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1st Editorial Decision 24th Jul 2020

Dear Patrick,

Thank you for submitting your manuscript to The EMBO Journal. lam very sorry for the delay in
getting back to you with a decision, but Iwas waiting for the input from a third referee who has
unfortunately still not returned the report and so Iwill go with the two reports that I have on hand.

As you can see from the comments there is an interest in the analysis. However, both referees also
indicate significant revisions are needed to consider publication here. Should you be able to
address the raised concerns with the inclusion of additional data then | would consider a revised
version. | should point out that | need the support from both referees to move forward with the
manuscript for publication here.

lam happy to discuss the raised points further and maybe it would be most helpful to do so via
phone or video.

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

I thank you for the opportunity to consider your work for publication. I look forward to discussing
your revisions further.

Yours sincerely,

Karin Dumstrei, PhD
Senior Editor
The EMBO Journal

Instructions for preparing your revised manuscript:

Please make sure you upload a letter of response to the referees' comments together with the
revised manuscript.

Please also check that the title and abstract of the manuscript are brief, yet explicit, even to non-
specialists.

When assembling figures, please refer to our figure preparation guideline in order to ensure proper
formatting and readabillity in print as well as on screen:
http://bit ly/EMBOPressFigurePreparationGuideline

IMPORTANT : When you send the revision we will require

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

- aword file of the manuscript text.



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

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

- Expanded View files (replacing Supplementary Information)

Please see out instructions to authors
https//www.embopress.org/page/journal/14602075/authorguide#expandedview

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

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

The revision must be submitted online within 90 days; please click on the link below to submit the
revision online before 22nd Oct 2020.

https//embojmsubmit.net/cgi-bin/main.plex

Referee #1:

In this paper, Jasmin et al. al show that silencing netrin-1 in the adult SN leads to a loss of dopamine
neurons resulting in motor deficits in mice. Then, they examine the role of netrin-1 in different
animal models of PD. They show that overexpression of netrin-1 or administration of netrin-1 is
neuroprotective in mouse and rat models. They have also observed a reduction of netrin-1
expression in PD patient brain samples.

Overall, this is a very interesting study that uncovers novel functions for netrin-1 and its receptor
DCC in adult dopamine neurons, suggesting a potential therapeutic role of these proteins in PD
treatment. In general, the data are convincing, well performed with appropriate controls. The
guantification of the data and statistics are properly done in the majority of the figures. However, |
disagree with some important conclusions of the paper and will explain my reasons below. In
addition, there are some issues that need to be clarified, as detailed in the comments below:

Comments:

1) Figure 1:it would be nice to show a detailed staining of DCC and UNC5B in the SN regions as
done for netrin-1 in Figure 1B.

2) Figure 2F: the WB of DCC and UNC5B do show clearly a cleavage fragment of ~50KDa. However,
there is a 2-fold increase of DCC levels and 3-fold increase of UNCS5B levels in netrin-1 KO,
suggesting that the cleavage increase is the result of higher levels of proteins, and not more
cleavage as stated in the text. Some levels of DCC fragment are detectable in the netrin-1 WT
blots. To show that DCC cleavage (and UNC5B) is increased in absence of netrin-1, the ratio of
cleaved DCC/DCC should be quantified.



Minor comment: the identification of the figure 2 and supplemental fig. 1 are mislabeled in the result
section.

3) Figure 3:the controls adenovirus +shDCC or shUNC5B are missing. It would be important to show
that depleting DCC or UNC5B in the presence of netrin do not have major effects on dopamine cell
survival.

4) 3E:the rescue effect of unc5b are quite modest as mentioned in the result section. However, the
explanation on page 6 suggests that it might be because UNC5B is poorly expressed in SN.
According to the WB (fig3d and 2f), the UNC5B levels are reasonable in the SN lysates. There is no
data in the paper suggesting the UNC5B levels are poor in SN. One explanation could be that
UNCS5B is less efficient to rescue the cell death (3C and 3D), which correlates with being less
efficient to rescue the motor deficits. What about shDCC+shUNC5B? will the effects be increased?
The rescue of both DCC and UNC5B alone is modest, it is possible that both receptors are required
to mediate cell death and the motor deficits in the absence of netrin-1.

5) The authors conclude that DCC cleavage may sensitize neurons to degeneration in the absence
of netrin-1. In my opinion, this is not demonstrated in fig3. First, as mentioned above, it is not clear to
me that the loss of netrin increases DCC or UNC5B cleavage but it is clear that the loss of netrin
increases the protein levels. the authors show clearly that the loss of netrin increases cleaved
caspase3, but they don't show that DCC or UNC5B are cleaved by caspases, as suggested in supp
fig S2. If the authors used an anti-DCC antibody against the c-terminus of DCC (as mentioned in
Mat and methods), the 50 KDa fragment suggest that the cleavage occurs at the extracellular side,
probably by the metalloproteases as shown in previous publications. More work needs to be done
to show that DCC cleavage sensitize neurons to degeneration. Protease inhibitors or caspase
inhibitors could help to resolve these issues. One alternative possibility is that DCC and UNC5B
signals together by heterodimerization for example to induce cell death.

Minor comment: fig3b is not mentioned in the text, page 6.

6) Supp fig4d and 4E: the authors mentioned that netrin-1 elicited neurite outgrowth by measuring
the proportion of dopamine neurons in culture and increased TH surface area. This is not the proper
way to do it, the authors should show the neurons in culture and measure the neurite length.

7) Supp 4F: why the DCC levels are reduced? This is not mentioned in the result section.

8) Fig6a: how many patient samples? What is DCC and UNC5B gene expression profile in this
microarray dataset? 6b: quantification is from how many brain samples, n=3?

Minor comment: it is not clear to me why in some figures the stats are done with SD and in others
with SEM.

Referee #3:

Jasmin et al. presents the neuroprotective and neurorestorative role of netrin-1 overexpression in
mouse and rat models of PD. Although the role of netrin-1 and its receptor DCC is extensively
studied in the development of mammalian CNS, their role in adult brain is not well known. Given the
fact that netrin-1 is highly expressed in dopaminergic neurons of SN which are selectively
vulnerable to degeneration in Parkinson's disease, this manuscript shows that loss of Netrin-1 and
increased DCC cleavage cause motor impairments and loss of dopaminergic neurons in SN of adult
mice. Moreover, the authors demonstrate that these phenotypes can be reversed by the
overexpression of netrin-1 or brain administration of recombinant netrin-1. They ultimately extend
their findings to the human pathology and show that netrin-1 expression is significantly decreased



in the SN of PD patients compared to control patients.

While the manuscript presents a potentially promising therapeutic approach and contains plenty of
in vivo data, there are serious shortcomings at the moment that lower my overall enthusiasm. Most
importantly, the mechanism behind their approach remains unsolved.

1- The authors show that netrin-1 is highly expressed in adult SN and is reduced in PD patients
compared to control patients. They propose that the loss of netrin-1 might be a reason for the
vulnerability and neurodegeneration of SN in PD patients. However, additional experiments are
needed that further support this conclusion. Since dopaminergic neurons in ventral tegmental area
show similar netrin-1 expression patterns as in SN but are less vulnerable in neurodegeneration.
What is the effect of netrin-1 loss in such less vulnerable dopaminergic neurons?

