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Abstract

Multiple sclerosis is a neurological autoimmune disease with sex-imbalanced incidence; in
the USA, the disease is more likely to effect females at a ratio of 3:1. In addition, males are
more likely to have a more severe disease course at time of diagnosis. Questions about both
causes and downstream effects of this disparity remain. We aim to investigate gene
expression differences at a cellular level while considering sex to discover fine-scale sex
disparities. These investigations could provide new avenues for treatment targeting, or

treatment planning based on sex.

Public single-nuclei RNA-sequencing data from three publications of progressive MS
including control brains were analysed using the Seurat R package. Differential gene and
pathway expression was looked at both within a specific data set which has sub-lesion level
sample dissection and across all studies to provide a broader lens. This allowed for the
consideration of cell types and spatial positioning in relation to the interrogated lesion in

some of the calculations.

Our analysis showed expression changes in the female MS oligodendrocytes and
oligodendrocyte progenitor cells compared to healthy controls, which were not observed in
the corresponding male affected cells. Differentially up-regulated genes in females include

increased HLA-A in the oligodendrocytes, and increased clusterin in the oligodendrocyte
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progenitor cells. There are also several mitochondrial genes in both the oligodendrocytes and
oligodendrocyte progenitors which are up-regulated in females, including several directly
involved in electron transport and which have previously been associated with

neurodegenerative diseases.

These results point to altered states in oligodendrocyte progenitors and oligodendrocytes that
in combination with known physiological dissimilarities between sexes may denote different
programming in males and females in response to the onset of demyelinating lesions. The
potential for increased debris clearance mediated by clusterin and availability of
oligodendrocyte progenitors in females may indicate an environment more primed for repair,
potentially including remyelination. This could contribute to the disparity in etiology in

females versus males.

Introduction

Multiple sclerosis is a common neuroinflammatory autoimmune disease with a sex-biased
etiology(1-5). The disease is characterized by the presence of lesions in the brain, and one of
the main McDonald diagnostic criteria for the disease is dissemination of these brain lesions
in space and time, as found on MRI(6). These lesions are caused by inflammatory damage to
myelin along neuronal axons. By utilizing newly developed single nuclei sequencing
technologies, researchers are now able to sample cells from plaque-containing post-mortem

CNS tissues(7-9) to investigate this cellular environment.

Recently, Jakel et al.(8) describe various sub-groupings of oligodendroglia with altered

proportions in MS vs control brains. The authors also observed changes in the normal cell
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balance amongst samples from normal-appearing tissue adjacent to MS lesions, including a
reduction in numbers of oligodendrocyte progenitor cells (OPCs). Work by Schirmer et al.(9)
highlighted the activated states of many cell types in MS lesions and mapped activated
signatures to the rims of chronic active lesions using spatial transcriptomics. In the study by
Absinta et al.(7), signatures of activated microglia and astrocytes were also observed with
unique enrichment in the rims of chronic lesions. One innovation of the Absinta et al. study
was also that the sampling for the single cell sequencing for these lesions occurred in several
places per tissue block, so that there are separate sequencing runs for lesion core, lesion rim,

and non-lesion tissue, which allows for some localization of results.

Disease severity and progression courses in MS vary by sex, with more severe cases being
enriched in male subjects. The clinical outcomes of these differences have been investigated
and attributed to many causes(2-5, 10), including differences in demyelination and
remyelination patterns between sexes. Here, we have combined and compared single-nuclei
RNA-seq (snRNA-seq) data from previously published studies to explore sex differences in
gene expression across broad cell types. This approach may serve to elucidate molecular

mechanisms of these known sex-related differences.

Three publicly available data sets were downloaded and processed (see Methods)(7-9). As
human CNS tissue is not a readily available biospecimen, combining data sets provides us
with a larger sample set to interrogate. Our integrated dataset consists of a total of 21 MS
subjects (47.6% Female) and 17 Control subjects (35.3% Female), with mean ages between
mid-40s and late 50s (Table 1). MS subjects were diagnosed with some form of progressive

disease and had mean disease durations of approximately 20 years. Throughout this study,
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data from the more recent publication by Absinta et al., were compared to the combined data

from Jékel et al. and Schirmer et al. to evaluate reproducibility of results.

