP-DPRs, as "DPR expression in primary patient derived cells is
extremely low, they instead focus on RNA foci formation". They indeed found that RNA foci in the
"recipient” fibroblasts were increased by the expression of the hydrophobic DPR species by the
"donor" cells. However, again the system relies on ectopic expression of DPRs. To avoid any
potential artefact due to ectopic expression, the authors should look at transmission between cells
expressing physiological levels of the repeats. For example, did they look at the potential effect of
patient brain extracts on patient-derived fibroblasts, even at extended time points? As the positive
feedback loop should be activated in this system, it's possible that DPR aggregation may be visible
in fibroblasts.

3. In Drosophila C90rf72 models, both arginine DPRs (poly-GR and poly-PR) have been shown to
be the most toxic DPR species (Mizielinska et al, Science, 2014, not referenced in the manuscript).
In the cellular systems tested here, both poly-GR and -PR are the only two DPRs that do not seem to
be transmitted between cells. However, transmitted polyGA are shown to increase the aggregation
of poly-PR in "recipient" cells, despite no co-localization of GA and PR aggregates in this model.
For the immunotherapy experiments, the authors tested the anti PolyGA antibody, but only against
"recipient” cells expressing poly-GA. Particularly on the experiments with the cerebellar extracts
from patients, it may be possible that the reduction via immunotherapy on the polyGA being
transmitted between cells may have an effect on the aggregation of other DPRs.

Minor points:

1. For the RNA foci experiments, HeLa cells are used instead of the HEK293 cells mainly used
throughout the manuscript. Why is that? Is it because RNA foci in HEK293 cells were not be
reliably counted?

2. Have the authors tried with conditioned media from cultures of "donor cells" instead of mixing
"donor and recipient" cultures? Do they seed aggregation and/or repeat RNA as well?

3. TDP-43 co-localized with DPRs in C90rf72 patients (at least outside the cerebellum). Have the
authors look into TDP-43 pathology in their cellular models?

1st Revision - authors' response 23 January 2017

Response to the reviewers
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We provide new data to strengthen our main conclusion that poly-GA is transmitted between cells
and uptake can be inhibited by anti-GA antibodies. Most importantly, we confirmed our key
findings in primary neurons and performed the suggested experiments to support the seeding
component of our effects.

*  We confirmed cell to cell transmission of poly-GA in primary neurons in a co-culture assay
(new Fig. 5A).

* Inneurons, we also show release of poly-GA into the media using a novel ELISA (new
Fig. 5B).

*  Anti-GA antibodies inhibit aggregation in poly-GA expressing primary neurons (new Fig.
7D/E).

*  We show that treatment with poly-GA extracts increases the number of poly-GA inclusions
in receiving cells, suggesting that uptake of poly-GA leads to nucleation of new inclusions
(new Fig. 3E).

*  We increased the number of patients and controls for the treatment study with brain
extracts in Figure 6. We now show enhanced poly-GA translation in (GGGGCC)g,
expressing cells treated with extracts from C9orf72 patients (n=5) compared to controls
(n=6) in the new Fig. 6A/B.

*  For the transmission experiments in HEK293 cell we now show images of double positive
cells (new Fig. EV1).

In addition, we provide the requested controls experiments (new Fig. 1B/C and EV2). Large text
changes are labeled in red in the manuscript.

**EkEX Reviewer's comments *¥***
Referee #1 (Remarks):

Zhou et al investigate whether the dipeptide repeat proteins (DPRs) generated by the FTD and ALS
causing C9orf72 repeat expansion show cell to cell transmission and seeded aggregation. This is an
important topic which is of great interest to the field and beyond.

Overall it is clearly demonstrated that HEK and HeLa cells can take up poly-GA protein and that
this drives increases in repeat RNA and GA protein levels, which can be reversed by pre-incubation
with anti-GA antibodies. As both RNA and protein levels are increased it is not possible to
determine whether increased protein levels are due to increased seeded aggregation or simply
increased mRNA, leading to increased protein levels. Therefore, the current conclusion that seeded
aggregation explains the results is not justified.

