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1st Editorial Decision 21 December 2017 

Thank you for the submission of your manuscript to EMBO Molecular Medicine. Pleas accept my 
apologies for getting back to you with such unusual delay. We have now heard back from the three 
referees whom we asked to evaluate your manuscript.  
 
You will see from the set of comments pasted below that all referees found the data of interest and 
suitable for EMBO Molecular Medicine, in principle. Referees 2 and 3 only have minor comments 
but still relevant in terms of literature citation, M&M and results with more appropriate reporting. 
Referee 1 however, is a bit more critical and would like to see a more moderated discussion to 
reflect the limitations due to this compound, but also to potentials/hurdles for human translation 
(given the drug specificity for ALD or not, but importantly also the double KO mouse model used); 
this referee also would like to see whether the drug affects C26:0 and ideally speaking compare 
effects to other GSK inhibitors, which we agree would greatly add to the paper.  
 
Upon our cross-commenting exercise, expressing moderation to reflect the study limitations is 
encouraged, as well as showing how DMF impacts C26:0 itself or whether the aggravation seen 
with C26:0 is ameliorated after DMF.  
 
We would therefore welcome the submission of a revised version within three months for further 
consideration and would like to encourage you to address all the criticisms raised as suggested to 
improve conclusiveness and clarity. Please note that EMBO Molecular Medicine strongly supports a 
single round of revision and that, as acceptance or rejection of the manuscript will depend on 
another round of review, your responses should be as complete as possible.  
 
EMBO Molecular Medicine has a "scooping protection" policy, whereby similar findings that are 
published by others during review or revision are not a criterion for rejection. Should you decide to 
submit a revised version, I do ask that you get in touch after three months if you have not completed 
it, to update us on the status.  
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Please also contact us as soon as possible if similar work is published elsewhere. If other work is 
published we may not be able to extend the revision period beyond three months.  
 
Please read below for important editorial formatting and consult our author's guidelines for proper 
formatting of your revised article for EMBO Molecular Medicine.  
 
I look forward to receiving your revised manuscript. 
 
 
***** Reviewer's comments *****  
 
Referee #1 (Comments on Novelty/Model System for Author):  
 
The use of the double knockout mouse is a poor model system as no patients have ever been 
reported to harbor ABCD2 mutations.  
 
Referee #1 (Remarks for Author):  
 
This is a first paper reporting on an impaired NRF2 antioxidant response due to ABCD1 deficiency 
in adrenoleukodystrophy (ALD). The authors demonstrate that this is caused by aberrant activity in 
the GSK-3beta pathway and employ both Abcd1 knockout and Abcd1/Abcd2 double knockout mice 
to show this. Lastly they use dimethyl fumarate (DMF) as NRF2 activator to rescue pathology in the 
model system.  
 
While the report is novel and carries potential clinical importance, there are gaps that the authors 
should address. The oxidative stress markers are shown to worsen with C26:0 (Fig 2), the 
biochemical hallmark of ABCD1 deficiency and presumed culprit of pathology. However, there are 
no data showing how DMF impacts C26:0 itself or whether the aggravation seen with C26:0 is 
ameliorated after DMF. Overall the use of the double knockout mouse is a poor model system as no 
patients have ever been reported to harbor ABCD2 mutations. This should be clearly stated as 
limitation in the discussion. If C26:0 levels are not impacted by DMF in the spinal cord, this should 
also be clearly stated.  
 
Have the authors directly compared DMF to other GSK inhibitors? The authors may thereby 
demonstrate independent mechanisms pertinent to ABCD1 deficiency. When reading the discussion 
one cannot help wonder why DMF has not shown broad success across degenerative diseases in 
humans. It would be important to point to limitations of the compound when it come to translation 
to humans.  
 
Minor comment: introduction - inflammatory demyelinating disease occurs not only in children but 
also in adults.  
 
 
Referee #2 (Remarks for Author):  
 
The manuscript by Ranea-Robles et al describes the identification of an impaired NRF2 antioxidant 
response caused by an aberrant activity in the GSK-3beta axis.  
 
The authors find that DMF, an inhibitor of GSK-3b and an activator of NRF2 restores VLCFA-
induced mitochondrial dysfunction and oxidative damage. Oral treatment of ALD mice with DMF 
corrects the phenotype, halts axonal degeneration and improves locomotor function.  
 
