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1st Editorial Decision 06 August 2017

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We are sorry that
it has taken longer than we would have liked to get back to you on your manuscript.

As you will see, while recognizing the interest of this manuscript (although reviewer 2 is less
convinced overall), the reviewers raise many serious, partially overlapping concerns.

The main shared issue is that of the lack of important controls and insufficient or unclear support for
the core claims. These include 1) the need for solid proof that indeed inhibition of the Drp1-Fis1
interaction is occurring and underlies the effect of the peptide, 2) better explain the generally unclear
MoA of the peptide, 3) lack of a peptide dose-response, 4) non-optimal histology, 5) lack of proof
that the peptide crosses the BBB and many others. Please note that when deciding on whether to
send your manuscript out for peer-review, I had obtained external advice from an expert advisor
who did raise many of the same issues.

Finally, there is also a concern on the extent of the clinical effect of the peptide from reviewer 2
which however reviewer 1 does not appear to agree upon.

Finally, reviewer 2 also raises a significant concern on overall news value.

After our reviewer cross-commenting exercise and in depth internal discussion we agreed that the
manuscript lacks the conclusiveness and strong support for the claims that would be required for
publication in EMBO Molecular Medicine.

In conclusion, while publication of the paper cannot be considered at this stage, we would be willing
to consider a substantially revised submission, with the understanding that the Reviewers' concerns
must be addressed in full. However, we will not be asking you to undertake the BBB experiments,

although your response will be required on the issue.

Since the required revision in this case appears to require a significant amount of time, additional
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work and experimentation and might be technically challenging, I would therefore understand if you
chose to rather seek publication elsewhere at this stage. Should you do so, and we hope not, we
would welcome a message to this effect. Please note that it is EMBO Molecular Medicine policy to
allow a single round of revision only and that, therefore, acceptance or rejection of the manuscript
will depend on the completeness of your responses included in the next, final version of the
manuscript.

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

The manuscript by Joshi and colleagues investigates a novel mechanism for the potential treatment
of Amyotrophic Lateral Sclerosis (ALS) through pharmacological inhibition of Drpl translocation
to mitochondria. The authors used ALS patient-derived cellular models as well as SOD1-mutant
NSC-34 motor neurons and employed a plethora of in vitro assays to determine effects of a cell-
permeable peptide inhibitor P110 on various mitochondrial parameters including morphology,
membrane potential, ATP levels as well as Drpl translocation and phosphorylation. Furthermore,
inhibition of Drp1/Fis] interaction by P110 treatment was assessed on ultrastructural deficits and
neurological parameters in vivo, using the ALS preclinical mouse model SOD1G93A. The
investigators observed robust effects of the peptide inhibitor in both the cellular models and SOD1-
mutant mice.

This is a very interesting study with robust data and solid experimental work. The manuscript is
well-written and the employed methods and statistics are adequately applied. The following points
need to be addressed in a revised version.

Major points:

1. The observed reversal of pathological phenotypes through P110 treatment in both in vitro and in
vivo models is striking. Mechanistically, however, it remains unclear how P110 corrects all the
deficits. The authors speculate that ROS might be the underlying cause for ALS phenotypes and
suggest improvement through P110. Is there additional evidence that P110 acts purely as an
antioxidant?

2. Figure 1: Data obtained with patient-derived fibroblasts need to be verified with an independent
method, e.g. immunohistochemical staining of endogenous Drp1 mitochondrial translocation.

3. Along this line, to confirm a direct role of Drp1 translocation in ALS pathogenesis, ectopic
expression of dominant-negative Drp1-K38A should be assessed in patient cells to demonstrate the
proof-of-principle.

4. Has a control peptide been used in both in vitro and in vivo experiments?

5. A single concentration of the P110 peptide was used throughout the study, consistent with
previously published work (PMIDs 23239023, 23813973, 24231356). A peptide titration experiment
is recommended to demonstrate potency. Has the peptide ever been titrated in any of the earlier
studies?