2- Pacelli et al. (2015) showed that reducing axonal arborization by acting on axon guidance
pathways reduces the vulnerability of SN Dopaminergic neurons to neurotoxic agents. Since, netrin
1 and DCC also have a role in neurite outgrowth, investigating if netrin-1-DCC dependent neurite
outgrowth is involved in the vulnerability of SN dopaminergic neurons would help to start providing
insight into the molecular mechanisms involved in the netrin-DCC pathway dependent vulnerability.
3- What is the rationale behind the experiment in fig 1d? Can this be explained more clearly?

4- In fig 2, besides the increase of cleaved DCC also full length DCC is increased in Netrin-1 KO
mice compared to WT mice. Moreover, in fig 3, the reduction of DCC results in the reduction of
cleaved DCC but also full length DCC and rescues the TH+ cell loss in netrin KO mice, however the
author's conclusions are only based on the lower cleaved DCC levels. How is the effect of cleaved
and full length DCC dissociated given they are both lowered in levels? The investigation of the role
of full length DVV in dopaminergic vulnerability would also be appropriate/needed.

5- The PD animal models are sub-optimal: the toxins artificially induce DA death, but it is not clear if
their mechanism of action and the mechanisms at play in PD are the same. Over expression of
synuclein is also not optimal. t may be good to include a clear statement in the text asto the
limitations of these models. Moreover, in Figure 4:what is the effect of MPTP on alpha-synuclein,
netrin and DCC levels in wild type and SNCA mice?

6- Netrin-1 and GDNF have very similar effects on behavior, TH+ fiber density and TH+ cell count. It
raises the question whether they affect the same pathways. Does netrin-1 or GDNF injection in
netrin-1 KO mice also rescue the neurodegeneration? Similarities/differences of these two
substances should be further investigated.

Minor points:

In Fig 1b both sections show netrin-1 expression in mice midbrain. Indicate which of the two
sections are more anterior.

In Fig 1d, the zoom region of DAPI, netrin-1 and DAT stainings are not indicated on the first netrin-1
image.

Page 5 line 12: mentions Supplemental Fig. S2 a,c however supp. Fig. S2a doesn't represent the
mentioned data and there is no S2c. The authors want to refer Fig 2 a, c. Please correct.

Cre injection was done into SN of 3-month-old mice. Nigral neuron population and mice motor
behavior were monitored six weeks after netrin-1 KO. That means animals were at least 4.5
months old. However, the titles of fig2 a and b indicates 3 months old.

In Fig 2b the difference between Cre virus and CTL virus is not obvious. Indications of the TH+



fibers with arrows would help the readers.

Fig 2f says N=3. Does N=3 mean 3 different animals or the experiment repeated 3 independent
time with pooled tissue from the same animals?

In Fig 2f, labels of bar plot indicates DCC and UNC5B, but they don't specify whether it is FL or
cleaved.

Fig3d bar plots: statistics are missing.

Fig 4a indicates tamoxifen induction at second week however it is not mentioned in the other
figures when tamoxifen was supplied.

In Fig 4d, figure is missing 'ns' sign.
Fig 5c indicate in the figure which is the 6-OHDA lesion side like in figure 5d.

Fig 5d doesn't show the control side of the brain and there is no quantification of the control in Fig
5d.



1st Authors' Response to Reviewers 9th Sep 2020

Dear Editor,

Thank you very much for your kind evaluation of our manuscript. We really appreciate
the referees’ efforts to help us improve the quality of our manuscript entitled “The pair
netrin-1/DCC regulates dopamine neuronal cell survival, death and impacts on Parkinson’s
disease”. We have endeavored to address the comments made by the two referees and we
believe that the resulting revision is now more compelling.

Reviewer #1:

Overall, this is a very interesting study that uncovers novel functions for netrin-1 and its
receptor DCC in adult dopamine neurons, suggesting a potential therapeutic role of these
proteins in PD treatment. In general, the data are convincing, well performed with
appropriate controls. The quantification of the data and statistics are properly done in the
majority of the figures. However, | disagree with some important conclusions of the paper and
will explain my reasons below. In addition, there are some issues that need to be clarified, as
detailed in the comments below:

We thank the referee for his/her very kind and positive comment and as suggested we revised
some conclusions and have bringing additional data to further make the manuscript more
convincing.

« 1) Figure 1: it would be nice to show a detailed staining of DCC and UNC5B in the SN regions as
done for netrin-1 in Figure 1B.»




DCC and UNC5B immunostainings on rat SN slices are now shown in Fig S1A of the revised
manuscript.

« 2) Figure 2F: the WB of DCC and UNC5B do show clearly a cleavage fragment of ~50KDa.
However, there is a 2-fold increase of DCC levels and 3-fold increase of UNC5B levels in netrin-1
KO, suggesting that the cleavage increase is the result of higher levels of proteins, and not more
cleavage as stated in the text. Some levels of DCC fragment are detectable in the netrin-1 WT
blots. To show that DCC cleavage (and UNC5B) is increased in absence of netrin-1, the ratio of
cleaved DCC/DCC should be quantified »

We agree that this point was not addressed carefully. Indeed, upon netrin-1 deletion we
observed increased levels of DCC and UNC5B and increased levels of a 50-kDa receptor cleavage
fragment (Fig 2F). As pointed by referee 1, whether the cleavage fragment increase is the result
of more cleavage or higher protein levels was not clearly addressed although we also showed
that titrating netrin-1 clearly induces DCC cleavage and cell death in neurons, in vitro (Fig S2 A
and B). As suggested, we now provide two different loading of the gels for DCC and UNC5B
immunoblot in addition to a quantification of the gels in Figure 2F. As the referee can now more
clearly see, when looking to intensity of the FL DCC band in netrin-1 Wt in the 120ug lysate
compared to the intensity of the FL DCC band in netrin-1 KO in the 60ug lysate, this somehow
the same intensity, while looking at the cleavage band, it is barely detectable in the 120ug lysate
netrin-1 wt, while much more present in the 60ug lysate in netrin-1 KO. This nicely supports the
view that upon netrin-1 withdrawal DCC (and UNC5B) are cleaved.

« Minor comment: the identification of the figure 2 and supplemental fig. 1 are mislabeled in the
result section »

We thank the referee for noticing this error, the identification of the Fig 2 and supplemental Fig
1is now labeled properly.

« 3) Figure 3: the controls adenovirus +shDCC or shUNC5B are missing. It would be important to
show that depleting DCC or UNC5B in the presence of netrin do not have major effects on
dopamine cell survival »

As suggested, we performed the CTL adenovirus vector + ShDCC or CTL adenovirus vector +
ShUNCS5B virus vector transductions on DIV 10 primary cultures. The results are included as
Supplementary Fig 2E. As expected according the dependence receptor paradigm, in the
presence of netrin-1, we found that deletion of either DCC or UNC5B or both did not trigger
neuronal apoptosis.

« 4) 3E: the rescue effect of unc5b are quite modest as mentioned in the result section. However,




the explanation on page 6 suggests that it might be because UNC5B is poorly expressed in SN.
According to the WB (fig3d and 2f), the UNC5B levels are reasonable in the SN lysates. There is
no data in the paper suggesting the UNC5B levels are poor in SN. One explanation could be that
UNCESB is less efficient to rescue the cell death (3C and 3D), which correlates with being less
efficient to rescue the motor deficits. What about shDCC+shUNC5B? will the effects be
increased? The rescue of both DCC and UNC5B alone is modest, it is possible that both receptors
are required to mediate cell death and the motor deficits in the absence of netrin-1.»

