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1st Editorial Decision 2 September 2019

Thank you for the transfer of your manuscript and the associated referee reports from The EMBO
Journal to EMBO reports.

As we had discussed earlier, we would like to invite you to revise your manuscript for EMBO
reports. Please address all technical concerns from the referees and provide all missing control
experiments and revise the manuscript along the lines proposed in our earlier communication. These
revisions include a clearer definition of pauses and the kymograph analysis, a clarification regarding
the different timepoints used and a discussion on how IGF1R might regulate BICD1 protein levels.
Please also provide the full list of factors found in the retrograde transport screen, provide further
evidence whether AKT inhibition has an effect on axonal transport and whether it mirrors IGFIR
inhibition, and provide further data on IGFR1 distribution in primary motor neurons.

Revised manuscripts should be submitted within three months of a request for revision; they will
otherwise be treated as new submissions. Please contact us if a 3-months time frame is not sufficient
for the revisions so that we can discuss the revisions further.

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

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

2) individual production quality figure files as .eps, .tif, .jpg (one file per figure).

Please download our Figure Preparation Guidelines (figure preparation pdf) from our Author
Guidelines pages

https://www.embopress.org/page/journal/14693178/authorguide for more info on how to prepare
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your figures.

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

paper.

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

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

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

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

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

7) We would also encourage you to include the source data for figure panels that show essential
data. Numerical data should be provided as individual .xls or .csv files (including a tab describing
the data). For blots or microscopy, uncropped images should be submitted (using a zip archive if
multiple images need to be supplied for one panel). Additional information on source data and
instruction on how to label the files are available
<https://www.embopress.org/page/journal/14693178/authorguide#tsourcedata>.

8) Our journal encourages inclusion of *data citations in the reference list* to directly cite datasets
that were re-used and obtained from public databases. Data citations in the article text are distinct
from normal bibliographical citations and should directly link to the database records from which
the data can be accessed. In the main text, data citations are formatted as follows: "Data ref: Smith et
al, 2001" or "Data ref: NCBI Sequence Read Archive PRINA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database
name, accession number/identifiers and a resolvable link to the landing page from which the data
can be accessed at the end of the reference. Further instructions are available at
<https://www.embopress.org/page/journal/14693178/authorguide#referencesformat>.

9) Regarding data quantification:

- Please ensure to specify the name of the statistical test used to generate error bars and P values, the
number (n) of independent experiments underlying each data point (not replicate measures of one
sample), and the test used to calculate p-values in each figure legend. Discussion of statistical
methodology can be reported in the materials and methods section, but figure legends should contain
a basic description of n, P and the test applied.

IMPORTANT: Please note that error bars and statistical comparisons may only be applied to data
obtained from at least three independent biological replicates. If the data rely on a smaller number of
replicates, scatter blots showing individual data points are recommended.

- Graphs must include a description of the bars and the error bars (s.d., s.e.m.).

- Please also include scale bars in all microscopy images.

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

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

in this case."

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

I look forward to seeing a revised version of your manuscript when it is ready. Please let me know if
you have questions or comments regarding the revision.

1st Revision - authors' response 15 November 2019

Response to Reviewers’ and Editor’s comments

The Editor and the Reviewers asked us to clarify various aspects of the experimental design.
Furthermore, they required to highlight possible mechanisms at the basis of PPP effects.

To address these important points, we have implemented the following changes to the main text of
the manuscript:

Material and Methods

The description of the methodology used to quantify of the movement of axonal organelles was
deemed to be incomplete. To this end, we clarified our definition of pauses for different organelles
such as mitochondria and lysosomes vs signalling endosomes (see page 25 of the revised
manuscript). Additionally, on page 25 we have added information on how kymograph traces were
manually selected and how the software has been supervised during quantification of the kinetic
data.

Results and Figure legends

The manuscript was judged to be not completely clear and lacking important details related to
previously published experiments.

We have rewritten the first sentence of the results to improve readability. Furthermore, the text and
figures have been scrutinised for inconsistencies regarding the timing used in different experiments.

However, rather than reproducing a vast amount of previously published data, we have extensively
referred to a recently published manuscript (Gibbs ef al. 2018 Cell Death Dis 257, 26-33), which
contains a complete description of the small molecule screen shown in Fig. 1, including the list of
small molecules tested in this assay, the dose-dependence of the effect and related controls.

As suggested, we have shifted the data shown in Figure 5 to Expanded view Fig 5. However, we
would like to stress that this experiment is crucial and should be kept in the manuscript. Indeed, the
finding that the IGFR pathway, which is modulated by PPP, does not directly affect the activity of
the dynein motor complex is a new finding emerging from the experiments presented in our work,
and not previous knowledge in the field or an expected conclusion, as implicitly suggested by the
reviewer.

