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	Double-anonymous peer review submissions: write DAPR and your manuscript number here instead of author names.: MIRON
	YYYY-MM-DD: 2023-05-17
	na: 
	y: 
	Provide a description of all commercial, open source and custom code used to collect the data in this study, specifying the version used OR state that no software was used.: Slidebook 6 software was used for confocal imaging. Human tissue was acquired using the Zeiss Zen2 software. Sequencing was performed on Illumina NextSeq 550 system.
	Provide a description of all commercial, open source and custom code used to analyse the data in this study, specifying the version used OR state that no software was used.: Bioinformatics was conducted using Ensembl release 93, STAR v2.5.3a, featurecounts 1.5.2, DESeq2 1.18.1, ClueGO v2.5.4, Cytoscape v3.7.1, Ingenuity Pathway analysis, Cellranger 3.1.0, Seurat 4.04. Data analysis of immunostaining was performed using ImageJ (versions 1.51j to 1.53t) and Imaris 9.0.0, and remyelination index measured using Volocity software v.6.3 (Perkin Elmer). Proteomics data was analysed using Spectronaut (Biognosys) v.14.10.201222.47784, and data searched against a mouse database on Uniprot release 2020 06.Data handling was performed using Microsoft Excel and statistical analysis was performed using GraphPad prism 7-9.
	Note the sampling procedure. Describe the statistical methods that were used to predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient.: Source data are provided with this paper. The TRAP-sequencing data has been deposited in EMBL-EBI´s ArrayExpress under the accession number: E-MTAB-9270 (https://www.ebi.ac.uk/biostudies/arrayexpress/studies/E-MTAB-9270). Paired-end reads were mapped to the primary assembly of the mouse (mm10) reference genome contained in Ensembl release 93 (http://jul2018.archive.ensembl.org/Mus_musculus/info/Index). The human single nuclei RNA sequencing data was sourced from NCBI (Accession number PRJNA544731). Proteomics data was searched against a mouse database from Uniprot release 2020 06. The mass spectrometry proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE partner repository with the dataset identifier PXD041850 (http://www.ebi.ac.uk/pride/archive/projects/PXD041850). 
	Note the sampling procedure. Describe the statistical methods that were used to predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient.: For in vivo experiments, n=3-6 mice per genotype per time point. Sample size was informed by our previous work in glial cell responses in CNS remyelination, and calculated by two-sided 95% confidence interval using the normal approximation method using OpenEpi software.  For human tissue staining, we used n=3-7 white matter areas, due to tissue availability and in line with our previous work on neuropathology of MS lesions.
	Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study design questions and have nothing to add here, write "See above.": Both sexes were used in the study in both the control and MS groups, as indicated in the supplemental table. Details below in population characteristics.
	Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study design questions and have nothing to add here, write "See above.": Race or ethnicity were not considered in this study as this information was not available for human post-mortem tissue.
	Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study design questions and have nothing to add here, write "See above.": This study used post-mortem tissue of human brain from non-neurological controls and people with MS. This included 3 non-neurological controls who died of carcinoma of the tongue, cardiac failure and ovarian cancer, with 2 males and 1 female ranging from 35 to 64 years old. The multiple sclerosis cases consisted of 8 cases (1 primary progressive and 7  secondary progressive), consisting of 5 males and 3 females ranging in age from 37 to 57 and with a disease duration ranging from 9 years to 27 years. All information pertaining to these tissues is listed in supplementary table 1.
	Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and how these are likely to impact results.: The tissue was obtained via a UK prospective donor scheme with full ethical approval from the UK Multiple Sclerosis Tissue bank (MREC/02/2/39) and their use was in accord with the terms of the informed consents.
	Identify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance was required and explain why not.: Post-mortem tissue from multiple sclerosis (MS) patients and controls that died of non-neurological causes were obtained via a UK prospective donor scheme with full ethical approval from the UK Multiple Sclerosis Tissue Bank (MREC/02/2/39) and their use was in accord with the terms of the informed consents. Fully informed consent was obtained for the post-mortem donation under ethical approval by the National Research Ethics Committee.