Table 1. Demographics of included samples

Publication
Absinta et al.” Jakel et al.® Schirmer et al.®
MS Control MS Control MS Control
Sex
Female 1 1 1 1 8 4
Male 4 2 3 4 4 5
Age 50.2 (6.4) 54.7 (5.5) 46.8 (8.4) 58 (17.5) 45.2 (7.0) 53.4 (16.6)
Multiple Sclerosis Type
Primary
Progressive 1 1
Secondary
Progressive 3 11
Disease
duration 19.2 (8.6) 20 (6.6) 19.2 (10.9)

Ages and disease durations have standard deviations in parentheses. For information on sample selection, causes of death, and IRBs, please

see relevant publication. All samples for the Absinta et al. MS cohort were indicated to be “progressive”, but not whether they were primary

or secondary progressive.

Materials and methods

Publicly available data

We utilized data from publicly available snRNA-seq experiments of MS samples for which

fastq files were retrieved from SRA. Cell Ranger v6(11) was run to obtain count data, and


https://doi.org/10.1101/2025.02.05.636293
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.02.05.636293; this version posted February 6, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

103  then all data sets were loaded into R(12) using Seurat v3(13). Data were collected from Jékel
104 et al.(GSE118257)(8), Schirmer et al. (PRINA544731)(9), and Absinta et al.

105  (GSE180759)(7).
106

107  Data collection, merging and processing led to a final analyzed data sets consisting of 52,323
108 cells from the Schirmer et al. dataset consisting of 21 individuals, 12 affected and nine
109 controls; 24,890 cells from the Jékel et al. dataset consisting of nine individuals, four affected
110 and five controls; and 58,220 cells from the Absinta et al. data set consisting of eight

111  individuals, five affected and three controls.

112

113 Data processing

114  Using Seurat (13), the nuclei were filtered for those that contained information from at least
115 500 reads, and a minimum of 200 genes but no more than 2500 genes, and those that
116  contained < 20% reads corresponding the mitochondrial genes. Genes which appeared in less

117  than three nuclei were also excluded.
118

119  Once cells were filtered, SCTransform(14) was used to normalize the data throughout a given
120  sequencing run. These runs were then merged into a single Seurat object using 2000 variable
121  features for the RunHarmony function from the Harmony(15) R package, which was applied
122  to “harmonize” the data and account for batch effects between sample runs, different
123 sequencing chemistries, and different data sets. To remove “cells” which may be doublets,

124 the R package scDblFinder(16) was used.

125
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126  Cell type identification

127  After combining the data, clustering of the nuclei was performed. FindNeighbors was run
128  with 13 dimensions from the harmony dimension reduction, followed by FindClusters run
129  with a resolution of one. A UMAP was then calculated and plotted. Using known marker
130  genes for brain cell types, each numbered cluster was than assigned one of six major cell type
131  labels:  Oligodendrocytes (OLs), OPCs, Neurons, Astrocytes, Immune, or

132  Endothelial/Vascular.
133

134  Once these initial labels were applied, the cells underwent multiple rounds of relabeling to
135  build confidence in the cell labels. All cells with a given label were subset from the full data,
136  then re-harmonized and re-clustered using the same parameters as were used on the full data.
137  Using the SingleR(17) function in R and the cell type labels provided by the authors of Jékel
138 et al., a type was assigned to every cell. The more detailed names provided by Jékel et al.
139  were collapsed down to the relevant label for the list of six given above. These labels were
140  then used to filter the clusters. In this first pass filtering, any cluster where 95% or more of
141  the cells were given the same label were sent on for a second round. For those clusters were
142  there were not 95% one label, any label for which there were five or more cells were reserved
143  to be merged later with the matching label, and any label with less than five cells had those

144 cells removed.
145

146 The cells for a given label were now subjected to a second round of filtering. Those cells
147  from clusters with 95% the given label, and cells from the other six cell type first round of
148  filtering with the given label that were reserved, were brought back together and again re-

149  merged and re-clustered, using the same parameters as the full data set. For the second filter,
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150 acluster now had to pass a threshold of 99% the same label to avoid breakup, and any cluster
151 that had less than 99% only had the majority cell type retained, and the rest of the cells were

152 removed. In total, 886 cells are removed with this filtering.
153

154  Final cell numbers of twice filtered assigned labels are as follows: OLs — 72,041 cells; OPCs
155 - 6,794; neurons —27,674 cells; astrocytes — 15,862; endothelial/vascular — 4,338; immune —

156 8,724 cells. For a breakdown of cells by data set, see Supplementary Table 1.
157

158  After cell type determination, each of the six major cell types underwent subtype finding. To
159  accomplish this, the clustering step of the Seurat processing per major cell type was re-run;
160  this does not alter the UMAP projection locations, just the cluster assignment of individual
161  cells. A clustering resolution of 0.5 was used which resulted in several subtypes per cell type
162  that were generally supported by the literature. Names were assigned to subtypes based on

163  marker gene lists curated from the literature and/or pathway analyses.