Discussion: We have added further explanations on how IGFIR may regulate the local expression of
BICD1, and the possible links of this process to the AKT/mTOR pathway.

Furthermore, we have clearly described in the text on page 18 the likely shortcomings of long-term
treatment of SOD1%** mice with PPP, which are based on the outcome of our previous tests using
an established inhibitor of p38 MAPK alpha in the same animal model of ALS (Gibbs ef al. 2018
Cell Death Dis 257, 26-33). Briefly, the preclinical trial had to be stopped due to cumulative side
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effects (e.g. hepatomegaly and splenomegaly) of the drug and/or the vehicle.

Regarding the analysis of lysosomal transport, we have clarified in the discussion that there is very
little / no overlap between axonal signalling endosomes containing HeT and lysotracker-positive
organelles in primary spinal cord motor neurons.

Last but not least, we have further refined our discussion on the possible mechanism of regulation of
axonal transport by IGF1 and suggested possible avenues for future experiments to test our
hypotheses.

In addition to extensively modifying the text and figures to improve clarity, as requested we have
provided additional experiments to address specific gaps found in the original manuscript. In
particular:

1. In the revised Fig 3, panels C and D, we now demonstrate that inhibition of axonal AKT signalling
modulates axonal transport, thus confirming our proposed mechanism of action downstream to
IGF1R inhibition.

2. Representative examples of neurons which have been imaged and quantified, have now been
added to Fig. 2, along with an example of the Trackmate image. Representative movies have also
been added throughout the manuscript to further document our results and make our conclusions
clearer.

3. New data on the distribution of IGFIR in primary wild type spinal cord motor neurons have now
been provided in Expanded Figure 1.

4. We have moved some of the less informative figure panels displaying specific axonal transport
parameters (e.g. distribution of velocities per axon and per experiment) to the Supplemental material,
as suggested (e.g. Supplemental Fig. 1).

5. We agree with the Reviewer that the effect of PPP on EB3 dynamics is interesting and should be
further investigated in more detail. However, we also believe that addressing how modulators of EB3
recruitment to the positive end of microtubules affect the retrograde transport of signalling
endosomes is not crucial for the conclusions reached in this manuscript and therefore is outside the
scope of this work.

6. We apologise with the Reviewers for giving the impression that we omitted essential controls. To
this end, the manuscript has been carefully checked and further clarifications have been added, when
appropriate.

Original Referees’ Reports
Referee #1

In this article the author's demonstrated novel mechanism by which IGF IR regulate specifically
axonal transport of signaling endosomes, but not other organelles such as mitochondria and
lysosomes. This changes in endosomal trafficking is likely to be due to increase in axonal local
synthesis of the dynein adaptor BICD1 in MN's and not via alteration in Dynein expression. Lastly,
the authors suggest that inhibition of IGF IR signal cascade can be a possible basis for ALS
treatment via rescuing axonal transport process of ALS model.

The manuscript is very interesting, novel, well written and highly contribute to the neuro-cell biology
field. It describes a new mechanism that regulate axonal transport via local synthesis.

We thank this reviewer for appreciating our work and supportive comments.
Still there are few concerns to be clarified before publication:

1. How IGF IR regulates BICD1 local synthesis? Is it via AKT/mTOR pathway? The authors need to
demonstrate using compartmental chambers, pharmacological and manipulations of AKT/mTOR in
axons similar to what was done in figs 3, 6, and 7; or discuss it in the discussion section.

We agree that the mechanism by which IGF1R signalling regulates the local synthesis of BICDI is
very interesting. As suggested, we have tested the hypothesis that AKT activity regulates axonal
transport. We found that, similarly to IGF1R inhibitors, treatment of motor neurons with AKT

© European Molecular Biology Organization



EMBO reports - Peer Review Process File

inhibitors also increases axonal transport of signalling endosomes (new Fig. 3C,D). However, this
mechanism seems to be not directly related to the mTOR pathway, since preliminary experiments
performed in the laboratory using mTOR inhibitors suggest that mTOR activation has the opposite
effects on this transport route (data not shown). As such, this pathway will be analysed in depth in
future work.

2. The authors need to publish (if they didn't do it already), a detailed list of all the factors/signaling
pathways that were found in the retrograde transport screen (The yellow box factors of fig 14).

As mentioned above in the letter to the Editor, rather than reproducing a large amount of previously
published data, we have extensively referred to a recently published manuscript (Gibbs et al. 2018
Cell Death Dis 257, 26-33), which contains a complete description of the small molecule screen
shown in Fig. 1, including the list of small molecules tested in this assay, their dose-dependence and
related controls.