We thank the reviewer for the overall enthusiasm. We provide additional experimental evidence for
genuine seeding and discuss our results more critically in the revised manuscript. While exciting, the
dual effect on repeat RNA and DPRs does complicate the interpretation of the results. We assume
that both seeding and RNA induction occur in DPR treated cells.

Points to address
1. The authors must distinguish between increased poly-GA-induced GA-flag levels/aggregates
being caused by increased repeat RNA levels or seeded aggregation.

We followed the reviewer’s helpful suggestions to address whether genuine seeding occurred. Poly-
GA donor cells induce the number of GAg(-flag inclusions in the receiver cells suggesting that
nucleation by uptake of extracellular aggregates occurs (new Fig. 3E). Antibody treatment reduced
intracellular poly-GA aggregation without affecting mRNA levels suggesting that preventing the
nucleation is most important for reducing DPR aggregation (new Fig. S2B). From our data it seems
most likely that both seeding and DPR-mediated repeat RNA induction contribute to the observed
effects. We modified our discussion accordingly.

In addition, Westergard et al. have reported that poly-GA/GP/GR/PA are transmitted between cells
in several paradigms while our manuscript was under review. However, they focused on receiver
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cells not expressing repeat RNA or DPR proteins. Together, these data strongly support cell-to-cell
transmission of DPR proteins. Especially uptake of the highly aggregation prone poly-GA is likely
to trap DPRs translated in receiver cells.

2. Figure 3c. It is essential to quantify the number of aggregates. For genuine seeding, increased
flag aggregates would be expected in GA-RFP treated cells compared to RFP alone.

We followed this excellent suggestion and quantified the fraction of GAg,-flag positive cells. GA 75-
RFP treatment indeed increased the number of GAg-flag positive cells, suggesting genuine seeding
occurred. The new data is shown in the new Fig. 3E of the revised manuscript.

3. Figure 6. Does the antibody treatment reduce the brain homogenate-induced increase in repeat
RNA levels? This will help clarify whether the reduction in poly-GA protein is due to reduced
seeded aggregation or reducing the repeat RNA

We performed qPCR analysis as requested and now show that anti-GA antibodies have no effect on
repeat RNA levels, arguing that the seeding component is dominant in this experiment (new data in
Fig. S2B).

4. It should be stated whether the filter trap assays were normalised for protein amount prior to
loading, or if a loading control was performed on the blot. If not, the rationale for this should be
explained.

For all filter traps we quantified protein levels from the soluble fraction using BCA assay. This
important information is now included in the revised method section.

5. Figure 2. It would be helpful to see images to observe the nature of the GFP and RFP double
positive cells - are there double-labelled aggregates?

We now provide images from double positive cells sorted by flow cytometry confirming the
transmission of hydrophobic DPR proteins into RFP expressing receiver cells (new Fig. EV1).

6. Figure 2. The conditions which show higher amounts of GFP in RFP cells (GA, GP and PA) also
show higher amounts of GFP-only cells. This could indicate that increased transfection efficiency of
these constructs is driving the observed effect. The authors should address whether it is more
appropriate to normalise to GFP levels.

We reanalyzed our data and normalize it to the GFP positive cells. The different normalization did
not affect the overall result. We also tried to manipulate the expression levels using different
promoters (CMV, synapsin), which unfortunately affected the expression levels of poly-GA only
slightly (data not shown). We discuss the potential confound of our analysis in the revised
manuscript.

7. Figure 1. Quantification of aggregate size and number is needed to confirm the effect of DPR co-
transfection on (G4C2)80-GA-FLAG.

We quantified the inclusion size and numbers as requested. The new data is shown in the new Fig
1B/C and confirmed the impression from the sample images previously shown in Fig 1 A.