	Identify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance was required and explain why not.: Sex used is indicated in the methods section. Human brain analysis used both sexes (MS cases 3 females, 5 males; control cases 1 female, 2 males). For in vitro and ex vivo studies, pups from both sexes were used for glial cell cultures and brain explants, respectively (these were mixed together and not segregated into separate experimental conditions). For in vivo lesioning, only males were used building on characterization of the lesioning model having been previously carried out in males. We acknowledge the importance of studying both sexes and are pursuing follow up studies in female mice.
	Identify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance was required and explain why not.: Mouse experiments were performed under a United Kingdom Home Office project licence issued under the Animals (Scientific Procedures) Act 1968 to V.E.M.., through the Animal Welfare and Ethical Review Board, and all experiments approved by the Named Animal Care and Welfare Officers. 
	life: 
	behavioural: 
	eee: 
	If no data were excluded from the analyses, state so OR if data were excluded, describe the exclusions and the rationale behind them, indicating whether exclusion criteria were pre-established.: In GFAP-Nrf2 mice, transgenic activation of Nrf2 in astrocytes led to cell damage. Occasionally, lesions were too damaged to be quantified due to excessive cell loss (big holes in the tissue) and were discarded as this confounded cell counts. For in vitro experiments with the Nrf2 activator CDDO, only cultures that passed the QC of Nrf2 activation were used for analyses (cells from n=1 litter were excluded for this reason).
	Describe the measures taken to verify the reproducibility of the experimental findings. If all attempts at replication were successful, confirm this OR if there are any findings that were not replicated or cannot be reproduced, note this and describe why.: All attempts at replication were successful. Data represents 3-6 biological repeats.
	Describe how samples/organisms/participants were allocated into groups. If allocation was not random, describe how covariates were controlled. If this is not relevant to your study, explain why.: Mice were randomly assigned to time points of assessment for in vivo experiments or ex vivo brain explants. Randomization did not apply to in vitro cell culture studies, as the entire litter was processed into one mixed glial culture. Randomization did not apply to human tissue assessment, as tissue was previously categorized as being 'control' or 'MS' in origin.
	Describe the extent of blinding used during data acquisition and analysis. If blinding was not possible, describe why OR explain why blinding was not relevant to your study.: All manual counts were performed in a blinded manner. Non-objective computational measurements such as co-localization measurements did not require blinding as no subjective criteria or measurements were used (i.e. image input into software and data automatically generated).
	Briefly describe the study type including whether data are quantitative, qualitative, or mixed-methods (e.g. qualitative cross-sectional, quantitative experimental, mixed-methods case study). : 
	State the research sample (e.g. Harvard university undergraduates, villagers in rural India) and provide relevant demographic information (e.g. age, sex) and indicate whether the sample is representative. Provide a rationale for the study sample chosen. For studies involving existing datasets, please describe the dataset and source.: 
	Describe the sampling procedure (e.g. random, snowball, stratified, convenience). Describe the statistical methods that were used to predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient. For qualitative data, please indicate whether data saturation was considered, and what criteria were used to decide that no further sampling was needed.: 
	Provide details about the data collection procedure, including the instruments or devices used to record the data (e.g. pen and paper, computer, eye tracker, video or audio equipment) whether anyone was present besides the participant(s) and the researcher, and whether the researcher was blind to experimental condition and/or the study hypothesis during data collection.: 
	Indicate the start and stop dates of data collection, noting the frequency and periodicity of sampling and providing a rationale for these choices. If there is a gap between collection periods, state the dates for each sample cohort. Specify the spatial scale from which the data are taken: 
	State how many participants dropped out/declined participation and the reason(s) given OR provide response rate OR state that no participants dropped out/declined participation.: 