3. Does inhibition of axonal AKT signaling, alter axonal transport, similar to IGFIR inhibition?

We thank the reviewer for this great suggestion. Treatment of motor neurons with AKT inhibitors
also increases axonal transport of signalling endosomes (new Fig. 3C,D), a result which fully
supports our conclusions.

4. As axonal transport can be affected at diff parts of the axons, Does inhibition of IGFIR, change
axon growth and length?

We did not detect significant changes in axonal length or branching or other aspects of motor neuron
morphology upon treatment with IGFIR inhibitors in the timeframe of our experiments (data not
shown).

5. Fig7a needs to analyze BICD1 levels in axons following axonal manipulations.

Whist this suggestion is potentially interesting, we are not sure how these additional experiments will
contribute to further proving the link between IGF1R inhibition and the regulation of axonal
transport by modulation of axonal dynein adaptors.

6. Indeed it seems that upon inhibition of IGF IR there is more retrograde endosomal transport. But
its relevance treating ALS is very weak, and the authors should demonstrate rescue in motor neurons
survival and degeneration, especially as IGF1-R was shown to act positively on neuron survival, or
discuss it more in the discussion section.

In light of the reviewer’s comment, we changed the text to remove any overstatement regarding the
use IGF1R inhibition as effective treatment for ALS. Please also see our reply to the Editor’s
comment pasted above.

Referee #2

The manuscript by Fellows et al. describes novel mechanism of how retrograde axonal trafficking of
signaling endosomes is regulated via the IGF IR signaling. The authors demonstrate that IGFIR
inhibition specifically increases the motility of signaling endosomes but not lysosomes or
mitochondria. The proposed molecular mechanism involves activation of Akt and the local
translation of BICD1 which in turn associates with dynein motor and facilitates its processivity.
Then the authors move to the mouse ALS model and demonstrate relevance of this pathway in vivo.
The manuscript is interesting and timely. It is well written.

We thank the reviewer for appreciating our work and for the supportive comments.

However, I have several technical and experimental concerns which should be addressed in the
revised version of the paper.

Major points:

1. The manuscript contains sufficient number of independent experiments and appropriately
performed statistics but generally lacks representative examples. This goes through almost all
figures. In Figure 1, examples of cells labeled with the HcT and the a-p75NTR upon treatment with
active components identified from a small molecule kinase inhibitor screen as well as example of
negative control should be included. Images of representative axonal fragments used for the analysis
and examples of derived tracks should be added to the panel in Figure 1B. Same applies for the
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other figures where Trackmate was used. Why when using Trackmate pauses were defined as the
organelle moving slower than 0.2 um/s whereas in kymograph analysis everything above 0.1 um/s
was considered as moving particle?

We thank the reviewer for these comments. We added representative examples of the experimental
results in the several figures (e.g. Fig. 2 A, B, Expanded view, and Supplemental data). Furthermore,
we extensively referred to previous publications (e.g. Gibbs et al. 2018 Cell Death Dis 257, 26-33),
which showed essential controls regarding the screening assay used to identify regulators of axonal
transport. Furthermore, we modified the method section to clarify the parameters used for speed
quantification and pause analysis.

2. How does IGF IR distribution in primary motor neurons looks like? Is it enriched in the axonal
growth cone or present all over axonal membrane?

These data have been added to Expanded view Fig. 1.

3. In Figure 2 and Figure 4 speed of axonal signalling endosomes in displayed as average of all
data, then as distribution of velocities per axon and then per experiment. I think only the first panel
should be kept in the main figures whereas two other graphs can be moved to the Expanded view.
Then there will be enough space to include example images of measured axons and traces.

We have modified the text and figures accordingly, moving non essential panels to Expanded view
and supplemental data.

4. The conclusions of this manuscript are strongly relying on kinetic data. It would be helpful if the
key experiments are supported by representative Movies.

We thank this reviewer for pointing this out. In light of this comment, we have added eight
representative videos displaying examples of axonal transport in vitro and in vivo in different
experimental conditions.

5. Figure 5 and Supplemental Figure 4: Kymographs do not look very convincing. Examples of
corresponding axons should be added. It seems that signal-to-noise ratio is not that great. I'm
wondering how well KymoAnalyzer can detect the lanes? For instance, Figure 5B, water treatment,
detected displacements look very different from what one can see on the original kymograph. Same
applies for Figure S44, PPP treatment or in B, water treatment. Why there are white lines on the
kymographs? Performing live imaging with higher frame rate (at least 2 fps instead of 1) will
improve the quality of kymographs and make analysis more reliable and easier.