This is a really well-written, pleasantly readable manuscript with very convincing and encouraging 
data. Therefore, it is a pity, and unnecessary, that the authors have a high tendency to basically only 
cite their own work when dealing with ALD literature. It appears that they have succeeded to cite 
almost every publication they ever published themselves, but they leave out key ALD publications.  
 
For example: there is no good reference with respect to ALD biochemistry. There are no references 
with respect to the clinical aspect of ALD. There is no reference to the fact that heterozygous 
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women develop clinical symptoms resembling AMN. There are no references to the lack of a 
genotype-phenotype correlation.  
And when there is a reference to ALD work it's often a wrong citation. For example: Shinnoh et al 
1995 did not demonstrate that ALDP transports VLCFA into peroxisomes. This study demonstrated 
that the biochemical defect in ALD cells can be corrected by transfecting the normal ABCD1 
cDNA. The correct references are van Roermund FASEB 2008 and Wiesinger JBC 2013.  
Furthermore, the Pierpont 2017 paper is not a proper reference to bone marrow transplantation. This 
paper discusses the long-term neurocognitive outcomes of transplanted boys. Alternatives are 
Aubourg NEJM 1990, Miller Blood 2011 and others.  
Finally, VLCFA do not only cause oxidative stress. The recent paper demonstrating the VLCFA 
induce ER stress and that there is a clear correlation between fatty acid length and ER stress should 
be mentioned too (van de Beek 2017).  
 
Importantly, there is a discrepancy between the materials and methods (page 21) and the legends of 
Figures 3 and 4. In the M&M the authors state that the number of mice that are treated with DMF to 
characterize the effect on biochemical signs is n=12 per group. However, in the legend of the 
corresponding Figures 3 and 4 there are only 6 mice per group. The authors should explain what 
happened with the other 6 mice? It's hard to imagine that this is a typo.  
 
 
Referee #3 (Comments on Novelty/Model System for Author):  
 
It would be important to see the entire western blots; It is very difficult to reprobe the blots for the 
same AKT that only recognize different phosphorylation sites. However I do not know how well 
these antibodies work on mice and man, as they were used.  
 
Referee #3 (Remarks for Author):  
 
The manuscript entitled "Aberrant regulation of the GSK-3beta NRF2 axis unveils a novel therapy 
for adrenoleukodystrophy" by Ranea-Robles et al describe a clear effect of DMF on the mouse 
model for X-ALD as well as in human fibroblasts. Manifold different impairments known to be 
present in the spinal cord of the mouse model of X-ALD at the age of 12 months could be confirmed 
which is per se of greatest importance for the community. Moreover, all of which could be 
completely restored to wt levels using the oral treatment of DMF. These results are very impressive.  
 
Minor comments:  
Fig 1C and D as well as Fig 2D and 2E: Was this a reprobing of the very same blot for 7 or 6 times? 
Please indicate in Materials and Methods if and how it was ensured that it was completely striped in 
between the different phosphospecific AKA antibodies. Please show the entire blots for all samples 
in the supplementary data.  
 
Fig 5: please perform also a quantification for Iba1 and GFAP as it was done for Synaptophysin and 
APP. The N should be given per e.g. square millimetre. In materials and methods it should be 
indicated how the quantification was performed. 
 
 
1st Revision - authors' response 22 March 2018 

Referee #1 (Comments on Novelty/Model System for Author):  
Q: The use of the double knockout mouse is a poor model system as no patients have ever been 
reported to harbor ABCD2 mutations.  
 
A: We thank the referee for his/her helpful comments and the constructive criticism of our 
manuscript. Regarding this comment, Referee#1 is right and there is no reported mutation of 
ABCD2 in humans, however its overlapping role regarding import of C26:0 into peroxisomes has 
been demonstrated (Fourcade et al, 2009), and its potential role as genetic modifier of the metabolic 
impairment in XALD patients has been postulated (Muneer et al, 2014).  
 