8. Stating in the title that the antibodies are 'immunotherapeutic' is an unnecessary stretch -
immunoprecipitating GA protein from brain lysates does not give a good indication of likely
therapeutic potential.

We agree that the original title may have been overly enthusiastic. We rephrased the title into

“Antibodies inhibit transmission and aggregation of C9orf72 poly-GA dipeptide repeat proteins”.
If these points can be addressed, the findings would be an important step forward for the field.
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Referee #2 (Comments on Novelty/Model System):

The authors used different cell lines throughout the manuscript. They used HEK293 cell line for
most of their experiment and they used HeLa cell line for some of their assays. The authors could
use a more consistent approach or provide a justification for using multiple cell lines.

We provide a justification for switching from HEK293 to HeLa cells in the revised manuscript.
Briefly, HeLa cells are better for foci staining for two reasons. HeLa cells have larger nuclei that are
easy to observe. Most importantly, HeLa cells attach better to the glass cover slip and can sustain the
harsh washing steps during in situ hybridization much better than HEK293 cells.

They should consider using a neuronal cell line or iPSC-derived motor neurons from C9 patients to
support their findings. Human fibroblast cells from C9 patients are not the best model for
addressing cell-to-cell transmission.

While expression of DPR proteins in iPSC derived neurons have been reported by others, several
collaborators could not detect DPR proteins using our highly specific monoclonal antibodies. Thus,
DPR proteins are likely only visible under highly optimized conditions in iPSC derived neurons.
Recently, we could finally detect DPR proteins in iPSC-derived neurons after 3 months of
maturation. However, this system is not suitable for a revision time frame. Instead, we now show
several new experiments with primary rat neurons confirming transmission of poly-GA (new Fig.
5A) and inhibition of poly-GA aggregation using antibodies (new Fig. 7D/E). Moreover, we
detected release of poly-GA from neurons using a novel ELISA (new Fig. 5B).

Referee #2 (Remarks):

The manuscript by Zhou and colleagues describe that the hydrophobic DPR proteins are transmitted
between cells and expression of poly-GA induces the formation of nuclear RNA foci in (G4C2)80
expressing cells and patient fibroblasts. Hexanucleotide repeat expansion in C9orf72 is the most
common cause of ALS/FTD and non-ATG mediated translation (RAN) has been reported in
ALS/FTD patient carrying expanded hexanucleotide repeats as well as cellular and animal models
of C9orf72. Interestingly, they observed that treatment with recombinant poly-GA and cerebellar
extracts of C9orf72 patients elevated repeat RNA levels and promoted aggregation of all DPR
proteins in recipient cells expressing (G4C2)80. They went on to demonstrate that treatment with
anti-GA antibodies prevented intracellular poly-GA aggregation and blocked the seeding process.
Based on these findings, the authors suggest that poly-GA based immunotherapy may help in
suppressing disease progression and aggregation in C9orf72 ALS/FTD patients. Overall, the
manuscript is well-written and experiments are properly described. There are few concerns and
comments that should be addressed.

We thank the reviewer for the constructive feedback and now address all points in the revised
manuscript.

1. Figure 14: The authors should describe how many cells were observed. What is the rationale for
co-transfecting (G4C2)80 along with GA, GP, PR, PA or GR? Did you use (G4C2) with lower
repeats as a control?

We provide quantification and the requested statistical information for Fig. 1A in the new Fig. 1B/C
and the revised figure legend. We also try to explain the rational in results better. Essentially, we
performed these experiments as control after finding effects of DPR expression on repeat-RNA
levels.

While it is an interesting idea, we could not analyze effects in low repeat constructs, because they do
not support RAN translation (Mori et al., Science 2013).