Minor points:

1. The manuscript lacks page numbers.

2. Figures 1A-G: Information on the number of counted cells should be included in the figure
legend.

3. Figure 2A: A scale bar needs to be added here.

4. Figure 2C: The bar charts need to be adjusted in size according to the rest of the figure.

5. Figure 4A: The magnified areas need to be indicated in the left panel and require proper scale
bars.

6. Figure SA: Scale bars need to be added to images in the right panel.
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Referee #2 (Remarks):

Joshi have contributed a manuscript on the potential role of mitochondrial fission dynamics in the
evolution of amyotrophic lateral sclerosis (ALS). The work centers on the use of a putative peptide
inhibitor (called P110) of Drp1-Fisl interaction. Using familial ALS fibroblasts and a mouse
immortalized embryonic spinal cord cell line they show increased fragmentation and dysfunction of
mitochondria. P110 treatment mitigated these pathological changes in cell culture. They next used
an in vivo transgenic mouse model of ALS that expresses mutant SOD1. They show that treatment
of mutant mice with P110beginning at the onset of disease produced a clinical improvement and
extended survival. The authors conclude that Drpl hyperactive may be a target for treatment in
ALS.

This work has important strengths. It is logically designed in general, beginning with experiments in
cell culture and then in vivo. Not much work has been done specifically using this P110 peptide
inhibitor of mitochondrial fission. The mitochondrial imagining in the human fibroblasts is
magnificent. The behavior outcome measurements in mice are pretty extensive.

This work has some important weaknesses.

The general weaknesses are:

1) As a general concept, novelty is lacking. Other work has been done using putative mitochondrial
fission inhibitors in models of ALS, such as Mdiv-1 (Luo et al., 2013). The authors need to clarify
what makes this work important and new compared to the work on Mdiv-1 in ALS models.

2) The effects of P110 on clinical outcomes in SOD1 mice are modest.

3) The in vivo experiments are fraught with difficulties.

4) Peptide dose response data for the in vivo experiments is needed.

5) The theme and in fact title of the paper centers on "inhibition of Drp1-Fisl interaction," but where
is the data in these particular ALS-related experimental systems that show the Drp1-Fis1
interactions are inhibited? Co-immunoprecipitation, FRET, or proximity ligation assay data would
be useful here.

6) The in vivo histology work is suboptimal and imprecise.

Specific weaknesses

6) Figure 1. It is very strange that all of the familial ALS mutants are affecting fibroblast
mitochondria equally. What is the precedent for a mitochondrial role of TDP43 and FUS in ALS?
7) It is very important to show that P110 peptide is targeting mitochondria in a cell culture
application.

8) A dose-response characterization is needed for the cell culture experiments.

9) Identifying cultured NSC34 cells as motor neurons is inaccurate. With care and time, this line can
be differentiated into motor neuron-like cells, but their characterization needs to be shown if the
authors want to identify these cells as motor neurons.

10) Figure 2C. Is the Drp1 blot a re-probe of the pDrp1 ser616 or ser637 blot or neither?

11) The detail of the design for the drug administration for the in vivo experiment is lacking. They
used osmotic pumps. Importantly, where were the pumps implanted: peripherally or centrally? The
authors reference Disatnik et al but systemic ip injection was used in this prior work.

12) The authors need to show blood brain barrier penetration of P110 and very importantly brain
tissue concentration of P110. This bio-distribution work needs to be done in the context of a dose-
response experimental design in vivo.

13) Figure 4A. The skeletal muscle EM quality is poor.

14) Figure 4B. The paraffin histology H&E is also suboptimal, particularly for the G93A untreated
image.

15) Figure 4C. It is not evident what is staining with the 4-HNE staining. What compartment is
stained and how was this staining quantified?

16) Figure 5A. The EM of spinal cord needs some work. Where is this in spinal cord? They should
show motor neuron mitochondria. The low magnification image of the G93A spinal cord shows
mitochondria that look pretty good. The size measurements are contrary to other papers showing
that mitochondria in the G93A mice swell tremendously. How was cristac damage defined and
quantified?