We thank this reviewer for pointing this out and for their suggestions. We routinely perform
acquisitions at higher frame rates; reassuringly, however, this does not change the results of our
quantitative image analysis (data not shown). However, as requested, we have added representative
videos to the revised manuscript to better document our imaging conditions. Furthermore, this
kymograph has been moved to the expanded view section (Fig. EV5).

6. LysoTracker is not fully specific for lysosomes but also stains other acidic compartments (i.e. late
endosomes). Considering the importance of the finding that BICD1 only influences trafficking of
signaling endosomes but not lysosomes and mitochondria, this issue should be addressed with
addition experiments. For instance, by overexpressing another lysosomal marker (LAMP1) or
labeling functional lysosomes with MagicRed.

We completely agree with the reviewers that Lysotracker is not fully specific for lysosomes but stain
a variety of acidic compartments. We have now clarified in the discussion that there is very little / no
overlap between axonal signalling endosomes containing HeT and lysotracker-positive organelles in
primary spinal cord motor neurons, making the results shown in Supplemental Fig. 4 even more
salient.

7. Is there change in BICDI expression in the SOD1G93A4 ALS mouse model? Demonstrating this
would help further stringent the link between in vitro and in vivo experiments.

We thank the reviewer of this comment. We fully agree that addressing the level of expression of
BICDI in the SOD1°”* mouse model during disease progression would be interesting.
Unfortunately, assessing BICDI1 levels in sciatic nerves of these mice has been proven difficult, and
did not provide reliable results in the timeframe of this revision.

© European Molecular Biology Organization
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Minor point: The first sentence of the results is heavy and difficult to read. It introduces one of the
central experimental tools used in this paper. It would be helpful if the authors rephrase it or better
include a schematic demonstrating the HcT and the a-p75NTR assays, even when these approaches
were published previously.

We tried to improve readability of the text throughout the manuscript. However, we opted to not
include a schematic of the assay since it was previously published.

Referee #3

Fellows and colleagues investigate the role of IGFR1 during signaling endosome trafficking in
motor neurons. The identification of the kinase inhibitor (E4) as a new modulator of retrograde
axonal transport lead authors to hypothesize that inhibition of IGF 1R modulates endosomes
retrograde trafficking. To assess that the increase in retrograde velocity of signaling endosomes was
in effect mediated by the activation of IGFIR, they inhibit the receptor activation by using PPP
(IGF IR inhibitor) and they confirm a positive effect on endosomes velocity in PMN cultures while
retrograde velocity is reduced by IGF-1 treatment. These data were confirmed by silencing the
endogenous IGFIR. The authors show a subsequent down regulation of Akt activity, but not of
Erkl/2. In order to establish that the increase in transport velocity, was not due to altered
microtubule (MT) dynamics, they overexpress EB3 and analyze the dynamics in living cells. The
treatment of motor neurons with PPP did not change the axon polarity but triggered an increase of
EB3 comet velocity, suggesting an effect of IGF IR pathway on MT dynamics. Moreover, authors
conclude that the treatment with PPP did not alter the trafficking dynamics of mitochondria and
lysosomes, suggesting that inhibition of the receptor does not directly affect dynein activity. In
support, they found that IGFIR pathway may modulate the levels of an endosomes-specific dynein
adaptor (BICD1) thus triggering an increase of BICD1 synthesis when IGF IR is inhibited and
promoting the retrograde transport of signalling endosomes. Finally, Fellows and colleagues report
that PPP treatment of SOD1G93A4 mouse model of ALS led to an increase in retrograde signalling
endosomes velocity in the exposed sciatic nerves of wild type mice and to an improvement of axonal
transport in the ALS mouse model, reporting also a decrease in ERk1/2 activation in both conditions.

The question is of importance. This is an interesting study that uncovers a potential role of IGF1 and
IGFIR pathway in the reinforcement of long-range retrograde axonal transport of signalling
endosomes, due to the importance of neurotrophins during axonal growth, maintenance and nerve
repair. To make their points, the authors have performed simple experiments. However, the content
of experiments are limited and authors do not provide the downstream pathway and mechanism by
which BICD] is induced.: effect on the promoter, more efficient translation? Stability? In addition,
most of the experiments lack appropriate controls.

We are sorry that this reviewer found our experiments limited. However, our work did not aim to
investigate the molecular mechanisms responsible for the regulation of BICD1 expression by IGF1R
(e.g. direct or indirect effect on promoter or mRNA stability). However, we did check whether this
regulation involved an effect on BICD1 protein stability. In Fig. 6A, we have shown that proteasome
activity was not involved in the regulation of BICDI1 levels in motor neurons treated with PPP.