2. PR and GR have been shown to be the most toxic DPRs in different cellular and animal models.

Why PR and GR are not transmitted between cells? Is it possible that PR and GR proteins are
expressed at very low level and that is why it is difficult to observe any cell-to-cell transmission?
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This is a valid concern. In the meantime Westergard et al. (Cell Rep 2016) have reported
transmission of poly-GR and in some conditions also of poly-PR. Kwon et al. (Science 2014) had
already shown uptake of short GR and PR peptides. In contrast, we could not detect transmission of
poly-GR/PR in our system. We cannot exclude this is due to different expression levels or repeat
length and mention this in the revised discussion.

3. It is not clear why did they use HEK293 for most of their assays and HeLa cell line for some of
their experiments. The authors should use a neuronal cell line that might be more appropriate and
relevant to ALS/FTD.

We used Hela cells for foci staining purely for technical reasons. HeLa cells have larger nuclei that
are easier to observe. Moreover, HeLa cells attach much better to the glass cover slip than HEK293
cells and can sustain harsh washing steps during in situ hybridization. We now mention this in the
result section.

As requested, we now repeated our key findings in rat primary neurons. We detected secretion of
poly-GA by ELISA (new Fig. 5B) and show transmission of poly-GA in a co-culture assay (new
Fig. 5SA). Moreover, anti-GA antibodies reduce poly-GA aggregation in primary neurons (Fig.
7D/E)

4. Figure 4C and 4D: What about poly-GR? Why poly GR was excluded in this experiment?

Poly-GR was omitted in the original submission, because we did not have enough GFP-GR149 virus
for the first experiments. Now we repeated the experiment now three more times with all constructs
including poly-GR and show the combined data in the revised Fig. 4C/D.

During the revision experiments we realized that the poly-GP expressing virus contained the original
GGGGCC-repeat RNA, which explains the large effect on RNA foci shown in the original
submission. We therefore had to remove that data from the revised manuscript, because we have not
succeeded to subclone a full length GFP-GP47 cDNA into a viral backbone despite major efforts, as
this sequence is extremely unstable in bacteria. The omission is explained in the revised figure
legend. We would like apologize for our mistake.

5. The authors should consider adding few more controls or C9-ALS patient brain homogenates in
the figure 5. Using just one ALS patient sample and one control is not enough for drawing any
conclusions.

We followed this is very reasonable suggestion. We now performed flow cytometry analysis of
GAg-flag levels in cells treated with cerebellar extracts from C9orf72 patients (n=5) or C9o0rf72
negative controls (n=6). This data is shown in the new Fig. 6A/B. The mRNA levels from Fig 6E
(originally 5C) had been performed from 3 patients and controls, which we now clearly mention in
the revised legend.

6. Recently, Westergard et al., (Cell Reports 2016) reported cell-to-cell transmission of DPRs using
cell culture models and suggest the all of the DPRs are transmitted cell-to-cell. The authors should
discuss this paper in their results and discussion section.

Indeed, Westergard et al. show transmission of GAs-/GPs¢-/GRso-/PAso-GFP and under some
conditions also of PRs,-GFP. We could only detect transmission of the hydrophobic
GA,75/GP47/PA175-GFP. The difference could be due to different expression levels and repeat length
(149 vs 50 repeats for poly-GR). Uptake of PR,i/GRj; has been shown Kwon et al. (Science 2014).
We now discuss the similarities and discrepancy in the revised manuscript.

7. There is few syntax and grammatical errors in the manuscript that should corrected.

We did our best to fix all of these mistakes in the revised manuscript.
Referee #3 (Comments on Novelty/Model System):

Non-neuronal cells are used throughout the manuscript. Ultimately, the cell to cell transmission, the
induction of repeat mRNA and the immunotherapy should be confirmed in neurons.
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This is a reasonable request. For the revised manuscript, we replicated our key findings in primary
neurons. A major difficulty was the low RAN translation level from neurons transduced with a
repeat RNA lentivirus, which we attribute to poor packaging efficacy. This also precluded a reliable
analysis of the repeat RNA levels. As we could barely detect poly-GA but not the other DPRs in
transduced neurons, we focused on transmission of poly-GA. For details see below.