164

165 Analyses

166  Differential expression

167  Differential expression comparisons were made using both the MS vs Control cell axis as
168  well as cell type and sex specific axes. Using the nebula R package(18) for each comparison
169 (the combination of compartment and sex), only the relevant cells were considered, and

170  model formulas consisted of an intercept and the factor of interest.

171
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172 Comparison across publications

173 Analyses were run in three modes: only data from the Absinta et al. paper, data from the
174  combined Jékel et al. and Schirmer et al. papers, and all three data sets combined. This was
175 done in part because of low sample numbers and to assess reproducibility across data sets.
176  For the sex specific analyses, differential expression was evaluated for each sex in each of
177  these modes. The results from the Absinta et al. only analysis were then intersected with the
178  results from the Jakel et al. and Schirmer et al. combined analysis, preserving those genes
179  which were statistically significant in both (FDR < 0.05) and shared directionality in the their
180 log fold-change (logFC). This list was then also cross-referenced with the list of differential
181  genes generated by combining all three data sets. With the sex-agnostic analyses a similar
182  protocol was used, with the data being run in three modes, compared between Absinta et al.

183  vs Jékel et al. and Schirmer et al., and then checked against all three together.

184
185 Pathway analysis

186  Results from the nebula analyses were then used for pathway enrichment using the fgsea R
187  package(19). FDR values were calculated from the output results of the nebula models and
188  used to determine the input gene lists to the fgsea function. The Canonical Pathways (CP)
189  database from MSigDB from the Broad Institute of MIT and Harvard(20, 21) was used as the

190  query pathways database.

191

192  Comparison of expression levels

193  For comparing expression of specific genes by region, and numbers of cells by region, RNA

194  transcript counts and cell counts were used. In the analysis comparing HLA-A expression and
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195 CD8+ T cells, the number of HLA-A transcripts were counted per compartment, and that
196  number was divided by the number of OLs per compartment, considering only the Absinta et
197  al data. The number of cells identified as CD8+ T cells as described in the methods above
198  were also counted, and these values were then plotted in heatmaps. To compare OL and OPC
199  marker gene expression and CLU expression, for each of the genes the transcripts were
200  counted per region and per sex, as were the number of OL and OPC cells; the transcript count
201  was then divided by the corresponding cell count for MBP, PLP1, OLIG1 and NG2 (labeled
202  inthe snRNA-seq data as CSPG4). For CLU, transcripts were considered from all cells types,
203  not a specific cell subset, so transcript counts per region were divided by total cells per

204  region, again considering only the Absinta et al. data for these analyses.

205

206 Visualizations

207  Results from differential analyses with nebula were visualized with the R package

208  EnhancedVolcano(22). Heatmaps were generated using the ggplot2 R package(23).

209

210 Results

211 Sex differences in gene expression by cell type

212 Across cell types, we observe differences in gene expression between sexes, when examining
213  sexes individually. In females, there are significantly more differentially expressed genes in
214  the astrocytes and OLs, compared to males, who demonstrate more expression variance in the

215  neurons (Table 2). In the females, many of the genes with differential expression across cell

10
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216  types are over-expressed in the MS sample compared to control sample (Supplemental Figure
217 1), whereas in the males the neuronal differential expression is dominated by under-
218  expression of genes compared to the healthy controls (Supplemental Figure 1, Supplemental
219  Figure 2, Figure 1). Those genes which were identified by comparing the data sets were
220  largely recapitulated in the analysis of all three datasets together, and only results which were

221  consistent across data sets were further investigated (Table 2).

222 Table 2. Significantly differentially expressed genes with coordinated expression between data sets

223
Compared between datasets All data sets together, matching comparison

Cell Female Male Combined Female Male Combined

Astrocytes 231 1 15 226 1 15

Endothelial - - -

Immune - 1 6 - 1 6

Neurons 6 40 77 6 40 77

Oligodendrocytes 468 8 27 460 6 27

OPCs 45 - 1 45 - 1
224 First two columns are the number of genes which were significant (FDR < 0.05) in a differential expression analysis of MS vs Ctrl cells for
225 a given cell type in the Absinta et al. data set and were also significant in the same analysis using the combined Jékel et al. and Schirmer et
226 al. data set, all having log fold-changes which were the same direction. The last fourth and fifth columns are comparing the results from the
227 first two columns to a sex-specific analysis of all three data sets, to confirm that the results from the “comparison™ list weren’t artifacts.
228 Columns three and six are the non-sex-specific
229
230