On this occasion, we would like to reassure the reviewers that we have performed extensive controls
to verify our results and support our conclusions.

Another important concern is the use of different timings for each experiment in vitro and also in
vivo (30 min in figure 1, 45 min in figure 2, 60 min in figure 3, several days in figure 4, 45 min in
figure 5, 60 min in figure 6 , 30 min or 60 in figure 7, material and methods says that imaging was
performed 15 min after treatment) and the lack of a clear temporal dynamic of IGFIR inhibition on
retrograde transport. Therefore, it is difficult to conclude how IGF-1 leads to BICDI up-regulation.

We apologise with this reviewer about the apparent variability in the timing used for the different
experiments. These changes have been carefully considered and adapted to the different protocols
used to assess axonal transport in vitro and in vivo in order to maximise the signal to noise ratio and
the reproducibility of the results. We have carefully revised the text to eliminate inconsistencies and
explain our choices.

Figure 1 : Why did authors use an antibody against p75 and not TrkB to investigate the trafficking of
pro-survival signaling endosomes?

© European Molecular Biology Organization
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We have previously explored both types of antibodies in the analysis of the axonal transport of
signalling endosomes (e.g. Deinhardt ez al. 2006. Neuron 52, 293-305; Deinhardt et al. 2007. Traffic
8, 1736-1749) and obtained largely overlapping results. On this basis, we chose an antibody against
the extracellular domain of p75™"™" generated in house as one of the two transport probes for our in
Vitro assay.

Authors indicate that E4 is a IGF-1R inhibitor and show that E4 reduces its phosphorylation. What
is the effect of IGF-1? Does it increase phosphorylation of the receptor and is the effect reduced by
E4 in PMN?

IGF-1 is a known activator of IGF1R and therefore does increase the phosphorylation of the receptor,
as documented widely in the literature. E4 has been previously found to prevent IGF1R
phosphorylation as shown in Fig. 1C, and therefore should eliminate any effect of IGF1. We
unfortunately did not test experimentally this condition.

Figure 2: Panels A,B,C,,E,F,G of Figure 2: The authors showed the same data using 3 different
graphs. It is sufficient to use the average of instantaneous velocities for all the n (experiments). Also,
IGF1 treatment shows an increase of pausing time, while there is no difference in pausing time with
PPP. How do authors explain the change in pausing time when they add IGF1? As for figure 1,
authors should show that IGF-1-induced reduction in retrograde trafficking (and pausing) should be
blocked by PPP and E4.

As requested, we have modified Fig. 2, shifting some of the panels to Expanded view and
supplemental data. We also agree that treatment of IGF1 and PPP/E4 concurrently would be a good
experiment to do in the future.

Figure 3: The authors should perform a time course of Akt and ERK activation and not just the 60
minutes time point. As presented here, the experiment is not sufficient to conclude that there is no
implication of ERK signaling cascade (especially given the results of figure 8). Moreover, they
should use specific inhibitors of the ERK versus Akt pathway to reinforce their findings.

As commented above, treatment of motor neurons with AKT inhibitors also increases axonal
transport of signalling endosomes (new Fig. 3C,D).

Figure S2: The effect on EB3 is interesting and should be further investigated in detail. For example,
authors stated that IGF 1 is essential for neuron polarity and induces axonal outgrowth. Since they
did not observe any difference in axon polarity, they may investigate the effect on axon length or
growth cone morphology in presence of IGF-1/PPP. Is there a change in MT stability, catastrophe
and rescue?

Do modulators of EB3 attachment to the +TIPs modify retrograde velocity of signaling endosomes?

Moreover, the fact that there is no change in tyrosination, underlines the fact that there is not a clear
explanation for the decreased velocity of EB3 comets.

We agree with the Reviewer that the effect of PPP on EB3 dynamics is interesting and should be
investigated in more detail. However, we also believe that addressing how modulators of EB3
recruitment to the positive end of microtubules affect the retrograde transport of signalling
endosomes is not crucial for the conclusions reached in this manuscript and therefore falls outside
the scope of this work.

Figure 4: same comment than for figure 2, one graph is sufficient. However, It would be important to
test whether IGF-1 still has an effect when the receptor is silenced.

Figure 5: Given the lack of an effect, this should be in supplemental section. Additionally,
cytoplasmic dynein is not a DIRECT target of PPP or IGF 1, but it is the assembled molecular motor
machinery (with adaptors of dynein) that changes between organelles. Authors should therefore
investigate the effect of PPP on the transport of other cargoes and not just mitochondria.