17) The clinical effects of P110 are just not that robust to get excited about.
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Referee #3 (Remarks):

The models appear to be sound and this is an important disease. Furthermore the idea that
mitochondrial fragmentation might drive autophagy and mitophagy to excess is interesting.
However, the overall message needs to be more accessible.

Major comments

1. I am not clear about the proposed mechanism. Would a diagram help? The authors mention
"stalled autophagy" but do not supply any specific references regarding this (to me new) concept. Is
ALS another example of impaired autophagy (Cullup et al., 2013)? This seems unlikely given the
role of mitochondrial fragmentation.

2. That excessive mitochondrial fragmentation might drive mitophagy is an interesting idea,
previous examples of this should be quoted. Mitochondrial fragmentation appears to be excessive in
OPA1 mutants and this is linked with increased mitophagy (as in this paper) and mtDNA depletion
(Elachouri et al., 2011) (Liao et al., 2017). If mitophagy is increased in ALS, what makes it
excessive? Does it cause a deficiency or impair the effectiveness of mitophagy? Was mtDNA
quantified? Or is it stalled mitophagy that is the problem (more explanation needed please).

Minor points

They repeatedly refer to EVIA but expanded view 1 has no "A" or indeed labels of the mutants
loaded.

I am not familiar with 4-HNE staining of skeletal muscle. The reference they quote (Niebroj
Dobosz) looks like CNS not muscle, where is the reference showing that this method is validated for
quantitation of 4-HNE in muscle?

Cullup, T.,et al 2013. Recessive mutations in EPGS5 cause Vici syndrome, a multisystem disorder
with defective autophagy. Nat Genet 45, 83-87.

Elachouri, et al., 2011. OPA1 links human mitochondrial genome maintenance to mtDNA
replication and distribution. Genome Res 21, 12-20.

Liao, C. et al 2017. Dysregulated mitophagy and mitochondrial organisation in optic atrophy due to
OPA1 mutations. Neurology 88, 131-142.

1st Revision - authors' response 17 October 2017

Referee #1 (Remarks):

The manuscript by Joshi and colleagues investigates a novel mechanism for the potential treatment
of Amyotrophic Lateral Sclerosis (ALS) through pharmacological inhibition of Drpl translocation
to mitochondria. The authors used ALS patient-derived cellular models as well as SOD1-mutant
NSC-34 motor neurons and employed a plethora of in vitro assays to determine effects of a cell-
permeable peptide inhibitor P110 on various mitochondrial parameters including morphology,
membrane potential, ATP levels as well as Drpl translocation and phosphorylation. Furthermore,
inhibition of Drp1/Fisl interaction by P110 treatment was assessed on ultrastructural deficits and
neurological parameters in vivo, using the ALS preclinical mouse model SOD1G93A. The
investigators observed robust effects of the peptide inhibitor in both the cellular models and SOD1-
mutant mice.

This is a very interesting study with robust data and solid experimental work. The manuscript is
well-written and the employed methods and statistics are adequately applied. The following points
need to be addressed in a revised version.

R: we thank the reviewer for their support.

Major points:

1. The observed reversal of pathological phenotypes through P110 treatment in both in vitro and in
vivo models is striking. Mechanistically, however, it remains unclear how P110 corrects all the
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deficits. The authors speculate that ROS might be the underlying cause for ALS phenotypes and
suggest improvement through P110. Is there additional evidence that P110 acts purely as an
antioxidant?

R: We appreciate the reviewer comments and have added a discussion addressing this important
point. P110 is not an anti-oxidant per se; it reduces the levels of mitochondrial and cellular ROS
(Fig. 1F, G 2A) by preventing mitochondrial dysfunction. Improved mitochondrial function resulted
in increased ATP levels (Fig. 1E, and (Guo, Disatnik et al., 2013)), which in turn corrects impaired
autophagy (Fig. 2D and E) and increases proteasomal activity (Fig. 2F), thus decreasing protein
aggregates — a major cause for the ALS pathology. We also find that it increases healthy
mitochondrial content (revised Fig. 4A, C, D and Fig. 5A), reduces accumulation of damaging
aldehyde, 4HNE (Fig. 4B, F) which results in a healthier muscle (Fig. 4E). We now provide more
detailed discussion, explaining the mechanism and benefit of P110 on p.17-18, 378-393 and added a
scheme (new Fig. 6).