	If participants were not allocated into experimental groups, state so OR describe how participants were allocated to groups, and if allocation was not random, describe how covariates were controlled.: 
	Briefly describe the study. For quantitative data include treatment factors and interactions, design structure (e.g. factorial, nested, hierarchical), nature and number of experimental units and replicates.: 
	Describe the research sample (e.g. a group of tagged Passer domesticus, all Stenocereus thurberi within Organ Pipe Cactus National Monument), and provide a rationale for the sample choice. When relevant, describe the organism taxa, source, sex, age range and any manipulations. State what population the sample is meant to represent when applicable. For studies involving existing datasets, describe the data and its source.: 
	Describe the data collection procedure, including who recorded the data and how.: 2
	Describe the measures taken to verify the reproducibility of experimental findings. For each experiment, note whether any attempts to repeat the experiment failed OR state that all attempts to repeat the experiment were successful.: 
	Describe the study conditions for field work, providing relevant parameters (e.g. temperature, rainfall).: 
	State the location of the sampling or experiment, providing relevant parameters (e.g. latitude and longitude, elevation, water depth).: 
	Describe the efforts you have made to access habitats and to collect and import/export your samples in a responsible manner and in compliance with local, national and international laws, noting any permits that were obtained (give the name of the issuing authority, the date of issue, and any identifying information).: 
	Describe any disturbance caused by the study and how it was minimized.: 
	Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches, gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor was applied.: The following antibodies were used: rat anti-myelin basic protein (MBP, 1:100, Bio-Rad antibodies MCA409S clone 12), chicken anti-glial fibrillary acidic protein (GFAP, 1:500, BioLegend PCK-591P), rabbit anti-SOX9 (1:500, Sigma-Aldrich AB5535), mouse anti-nestin (1:100, Abcam ab6142 clone 401), mouse anti-vimentin (1:100, Sigma-Aldrich MAB1681 clone LN-6), rabbit anti-nuclear factor IA (NFIA, 1:250, Abcam ab228897), rabbit anti-Ki67 (1:500, Sigma-Aldrich AB9260), mouse anti-APC (1:100, Abcam ab16794 clone CC1), rabbit anti-Olig2 (1:100, Sigma-Aldrich AB9610), rabbit anti-Heme oxygenase 1 (HMOX1, 1:100, Enzo ADI-SPA-895-D), rabbit-HMGCS1 (1:500, Invitrogen PA5-29488), and rabbit-FDPS (1:500, Invitrogen PA5-28228), mouse-Olig1 (1:1000, EMD Millipore MAB5540 clone TH11-2G6), rabbit-Caspase-3 (1:500, BD PharmigenTM 559565 clone C92-605), mouse-CNPase (1:2000, Sigma-Aldrich  AMAB91072 clone CL2887), and rat anti-NRF2 (1:500, Cell Signalling 14596 clone D9J1B), rabbit anti-IBA1 (1:500, Abcam 178846 clone EPR16588), rabbit anti-ABCA1 (1:100, Novus Biologicals NB400-105), mouse anti-Sox10 (1:100, Sigma-Aldrich AMAB91297 clone CL4455),mouse anti-MASH1 (1:100, BD Bioscience 556604 clone 24B72D11.1), GFAP (1:500, Cambridge Bioscience 829401 clone Poly28294). Alexa-fluor conjugated secondary antibodies were from Life Technologies (1:500, A21202, A10042, A21235, A21449, A11039, A21206, A11055, A21434, A31573, A31570, A21247, A212469, A11006). 
	Describe any authentication procedures for each seed stock used or novel genotype generated. Describe any experiments used to assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism, off-target gene editing) were examined.: Antibody positive signal observed on supplier website for IBA-1 (rat brain), CC1 (cerebellum), Sox9 (HepGZ cell lysate), GFAP (rat brain), nestin (rat and mouse brain lysates), NFIA (mouse retina, rat hindbrain), Ki67 (HeLa cells), Olig2 (Glioblastoma), HMOX-1 (human spleen), HMGCS1 (astrocytes in tissue), FDPS (glioma), Olig1 (rat OPCs), caspase-3 (apoptotic cell lysates), CNP (cortex, cerebellum), SOX10 (cortex, mouse embryo), MASH1 (embryonic brain lysate). Lack of signal observed with knockout for detecting NRF2 (cells), or knockdown with siRNA for ABCA1 (HSKMCs). Confidence in use of antibodies provided by supplier providing literature using product, for MBP and Vimentin, and these antibodies showed the typical staining patterns previously observed when detecting these proteins in mouse brain.All secondary antibodies used were tested in Miron et al., 2013 Nature Neuroscience and Dillenburg et al., 2018, Acta Neuropathologica, Lloyd et al., 2019, Nature Neuroscience, McNamara et al., 2022, Nature, Holloway et al., 2023, Acta Neuropathologica Communications.