Referee #3 (Remarks):

The manuscript by Zhou et al, describes the cell to cell transmission of aggregates formed by RAN
translation of dipeptides from C9Orf72 repeat expansions.

The data is clearly interesting, and the manuscript describe the novel findings well. However, cell to
cell transmission of C90rf72 dipeptides has been very recently described by others (Chang et al,
JBC, 2016). Also, it has been just published in the context of neurons and patient-derived iPSCs
derived motor neurons (Westergard et al, Molecular Cell, 2016).

The novel findings from this manuscript include:

* The identification of a positive feedback loop by which the polyGA dipeptide or cerebellar extracts
from C9orf72 patients promote the C9orf72 repeat mRNA expression and/or stability in non-
neuronal cells.

» Immunotherapy against the polyGA peptide reduces GA intracellular aggregation and rescues the
effect of the polyGA on repeat mRNA levels.

The data presented is comprehensive, but there are a number of issues that would need to be
addressed prior publication, including:

We thank the reviewer for the positive evaluation of our work and followed the helpful suggestions
in the revised manuscript.

1. All experiments have been done in non-neuronal cells. Is this because in the models used, the
levels of expression achieved are toxic to primary neurons and/or neuronal cell lines? Ultimately,
the cell to cell transmission, the induction of repeat mRNA and the immunotherapy should be
confirmed in neurons.

This is a very reasonable request. We now confirm transmission of poly-GA between neurons
growing on coverslips separated by paraffin spacers to prevent direct cell contact (new Fig. 5A).
Moreover, we quantified extracellular release of poly-GA from neurons using a novel ELISA (new
Fig. 5B). Finally, we include novel data that show therapeutic effect of anti-GA antibodies in
neurons expressing poly-GA from synthetic constructs (new Fig 7D/E). Thus, we could replicate our
key findings in rat primary neurons.

2. The cellular models generally used in here rely on the ectopic expression of labelled DPRs and
their transmission to "recipient” cells expressing (G4C2)80 constructs. This may lead to artefacts
due to over-expression of the "recipient” and "donor" constructs in terms of secretion as well as in
terms of the effects on aggregation. The authors addressed this issue by using patient-derived
fibroblasts transduced by GFP-DPRs, as "DPR expression in primary patient derived cells is
extremely low, they instead focus on RNA foci formation". They indeed found that RNA foci in the
"recipient" fibroblasts were increased by the expression of the hydrophobic DPR species by the
"donor" cells. However, again the system relies on ectopic expression of DPRs. To avoid any
potential artefact due to ectopic expression, the authors should look at transmission between cells
expressing physiological levels of the repeats. For example, did they look at the potential effect of
patient brain extracts on patient-derived fibroblasts, even at extended time points? As the positive
feedback loop should be activated in this system, it's possible that DPR aggregation may be visible
in fibroblasts.

We agree with the reviewer that exaggerated expression levels might affect transmission. However,
transmission between donor and receiver with endogenous levels will be extremely difficult to
show, because endogenous donor and receiver DPR proteins cannot be distinguished without
sophisticated labeling strategies.
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We have shown previously that the inclusions in poly-GA transduced neurons are comparable to
patient tissue in both size and intensity (May et al., Acta Neuropath 2014). Under these conditions
we could detect release and uptake of poly-GA in a co-culture assay (new Fig. 5A). Moreover, we
had already analyzed the repeat RNA induction at endogenous RNA levels using patient fibroblasts
by foci staining (Fig 4C/D). Moreover, we have used endogenous DPR proteins from the patient
brain extracts as donor for the antibody therapy (Fig. 7).