2. Figure 1: Data obtained with patient-derived fibroblasts need to be verified with an independent
method, e.g. immunohistochemical staining of endogenous Drp1 mitochondrial translocation.

R: Immunohistochemistry showing higher levels of Drpl on the mitochondria is relatively
insensitive, as the majority of Drpl remains cytosolic. Instead we provide new data showing
increased co-IP of Drpl with Fis1 that is blocked with P110 treatment in three patient derived cells
(new Fig. 11, Fig. EV1 G) and in a cell line expressing SOD1 mutant (Fig. EV2 C).

3. Along this line, to confirm a direct role of Drpl translocation in ALS pathogenesis, ectopic
expression of dominant-negative Drpl1-K38A should be assessed in patient cells to demonstrate the
proof-of-principle.

R: Such an experiment was reported in our previous study (Qi, Qvit et al., 2013), and independent
study experiment of my ex-postdoc, Dr. Xin Qi (Su & Qi, 2013). We now added a complementary
assay using healthy and patient-derived fibroblasts, showing that knocking down target of P110
(Fis1) improves mitochondrial structure (new Fig. 1 A, Fig. EV1 A-D).

4. Has a control peptide been used in both in vitro and in vivo experiments?
R: Yes. The control peptide (TATy47.57) was used in both in vitro and in vivo efficacy experiments. In
However, due to funding limitations, only P110 peptide was used in the safety study.

5. A single concentration of the P110 peptide was used throughout the study, consistent with
previously published work (PMIDs 23239023, 23813973, 24231356). A peptide titration experiment
is recommended to demonstrate potency. Has the peptide ever been titrated in any of the earlier
studies?

R: We now added new data with dose response studies in cultured SOD1 G93A cells (new Fig. 2A-
C, Fig. EV2D).

Minor points:

1. The manuscript lacks page numbers.

R: Now added

2. Figures 1A-G: Information on the number of counted cells should be included in the figure
legend.

R: Now added; At least 100 cells/group were counted by an observer blinded to experimental
conditions.

3. Figure 2A: A scale bar needs to be added here.

R: This panel is not Fig. EV2A and a scale bar is now added.

4. Figure 2C: The bar charts need to be adjusted in size according to the rest of the figure.

R: Now modified, accordingly
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5. Figure 4A: The magnified areas need to be indicated in the left panel and require proper scale
bars.

R: Fig. 4A has been modified and the enlarged areas were removed. A related information
(containing multiple examples) is now provided in Fig. SA

6. Figure SA: Scale bars need to be added to images in the right panel.

R: Fig. SA (Now Fig. EV2A) has been modified and scale bars were added in each panel.

Referee #2 (Remarks):

Joshi have contributed a manuscript on the potential role of mitochondrial fission dynamics in the
evolution of amyotrophic lateral sclerosis (ALS). The work centers on the use of a putative peptide
inhibitor (called P110) of Drpl-Fisl interaction. Using familial ALS fibroblasts and a mouse
immortalized embryonic spinal cord cell line they show increased fragmentation and dysfunction of
mitochondria. P110 treatment mitigated these pathological changes in cell culture. They next used
an in vivo transgenic mouse model of ALS that expresses mutant SOD1. They show that treatment
of mutant mice with P110beginning at the onset of disease produced a clinical improvement and
extended survival. The authors conclude that Drpl hyperactive may be a target for treatment in
ALS.

This work has important strengths. It is logically designed in general, beginning with experiments in
cell culture and then in vivo. Not much work has been done specifically using this P110 peptide
inhibitor of mitochondrial fission. The mitochondrial imaging in the human fibroblasts is
magnificent. The behavior outcome measurements in mice are pretty extensive.

R: We thank the reviewer for their support.