We thus think that the double knockout mouse Abcd1

-
/Abcd2

-/-
still represents a suitable preclinical 
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model to test treatments, and it is the best mouse model available. These mice present an AMN-like 
phenotype similar to the phenotype displayed by Abcd1

-
mice, but with an earlier onset of axonal 

degeneration and a more severe locomotor disability at 12 months of age (Pujol et al, 2004), which 
allows to assess more consistently effects of drugs trials. It is well known that wild type mice older 
than 20 months may present aging-related pathology, what makes it very difficult to discriminate 
them from the 20 months Abcd1 null, given their mild phenotype, which implies the use of very high 
numbers of animals for reliable locomotor task assessment. This is impractical due to economic and 
structural constraints of the vast majority of research institutions world-wide, including ours. For all 
these reasons, the double knockout has been used extensively for testing therapeutic approaches by 
our lab (Launay et al, 2015; Launay et al, 2017; Lopez-Erauskin et al, 2011; Morato et al, 2013; 
Morato et al, 2015) and others (Mastroeni et al, 2009). Some of the compounds used in these mice 
have made all the way to clinical trials (Lopez-Erauskin et al, 2011; Morato et al, 2013). We have 
included a paragraph in the Introduction section explaining this point (pages 5-6, lines 99-107: “The 
mouse model of X-ALD (Abcd1

-
null), develops axonopathy and locomotor impairment very late in 

life, at 20 months of age, resembling adrenomyeloneuropathy, the most frequent X-ALD phenotype 
(Pujol et al, 2002). The closest homolog Abcd2 exhibits overlapping metabolic functions (Fourcade 
et al, 2009) and has been postulated as modifier of the biochemical defect (Muneer et al, 2014). 
Double mutant Abcd1

-
/Abcd2

-/-
mice develop a more severe, earlier onset axonopathy starting at 12 

months of age, what makes them a more suitable model for therapeutic essays (Launay et al, 2015; 
Launay et al, 2017; Lopez-Erauskin et al, 2011; Mastroeni et al, 2009; Morato et al, 2013; Morato et 
al, 2015; Pujol et al, 2002)”  
 
Referee #1 (Remarks for Author):  
Q: This is a first paper reporting on an impaired NRF2 antioxidant response due to ABCD1 
deficiency in adrenoleukodystrophy (ALD). The authors demonstrate that this is caused by aberrant 
activity in the GSK3beta pathway and employ both Abcd1 knockout and Abcd1/Abcd2 double 
knockout mice to show this. Lastly they use dimethyl fumarate (DMF) as NRF2 activator to rescue 
pathology in the model system.  
 
While the report is novel and carries potential clinical importance, there are gaps that the authors 
should address. The oxidative stress markers are shown to worsen with C26:0 (Fig 2), the 
biochemical hallmark of ABCD1 deficiency and presumed culprit of pathology. However, there are 
no data showing how DMF impacts C26:0 itself or whether the aggravation seen with C26:0 is 
ameliorated after DMF. Overall the use of the double knockout mouse is a poor model system as no 
patients have ever been reported to harbor ABCD2 mutations. This should be clearly stated as 
limitation in the discussion. If C26:0 levels are not impacted by DMF in the spinal cord, this should 
also be clearly stated.  
 
Have the authors directly compared DMF to other GSK inhibitors? The authors may thereby 
demonstrate independent mechanisms pertinent to ABCD1 deficiency.  
 
A: We are very grateful to the referee for these suggestions that we agree will improve the final 
message of this manuscript. Regarding the question about DMF effect on the aggravation seen with 
C26:0 in the human fibroblasts, we have performed Q-PCR analyses to measure the expression of 
the three NRF2 target genes used to identify an NRF2-blunted response on X-ALD fibroblasts 
(HMOX1, NQO1 and GCLC). To compare DMF with GSK-3β inhibitors, we evaluated 
simultaneously the effect of DMF or GSK-3β inhibitors on the aggravation seen with C26. The dose 
of DMF selected was 20 µM, similar to what have been published (Lastres-Becker et al, 2016). We 
increased the n with three new controls and three new X-ALD fibroblasts, and we made the 
corresponding change in materials and methods (page 22, line 474 and lines 484-486: DMF (20 
µM), dissolved in ethanol, and GSK-3β inhibitors (CHIR99021 at 3µM and SB216763 at 10 µM), 
dissolved in dimethylsulfoxide (DMSO), were added 18 hours after C26:0 treatment for 6 hours). 
We observed a similar effect of DMF compared with GSK-3β inhibitors. DMF reactivated the 
transcriptional activation of HMOX1, NQO1 and GCLC. Furthermore, DMF alone induced the 
expression of HMOX1 and NQO1 in control and HMOX1 in X-ALD fibroblasts. Thus, these new 
data reinforce the rational for DMF treatment in vivo, and we have subsequently included these data 
in the results section (page 10, line 198-203: “Before treating the animals, we tested DMF in control 
and X-ALD fibroblasts. We found that DMF reactivated the NRF2-blunted response upon VLCFA 
addition (Fig. EV2), similar to the GSK-3β inhibitors used (Fig 2F). Moreover, DMF alone induced 
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HMOX1 and NQO1 expression in control fibroblasts, and also HMOX1 expression in X-ALD 
fibroblasts (Fig. EV2). Thus, these new data reinforced the rational for DMF treatment in vivo”). We 
present this result (only DMF treatment) in a new Expanded View Figure 2.  
 