We agree with the referee and has according modulated the text of our manuscript. Regarding
expression of UNC5B vs DCC. UNC5B signals by immunoblot or immunostaining are globally
weaker than DCC signals. Although those are not quantitative methods and that the differences
in signal intensity may be due to a technical bias or difference of antibody affinity, what led us
to speculate that UNC5B levels are poor in the SN, is that we had to load twice as much lysates
to obtain reasonable signals for UNC5B by immunoblot (120ug of lysate) than for DCC
immunoblot (60ug) while in most our other “cancer” settings UNC5B immunoblots show clean
UNC5B expression. This is also supported by literature. Indeed even though there is very little
literature on UNC5B in the SN compared to DCC, we checked UNC5B (Annex 1A) and DCC (Annex
1B) expression in the SN of adult mouse by ISH, using the Allen Brain Atlas. We can see a marked
signal for DCC ISH (Annex 1B), clearly localized in the SN region (arrow) while UNC5B ISH signals
(Annex 1A) in the SN are less obvious (Niss| coloration shows the tissue architecture and is used
as an internal control ( Annex 1C, D)). Altogether, and although gene expression does not always
reflect protein expression, this body of observations led us to hypothesized that DCC may play a
more preponderant role than UNC5B in the adult SN leading us to focus on DCC. However, we do
not exclude that UNC5B alone may be indeed less efficient in inducing cell death than DCC or that
both receptors may be required. This is now mentioned in the revised version of the manuscript

(page 6).
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Annex 1 UNC5B vs DCC expression by ISH in the adult mouse brain (from the Allen Brain Atlas)




« 5) The authors conclude that DCC cleavage may sensitize neurons to degeneration in the
absence of netrin-1. In my opinion, this is not demonstrated in fig3. First, as mentioned above, it
is not clear to me that the loss of netrin increases DCC or UNC5B cleavage but it is clear that the
loss of netrin increases the protein levels. the authors show clearly that the loss of netrin
increases cleaved caspase3, but they don't show that DCC or UNC5B are cleaved by caspases, as
suggested in supp fig S2. If the authors used an anti-DCC antibody against the c-terminus of DCC
(as mentioned in Mat and methods), the 50 KDa fragment suggest that the cleavage occurs at
the extracellular side, probably by the metalloproteases as shown in previous publications. More
work needs to be done to show that DCC cleavage sensitize neurons to degeneration. Protease
inhibitors or caspase inhibitors could help to resolve these issues. One alternative possibility is
that DCC and UNC5B signals together by heterodimerization for example to induce cell death.»

We thank the referee for this important point. First in response to previous comment 2, we now
more adequately show that netrin-1 silencing is associated with more DCC (and UNC5B) cleavage.
Regarding the fragment migrating at 50kDa, as mentioned in Mat and methods, this cleavage
fragment was indeed detected using an anti-DCC antibody against the C-terminus domain of DCC
which could suggest that it includes the all intracellular domain rather than the “caspase-cleaved
fragment “1291-C terminus”. However we and other have repeatedly in the past observed that
the caspase cleavage of both DCC and UNC5B were migrating to higher “size” (Tang et al., 2008)).
To more formally determine whether this fragment migrating at 50kDa is due to caspase cleavage
we treated DIV 10 dopamine neurons with caspase 3 and pan-caspase inhibitors and used a
biologic (4Fbn) to titrate netrin-1. Blocking caspases’ activation by these inhibitors prevented
netrin-1 deprivation-induced DCC or UNC5B proteolytic cleavage and loss of tyrosine hydroxylase
(TH) levels (Supplemental Fig S2D).

In addition and to more formally implicate the DCC caspase cleavage in the degeneration effect
described in the manuscript, we have now performed the behavior test in 6-OHDA model in mice
point mutated for the caspase cleavage site of DCC. As the referee may be aware we have been
developing a knock-in mice for which the endogenous DCC locus was mutated to generate a DCC
mutated in D1290 (mutation D1290N). This mouse model was shown specifically shown to have
DCC-induced apoptosis silenced and were shown to be more prone to develop cancer (Castets et
al., Nature, 2012; Broutier et al., EMBO MM, 2016; Boussouar et al., Cancer Res, 2020). As shown
in the Annex 2 below the specific inactivation of DCC-induced cell death was associated with a
significant improvement in the behavior at 2weeks and with a clear trend toward an increase of
TH+ fibers density. This supports further the implication of DCC caspase cleavage/pro-death
activity, even though, at this stage we cannot discard that not only DCC-induced cell death is
involved in the effect seen with netrin-1 silencing. This is not more adequately discussed in the
manuscript



Annex. 2. Preventing DCC-induced cell death is
6.OHDA lesion Analysis of TH+ density neuroprotective in a mouse 6- OHDA model of PD. (A)
(2ug) Experimental design. DCC ™™t and WT were lesioned with 6-
il ! OHDA in two sites of the right striatum (2 x 1ug).
} I I Amphetamine-induced behaviour was assessed at week two
0 2 4 6 weeks post lesion. At week 6 brains were taken to perform
t immunohistochemical (IHC)analyses. (B) Amphetamine-induced
Amphetariie-induced rotations at two weeks after lesion. Data are shown as
individual values and mean + SEM. n = 11 each group. Tukey
post hoc analysis after two-way ANOVA, *P < 0.05 compared to
vehicle group. (C) Density of TH-positive fibres in the striatum
NS at six weeks post lesion. Individual values and mean + SEM are
shown, n=11 in each group. Unpaired t-test.
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1000 = 1009
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404
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« Minor comment: fig3b is not mentioned in the text, page 6.»

Figure 3B is now mentioned in the text.

« 6) Supp figdd and 4E: the authors mentioned that netrin-1 elicited neurite outgrowth by
measuring the proportion of dopamine neurons in culture and increased TH surface area. This is
not the proper way to do it, the authors should show the neurons in culture and measure the
neurite length.»

This was indeed not correct. We are not including the analysis of netrin-1 induced outgrowth in
dopamine neurons in vitro because this has been performed and published before with
convincing results (Lin et al, 2005; Xu et al, 2010). However, as we show for the first time that in
vivo netrin-1 (genetic overexpression or recombinant protein) (Fig 4C and 5C) is increasing the
density of fibers, we have rephrased our conclusion to take support of the published in vitro
works.

« 7) Supp 4F: why the DCC levels are reduced? This is not mentioned in the result section.”

We thank the referee for pointing this out. It is now mentioned in the text. Indeed, we show that
briefly (4 hours) after netrin-1 injection, DCC levels are reduced while PTEN and PS6 levels are
decreased and increased, respectively. The modulation of a receptor’s expression level or cell
surface presentation is a common mechanism for tuning responses to extracellular ligands.
Netrin-1 exposure or loss can readily participate to modulate DCC levels and thus the cell
response. In line with our results, several studies reported a fast and transient decrease in DCC
levels in response to netrin-1 (DeGeer et al, 2013; Kim et al, 2005; Neuhaus-Follini & Bashaw,



2015) while netrin-1 KO mice exhibit increased levels of DCC (Bin et al, 2015).