This work has some important weaknesses. The general weaknesses are:

1) As a general concept, novelty is lacking. Other work has been done using putative mitochondrial
fission inhibitors in models of ALS, such as Mdivi-1 (Luo et al., 2013). The authors need to clarify
what makes this work important and new compared to the work on Mdivi-1 in ALS models.

R: We thank the reviewer for the comment; indeed, we should have emphasized the novel aspects of
our study.

1. Mdivi-1 was identified as a general Drpl inhibitor (Cassidy-Stone, Chipuk et al., 2008),
rather than a specific inhibitor of the pathological interaction of Drpl with Fisl. Inhibition
of physiological fission through interaction of Drpl with the other adaptors, notably Mff,
should be toxic in a chronic setting; it prevents normal mitochondrial dynamics that is
required to maintain their quality. In contrast, P110 selectively inhibits pathological Drpl
activity (induced by its interaction with Fis1) and does not affect physiological activity of
Drpl, through its interaction with Mff, Mid49 or Mid51 (see new Fig. 11, Fig. EV1 G and
Fig. EV2 C). A recent study questions the selectivity of Mdivi-1 for Drpl, showing direct
effect on mitochondrial Complex 1 (Bordt, Clerc et al., 2017). We now added discussion of
these points (p. 17, 367-376).

2. The study by Luo et al looked only at accumulation of mutant SOD1(G93A) inside
mitochondria, depolarization of mitochondrial membrane potential and abnormal
mitochondrial dynamics using Mdivi-1 which was dosed for 7 days before harvesting tissue
(Luo, Yi et al., 2013). However, they never looked at mitochondrial fission per se nor did
they perform any survival studies. Further, no mitochondrial fission inhibitor has been
tested as yet in ALS patient-derived fibroblasts. As such, our study is the first to test the
effect of inhibiting mitochondrial excessive fission/ damage in a mouse model as a
potential therapeutic intervention to slow down the disease progression.

2) The effects of P110 on clinical outcomes in SOD1 mice are modest.
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R: Approximately 10% of ALS cases follow a familial, mostly autosomal dominant inheritance
pattern (familial ALS) while the remaining 90% of cases have no clear genetic basis (sporadic ALS)
and thus are often characterized as ALS only after the onset of symptoms (Smith, Shaw et al., 2017).
Thus, any treatment can be initiated only when symptoms are clear. However, most of the
therapeutic strategies in animal models begin during the presymptomatic phase. In contrast, we
showed efficacy when treatment with P110 began after symptoms onset; P110 treatment of SODI1
mice having a clinical score 1 (i.e., the mice were dragging their feet or knuckles) significantly
slowed down the disease progression (Fig. 5 B-F) and significantly improved motor functions (Fig.
3). These results compare favorably with Edaravone which has been recently approved (Ito, Wate et
al., 2008). Furthermore, using patient-derived cells, we showed that P110 inhibits mitochondrial
structural & dysfunction of three genetic ALS forms (with mutations in SOD1, FUS1 or TDP43).
Currently, there is no treatment that significantly slows down the disease. Therefore, even a modest
effect will be welcomed by patients (Akimoto, Nakamura et al., 2017, Mora, 2017, Sawada, 2017).
We have added this discussion to the manuscript (p. 15, 313-317, p. 16, 339-342).

The in vivo experiments are fraught with difficulties.

3) Peptide dose response data for the in vivo experiments is needed.

R: In vivo dose/response study is very expensive and we simply cannot afford it. A small study was
recently done in Huntington’s disease, showed pharmacological effects with 0.3 mg/kg/day —
10mg/kg/day, that fits our new data in ALS cell culture model (new Figs. 2 A-C, Fig EV2D). It
should be pointed out also, that a dose response in vivo does not affect the value of our study. Our
data show that the treatment is very safe (Supplementary Fig. 1) and we do not claim that P110 is
the drug to be used in humans. Likely peptides or a mimetic of P110 will be more suitable.

4) The theme and in fact title of the paper centers on "inhibition of Drp1-Fisl interaction," but where
is the data in these particular ALS-related experimental systems that show the Drpl-Fisl
interactions are inhibited? Co-immunoprecipitation, FRET, or proximity ligation assay data would
be useful here.