231  Multiple mitochondrial genes, including MT-ATP6, MT-CO2, MT-CYB, MT-ND2, MT-
232  ND4, and MT-NDA4L were found to be upregulated in the female OPCs and OLs but not in
233  the corresponding male cells (Figure 1). These genes are important components of the

234  oxidative phosphorylation pathway, pointing to metabolic- or mitochondrial function-related

11
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235 changes in the female MS cells. While detection of mitochondrial genes can be a marker of
236  lower-quality sSnRNA-seq data, or an indicator of a high proportion of apoptotic cells (24),
237  our quality control process included steps to mitigate this (see Methods), and these changes

238  are seen across cell types and clusters.
239

240  Another notable difference between sexes is the level of change of HLA-A in male versus
241  female OLs. While there is significant increased expression in MS compared to control cells
242  in both males and females, the logFC in females is 3.97 versus 1.05 in males (Figure 1).
243  Looking at the localization of cells and expression in the Absinta et al. data set, we find that
244 both the presence of CD8+ T cells and the expression of HLA-A by OLs is highest in the rim
245  portions of the studied lesions in females, with males also having highest HLA-A expression
246  in the rim and similar numbers of CD8+ T cells in the rim and normal-appearing brain tissue
247  (NBT) (Figure 2). There is the least HLA-A expression and fewest CD8+ T cells present in
248  the lesion, and an intermediate amount in the normal-appearing adjacent tissue (there were no
249  NBT samples of female MS subjects in this data set). However, it is important to note that the
250  numbers of cells identified as CD8+ T cells are low across samples, with only 158 cells being

251  considered here.

252

253  Sex-agnostic gene expression by cell type

254  As a second layer of evidence, and to mitigate results which may be due to the small sample
255  sizes inherent when using only the Absinta data set, the full analysis was also done on the
256  data without separating for sex. When performing the analyses combining all the cells of both

257  sexes together, there is a much lower number of differentially expressed genes than in the

12
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258  sex-specific analysis. The exception here is the neurons, which have a greater number of

259  significant results than in the separated analysis, perhaps due to larger sample size.

260

261 Pathway analysis of sex-specific results

262  Using those genes which were coordinated across studies, a GSEA(19, 21) analysis was run
263  using the canonical pathways (CP) database. In females, we see enrichment for different
264  ribosomal pathways and translational pathways across results for astrocytes, OLs, and OPCs.
265 In the neurons, we see depletion of pathways important for proper neuronal function

266  (Supplemental Figure 3).
267

268 In OPCs, a gene contributing to many pathway results is clusterin (CLU). Clusterin was one
269  of the genes that we find to be highly overexpressed in the MS OPCs in females, but
270  unchanged in the male MS OPCs. This gene has previously been implicated in the lack of
271  remyelination in Alzheimer's disease (AD) (25), as well as apoptotic pathways and

272  mitochondrial stabilization(26-29).
273

274 To investigate potential function of CLU in these data, the transcription of CLU across lesion
275  compartments was compared to the expression of myelin basic protein (MBP) across
276  compartments in both OLs and OPCs (Figure 3A, 3B, Supplemental Figure 4). MBP is a
277  major component of the intact myelin sheaths of OL cells. Across all MS cells in Absinta et
278  al. data, the CLU expression is highest in the rim, while relative MBP expression is highest in
279  the normal-appearing brain tissue for both OLs and OPCs (Supplemental Figure 4). Looking

280  sex-wise, MBP expression does follow a gradient for males from the NBT through the lesion

13
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281  core (highest -> lowest) in both OLs and OPCs, but in females the strongest MBP expression
282 isinthe rimin OLs (8.23 reads per cell in female, vs 6.91 reads per cell in male; results come
283  from 1 female sample and 4 male). This may indicate that MBP in MS lesions is better
284  preserved in females compared to males, either through increased resistance to demyelination
285  orincreased propensity for remyelination. Despite clear differences in the MBP expression in
286  OLs, the OPCs show the same pattern in females as in the males. With respect to CLU, both
287  males and females have the highest expression in the rim. Considering the differentiation of
288  OPCs to OLs that would occur during remyelination, we also looked at three more markers,
289 NG2, OLIG1, and PLP1(30, 31)(Figure 3C-E). OLIGL1 is expressed at some level across both
290  cell types and throughout differentiation, NG2 is expressed in OPCs and diminishes over
291  differentiation, and PLP1, like MBP is found in mature myelinating OLs. For PLP1, we see a
292  pattern as we would expect, more expression in the more “intact” compartments of OLs, and
293  very low expression across OPCs. NG2 is specific to the OPCs, with the highest levels of
294  expression in the rim cells, which is similar to OLIG1 in the OPCs; in the OLs OLIG1