After increasing the number of fibroblasts used, the results with GSK-3β inhibitors are more robust 
now and led to a new Fig. 2F, replacing the former one, and presented below. Like we report in the 
manuscript, GSK-3β inhibitors (C99021 and SB 216763) rescued the blunted antioxidant response 
against C26:0 in X-ALD fibroblasts. Even though it would also be of interest to compare the effects 
of DMF and GSK-3β inhibitors in vivo, we have decided not to perform these experiments given 
that generating the mice at the proper age and performing the experiments would take more than 
year, thus largely surpassing the allocated time for the manuscript’s revision.  
 

Figure EV2. DMF effect on NRF2 response in X-ALD fibroblasts  
Expression of NRF2 target genes was measured in CTL (n=3) and X-ALD (n=3) after C26:0 (50 
µM, 24h) and/or DMF (20 µM, 6h). Gene expression normalized relative to RPLP0. Quantification 
depicted as fold change to vehicle-treated (Veh) fibroblasts.  
Data information: Data are presented as mean ± SD. *P<0.05, **P<0.01, ***P<0.001 (one-way 
ANOVA followed by Tukey’s post-hoc test)  
 

Fig. 2F  
NRF2-dependent antioxidant gene expression (HMOX1, NQO1 and GCLC) after GSK-3β inhibition 
in VLCFA-treated CTL (n=8 per condition) and X-ALD (n=8 per condition) fibroblasts. Gene  
expression normalized relative to RPLP0. Quantification depicted as fold change to vehicle-treated 
(Veh) fibroblasts. Data information: Data are presented as mean ± SD. *P<0.05, **P<0.01, 
***P<0.001 (one-way ANOVA followed by Tukey’s post-hoc test). $P<0.05, $$P<0.01 (non-
parametric Kruskal-Wallis’ test followed by Dunn’s post-hoc test).  
 
We have also measured very long-chain fatty acids, C24:0 and C26:0, levels in the spinal cord of 
WT, Abcd1

-
, and Abcd1

-
mice after DMF treatment (n=5 per condition), by gas chromatography 

(Morato et al, 2013). DMF treatment did not modify the levels of VLCFA in the spinal cord of 
Abcd1

-
mice, reflected by C24:0/C22:0 and C26:0/C22:0 ratios. The results are presented below, and 

included in a new Expanded View Figure 3, as well as in results section (page 11, lines 224-225: 
“These effects seem to be independent of VLCFA levels, since DMF treatment did not alter C24:0 
or C26:0 levels in the spinal cord of 12-month-old Abcd1

-
mice (Fig EV3)”). The corresponding 
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method has been added to Materials and Methods section (pages 25-26, lines 559-569: 
“Measurement of very long-chain fatty acids  
 
Content of very long-chain fatty acids in total lipids from spinal cord was analysed as methyl ester 
derivative by gas chromatography, as described before (Morato et al, 2013). Briefly, separation was 
performed by a DBWAX capillary column (30 m • 0.25 mm • 0.20 µm) in a GC System 7890A with 
a Series Injector 7683B and a FID detector (Agilent Technologies). The injection port was 
maintained at 220°C, and the detector at 250°C; the temperature program was 5 min at 145°C, then 
2°C/min to 240°C with a hold of 10 min, then 0.5°C/min to 250°C, and finally hold at 250°C for 5 
min. Identification of fatty acid methyl esters was made by comparison with authentic standards 
(Sigma and Larodan Fine Chemicals). Results were represented as fold change to WT mice.”)  