R: We thank the reviewer for bringing it up. We provide new data studying co-immunoprecipitation
of Drpl with Fisl and showing the selective inhibition of P110 of this interaction in both patient-
derived fibroblasts and in NSC-34 SOD1G93A cells (new Fig. 11, Fig. EV1 G, Fig. EV2 C).

5) The in vivo histology work is suboptimal and imprecise.

R: We have obtained help from Prof. Hannes Vogel (now co-author of the study), a pathologist who
has experience with muscle and spinal cord research who reviewed and revised the histology work
(H&E staining as well as EM images).

Specific weaknesses

a) Figure 1. It is very strange that all of the familial ALS mutants are affecting fibroblast
mitochondria equally. What is the precedent for a mitochondrial role of TDP43 and FUS in ALS?

R: While the upstream mechanism of action of TDP43, FUS, SOD as well as C90rf72 in ALS is
different, but they all end up exhausting the mitochondria due to formation of protein aggregate
(Carri, D'Ambrosi et al., 2017, Cozzolino & Carri, 2012, Kawamata & Manfredi, 2010), thus
increasing ROS production and triggering pathological fission. A recent review article by Smith et al
highlights mitochondrial defects across all known ALS causative genes (Smith et al., 2017) . We
now added a discussion of this mechanism (p. 17-18, 378-393) and a new scheme (new Fig. 6).

b) It is very important to show that P110 peptide is targeting mitochondria in a cell culture
application.

R: P110 peptide was designed as an inhibitor of Drpl/ Fisl interaction and is derived from Drpl
sequence. While it is possible to do imaging experiments with FITC-labelled peptide to look at its
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interaction with Drpl/ Fisl at or near mitochondria, it is time consuming and outside the scope of
our current study, it was not conducted here.

¢) A dose-response characterization is needed for the cell culture experiments.

R: We agree and have added new data (Fig 2A-C, Fig EV2D), showing that Fis1-Drp1 association is
increased in ALS cell model and that these are inhibited by P110 treatment in a dose-dependent
manner.

d) Identifying cultured NSC34 cells as motor neurons is inaccurate. With care and time, this line can
be differentiated into motor neuron-like cells, but their characterization needs to be shown if the
authors want to identify these cells as motor neurons.

R: Now corrected. These are now referred to as just NSC-34 cells.

e) Figure 2C. Is the Drp1 blot a re-probe of the pDrp1 ser616 or ser637 blot or neither?

R: We have added new figure (Fig 2C) showing individual probing as compared to loading control
and the histograms represent data from 6 experiments. In the previous version, Drpl was shown as a
re-probe of pDrpl ser616 while b-actin was a reprobe of pDrpl ser637 blot.

f) The detail of the design for the drug administration for the in vivo experiment is lacking. They
used osmotic pumps. Importantly, where were the pumps implanted: peripherally or centrally? The
authors reference Disatnik et al but systemic ip injection was used in this prior work.

R: Now clarified. Disatnik et al. 2016 refers to the study on HD biomarkers, wherein drug was
delivered using osmotic pumps. Pumps were implanted slightly posterior to the scapulae (now added
p. 23,512).

g) The authors need to show blood brain barrier penetration of P110 and very importantly brain
tissue concentration of P110. This bio-distribution work needs to be done in the context of a dose-
response experimental design in vivo.

R: We apologize. Indeed confirming that the drug penetrates BBB was important, but as this was
demonstrated in our previous publication (Guo et al., 2013), we added a discussion of these data (p.
17, 321-324). As for bio-distribution in a context of a dose response — this is a typical
pharmaceutical company work, when considering taking the compound into human studies. As this
is not the aim of our current study, and because these studies are excitedly expensive, it was not
conducted here.

h) Figure 4A. The skeletal muscle EM quality is poor.
R: We now replaced these with new images (see new Fig. 4A) and obtained advice of an expert
pathologist, Dr. Vogel (now co-author).

i) Figure 4B. The paraffin histology H&E is also suboptimal, particularly for the G93A untreated
image.
R: Now replaced with new images (see new Fig. 4B), as above.

j) Figure 4C. It is not evident what is staining with the 4-HNE staining. What compartment is
stained and how was this staining quantified?