The rapid decrease of DCC levels can occur through different processes. In Xenopus, the
modulation of spinal neuron chemoattraction is mediated by the endocytosis and the slower
protein synthesis of DCC (Ming et al, 2002). In rat embryonic cortical neurons, DCC is
ubiquitinated, internalized and then degraded rapidly after netrin-1 exposure (Kim et a/, 2005).
Other reported that DCC proteolysis was required for guidance and that DCC cytoplasmic
cleavage by gamma-secretase produced a DCC ICD fragment that may serve as a transcriptional
coactivator in vertebrates (Bai & Pfaff, 2011; Neuhaus-Follini & Bashaw, 2015).Thus, it seems that
the rapid regulation of DCC levels is a feature of neuronal and axonal remodeling in response to
netrin-1.

« 8) Figba: how many patient samples? What is DCC and UNC5B gene expression profile in this
microarray dataset?”

This dataset was obtained from 9 control patients and 16 PD patients. UNC5B gene expression is
significantly increased in PD patients vs control patients. On the contrary DCC gene expression
seems to be decreased in PD patients (Annex 3).
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« 6b: quantification is from how many brain samples, n=3?"

We used brain lysates from the substantia nigra of 3 healthy control patients and 3 PD patients
(1 sample/well). Three technical replicates were performed by immunoblot. We have updated
Figure 6 legend to make it clearer. Even though this number of individual is small, it is not
“chosen” samples. The three independent PD brain samples were showing less netrin-1 than the
three “normal” brain. Moreover, this is in line with the microarray dataset shown in Figure 6A.

« Minor comment: it is not clear to me why in some figures the stats are done with SD and in
others with SEM.”

This is now more adequately explained. When value represents a different individual, individual
values are shown, and data are expressed as mean  SD to show the variation among values.
When means are compared, data are expressed as mean + SEM.

Reviewer #2:
“While the manuscript presents a potentially promising therapeutic approach and contains

plenty of in vivo data, there are serious shortcomings at the moment that lower my overall
enthusiasm. Most importantly, the mechanism behind their approach remains unsolved.”

We thank the referee for his/her positive comment. We have tried to answer experimentally the
different important comments from the referee and hope the revised version of the manuscript
is now more convincing.

« 1- The authors show that netrin-1 is highly expressed in adult SN and is reduced in PD patients
compared to control patients. They propose that the loss of netrin-1 might be a reason for the
vulnerability and neurodegeneration of SN in PD patients. However, additional experiments are
needed that further support this conclusion. Since dopaminergic neurons in ventral tegmental
area_show similar netrin-1 expression patterns as _in SN but are less vulnerable in
neurodegeneration. What is the effect of netrin-1 loss in such less vulnerable dopaminergic
neurons?»

We thank the referee for this very elegant suggestion. Substantia nigra (SN) and ventral
tegmental area (VTA) dopamine (DA) neurons exhibit similar levels of netrin-1 but their sensitivity
to netrin-1 seem to be different. Indeed, (Li et al, 2014) showed that midbrain dopamine axon
attraction and elongation are induced at lower netrin-1 concentrations in SN pars compacta
explants as compared to VTA explants. Also, nigral dopaminergic axons do not respond to high



netrin-1 levels contrary to VTA axons. These differences of sensitivity may be due to different
receptor expression levels or patterns. For example, in the adult ventral midbrain DCC levels,
which was shown to be expressed in both dopaminergic neurons of the VTA and SN, are the
highest in the ventral tier dopamine neurons of the substantia nigra pars compacta (Osborne et
al, 2005; Reyes et al, 2013) and therefore has been proposed to be a marker for this precise
population of neurons.

To test whether SN and VTA neurons share similar sensitivity to netrin-1, we looked at the effect
of the loss of netrin-1 in those regions. Indeed, in the previous version of the manuscript, we
could see, in supplemental Fig S1 that after AAV-Cre injection in the SN (Netrin-1 KO), netrin-1
signals were significantly reduced in both the SN and in the VTA. In Figure 3, however, we could
notice that upon netrin-1 KO, TH signals were lost in the SN and at a lesser extent in the VTA. We
performed additional immunostaining on midbrain brain slices, comprising both the SN and VTA,
that we have updated in the revised version (Fig 2 A and B). Clearly, dopamine neurons (TH-
positive) from the SN, but not the VTA, are specifically lost upon netrin-1 deletion. VTA DA
neurons are thus indeed more resistant to netrin-1 deprivation than SN DA neurons. This is, in
our view, a very important observation that strengthen the specificity of our data and once again
support the overall notion of dependence receptor where the ability of these dependence
receptors to trigger apoptosis in the ligand is really dependent on cellular context. This point is
now discussed in the manuscript.

« 2- Pacelli et al. (2015) showed that reducing axonal arborization by acting on axon guidance
pathways reduces the vulnerability of SN Dopaminergic neurons to neurotoxic agents. Since,
netrin-1 and DCC also have a role in neurite outgrowth, investigating if netrin-1-DCC dependent
neurite outgrowth is involved in the vulnerability of SN dopaminergic neurons would help to start
providing insight into the molecular mechanisms involved in the netrin-DCC pathway dependent

vulnerability.»

We completely agree with this important comment. Pacelli et al. (2015) paper is indeed very
interesting. Although the massive arborization of SN dopamine neurons likely contributes to their
vulnerability (because the energetic cost is high) it is also key to their proper function in vivo.
Dopamine neuron arborization is highly plastic in the control of motricity and it is indeed highly
likely that the fine regulation of the levels of guidance cues is critical for their maintenance and
plasticity (Lesnick et al, 2008; Lin et al, 2009).

Concerning netrin-1 levels and the vulnerability of SN dopamine neurons, it is interesting to note
that the dorsal striatum, characterized by poor levels of netrin-1, is associated with the
degeneration of medium spiny neurons in Huntington’s disease and SN dopamine projections in
Parkinson’s disease. On the contrary, the ventral striatum, characterized by higher levels of
netrin-1, is associated with striatal (dopamine) hyperfunction (schizophrenia, drug addiction).
Netrin-1 levels may thus reflect the potential for reinnervation of dopamine neurons (Shatzmiller
et al, 2008). Also, it appears that SN dopamine neurons are more sensitive to netrin-1 levels than
VTA dopamine neurons (Li et al, 2014) (Fig 2 A and B).

Finally, we would like to stress that our paper deals mostly with adult dopamine neurons and
most of the scientists working with this system are not able to culture adult DA neurons.



Therefore, we assessed the ability of netrin -1 to induce dopamine neuron neurite outgrowth
after 6-OHDA lesion in adult animals performing in vivo experiments. In this manuscript we
demonstrated for the first time that Netrin-1 is inducing an increase of fibers density in adult
dopamine neurons in vivo, suggesting an increase of outgrowth. These data are presented in Fig
5C and 4C and fit well with the ability of netrin-1 to induce neurite outgrowth in embryonic
dopamine neurons has been performed and published before (Lin et al, 2005; Xu et al, 2010). We
have discussed these data in the revised version of the manuscript and balance more adequately
our conclusion between a survival role of netrin-1 that we demonstrate here and a role in DA
outgrowth that may also be of importance.