 
Figure EV3. VLCFA levels after DMF treatment in the spinal cord of X-ALD mouse model  
Saturated fatty acids 22:0, 24:0 and 26:0 level in the spinal cord of 12-month-old WT, Abcd1

-
and 

Abcd1
-
+ DMF mice (n=5). Fatty acid quantification was done by gas-liquid chromatography (see 

materials and methods). VLCFA 24:0 and 26:0 levels are normalized to the long-chain fatty acid 
22:0 in the 26:0/22:0 and the 24:0/22:0 ratios. Quantification is depicted as fold change to WT mice.  
Data information: Data are presented as mean ± SD. *P<0.05, **P<0.01, ***P<0.001 (one-way 
ANOVA followed by Tukey’s post hoc test)  
 
Q: When reading the discussion one cannot help wonder why DMF has not shown broad success 
across degenerative diseases in humans. It would be important to point to limitations of the 
compound when it come to translation to humans.  
 
A: DMF has shown an acceptable safety profile in the clinical trials for relapsing-remitting multiple 
sclerosis patients (Fox et al, 2012; Gold et al, 2012), but we agree with Referee #1 about the 
importance of commenting the limitations of the drug. Thus, we appreciate the suggestion and have 
included a paragraph in the discussion regarding side effects of DMF, but still we consider that the 
small number of cases (5 cases out of >230,000 treated MS patients) of progressive multifocal 
leukoencephalopathy (PML) after DMF treatment (Gieselbach et al, 2017) deserved a commentary 
in this section (pages 18-19, lines 395-407: “In view of these data, DMF exhibits a great potential to 
treat X-ALD and other neurodegenerative diseases with an overall good safety profile (Fox et al, 
2012; Gold et al, 2012). However, some precautions need to be observed with this drug, as side 
effects need to be monitored and evaluated carefully. The most important is lymphocytopenia (Fox 
et al, 2016). Of >230,000 patients treated with DMF in the period of 3 years following commercial 
availability, five cases of progressive multifocal leukoencephalopathy (PML) have been reported, in 
the setting of moderate to severe prolonged lymphocytopenia (Pardo & Jones, 2017). As a 
consequence, FDA and EMA (EMA/627077/2015) recently issued updated safety recommendations 
to minimize PML risk, which include regular blood counts. Recent reports indicates that a reduction 
in T cells rather than a general reduction in lymphocyte count may be associated to these cases 
(Gieselbach et al, 2017), which still represent a very low percentage of all the patients treated with 
fumaric acid esters”)  
 
Q: Minor comment: introduction - inflammatory demyelinating disease occurs not only in children 
but also in adults.  
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A: We appreciate this comment from Referee #1 and we realized that the sentence in introduction 
referring to inflammatory demyelination may lead to confusion. We have changed this sentence to 
specify that inflammatory demyelination can occur also in adolescents and adults (page 5, lines 86-
89: “First, cerebral adrenoleukodystrophy is present mostly in boys between 5-10 years (35-40% of 
the cases) but also in adolescents and adult men, who present a strong inflammatory demyelinating 
reaction in central nervous system white matter.”)  
 
 
Referee #2 (Remarks for Author):  
 
Q: The manuscript by Ranea-Robles et al describes the identification of an impaired NRF2 
antioxidant response caused by an aberrant activity in the GSK-3beta axis.  
 
The authors find that DMF, an inhibitor of GSK-3b and an activator of NRF2 restores VLCFA-
induced mitochondrial dysfunction and oxidative damage. Oral treatment of ALD mice with DMF 
corrects the phenotype, halts axonal degeneration and improves locomotor function.  
 
This is a really well-written, pleasantly readable manuscript with very convincing and encouraging 
data. Therefore, it is a pity, and unnecessary, that the authors have a high tendency to basically only 
cite their own work when dealing with ALD literature. It appears that they have succeeded to cite 
almost every publication they ever published themselves, but they leave out key ALD publications.  
 
For example: there is no good reference with respect to ALD biochemistry. There are no references 
with respect to the clinical aspect of ALD. There is no reference to the fact that heterozygous 
women develop clinical symptoms resembling AMN. There are no references to the lack of a 
genotype-phenotype correlation.  
 