	State the source of each cell line used and the sex of all primary cell lines and cells derived from human participants or vertebrate models.: 
	Describe the authentication procedures for each cell line used OR declare that none of the cell lines used were authenticated.: 
	Confirm that all cell lines tested negative for mycoplasma contamination OR describe the results of the testing for mycoplasma contamination OR declare that the cell lines were not tested for mycoplasma contamination.: 
	Name any commonly misidentified cell lines used in the study and provide a rationale for their use.: 
	Provide provenance information for specimens and describe permits that were obtained for the work (including the name of the issuing authority, the date of issue, and any identifying information). Permits should encompass collection and, where applicable, export.: 
	deposition: 0
	If new dates are provided, describe how they were obtained (e.g. collection, storage, sample pretreatment and measurement), where they were obtained (i.e. lab name), the calibration program and the protocol for quality assurance OR state that no new dates are provided.: 
	datescheck: 0
	For laboratory animals, report species, strain and age OR state that the study did not involve laboratory animals.: Species, strain, sex, and age are indicated in the methods section. All in vivo lesioning experiments were carried out on male C57Bl6J background at 8-12 weeks of age. Transgenic mice included Aldh1l1-EGFP/Rpl10a mice (stock no.030248), C57BL/6-Nfe2l2tm1.1Sred/SbisJ (stock no. 025433), and B6.Cg-Tg(Gfap-TK)7.1Mvs/J (stock no.005698), purchased from Jackson Laboratories. GFAP-Nrf2.2 mice were generated as previously described and bred in-house with C57Bl/6J mice. Wildtype littermates from the same colonies were used as controls. For in vitro studies, Sprague-Dawley wildtype rat newborn litters (postnatal days 0-3) were used. For ex vivo studies, CD-1 mice were used. In vivo studies used male mice, In vitro and ex vivo studies used rodents of both sexes.ARRIVE guidelines have been followed for reporting  and included in the manuscript, such as ethical permissions, animal strains used, surgical protocols, methods of termination, all commercial providers for reagents, sex of animals, exact n numbers used, statistical information and p values, and relevance to human disease.
	Provide details on animals observed in or captured in the field; report species and age where possible. Describe how animals were caught and transported and what happened to captive animals after the study (if killed, explain why and describe method; if released, say where and when) OR state that the study did not involve wild animals.: No wild animals were used in this study.
	For laboratory work with field-collected samples, describe all relevant parameters such as housing, maintenance, temperature, photoperiod and end-of-experiment protocol OR state that the study did not involve samples collected from the field.: No field collected samples were used in this study.
	Provide the trial registration number from ClinicalTrials.gov or an equivalent agency.: 
	Note where the full trial protocol can be accessed OR if not available, explain why.: 
	Describe the settings and locales of data collection, noting the time periods of recruitment and data collection.: 
	Describe how you pre-defined primary and secondary outcome measures and how you assessed these measures.: 
	Describe any other significant impacts.: 
	calculatehazards: 
	Please describe the agents/technologies/information that may pose a threat, including any agents subject to oversight for dual use research of concern.: 
	Describe any other potentially harmful combination(s) of experiments and agents.: 
	calculateexperiments: 
	calculatehazardsexperiments: 
	Describe the precautions that were taken during the design and conduct of this research, or will be required in the communication and application of the research, to minimise biosecurity risks. These may include bio-containment facilities, changes to the study design/methodology or redaction of details from the manuscript.: 
	Describe any evaluations and oversight of biosecurity risks of this work that you have received from people or organizations outside of your immediate team.: 
	Describe the benefits that application or use of this work could bring, including benefits that may mitigate risks to public health, national security, or the health of crops, livestock or the environment.: 
	Describe whether the benefits of communicating this information outweigh the risks, and if so, how.: 
	graphfiles: 0
	For "Initial submission" or "Revised version" documents, provide reviewer access links.  For your "Final submission" document, provide a link to the deposited data.: 
	Provide a list of all files available in the database submission.: 