R: Now clarified (p. 12, 253-261). 4HNE, a reactive aldehyde and a product of lipid oxidation, can
readily diffuse across biological membranes and therefore, its presence anywhere in the tissue is a
sign of high ROS-induced lipid oxidation (Liou & Storz, 2015, Majima, Nakanishi-Ueda et al.,
2002).

k) Figure SA. The EM of spinal cord needs some work. Where is this in spinal cord? They should
show motor neuron mitochondria. The low magnification image of the G93A spinal cord shows

© European Molecular Biology Organization



EMBO Molecular Medicine - Peer Review Process File

mitochondria that look pretty good. The size measurements are contrary to other papers showing
that mitochondria in the G93A mice swell tremendously. How was cristae damage defined and
quantified?

R: We thank the reviewer for their comments. The mitochondria are indeed abnormal, some swollen
but also showing further damage. Now, we provide a more detailed information (see p. 25-26, 555-
576) and replaced the images (see new Fig. 5A). The analysis was carried out by our expert
pathologist.

1) The clinical effects of P110 are just not that robust to get excited about.

R: We respectfully do not agree, considering that we initiated the treatment when the mice had
symptoms (relevant to most patients, that are diagnosed after disease onset) and that this mouse
model is very aggressive. Note also, that we did not suggest that P110-like treatment is a cure, but
rather, that this treatment will likely slow down the progression of this disease.

Referee #3 (Remarks):

The models appear to be sound and this is an important disease. Furthermore, the idea that
mitochondrial fragmentation might drive autophagy and mitophagy to excess is interesting.
However, the overall message needs to be more accessible.

Major comments

1. I am not clear about the proposed mechanism. Would a diagram help? The authors mention
"stalled autophagy" but do not supply any specific references regarding this (to me new) concept. Is
ALS another example of impaired autophagy (Cullup et al., 2013)? This seems unlikely given the
role of mitochondrial fragmentation.

R: We thank the reviewer for the suggestion and have added a new scheme to explain the
mechanism (see new Fig. 6).

2. That excessive mitochondrial fragmentation might drive mitophagy is an interesting idea,
previous examples of this should be quoted. Mitochondrial fragmentation appears to be excessive in
OPA1 mutants and this is linked with increased mitophagy (as in this paper) and mtDNA depletion
(Elachouri et al., 2011) (Liao et al., 2017). If mitophagy is increased in ALS, what makes it
excessive? Does it cause a deficiency or impair the effectiveness of mitophagy? Was mtDNA
quantified? Or is it stalled mitophagy that is the problem (more explanation needed please).

R: These are all excellent questions. Using mtND2 gene as a surrogate marker for mitochondrial
mass, we quantified the levels in the spinal cord of SOD1 G93A mice and found a significant
decrease similar to observations from ALS patients (Wiedemann, Manfredi et al., 2002) which was
improved with P110 treatment (Fig 5A bottom right). This suggests that in addition to increased
damage to the remaining mitochondria, due to mitochondrial depletion, there’s lower ATP which
affects autophagy (ATP-dependent process) leading to further cell stress and eventual failure. We
added a discussion (p. 17-18, 378-393) and the new scheme to explain the mechanism (see new Fig.
6), as suggested.

Minor points

They repeatedly refer to EV1A but expanded view 1 has no "A" or indeed labels of the mutants
loaded.

R: Now corrected.
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I am not familiar with 4-HNE staining of skeletal muscle. The reference they quote (Niebroj
Dobosz) looks like CNS not muscle, where is the reference showing that this method is validated for
quantitation of 4-HNE in muscle?

R: We now provided more information about 4HNE and corrected the references (p. 12, 253-261)

References:
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treatment of early-stage ALS - Authors' reply. Lancet Neurol 16: 772
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2nd Editorial Decision 10 November 2017

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

1) Please address the minor change commented by referee 1. Please provide a letter INCLUDING
the reviewer's reports and your detailed responses to their comments (as Word file).