And when there is a reference to ALD work it's often a wrong citation. For example: Shinnoh et al 
1995 did not demonstrate that ALDP transports VLCFA into peroxisomes. This study demonstrated 
that the biochemical defect in ALD cells can be corrected by transfecting the normal ABCD1 
cDNA. The correct references are van Roermund FASEB 2008 and Wiesinger JBC 2013. 
Furthermore, the Pierpont 2017 paper is not a proper reference to bone marrow transplantation. This 
paper discusses the long-term neurocognitive outcomes of transplanted boys. Alternatives are 
Aubourg NEJM 1990, Miller Blood 2011 and others. Finally, VLCFA do not only cause oxidative 
stress. The recent paper demonstrating the VLCFA induce ER stress and that there is a clear 
correlation between fatty acid length and ER stress should be mentioned too (van de Beek 2017).  
 
A: We agree with the referee #2 and we apologize for missing the mentioned references. We have 
added or changed suggested citations into the text (page 5). We have also included the ER stress 
study citation in the Results section (page 8, line 158).  
 
Q: Importantly, there is a discrepancy between the materials and methods (page 21) and the legends 
of Figures 3 and 4. In the M&M the authors state that the number of mice that are treated with DMF 
to characterize the effect on biochemical signs is n=12 per group. However, in the legend of the 
corresponding Figures 3 and 4 there are only 6 mice per group. The authors should explain what 
happened with the other 6 mice? It's hard to imagine that this is a typo.  
 
A: There is no typo in figure legends. We explain to Referee #2 how we used the mice: 12 mice 
were treated with DMF and all of them have been used, but we did not use all the animals in each 
experiment, due to sample exhaustion. The number of animals used per experiment has been 
specified in the figure legends.  
 
 
Referee #3 (Comments on Novelty/Model System for Author):  
Q: It would be important to see the entire western blots; It is very difficult to reprobe the blots for 
the same AKT that only recognize different phosphorylation sites. However I do not know how well 
these antibodies work on mice and man, as they were used.  
 
A: We have added the entire immunoblots for every figure as Source Data. Regarding the incubation 
of the same membrane with different antibodies, we did not strip and reprobe the membranes. We 
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cut the membranes in several pieces and used different antibodies (combinations that differ enough 
in molecular weight to be used within the same membrane). Regarding the different AKT 
phosphorylations, we run the same quantity of samples (processed at the same time) in several gels 
in parallel, always performing Ponceau staining and y-tubulin immunoblotting to confirm equal 
loading. To avoid confusion, we have added this information in a sentence in materials and methods 
(page 24, lines 535-537: “Regarding the different AKT or GSK-3β phosphorylations, we run the 
same quantity of samples (processed at the same time) in several gels in parallel, always performing 
Ponceau staining and y-tubulin immunoblotting to confirm equal loading.”) Antibodies for AKT and 
GSK-3β immunoblotting were from Cell Signaling, as stated in materials and methods section. 
These antibodies have been cited hundreds of times in both mice and humans.  
 
Referee #3 (Remarks for Author):  
The manuscript entitled "Aberrant regulation of the GSK-3beta NRF2 axis unveils a novel therapy 
for adrenoleukodystrophy" by Ranea-Robles et al describe a clear effect of DMF on the mouse 
model for XALD as well as in human fibroblasts. Manifold different impairments known to be 
present in the spinal cord of the mouse model of X-ALD at the age of 12 months could be confirmed 
which is per se of greatest importance for the community. Moreover, all of which could be 
completely restored to wt levels using the oral treatment of DMF. These results are very impressive.  
 
Minor comments:  
Q: Fig 1C and D as well as Fig 2D and 2E: Was this a reprobing of the very same blot for 7 or 6 
times? Please indicate in Materials and Methods if and how it was ensured that it was completely 
striped in between the different phosphospecific AKA antibodies. Please show the entire blots for all 
samples in the supplementary data.  
 
A: We thank the referee for his appreciation of our work and this helpful remarks. This comment 
has been addressed just before.  
 
Q: Fig 5: please perform also a quantification for Iba1 and GFAP as it was done for Synaptophysin 
and APP. The N should be given per e.g. square millimetre. In materials and methods it should be 
indicated how the quantification was performed.  
 