3. In Drosophila C90rf72 models, both arginine DPRs (poly-GR and poly-PR) have been shown to
be the most toxic DPR species (Mizielinska et al, Science, 2014, not referenced in the manuscript).
In the cellular systems tested here, both poly-GR and -PR are the only two DPRs that do not seem to
be transmitted between cells. However, transmitted polyGA are shown to increase the aggregation
of poly-PR in "recipient" cells, despite no co-localization of GA and PR aggregates in this model.
For the immunotherapy experiments, the authors tested the anti PolyGA antibody, but only against
"recipient" cells expressing poly-GA. Particularly on the experiments with the cerebellar extracts
from patients, it may be possible that the reduction via immunotherapy on the polyGA being
transmitted between cells may have an effect on the aggregation of other DPRs.

We followed the reviewer’s excellent suggestion and analyzed RAN-translation derived poly-GR in
repeat expressing cells treated with brain extracts (new Fig. EV2). C90rf72 brain extracts induced
poly-GR levels and repeat mRNA, but the anti-GA antibodies reduced poly-GA expression without
affecting poly-GR or RNA levels. We assume that the other DPR proteins not targeted by our anti-
GA antibody may elicit this response.

Minor points:

1. For the RNA foci experiments, HeLa cells are used instead of the HEK293 cells mainly used
throughout the manuscript. Why is that? Is it because RNA foci in HEK293 cells were not be
reliably counted?

We used Hela cells for foci staining purely for technical reasons. HeLa cells have larger nuclei that
are easier to observe. Moreover, HeLa cells attach much better to the glass cover slip than HEK293
cells and can sustain harsh washing steps during in situ hybridization. We now mention this in the
result section.

2. Have the authors tried with conditioned media from cultures of "donor cells" instead of mixing
"donor and recipient" cultures? Do they seed aggregation and/or repeat RNA as well?

We have now shown poly-GA release from primary neurons and have used a co-culture experiment
without direct cell contact using two separately transduced coverslips separated by paraffin spacers
(new Fig. 5A). In addition, we we have analyzed extracellular release of poly-GA in the new Fig.
5B.

3. TDP-43 co-localized with DPRs in C90rf72 patients (at least outside the cerebellum). Have the
authors look into TDP-43 pathology in their cellular models?

TDP-43 and DPRs indeed colocalize in a small subset of inclusions in patients. However, we have
not observed this so far in our cellular models. However, we recently reported that poly-GA
overexpression induces cytoplasmic TDP-43 granules that do not colocalize with poly-GA
(Khosravi et al., HMG in press). Thus, uptake of poly-GA may have additional effects on TDP-43.

2nd Editorial Decision 13 February 2017

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
now received the enclosed reports from the referees that were asked to re-assess it. As you will see
the reviewers are now supportive and I am pleased to inform you that we will be able to accept your
manuscript pending the following final amendments:

1) please indicate in legends exact n= and exact p= values, not a range. Some people found that to
keep the figures clear, providing a supplemental table with all exact p-values was preferable. You

© EMBO
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are welcome to do this if you want to.

Please submit your revised manuscript within two weeks. I look forward to seeing a revised form of
your manuscript as soon as possible.

wEkxEE Reviewer's comments *#*#%
Referee #1 (Remarks):

The authors have addressed my concerns. I have no further comments.

Referee #2 (Remarks):

NA

Referee #3 (Remarks):

The major revisions done by the authors make the manuscript acceptable for publication

2nd Revision - authors' response 23 February 2017

Thank you very much for the positive news. We made all changes as requested. Only for Fig. 4 we
cannot provide the exact p-value, because GraphPad Prism only states p<0.0001 for very low p
values. We didn’t want to change the statistical test, although a 2000-fold difference would be
significant in any test. I hope you can accept this.

© EMBO
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Corresponding Author Name: Dieter Edbauer
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Reporting Checklist For Life Sciences Articles (Rev. July 2015)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:
> the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
=> figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful way.
> graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
= if n<5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
= Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:

a specification of the experimental system investigated (eg cell line, species name).
the assay(s) and method(s) used to carry out the reported observations and measurements

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

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

a description of the sample collection allowing the reader to understand whether the samples represent technical or

biological replicates (including how many animals, litters, cultures, etc.).