As suggested by this Reviewer, we have investigated the effect of IGF1R inhibition on mitochondria
and lysosome transport (see Expanded view Fig. 5 and Supplemental Fig. 4). The transport of both
organelles is unaffected by PPP treatment, thus confirming our conclusions on the specificity of
these effects on signalling endosome dynamics.

Figure 6: more samples should be provided as the effect is rather small. Is the IGF-1 effect blocked
by PPP, silencing of the receptor as well as by Akt and ERK inhibitors?

© European Molecular Biology Organization
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We respectfully disagree with this comment. Although the effect of PPP on BICD1 expression levels
is not massive, it is statistically significant, specific for BICD1 and physiologically relevant. On this

basis, what would the aim of increasing the number of experiments be? We would like to remind this
Reviewer that without a strong scientific justification, we cannot sacrifice additional mice to prepare
the primary cultures needed to perform these experiments.

Figure 74: The WB is not convincing and does not reflect the corresponding graph (% relative
expression). Authors should provide more samples (at least 3 per conditions). Experiment also lacks
controls (CHX and MG132 alone). Could autophagy be involved as well? From the WB, it seems
that MG132 also efficiently blocks the effect of PPP raising doubts about the exact mechanism
involved.

Whilst the western blot may provide the impression that MG132 impinges on the effect of PPP on
BICD1 levels (Fig. 6A), the quantification provided in Fig. 6B clearly demonstrate that this is not the
case. Henceforth, it is unlikely that proteasome activity alters BICD1 dynamics.

Also, authors should investigate whether inhibition of the IGF-1/Akt pathway affects RNA levels of
BICD1 using appropriate inhibitors (and not just PPP).

Figure 7C: The PLA experiment is not convincing as we can barely detect the puncta and again the
difference seen in the graph does not match the provided images. Negative control of the experiment
should be provided.

We respectfully disagree with the reviewer. We have repeated this experiment three times and CHX
consistently inhibited the effect of PPP. Furthermore, this effect has been confirmed by a different
experimental set-up in Fig. 6D.

Also, what is the effect of anisomycin in somatic compartment???

Based on the effects of PPP on the axonal levels of BICD1 and our focus on axonal retrograde
transport, we focussed on the effects of anisomycin in this compartment. Whilst we believe that
anisomycin has multiple effects in the soma, it is unlikely that these activities have a significant
impact on the axonal levels of BICD1 given the short time frame of the experiment and the
topological separation between the two compartments (> 0.5 mm).

If translation occurs in the axonal compartment, authors should provide evidence for the presence of
BICD1 RNA in this compartment and for on-site translation.

We agree that exploring the presence of BICD1 mRNA in axons and its on-site translation would be
very interesting. We plan to carry out these very demanding experiments both i vitro and in vivo in
the future, since we believe are outside the scope of this manuscript.

Figure 8: Here, I am lost. Authors show the opposite of what they claimed in figure 3 regarding
Akt/ERK activation. In conclusion, although authors correct trafficking of endosomes in vivo, they do
not provide the exact mechanism nor evidence that this has an effect.

Due to the experimental set-up, these assays were not undertaken within the same timeframe as the
in vitro experiments, which may explain these divergent results. Exploring this mechanism would be
of great interest in the future, especially as specific Akt inhibitors were found to replicate in vitro our
results with PPP.

2nd Editorial Decision 19 December 2019

Thank you for the submission of your revised manuscript to EMBO reports. It was evaluated again
by former referee 1 and 2 and their reports are copied below.

As you will see, both referees are now very positive about the study and request only minor changes
to clarify the figures.

Browsing through the manuscript myself, I noticed a few editorial things that we need before we can
proceed with the official acceptance of your study.

- You refer to "data not shown” on page 8 of the manuscript. Please note that per our editorial
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policies all data described in the manuscript must be shown.

- Please update the references to the numbered format of EMBO reports. The abbreviation 'et al’
should be used if more than 10 authors. You can download the respective EndNote file from our
Guide to Authors

https://drive.google.com/file/d/0BxFMIn21EESoOHM4d2xEbmpxN2c/view

- Please provide the Expanded View figures as individual production quality figure files as .eps, .tif,
.jpg (one file per figure). It is sufficient to have their legends in the main manuscript file in the
section "Expanded View figure legends"

- Appendix: please correct the nomenclature of the figures within the Appendix pdf file to
"Appendix Figure Sx" and please provide a title page with a table of contents (incl. page numbers)

- Please provide legends for the movies. To do so create a simple README.txt file with the legend
for the movie and then zip the .txt file together with the movie it describes. Then upload the zipped
file.