A: We have quantified Iba1 and GFAP positive cells per squared millimetre, as suggested by 
Referee #3. The result has been added as two new graphs to a new Figure 5Y, and commented on 
results section (page 13, lines 276-277: “as it normalized the density of astrocytes and microglial 
cells in DKO mice (Fig 5A-F and Y)”). We are grateful to the referee for this suggestion, as the 
result is more robust with this quantification. Microgliosis and astrocytosis are reversed by DMF 
treatment. We have also added how this quantification was performed to materials and method 
section (pages 26-27, Lines 583-588: “The number of GFAP

+ 
cells (astrocytes) and Iba1

+ 
positive 

cells (microglia) per mm
2 
was determined in the spinal cord’s ventral horn of WT, Abcd1

-
/Abcd2

-/-
 

and DMF-treated Abcd1/Abcd2
-/-

mice (n=5). The number of brown coloured-cells was considered 
and counted with Cell Counter Image J plugin. Data are presented as an average of two 20x images 
per animal for each group.”)  
 

 
New graphs of figure 5Y: Quantification of GFAP

+ 
and Iba1

+ 
cells per mm

2 
in spinal cord 

immunohistological sections of WT (n=5), DKO (n=5) and DKO + DMF (n=5) mice.  
Data information: Data are presented as mean ± SD. **P<0.01, ***P<0.001 (one-way ANOVA 
followed by Tukey’s post-hoc test).  
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2nd Editorial Decision 16 May 2018 

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have 
now received the enclosed reports from the referee who was asked to re-assess it. As you will see 
the reviewer is supportive and I am pleased to inform you that we will be able to accept your 
manuscript pending the following final amendments:  
 
1) Please address the last comment of referee 3. We would encourage you to complement the Source 
Data filer that you already have provided with the controls requested.  
 
Please submit your revised manuscript within two weeks. I look forward to seeing a revised form of 
your manuscript as soon as possible.  
 
 
***** Reviewer's comments *****  
 
Referee #3 (Remarks for Author):  
 
The authors have well coped to the reviewers suggestions and the manuscript has additionally 
improved. There is only one last point from my side with regard of Fig 1C. I do understand form the 
authors comment that this figure represents six individual blots equally loaded and processed in 
parallel. Thus, the addition of the control for equally lodging and transfer should be added for each 
individual blot. If the space in the figure 1 does not allow the adding of five additional panels, the 
lower TUB loading control, which only represent one of the 6 different blots, should be removed (to 
avoid any possible confuse the reader) and the full figure 1C with all controls can be shown in the 
Expanded View of the figure. In any case, variant 1 (show all controls within the original figure) 
would be much preferred. 
 
 
2nd Revision - authors' response 06 June 2018 

***** Reviewer's comments ***** 
 
Referee #3 (Remarks for Author): 
The authors have well coped to the reviewers suggestions and the manuscript has additionally 
improved. There is only one last point from my side with regard of Fig 1C. I do understand form the 
authors comment that this figure represents six individual blots equally loaded and processed in 
parallel. Thus, the addition of the control for equally lodging and transfer should be added for each 
individual blot. If the space in the figure 1 does not allow the adding of five additional panels, the 
lower TUB loading control, which only represent one of the 6 different blots, should be removed (to 
avoid any possible confuse the reader) and the full figure 1C with all controls can be shown in the 
Expanded View of the figure. In any case, variant 1 (show all controls within the original figure) 
would be much preferred. 
 
Thanks for the comment. The figure 1C represents 3 individual membranes instead of 6, equally 
loaded and processed in parallel, incubated with two antibodies each. Each blot or membrane has 
been incubated with total AKT, total GSK-3β or their phosphorylated forms, always with γ-tubulin 
as loading control either in parallel or sequentially depending on the precise antibody. We have 
included the 2 additional γ-tubulin blots in the Source Data Fig 1C, as suggested by the referee #3 
and the journal’s editor. 
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  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.

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.

Ethical	
  committee	
  of	
  IDIBELL.

Primary	
  human	
  fibroblasts	
  were	
  prepared	
  from	
  skin	
  biopsies	
  collected	
  from	
  healthy	
  individuals	
  
and	
  adrenomyeloneuropathy	
  patients	
  according	
  to	
  the	
  IDIBELL	
  guidelines	
  for	
  sampling,	
  including	
  
informed	
  consent	
  obtained	
  from	
  the	
  persons	
  involved	
  or	
  their	
  representatives	
  according	
  to	
  the	
  
Declaration	
  of	
  Helsinki	
  and	
  approved	
  by	
  the	
  ethical	
  committee	
  of	
  IDIBELL.