« 3- What is the rationale behind the experiment in fig 1d? Can this be explained more clearly?»

In Fig 1D we looked at netrin-1 levels in the striatum because it is the structure that contains SN
dopamine axon terminals. Indeed, SN dopamine neurons form a diffuse and massive arborization
in the striatum which is key for the proper regulation of basal ganglia function in the control of
motricity, but which also accounts for their vulnerability since the maintenance and function of
this arborization may be highly energy demanding. Thus, when it comes to study SN DA neuron
homeostasis and function, it is important to consider and characterize their arborization, that is,
the striatal fibers. For example, it was proposed that neurodegeneration in PD starts at axon
terminals and progresses retrogradely to the cell body (the dying-back theory) (Burke & O’Malley,
2013). Neurorestoration studies on survival factors, such as Jnk and GDNF, have shown that
rescuing neuron cell body was not enough, to achieve functional neurorestoration, axon
terminals also must be restored (Ries et al, 2008; Kirik et al, 2000).

DCC is expressed in SN dopamine cell body but also at axon terminals, so we found it relevant to
check whether netrin-1 is also present at axon terminals, to get insight into how netrin-1/DCC
may contribute to SN DA neuron homeostasis. Following referee’s request, we expanded on it in
the revised manuscript.

« 4-In fig 2, besides the increase of cleaved DCC also full length DCC is increased in Netrin-1 KO
mice compared to WT mice. Moreover, in fig 3, the reduction of DCC results in the reduction of
cleaved DCC but also full length DCC and rescues the TH+ cell loss in netrin KO mice, however the
author's conclusions are only based on the lower cleaved DCC levels. How is the effect of cleaved
and full length DCC dissociated given they are both lowered in levels? The investigation of the
role of full length DCC in dopaminergic vulnerability would also be appropriate/needed.»

We thank the referee for noting this important point. As suggested by the referee 1 and as
answered to the referee 1, we now more convincingly show that netrin-1 silencing is associated
with an increase of DCC caspase cleavage. We also provide additional evidence for the role of
DCC caspase cleavage in DA neuron homeostasis (Figure 1. DCC D1290N mutant). However the
referee 2 is correct in the sense that the caspase cleavage and DCC pro-apoptotic activity
probably do not account for the all effect and this is more adequately explain in the text of the
manuscript. However, if the referee is considering a “positive” role of DCC in triggering some kind



of signaling upon netrin-1 binding that would positively impact on DA fate, it has to be argued
that it has probably not a preponderant (at least in the models used here): First silencing DCC
(with or not UNC5B) per se does not have any obvious impact on primary neurons as shown in
FigS2 but rather prevents the effect of netrin-1 silencing. Second silencing of DCC in vivo is not
phenocopying netrin-1 silencing but rather rescues netrin-1 silencing as shown in Figure 3.

« 5- The PD animal models are sub-optimal: the toxins artificially induce DA death, but it is not
clear if their mechanism of action and the mechanisms at play in PD are the same. Over
expression of synuclein is also not optimal. It may be good to include a clear statement in the
text as to the limitations of these models. Moreover, in Figure 4: what is the effect of MPTP on
alpha-synuclein, netrin and DCC levels in wild type and SNCA mice?»

We agree with the referee that both neurotoxin as well as alpha-synuclein animal models of
Parkinson’s disease are not optimal. Since no naturally occurring animal forms of PD are known,
the development of animal models of the disease has proved indispensable to study the
pathology but also therapy for PD. However, PD is a complex disease of unknown etiology which
renders it difficult to fully mimic. In most of the studies researchers use only one animal model.
Being aware of the limitations of the models, we decided to use 3 independent models in this
study, 6-OHDA, MPTP and alpha-synuclein and we hope that this could strengthen our
conclusions. We now have discussed the limitations of animal models of PD in the revised
manuscript (pages 7-8).

« 6- Netrin-1 and GDNF have very similar effects on behavior, TH+ fiber density and TH+ cell
count. It raises the guestion whether they affect the same pathways. Does netrin-1 or GDNF
injection in_netrin-1 KO mice also rescue the neurodegeneration? Similarities/differences of
these two substances should be further investigated.»

We thank the referee for this interesting point. We have used GDNF in these experiments as a
control, as a golden standard much used in the animal models of PD. Of interest, there are several
fundamental differences between the action of GDNF and Netrin-1 on dopamine neurons that
are now briefly discussed in the revised version of the manuscript. Firstly, it is firmly established
that GDNF signals in dopamine neurons solely via RET receptor (and not via alternative receptors
such as NCAM or syndecan-3) triggering survival promotion and neurite outgrowth through PI3-
kinase-AKT and MAPK pathways. Netrin-1 induces positive signals at least via 2 receptors DCC
and UNC5B through diverse signaling pathway, however the death observed upon netrin-1
withdrawal is not due to a loss of survival pathways but rather due to engagement of caspase-9-
induced cell death. Secondly, GDNF is not expressed by dopamine neurons but is expressed by
parvalbumin positive neurons in the striatum. These neurons secrete GDNF that is taken up by
dopamine neuron axons projecting to the striatum and GDNF receptor complex is retrogradely
transported to the substantia nigra pars compacta. Unlike netrin-1 which is required for the
maintenance of adult DA neurons, endogenous GDNF is not required for the survival of adult
dopamine neuron of the substantia nigra, in vivo (J.Kopra, 2015). Indeed, the numbers of TH+



cells and brain dopamine levels are unchanged in mice GDNF conditional KO mice (Nestin-Cre or
AAV5-Cre injected GDNF /f' mice). Contrary to GDNF, netrin-1, as well as its receptors, are
expressed by dopamine neurons and obviously act by autocrine loop, at least at the cell body
level. Netrin-1 is expressed by striatal interneurons and may thus also act in a paracrine way at
axon terminals. Importantly, netrin-1 is not retrogradely transported to the substantia nigra pars
compacta. This is more adequately described in the text of the manuscript.

« Minor: In Fig 1b both sections show netrin-1 expression in mice midbrain. Indicate which of the
two sections are more anterior.»

We thank the referee for this comment. We have now indicated which section is more anterior.

«Minor: In Fig 1d, the zoom region of DAPI, netrin-1 and DAT stainings are not indicated on the
first netrin-1 image.»

The zoom region is now indicated in the revised figures

« Minor: Page 5 line 12: mentions Supplemental Fig. S2 a,c however supp. Fig. S2a doesn't
represent the mentioned data and there is ho S2c. The authors want to refer Fig 2 a, c. Please
correct.»

Thank you for pointing this mistake, it has now been corrected.

«Minor: Cre injection was done into SN of 3-month-old mice. Nigral neuron population and
mice motor behavior were monitored six weeks after netrin-1 KO. That means animals were at
least 4.5 months old. However, the titles of fig2 a and b indicates 3 months old..»

Thank you for noticing it, legends and titles were updated.

« Minor: In Fig 2b the difference between Cre virus and CTL virus is not obvious. Indications of
the TH+ fibers with arrows would help the readers.»

We added arrows where we injected the virus vector in Figure 2.

“Minor: Fig 2f says N=3. Does N=3 mean 3 different animals or the experiment repeated 3
independent time with pooled tissue from the same animals?”