- Routine figure control

- Thank you for providing Source data. I have one question regarding the source data for Figure 5A,
BICD1 blot. Can you please indicate which of the bands you used for the figure panel. I cannot
locate the bands in the original blot that match the ones in the figure. Moreover, the source data for
the BICD?2 blot is missing.

- We also noticed that the graphs in Figure 3D and S2C look almost identical. What is the difference
between these two experiments? It is not obvious from the legends. Could you please clarify?

- Please shorten the title to 100 characters including spaces and please have a look at the attached
Word file with a few more points regarding figure legends that might have been missed earlier (in
track changes).

- Finally, EMBO reports papers are accompanied online by A) a short (1-2 sentences) summary of
the findings and their significance, B) 2-3 bullet points highlighting key results and C) a synopsis
image that is 550x200-400 pixels large (width x height). You can either show a model or key data in
the synopsis image. Please note that the size is rather small and that text needs to be readable at the
final size. Please send us this information along with the revised manuscript.

We look forward to seeing a final version of your manuscript as soon as possible.
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REFEREE REPORTS
Referee #1:

I like the manuscript and the authors answers my previous concerns

Referee #2:

The revised version of he manuscript by Fellows et al. has significantly improved. The authors
addressed all of my comments and concerns. This work is a great contribution to the field and I
really enjoyed reading it. Perhaps one minor point which will probably be addressed by the
production team, it would look nicer if panels and labels in the figures are aligned and have better
spatial arrangement.
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2nd Revision - authors' response 23 December 2019

Combined response to the Editor and the Reviewers

We thank the Editor and the Reviewers for their support and insightful comments that through the
Reviewing process has greatly improved the overall quality and impact of our findings. We are
delighted that our manuscript is now acceptable in principle for publication in EMBO Rep pending
minor amendments and clarifications. Please find below our answers to the Editor’s and the
Reviewers’ queries in blue:

Editorial comments

- You refer to "data not shown” on page 8 of the manuscript. Please note that per our editorial
policies all data described in the manuscript must be shown.

We apologise for this oversight. After reading again the manuscript we believe that this additional
data was not required to support our conclusion. We have therefore removed it.

- Please update the references to the numbered format of EMBO reports. The abbreviation 'et al'
should be used if more than 10 authors. You can download the respective EndNote file from our
Guide to Authors: https://drive.google.com/file/d/0BxFM9n21EESoOHM4d2xEbmpxN2c¢/view
We have updated the references following the suggested Endnote style.

- Please provide the Expanded View figures as individual production quality figure files as .eps,
tif, .jpg (one file per figure). It is sufficient to have their legends in the main manuscript file in the
section "Expanded View figure legends"

Quality figure files for the Expanded View figures have now been uploaded on the submission
webpage. Expanded View figure legends have now been appended to the main manuscript on page
38.

- Appendix: please correct the nomenclature of the figures within the Appendix pdf file to
"Appendix Figure Sx" and please provide a title page with a table of contents (incl. page numbers)
The nomenclature of the figures within the Appendix have been changed as instructed and a title
page with a table of content added on page 1.

- Please provide legends for the movies. To do so create a simple README.txt file with the legend
for the movie and then zip the .txt file together with the movie it describes. Then upload the zipped
file.

Legends for the movies have been added to the video folder which has been uploaded.

Routine figure control

- Thank you for providing Source data. I have one question regarding the source data for Figure 5A,
BICD1 blot. Can you please indicate which of the bands you used for the figure panel. I cannot
locate the bands in the original blot that match the ones in the figure. Moreover, the source data for
the BICD?2 blot is missing.

Thank you for carefully checking the source data and raising this question, which allowed us to spot
a previously unnoticed oversight. Whilst the data previously uploaded correspond to the dataset
quantified in Fig. 5 and Fig. S5, they were not those shown in panel A. We have now uploaded the
original data corresponding to the panel shown in Fig. 5A and Fig.S5 including the correct GAPDH
loading controls. We sincerely apologise for any inconvenience that this may have it caused.

- We also noticed that the graphs in Figure 3D and S2C look almost identical. What is the difference
between these two experiments? It is not obvious from the legends. Could you please clarify?

These figures are indeed derived from the same dataset. However, in Fig. 3D measurements are
plotted per axon, whilst in Fig. S2C they are shown per experiment, as explained in the
corresponding Figure legends.

- Please shorten the title to 100 characters including spaces and please have a look at the attached
Word file with a few more points regarding figure legends that might have been missed earlier (in
track changes).