© European Molecular Biology Organization



EMBO Molecular Medicine - Peer Review Process File

okdak Reviewer's comments **#%#

Referee #1 (Remarks for Author):

Joshi and colleagues present an overall very convincing study on a potential therapeutic approach
for the treatment of ALS. All of my previous comments have now been adequately addressed in the
revised version of the manuscript. I recommend acceptance of the paper pending correction of one

remaining issue:

1. The new Figure EV1 G, as mentioned in the rebuttal letter, is missing from the revised manuscript
and needs to be included.

2nd Revision - authors' response 11 December 2017

Response to the reviewer:

Referee #1: The new Figure EV1 G, as mentioned in the rebuttal letter, is missing from the revised
manuscript and needs to be included.

R: We now have added the missing figure in the revised manuscript.

© European Molecular Biology Organization
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Corresponding Author Name: DARIA MOCHLY-ROSEN

Journal Submitted to: EMBO MOLECULAR MEDICINE

Manuscript Number: EMM-2017-08166-V2

Reporting Checklist For Life Sciences Articles (Rev. June 2017)

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

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.

L 20 20 20 7R X 2

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

In the pink boxes below, please ensure that the answers to the following questions are reported in the manusc
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods

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

http://ClinicalTri

index.htm

oV
http://www.consort-statement.org

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.nlm.nih.gov/gap

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

http://biomodels.net/

http://biomodels.net/miriam/

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

Please fill out these boxe: (Do not worry if you cannot see all your text

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

For each experiment sample size was chosen to reach statistical differences; a number of repeats
for each experiments is mentioned in respective figure legend.

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

For animal studies, on the bases of previously published data on SOD1 G93A mice and assuming a
statistical significance of 0.05 and a power of 0.8, we anticipated requiring a minimum of 6 animals
in each study arm.

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

One of eight TAT-treated and two of sixteen P110-treated mice were excluded from the study due
to death during the surgery to implant the second pump. The data from these three mice were not
included in any of the behavioral analysis.

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.

The pumps were assigned code and were implanted by a blinded operator. All the behavoir
studies, histology as well as EM analysis were conducted by a person blinded to the groups.

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

(Animals were randomly divided into the two treatment groups.

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.

In order to minimize the bias, the data was initially analyzed in coded manner with the codes
revealed at the end of the analysis.

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

All animal experiments were coducted by a blinded operator.

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

Statistical tests are refered in figure legends and materials and methods section.

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?

NA




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

NA

C- Reagents

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).

Refer to the paper; each antibody and reagetns used in the study are listed with specific
informations (catalog number and vendor).

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

D- Animal

Patient-derived fibroblasts and healthy controls obtained from Corielle Institute were used in the
study and were tested for mycoplasma by the company. All other cell lines used were routinely
checked 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.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the
committee(s) approving the experiments.

All experiments in animals were in accordance with protocols approved by the Institutional Animal
Care and Use Committee of Stanford University and were performed based on the National
Institutes of Health Guide for the Care and Use of Laboratory Animals. Sufficient actions were
considered for reducing pain or discomfort of subjects during the experiments.

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

[Animal studies followed the guideline of NIH reported in Guide for the Care and Use of Laboratory
(Animals (2012). Male G93A expressing SOD1 mice (B6SIL-Tg(SOD1*G93A)1Gur/J #2726) and their
WT littermates were purchased from The Jackson Laboratory.

compliance.

E- Human Subjects

F- Data Accessibility

G- Dual u:

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.

11. Identify the committee(s) approving the study protocol. NA
12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments NA
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human

Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
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) ~ [NA
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under

‘Reporting Guidelines’. Please confirm you have submitted this list.

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

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data NA
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:

a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the  |NA
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 NA
respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible

with the individual consent agreement used in the study, such data should be deposited in one of the major public access-|
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a [NA
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 suppl; y information.

se research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top NA