	Provide a link to an anonymized genome browser session for "Initial submission" and "Revised version" documents only, to enable peer review.  Write "no longer applicable" for "Final submission" documents.: 
	Describe the experimental replicates, specifying number, type and replicate agreement.: 
	Describe the sequencing depth for each experiment, providing the total number of reads, uniquely mapped reads, length of reads and whether they were paired- or single-end.: 
	Describe the antibodies used for the ChIP-seq experiments; as applicable, provide supplier name, catalog number, clone name, and lot number.: 2
	Specify the command line program and parameters used for read mapping and peak calling, including the ChIP, control and index files used.: 
	Describe the methods used to ensure data quality in full detail, including how many peaks are at FDR 5% and above 5-fold enrichment.: 
	Describe the software used to collect and analyze the flow cytometry data. For custom code that has been deposited into a community repository, provide accession details.: 
	axislabels: 0
	axisscales: 0
	plots: 0
	numberpercentage: 0
	Describe the sample preparation, detailing the biological source of the cells and any tissue processing steps used.: 
	Identify the instrument used for data collection, specifying make and model number.: 
	Describe the abundance of the relevant cell populations within post-sort fractions, providing details on the purity of the samples and how it was determined.: 
	Describe the gating strategy used for all relevant experiments, specifying the preliminary FSC/SSC gates of the starting cell population, indicating where boundaries between "positive" and "negative" staining cell populations are defined.: 
	gatingcheck: 0
	Indicate task or resting state; event-related or block design.: 
	Specify the number of blocks, trials or experimental units per session and/or subject, and specify the length of each trial or block (if trials are blocked) and interval between trials.: 
	State number and/or type of variables recorded (e.g. correct button press, response time) and what statistics were used to establish that the subjects were performing the task as expected (e.g. mean, range, and/or standard deviation across subjects).: 
	Specify: functional, structural, diffusion, perfusion.: 
	Specify in Tesla: 
	Specify the pulse sequence type (gradient echo, spin echo, etc.), imaging type (EPI, spiral, etc.), field of view, matrix size, slice thickness, orientation and TE/TR/flip angle.: 
	State whether a whole brain scan was used OR define the area of acquisition, describing how the region was determined.: 
	Specify # of directions, b-values, whether single shell or multi-shell, and if cardiac gating was used.: 
	Provide detail on software version and revision number and on specific parameters (model/functions, brain extraction, segmentation, smoothing kernel size, etc.).: 
	If data were normalized/standardized, describe the approach(es): specify linear or non-linear and define image types used for transformation OR indicate that data were not normalized and explain rationale for lack of normalization.: 
	Describe the template used for normalization/transformation, specifying subject space or group standardized space (e.g. original Talairach, MNI305, ICBM152) OR indicate that the data were not normalized.: 
	Describe your procedure(s) for artifact and structured noise removal, specifying motion parameters, tissue signals and physiological signals (heart rate, respiration).: 
	Define your software and/or method and criteria for volume censoring, and state the extent of such censoring.: 
	Specify type (mass univariate, multivariate, RSA, predictive, etc.) and describe essential details of the model at the first and second levels (e.g. fixed, random or mixed effects; drift or auto-correlation).: 
	Define precise effect in terms of the task or stimulus conditions instead of psychological concepts and indicate whether ANOVA or factorial designs were used.: 
	whole: 
	ROI: 
	both: 
	Describe how anatomical locations were determined (e.g. specify whether automated labeling algorithms or probabilistic atlases were used).: 
	Specify voxel-wise or cluster-wise and report all relevant parameters for cluster-wise methods.: 
	Describe the type of correction and how it is obtained for multiple comparisons (e.g. FWE, FDR, permutation or Monte Carlo).: 
	Report the measures of dependence used and the model details (e.g. Pearson correlation, partial correlation, mutual information).: 
	Report the dependent variable and connectivity measure, specifying weighted graph or binarized graph, subject- or group-level, and the global and/or node summaries used (e.g. clustering coefficient, efficiency, etc.).: 
	Specify independent variables, features extraction and dimension reduction, model, training and evaluation metrics.: 
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