We apologize that it was not clear, Fig 2F legend was updated.



“Minor: In Fig 2f, labels of bar plot indicates DCC and UNC5B, but they don't specify whether it
is FL or cleaved.”

Fig 2F bar plot legend is now updated.

“Fig3d bar plots: statistics are missing.”

The statistics are now shown in Fig 3D

“Fig 4a indicates tamoxifen induction at second week however it is not mentioned in the other
figures when tamoxifen was supplied.”

The model used in FigdA-D is a mice line that expresses the tamoxifen-inducible Cre-ERT2 fusion
protein to induce netrin-1 conditional expression. We used this model to test whether netrin-1
could rescue DA neuron in mice intoxicated with 6-OHDA. This is the only model in the paper
using this tamoxifen-inducible Cre-ERT2 fusion protein system, therefore there is no mention of
tamoxifen injection in the other figures.

“In Fig 4d, figure is missing 'ns' sign.”

Thank you for noticing it, the ‘ns’ sign is now present.

“Fig 5c indicate in the figure which is the 6-OHDA lesion side like in figure 5d.”

The 6-OHDA lesion side is the right side, the control side is the left. It is now indicated in the
Figure.

“Fig 5d doesn't show the control side of the brain and there is no quantification of the control in
Fig 5d.”

The quantification of the control is not shown since results are expressed as percent of the intact
(control) side. We quantified the TH+ cell number in the lesion side and reported it to the TH+
cell number of the control side. The coronal slices used for the analysis and shown are from
similar antero-posterior positions. A representative image of the control side is provided.



1st Revision - Editorial Decision 22nd Oct 2020

Dear Patrick,

Thanks for submitting your revised manuscript to The EMBO Journal. Your study has now been
seen by referees # 1 and 3.

As you can see from the comments below while the referees appreciate that the analysis has been
strengthened they also have some remaining questions regarding the downstream mechanisms.
Referee #1 would like further input into the role of DCC cleavage in this process and also has some
guestions about the results of the rescue experiment in Fig 3B. Regarding figure 6B do you have
any more patient samples? Referee #3 has some comments regarding the patient data on DCC
expression.

Everyone agrees that the strengthen of the paper lies in the in vivo mouse models and the
potential therapeutic angle, but would be good to clarify these last points in a final revision. | can
accept if certain aspects of the downstream mechanism is not fully clear, but then make sure to
discuss this in a good way.

When you submit the revised version, will you also take care of the following points

- We need 3-5 keywords

- We don't have senior author distinction - just corresponding authors. Please double check.

- Please upload high resolution individual figure files.

- The appendix file is missing a ToC and figures should be labelled as Appendix Figure S1, Appendix
Table S1 etc. Please also fix callout in text

- Some of the images need scale bars like Figure 1B,5C&D
- In the data availability section please only add data sets generated in this study. As far as | can
see no data is generated that needs to be deposited in a database. If this is correct please state:

This study includes no data deposited in external repositories

- For the reference list - for articles with more than 10 authors the author list should be cut after 10
authors followed by et al.

- The funding info should also be added to the online system
- The lower panel in Figure 2A looks like it has a cut inin
- Please upload source data for all blots (one PDF file per figure)

- have asked our publisher to do their pre-publication checks on the paper. They will send me the
file within the next few days and | will pass it to you.

- We include a synopsis of the paper (see http://embojembopress.org/). Please provide me with a
general summary statement and 3-5 bullet points that capture the key findings of the paper.



- We also need a summary figure for the synopsis. The size should be 550 wide by [200-400] high
(pixels). You can also use something from the figures if that is easier.

That should be all. Let me know if you need any further input from my side
With best wishes

Karin

Karin Dumstrei, PhD
Senior Editor
The EMBO Journal

Instructions for preparing your revised manuscript:

Please check that the title and abstract of the manuscript are brief, yet explicit, even to non-
specialists.

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

IMPORTANT : When you send the revision we will require

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

- a word file of the manuscript text.

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

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

- Expanded View files (replacing Supplementary Information)

Please see out instructions to authors
https//www.embopress.org/page/journal/14602075/authorguide#expandedview

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

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

The revision must be submitted online within 90 days; please click on the link below to submit the
revision online before 20th Jan 2021.



https//emboj.msubmit .net/cgi-bin/main.plex

Referee #1:

In this revised version, the authors did not address carefully the comments of the reviewers. In term
of DCC cleavage, they are not showing a ratio of cleaved DCC/DCC. In fact, it is not very clear how
they are presenting the data with numbers below zero. DCC can be cleaved by caspase as shown
by the authors and other groups, however, it is not well supported in the present study that this is
required for the biological effects observed in the KO netrin-1 or OE netrin-1 models. In general, the
effects of KO netrin-1 or OE netrin-1 are significant and clear but the downstream mechanisms are
not clearly presented in the study. For instance, the rescue experiments in Fig. 3E are not very
convincing, the effects are very mild. In figure 6B, showing a western blot of only 3 control samples
and 3 patients seems to be rather small.

Referee #3:

The authors addressed all of our comments elaborately and conducted additional experiments to
strengthen their conclusions. The revised version of the manuscript will be more accessible for
neuroscience researchers. One final comment that would like to see addressed relates to Annex 3.
The authors show that PD patients have reduced DCC expression values in microarray gds2821
datasets. However western blot data in figure 6B show increased levels of DCC in PD patients.
Moreover, Annex 3 figures show different results, one significant and one not significant, for DCC
expression. Can the authors comment on the contradictory results obtained with microarray versus
western bot and explain the difference between the DCC expression bar graphs in Annex3.

Overall, the paper demonstrates a novel role of Netrin-1 and its receptor DCC in the context of cell-
specific vulnerability in PD and the data are convincing. Although the manuscript doesn't reveal
mechanism behind their approach, | believe it opens new research avenues on this topic.



2nd Authors' Response to Reviewers 11th Nov 2020

Response to editorial comments:

- Following keywords has been added in the title page: Netrin-1/ DCC, neurorestoration,
Parkinson’s disease

- Senior author distinction has been added

- ToC has been added in the Appendix and figures has been labelled as Appendix Figure S1,
Appendix Table S1 etc. The main text has been corrected

- Scale bars has been added in Figure 1B, 5C&D

- The statement “This study includes no data deposited in external repositories” has been
added in the data availability section.

- The reference list format has been corrected
- The funding info is added to the online system

- The original data and specifically Figure 2A are provided. Source data for all blots (one
PDF file per figure) has been uploaded

- Please find below a general summary statement and 3-5 bullet points that capture the
key findings of the paper. We also added a summary figure.

Synopsis

This study shows, using various in vivo approaches, a novel role for netrin-1 as a key regulator
of adult nigral dopamine neuron maintenance and highlights the therapeutic potential of
targeting netrin-1 signalling in Parkinson’s disease.



Bullet points:
- Netrin-1is required for the maintenance of adult dopamine neurons in the substantia
nigra.
- Loss of netrin-1 in the substantia nigra induces receptor cleavage and apoptotic cell
death of dopamine neurons
- Netrin-1is protective and neurorestorative in various models of Parkinson’s disease

Dopamine
neuron

¢

Netrin-1 o
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Reviewer #1:

In this revised version, the authors did not address carefully the comments of the reviewers.
In term of DCC cleavage, they are not showing a ratio of cleaved DCC/DCC. In fact, it is not
very clear how they are presenting the data with humbers below zero.