295  expression is not as strong.
296

297  Among the male DEG results, we see pathways related to ribosomes across cell types, but
298  also pathways related to different types of cellular stress (Supplemental Figure 5) including
299  heat stress and starvation. Especially in the OPCs, there are several pathways related to heat
300 shock factor 1 (HSF1) activation. In the OLs and astrocytes, there is increased expression of
301 ribosome pathways, as well as translation initiation and elongation pathways, suggesting an

302  active cellular response.

303

14
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304  For the pathway results which are consistent between the Absinta et al. data set and the
305 combined Jékel et al. and Schirmer et al. data, there are only recapitulated results in female
306 astrocytes, OLs and OPCs, and in male neurons. Among these results are many pathways

307 related to other neurologic diseases (Supplemental Figure 6).

308

309 Discussion

310  Our results suggest there are sex-specific differences in gene expression and pathway

311  regulation across different cell types in MS brain lesions.

312

313 HLA-A implicated in CD8+ T reactivity

314  HLA-A differential expression in OLs is an interesting result because of the genetic risk
315  factors associated with other HLA antigens, most notably the HLA-DRB1*1501 allele, and
316  the fact that MS is an autoimmune disease (32, 33). Though previously multiple sclerosis has
317  been more strongly associated with MHC-class Il antigens (34), HLA-A is a MHC-Class |
318 antigen. A study in HLA-A*0201 transgenic mice which were primed with MOG peptides
319 found a particular peptide (MOGais1) that was able to stimulate a strong CD8+ T cytotoxic
320  response; this was also shown to exacerbate MOGss-ss induced EAE (33). Similarly, using
321 CD8+ T cells derived from multiple sclerosis affected (and control) subjects, CD8+ T cells
322  were shown to be cytotoxic to HLA-A2 expressing OL cells even without the addition of
323  exogenous MBP peptides (35). Thus, the increased expression of HLA-A that we observed
324 could lead to an increase in CD8+ T cell-mediated OL loss. The higher levels of HLA-A seen

325 inthe female OLs suggest that a stronger immune response may be elicited in women.
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326

327 Clusterin in females could alter OPC differentiation, or aid in

328 debris clearance

329  Clusterin has previously been investigated in the OPCs of AD patients (25). While this gene
330 is a known risk factor for late-onset AD, it was also found to be upregulated in a subset of
331 non-diseased mouse OPCs; upregulation in OPCs was also seen in our study. The authors
332  found that increased phagocytosis of myelin debris and oligomeric A resulted in increased
333  CLU expression, which in turn inhibited OPC differentiation and new myelin production.
334  Given the previously observed superior OPC activity in female versus male rodent models (4,
335 10), if CLU is preventing this pool of OPCs from differentiating into remyelinating OLs then
336  this may be a driver of accumulating demyelination and downstream neuronal damage in

337  female multiple sclerosis subjects.
338

339  However, the functional potential of CLU is complex, with many characterized and
340 competing roles attributed to it. There exists a nuclear-located isoform promoting
341  apoptosis(27), a mitochondrial form that averts apoptosis by preventing mitochondrial
342  membrane permeabilization(29), and an excreted form that mainly serves as an extracellular
343  chaperone for misfolded proteins (28). Data used here are only from mRNA, and while there
344 are transcriptional differences between some of these isoforms which may be present in the

345  sequencing data, those analyses were outside the scope of this study.
346

347  Considering the comparison of MBP expression and CLU expression in OLs and OPCs, the

348  heightened expression of MBP in the female OL rim may indicate better preservation of the

16


https://doi.org/10.1101/2025.02.05.636293
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.02.05.636293; this version posted February 6, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

349  myelin in this region, either linked to increased resistance to demyelination or increased
350 propensity to remyelinate. If the CLU expression in these samples indicates an apoptotic
351  function, the rim would be where one would expect to see increased cell loss. However,
352  studies in mice after brain ischemia showed mice which overexpressed CLU had better
353  recovery than wild type and CLU -/- mice(36), which may indicate a high expression of CLU
354 is beneficial to debris clearage in its role as an extracellular chaperone and may be anti-