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

This	
  information	
  is	
  provided	
  in	
  the	
  Appendix

No	
  cell	
  lines	
  were	
  used.	
  Primary	
  skin	
  fibroblasts	
  were	
  obtained	
  from	
  X-­‐ALD	
  patients	
  and	
  healthy	
  
controls	
  (all	
  male).	
  They	
  were	
  regularly	
  tested	
  for	
  mycoplasma	
  contamination.	
  

We	
  used	
  male	
  mice	
  of	
  a	
  pure	
  C57BL/6J	
  background.	
  We	
  used	
  two	
  X-­‐linked	
  adrenoleukodystrophy	
  
mouse	
  models	
  in	
  this	
  study.	
  We	
  evaluated	
  the	
  biochemical	
  signs	
  of	
  adult	
  X-­‐linked	
  
adrenoleukodystrophy	
  in	
  Abcd1-­‐	
  mice	
  at	
  12	
  months	
  of	
  age.	
  These	
  mice	
  present	
  oxidative	
  stress	
  
(Fourcade	
  et	
  al.,	
  2008)	
  and	
  energetic	
  homeostasis	
  impairment	
  (Galino	
  et	
  al.,	
  2011)	
  before	
  the	
  first	
  
clinical	
  signs	
  of	
  adrenomyeloneuropathy-­‐like	
  pathology	
  (axonopathy	
  and	
  locomotor	
  impairment)	
  
appear	
  at	
  20	
  months	
  (Pujol	
  et	
  al.,	
  2002).	
  To	
  address	
  the	
  therapeutic	
  effect	
  of	
  DMF,	
  we	
  assessed	
  
the	
  clinical	
  signs	
  of	
  adrenomyeloneuropathy	
  in	
  Abcd1-­‐/Abcd2-­‐/-­‐	
  (DKO)	
  mice	
  at	
  18	
  months	
  of	
  age,	
  
which	
  display	
  increased	
  VLCFA	
  accumulation	
  in	
  the	
  spinal	
  cord	
  (Pujol	
  et	
  al.,	
  2004),	
  higher	
  levels	
  of	
  
oxidative	
  damage	
  to	
  proteins	
  (Fourcade	
  et	
  al.,	
  2008;	
  Galino	
  et	
  al.,	
  2011),	
  and	
  a	
  more	
  severe	
  
adrenomyeloneuropathy-­‐like	
  pathology	
  with	
  an	
  earlier	
  onset	
  at	
  12	
  months	
  of	
  age	
  (Pujol	
  et	
  al.,	
  
2004).	
  Animals	
  were	
  housed	
  at	
  22ºC	
  on	
  specific-­‐pathogen	
  free	
  conditions,	
  in	
  a	
  12-­‐hour	
  light/dark	
  
cycle,	
  and	
  ad	
  libitum	
  access	
  to	
  food	
  and	
  water.	
  Cages	
  contained	
  three	
  to	
  four	
  animals.	
  

	
  All	
  methods	
  employed	
  in	
  this	
  study	
  were	
  in	
  accordance	
  with	
  the	
  ARRIVE	
  guidelines,	
  the	
  Guide	
  for	
  
the	
  Care	
  and	
  Use	
  of	
  Laboratory	
  Animals	
  (Guide,	
  8th	
  edition,	
  2011,	
  NIH)	
  and	
  European	
  
(2010/63/UE)	
  and	
  Spanish	
  (RD	
  53/2013)	
  legislation.	
  Experimental	
  protocols	
  were	
  approved	
  by	
  
IDIBELL,	
  IACUC	
  (Institutional	
  Animal	
  Care	
  and	
  Use	
  Committee)	
  and	
  regional	
  authority	
  (3546	
  DMAH,	
  
Generalitat	
  de	
  Catalunya,	
  Spain).	
  IDIBELL	
  animal	
  facility	
  is	
  accredited	
  by	
  The	
  Association	
  for	
  
Assessment	
  and	
  Accreditation	
  of	
  Laboratory	
  Animal	
  Care	
  (AAALAC,	
  Unit	
  1155).

We	
  confirm	
  compliance

G-­‐	
  Dual	
  use	
  research	
  of	
  concern

F-­‐	
  Data	
  Accessibility

D-­‐	
  Animal	
  Models

E-­‐	
  Human	
  Subjects