The title has been shortened and now reads: “IGF1R regulates retrograde axonal transport of
signalling endosomes in motor neurons”. We have revised the text to take into account all changes
and some minor imprecisions, including a small mistake in Fig EV2. A new version of the main
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text, Appendix and Fig EV2 have now been uploaded.

- Finally, EMBO reports papers are accompanied online by A) a short (1-2 sentences) summary of
the findings and their significance, B) 2-3 bullet points highlighting key results and C) a synopsis
image that is 550x200-400 pixels large (width x height). You can either show a model or key data in
the synopsis image. Please note that the size is rather small and that text needs to be readable at the
final size. Please send us this information along with the revised manuscript.

As requested, we have added a summary completed with bullet points along with the graphically
Synopsis.

Referee #1:
1 like the manuscript and the authors answers my previous concerns

Referee #2:

The revised version of the manuscript by Fellows et al. has significantly improved. The authors
addressed all of my comments and concerns. This work is a great contribution to the field and I
really enjoyed reading it. Perhaps one minor point which will probably be addressed by the
production team, it would look nicer if panels and labels in the figures are aligned and have better
spatial arrangement.

We have examined the Figures but are at lost on how to improve them further. We are open to
suggestions from the Production Team on how to improve them further.

© European Molecular Biology Organization
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OU MUST COMPLETE ALL CELLS WITH A PINK BACKGROUND

PLEASE NOTE THAT THIS CHECKLIST WILL BE PUBLISHED ALONGSIDE YOUR PAPER

USEFUL LINKS FOR COMPLETING THIS FORM

Corresponding Author Name: Professor Giampietro Schiavo

Journal Submitted to: EMBO Reports

Manuscript Number: EMBOR-2019-49129-T

http://www.antibodypedia.com

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.

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 manuscript itself.
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

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/Useo
http://ClinicalTrials.gov

http://www.consort-statement.org

index.htm

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?

Preliminary data originated in the laboratory and results from parallel experiments were used to
calculate sample size

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

Power calculations performed in the laboratory using data obtained in in vivo transport studies
indicated that n = 5 animals per condition is required

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

Yes. Genetically-modified animals displaying unusual phenotypes (e.g. accelerated muscle
paralysis, motor dysfunction) or animals not recovering completely after application of the axonal
transport probe and /or the axonal modified drug are routinely excluded from analyses and data
sample. This is a very infrequent uccerrence (n<5%)

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.

Yes. For ex vivo experiments using with primary motor neurons, cells were quality controlled to
ensure they were morphologically similar. Then a different order of treatment was selected for
each experiment. For in vivo experiments, animals were seleted at random for each experiment.

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

Treatment groups were randomly assigned each day of the experiment

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.

All axonal transport experiments were blinded before analysis using a pre-made plugin in imagel.
During PLA experiments, all the samples were blinded before imaging and throughout analysis.

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

Treatment groups were not blinded during imaging. However all data were blinded before analysis
using a custom-made plugin in imageJ.

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.

Data was assumed to be normally distributed.

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

D- Animal

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).

Erk1/2 (9102, 1:1,000), phospho-Erk1/2 (T202/Y204; 9101, 1:1,000), Akt (9272, 1:1,000), phospho-
Akt (S473; DOE XP 4060, WB - 1:1,000, IF - 1:400) (all from Cell Signalling); phospho-IGF1R (Tyr
1161/1165/1166; ABE332, 1:500), GAPDH (AB2302, 1:5,000), puromycin (MabE343, 1:2,000),
dynein intermediate chain (Mab1618, clone 74.1, 1:500), kinesin heavy chain/KIF5 (Mab1614,
1:100)(all from EMD Millipore); BICD1 (HPA041309, 1:400) and BICD2 (HPA023013, 1:500) from
Atlas Antibodies; B3-tubulin (Synaptic Systems, 302305, 1:500), Hook3 (Santa Cruz, C-10, 1:500),
GFP (Cancer Research UK, 4E12/8, 1:1,000).

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

NA

* 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.

Female transgenic mice heterozygous for mutant human SOD1 gene (G93A) on a C56BL/6-SIL
mixed background (B6SJLTg [SOD1*G93A]1Gur/J) and wild type littermates were used for these
experiments.

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

UCL Queen Square Institute of Neurology Genetic Manipulation and Ethic Committees and in
accordance with the European Community Council Directive of November 24, 1986 (86/609/EEC)

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.

Yes

E- Human Subjects

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
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 Il randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right)
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under
‘Reporting Guidelines’. Please confirm you have submitted this list.

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

F- Data Accessibility

G- Dual u.

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data
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
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. 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.

se research of concern

22. 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.

Our investigation does not fall under the dual use restriction.