355 inflammatory and conducive to remyelination.
356

357  These results, in combination with the high expression of NG2 in the rim OPCs, might also
358 indicate a stalling of remyelination at this site. As NG2 expression in OPCs goes down in the
359 lesion compartment, this may indicate differentiation of these cells. The cells in the rim,
360 however, maybe be pausing or accumulating before repairing the lesion damage. This could
361 again be attributed to the CLU expression; potentially in two functions. The prevention of
362 differentiation as seen in Beiter et al.(25) and aiding debris clearance, which may work in

363 tandem to produce better lesion recovery over all.
364

365 These differences in OPC and OL capacity and functionality may contribute to the
366  differences in disease course seen across sexes; females are able to recover from attacks with
367  their greater pool of active OPCs for some time until they are disabled, whereas males have a
368  higher initial proportion of OLs but less regenerative capacity and once they have reached

369 critical OL loss enter a clinically recognizable and primarily progressive disease phase (3).

370
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371 Mitochondrial components are upregulated in female OPCs and

372 OLs

373  Several of the pathways which were found to be recurrently dysregulated across cell types,
374 sexes, and studies implicate oxidative phosphorylation and other mitochondrial functions.
375  There is growing literature about the implications of mitochondrial dysfunction in multiple
376  sclerosis. In progressive EAE models it was found that axonal mitochondrial homeostasis
377  was disrupted prior to the symptom onset stage(37). It has also been shown that changes in
378  mitochondrial function correlated with lesion disease course and neurological functions (38).
379  Also, mitochondrial collapse due to the loss of the mitochondrial transmembrane potential

380 can trigger cell death(39).
381

382  However, while altered mitochondrial function could lead to cell loss, there is also evidence
383 that increased expression of mitochondrial genes can be triggered by the differentiation of
384  OPCs(40), which in our data would indicate that the female OPCs are better able to

385  differentiate than the male OPCs, and therefore lead to better recovery.

386

387 Limitations

388  For this study, we used data sets produced by other laboratories that were made publicly
389 available. While this data is a useful resource, it is a very small sample set, and in this case
390 most of the major findings were initially identified in only one female multiple sclerosis
391 sample (though they were corroborated with a larger data set with more female multiple
392  sclerosis samples). Also, the snRNA-seq quality for these experiments, while sufficient for

393 the method at the time of experiments, could now be improved upon. There is some
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394  possibility for cross-cell contamination which may affect the ability to assign a cell type to
395  each individual sequenced “cell”. While this should be accounted for in many of the data
396  processing methods that we employed in quality control steps, it is unlikely for all

397  confounding noise to be eliminated.
398

399  Also, given that the nature of this study is a reanalysis of multiple data sets in a difficult to
400 obtain, post-mortem human tissue, in vivo and/or in vitro validation of the results presented
401  here are outside of the scope of this project; these results do however offer strong candidates

402  for further follow-up experiments.

403

404 Conclusions

405  Though this was an exploratory study based on public data, we were able to investigate sex
406  differences in cell-specific subsets of MS brain tissue. Our results indicate that there are
407  alterations in gene expression patterns in MS, which vary by sex and cell type. Especially in

408 the OPCs and OLs, we see a much greater change in expression patterns in the female.

409  These results point to a potentially more regenerative pattern in the female compared to the
410 male brain, leading to more aggressive clinical progression phenotypes in males and a

411  delayed decrease in regenerative ability in females over the course of disease.
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541 Figure legends

542  Figure 1. Genes which are differentially expressed in each cell subset. Genes represented
543 are all those that were significant in male Oligos and female OPCs; this data is a subset of the
544  data shown in the heatmap in Supplemental Figure 1; includes all genes which were

545  significant in male OLs and female OPCs
546

547  Figure 2. Heatmap of HLA-A transcription in OLs and CD8+ T localization by region
548 examined in Absinta et al. data. For the OLs, transcripts and cells for each region were
549  counted, and plotted values are count of transcripts divided by number of cells for each
550 region. For CD8+ T cells, plotted values indicate number of cells identified in each region.
551  Dark blue indicates lower values, light blue indicates higher values. NBT — normal-appearing

552  brain tissue
553

554  Figure 3. Relative expression by sex of MBP, PLP1, OLIG1 and NG2 in OLs and OPCs
555  across lesion regions compared to CLU expression from all cells across lesion regions in

556  Absinta et al. data. NBT — normal-appearing brain tissue

557
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