We apologize for not having fully satisfied referee 1 concerns in the former version.
Indeed, whether the cleavage fragment increase is the result of more cleavage or higher
protein levels was not clearly addressed. To answer this, we quantified the ratio of cleaved
DCC/ full length (FL) DCC and cleaved UNC5B/FL UNC5B, as suggested by referee 1, and
updated Fig 2F (quantification bar graph) accordingly. The quantification shows that the ratio of
cleaved receptor/ FL receptor is increased in netrin-1 KO samples, demonstrating that the
increase of the receptor cleavage fragments upon netrin-1 deletion is not only the results of
higher levels of proteins but is also the result of more cleavage.

DCC can be cleaved by caspase as shown by the authors and other groups, however, it is not
well supported in the present study that this is required for the biological effects observed in
the KO netrin-1 or OE netrin-1 models.

We agree that we are showing here mainly correlations between DCC cleavage and the
biological effects. We are not per se demonstrating that this cleavage is causally implicated and
we have more carefully discussed this in the discussion of the manuscript “Additionally,
simultaneous deletion of DCC partly prevented dopamine neuron loss, suggesting that DCC, via



its death-inducing activity, regulates DA neurons survival. However it is fair to say that we
cannot exclude that non only the death activity of DCC is important to mediate this DA loss but
also alternative loss of netrin-1-induced DCC signaling”.

In general, the effects of KO netrin-1 or OE netrin-1 are significant and clear but the
downstream mechanisms are not clearly presented in the study. For instance, the rescue
experiments in Fig. 3E are not very convincing, the effects are very mild.

The rescue experiments in Fig.3E are indeed mild but the data are significant. What we can
definitely conclude is that silencing of DCC or UNC5B is NOT mimicking netrin-1 silencing, so, at
least it demonstrates clearly that if there are downstream mechanisms, they are not ligand-
induced receptor mediated downstream signaling. This being said, as noted previously we have
included a statement in the discussion suggested that it may be both the pro-death activity and
additional downstream signaling.

In figure 6B, showing a western blot of only 3 control samples and 3 patients seems to be
rather small.

We agree with the referee. Unfortunately we did not have access to additional patient samples
despite effort from the 3 groups involved. Again to downplay the data obtained we have
modified the text accordingly: “these results in human, even though at this step preliminary
because of limited access to materials, may indicate that the reduction of netrin-1 in patients
could contribute to the progression of PD”.

Reviewer #3:

The authors addressed all of our comments elaborately and conducted additional
experiments to strengthen their conclusions. The revised version of the manuscript will be
more accessible for neuroscience researchers.

We thank referee 3 for her/his constructive comments that helped us to strengthen our
conclusions.

One final comment that | would like to see addressed relates to Annex 3. The authors show
that PD patients have reduced DCC expression values in microarray gds2821
datasets. However western blot data in figure 6B show increased levels of DCC in PD
patients. Moreover, Annex 3 figures show different results, one significant and one not
significant, for DCC expression. Can the authors comment on the contradictory results
obtained with microarray versus western bot and explain the difference between the DCC
expression bar graphs in Annex3.

We thank the referee for noting this point. Indeed in the WB using the three PD



patients/control patients, DCC was rather seen more detected in PD brains than in controls
while the dataset analysis was either showing no change at the messenger level or rather a
reduction of DCC. This goes with the comment from the referee 1 that led us to introduce a
sentence in the text to limit the conclusion based on the human materials as we had only
access to 3 PD specimens “these results in human, even though at this step preliminary because
of limited access to materials, may indicate that the reduction of netrin-1 in patients could
contribute to the progression of PD”. This being said, DCC gene is a huge gene located spanning
in chromosome 18q and our experience in microarrays when looking at DCC, is that microarray
data rarely predicts DCC mRNA expression and even less DCC protein (this is why we did not
include the analysis of receptors in the manuscript). We additionally added the sentence in the
main text: “Of note, the increase level of DCC/UNC5B was not seen using the above gene-
expression profiling dataset.”.

We are grateful to the reviewers for their comments, which we believe have
strengthened the manuscript.

If we should send additional information, please let me know. We thank you in advance
for your consideration of the revised manuscript.



2nd Revision - Editorial Decision 12th Nov 2020

Dear Patrick,

Thanks for sending me the revised manuscript. I have now had a chance to take a look at it and |
appreciate the introduced changes.

lam therefore very pleased to accept the manuscript for publication here.
with best wishes

Karin

Karin Dumstrei, PhD
Senior Editor
The EMBO Journal

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

Your manuscript will be processed for publication in the journal by EMBO Press. Manuscripts in the
PDF and electronic editions of The EMBO Journal will be copy edited, and you will be provided with
page proofs prior to publication. Please note that supplementary information is not included in the
proofs.

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

If you have any questions, please do not hesitate to call or email the Editorial Office. Thank you for
your contribution to The EMBO Journal.

** Click here to be directed to your login page: https://embojmsubmit.net
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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.

1. Data
The data shown in figures should satisfy the following conditions:

2 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 wav.

graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
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2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:
>

a of the experimental system (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 rang

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:
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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.

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

Sample size was determined a priori (from pilot studies) using power to calculate the minimum
sample size required to detect a beneficial effect of 20%.

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

[Sample size was determined a priori using power to calculate the minimum sample size required
o detect a beneficial effect of 20% and taking into account interindividual variability (in
behavioural test) but also the rate of surgery failure (around 15%) that we estimated from pilot
studies. The number obtained was then compared to sample size used in similar studies/models
found in the litterature and adjusted (increased) only if it was significantly smaller than what was
found in the litterature.

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

In experiments testing netrin-1 rest properties in 6-OHDA animal models : Rats and
mice that did less than 100 ipsilateral turns at the first rotation test, 2 weeks after 6-OHDA lesion,
were excluded from the experimental procedure. Indeed, according to Back and colleagues (Back
et al., 2013), rats exhibiting less than 100 ipsilateral amphetamine-induced rotations /120 min at 2
weeks after 6-OHDA lesion can be considered not successfully lesioned. We decided to apply the
same threshold for mice.

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.

Netrin-1 fI/fl and SNCA mice were randomly allocated to experimental groups. In experiments
testing netrin-1 neurorestorative properties in 6-OHDA animal models, rotation tests were
performed 2 weeks after 6-OHDA injection to allocate rats and netrin-1 tg mice in homogenous
lexperimental groups based on their ipsilateral rotation score, before treatment injections.

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

Netrin-1 fI/fl and SNCA mice were randomly allocated to experimental groups. In experiments
testing netrin-1 neurorestorative properties in 6-OHDA animal models, rotation tests were
performed 2 weeks after 6-OHDA injection to allocate rats and netrin-1 tg mice in homogenous
[experimental groups based on their ipsilateral rotation score, before treatment injections.

4.2 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.

Investigators were blinded to group allocation during data collection and analysis for all
experiments.

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

Investigators were blinded to group allocation during data collection and analysis for all
experiments.