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

definitions of statistical methods and measures:

* 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;

L X

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.

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

Please ensure that the answers to the following questions are reported in the manuscript itself. We encourage you to include a
specific subsection in the methods section for statistics, reagents, animal models and human subjects.

In the pink boxes below, provide the page number(s) of the manuscript draft or figure legend(s) where the
information can be located. Every question should be answered. If the question is not relevant to your research,

please write NA (non applicable).

USEFUL LINKS FOR COMPLETING THIS FORM

http://www.antibodypedia.com
http://1degreebio.org

http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-repo

http://grants.nih.gov/grants/olaw/olaw.htm

http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/L /index.htm
http://ClinicalTrials.gov
http://www.consort-statement.or;

http://www.consort-statement.org/checklists/view/32-consort/66-title
http://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tun
http://datadryad.org

http://figshare.com

http://www.ncbi.nIm.nih.gov/gap

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/

htty jii.biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurity_documents.html|
http://www.selectagents.gov/

B- Statistics and general methods

Please fill out these boxes W

if you cannot see all your text once you press return

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

Sample size was chosen according to experience and studies with comparable cell biological /
biochemical experiments. A common number of 3-6 experiments was performed

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

no animal studies were conducted

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

no samples were excluded

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

N/A

For animal studies, include a about r ization even if no r ization was used.

no animal studies were conducted

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

image aquisition and quantification was done blinded to the experimental conditions

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

no animal studies were conducted

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

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

Yes, data met assumption of the tests. Data was tested for normal distribution with Shapiro-Wilk
normality test.

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

N/A

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

N/A

C- Reagents



D- Anima

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

All the antibodies except anti-GA antibody were purchased from commercial sources, clone
number and manufactory information is given in the method section. For anti-GA a reference is
provided.

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

HEK293FT and Hela cells were purchased by Life Technology and routinely tested for mycoplasma
contamination.

* for all hyperlinks, please see the table at the top right of the document

| Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing
and husbandry conditions and the source of animals.

no animal studies were conducted

9. For experiments involving live vertebrates, include a of with ethical re

[committee(s) approving the experiments.

and identify the

no animal studies were conducted

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), 1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

no animal studies were conducted

E- Human Subjects

F- Data A

G- Dual u:

11. Identify the committee(s) approving the study protocol.

ethical committee at the Medical Faculty of Ludwig-Maximilians-University (LMU) Munich, Ethical
[Committee of the University of Dresden (EK45022009; EK393122012)

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.

Statement is included in manuscript

13. For publication of patient photos, include a statement confirming that consent to publish was obtained.

no patient photos were recorded

14. Report any restrictions on the availability (and/or on the use) of human data or samples.

N/A

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

NA

16. For phase Il and Ill 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.

NA

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see ink list at
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

ccessibility

18. Provide accession codes for data. See author

under ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

le. Proteomics and molecular interactions

NA

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of
datasets in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in
unstructured repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while
respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible
with the individual consent agreement used in the study, such data should be deposited in one of the major public access-|
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. As far as possible, primary and referenced data should be formally cited in a Data Availability section. Please state
(whether you have included this section.

Examples:

Primary Data

Wetmore KM, Deutschbauer AM, Price MN, Arkin AP (2012). Comparison of gene expression and mutant fitness in
Shewanella oneidensis MR-1. Gene Expression Omnibus GSE39462

Referenced Data

Huang J, Brown AF, Lei M (2012). Crystal structure of the TRBD domain of TERT and the CR4/5 of TR. Protein Data Bank
4026

AP-MS analysis of human histone deacetylase interactions in CEM-T cells (2013). PRIDE PXD000208

22. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized
format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
MIRIAM guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list
at top right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be
deposited in a public repository or included in supplementary information.

no computational models are used

se research of concern

23. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.