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

[All data were tested for normal distribution in order to analyze results accordingly using
parametric or non-parametric tests. To compare results between two groups, the Student’s
unpaired t-test was used. When more than two groups were compared, one-way ANOVA followed
by Tukey post hoc test was applied. For repeated measures, a Repeated-Measures (RM) ANOVA or
2way ANOVA test was performed followed by Tukey multiple comparisons post hoc test. Al tests
are two-sided. Assessments with p < 0.05 were considered significant.

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

Yes. Normal distribution (Gaussian distribution) was assessed (D'Agostino & Pearson omnibus
normality test, Shapiro-Wilk normality test) in order to determine the statistical tests to be applied.

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

No

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

Ves, at least at time 0. In some case the treatment had an effect on the variance. In those cases,
individual values are plotted and the SD is shown.

C- Reagents

Antibodypedia
1DegreeBio

earch-repor ARRIVE Guidelines

NIH Guidelines in animal use
MRC Guidelines on animal use
Clinical Trial registration
CONSORT Flow Diagram
CONSORT Check List

~tum( REMARK Reporting Guidelines (marker prognostic studies)

Dryad
Figshare
dbGAP
EGA

Biomodels Database

MIRIAM Guidelines

JWS Online

Biosecurity Documents from NIH
List of Select Agents



6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |-SC-69977, validated by W8 analysis of a-synuclein expression in non-transfected and human o
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g. synuclein transfected293T whole cell lysates (manufacturer's website). For WB, IF , IHC
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right). -L5-C380861-1. WB validated on PD SN brain lysates vs healthy controls. For WB, IHC

9661, validated by WB and IF on cells treated with staurosporine vs untreated cells
(manufacturer's website). For W8, IF, IHC

- Ab184451, validated by WB: Mouse and rat striatum lysates vs other tissues. IHC-Fr: Mouse brain
(Coronal section) and rat brain (sagittal section) tissues. (manufacturer's website) and on 6-OHDA-
lesioned striatum (by us). For WB, IHC-P, IHC-Fr

-5C-515834, validated in 293T cells transfected or not with mouse and human-DCC according to
the manufacturer, and in data provided by our manuscript using a shRNA against DCC (Supp Fig 2).
For WB; IF

-Ab18184, Validated in cells transfected or not with His-flagged protein by WB (manufacturer's
[website)and by IF in brain injected with netrin-1-his-tag protein (Supp Fig6.C). For WB, IF
-5C-20786 validated by WB analysis of netrin-1 expression in C6 and IMR-32 whole cell lysates
(manufacturer's website). And by WB and IF, in netrin-fl/fl mice injected with AAV6-Cre virus to
elicit netrin-1 KO (by us, data provided in the manuscript Supp Fig 2). For WB, IF

-Ab126729, validated by WB analysis on E11,5 mice spinal cord, and brain samples from adult micef
conditionally overexpressing netrin-1 vs WT mice (data provided in the mansucript Fig 5). IF on
brain tissue from netrin-1 lox mice compared to netrin-1 overexpressing mice

(by us, not shown in the manuscript). Validation also available on manufacturer's website.
For WB, IF, IHC-Fr

-5C-25269, validated by WB analysis of TH expression in human adrenal gland, human
kidney and mouse brain (C) tissue extracts on manufacturer's website. WB and IHC analysis
in MPTP treated animals (data provided in the manuscript, Supp Fig 4). For W8, IF, IHC
-Ab112, validated by IHC-P: Mouse and rat brain tissue. Rat dopaminergic neuronal tissue,
ICC/IF: Human neurons, WB: Rat brain normal tissue lysate - total protein, Mouse cell lysate|
(CATH.a neuron), PC-12 whole cell lysate. Rat caudate lysate, IHC-Fr: Mouse brain tissue (on|
manufacturer's website). In our lab, by WB, IF (data provided in the manuscript Supp Fig 6,
IHC (data provided in the manuscript Fig 5) on striatal and substantia nigra samples from
mice and rats lesioned with 6-OHDA. For W8, IF, IHC

-MAB1006 , validated using a ShRNA against UNCSB in data provided by our manuscript
(Supp Fig 5). For WB

-NBP1-69750, validated by W8 and IHC validation on rat brain tissue (Striatum)
(manufacturer's website). For WB, IF, IHC

, by STR profiling) and tested for [All data come from primary culture or animal experiments. No cell lines were used.

7. Identify the source of cell lines and report if they were recently authenticated (e
mycoplasma contamination.

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

D- Animal Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing |-Six-week-old male Wistar rats were purchased from Janvier Labs (Genest Saint-lsle, France)

and husbandry conditions and the source of animals. -Two-month-old male DCC D1290N mutant C5781/6 mice (described previously in Castets et al.,
2011) were used. This mouse line was generated in P. Mehlen laboratory (Lyon, France). ALECS
animal facility (Lyon, France) is in charge of housing and breeding this line.

-Netrin-1 transgenic C5781/6 adult mice (Lahlali et al., 2016) from P.Mehlen laboratory (Lyon,
France) were crossed with CAG:Cre-ERT2 transgenic C5781/6 adult mice (from Janvier labs) to
obtained netrin-1 inducible transgenic mice upon Cre-mediated recombination using tamoxifen
(netrin-1 tg)

-Two-month-old netrin-1 Tg mice were used (housed in AniCan, animal facility platform, Lyon,
France).

-positively selected netrin-1 flox/+ chimeric mice were crossed to a FLPe recombinase-expressing
mouse line, B6;SIL-TE(ACTFLPe)9205Dymy/J, to remove NeoR between the two frt sites and produce|
the netrin-1 flox allele (From Jackson laboratory, USA). Three-month-old, male, Netrin-1 floxed
mice were used in our study (Atlanta, Georgia, USA)

- Human SNCA transgenic C57BI/6 mice carrying a transgene containing human SNCA gene and a
knock out allele of the mouse Snca gene were from Jackson Laboratory (stock number: 023837)

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the |Experimental procedures involving animals were approved by the Committee for Animal
committee(s) approving the experiments. Experiments of the Rhone-Alpes Region (CE015), France (authorization n*: APAFISH1565), the
(Committee for Animal Experiments of the University of Helsinki (Finland) and the Emory
Institutional Animal Care and Use Committee (USA).

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), e1000412, 2010) to ensure |We confirm compliance with the ARRIVE guidelines
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

E- Human Subjects

11 Identify the committee(s) approving the study protocol. The study was approved by the Biospecimen Committee (The Goizueta ADRC, Emory University).
12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments Obtained from the Emory Alzheimer's Disease Research Center (ADRC). PD was diagnosed
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human according to the criteria of the Consortium to Establish a Registry for PD and the National Institute
Services Belmont Report. on Aging (Morris et al., 1989; Mirra et al., 1991). Informed consent was obtained from all cases.
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 lll 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.

F- Data Accessibility
18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data [All data generated or analysed during this study are included in this article (and its supplementary
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462, information files) and are available from the corresponding authors on reasonable request.

Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
2. 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
iournal’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 st at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided ina |Data statistical analysis was performed using SPSS12.0 and GraphPad Prism 6. Image ) 1.47 was
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized format{used to analyse IHC and IF experiments. ImageLab for western blots analysis. SN cell count was
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM  [performed using Aiforia™ image processing system (Fimmic Oy, Helsinki, Finland) as described in
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top  [the manuscript.

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.

G- Dual use research of concern

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