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Abstract

Reactive neuroglia critically shape the brain’s response to ischemic stroke. However,
their phenotypic heterogeneity impedes a holistic understanding of the cellular
composition and microenvironment of the early ischemic lesion. Here we generated a
single cell resolution transcriptomics dataset of the injured brain during the acute
recovery from permanent middle cerebral artery occlusion. This approach unveiled
infarction and subtype specific molecular signatures in oligodendrocyte lineage cells
and astrocytes, which ranged among the most transcriptionally perturbed cell types in
our dataset. Specifically, we characterized and compared infarction restricted
proliferating oligodendrocyte precursor cells (OPCs), mature oligodendrocytes and
heterogeneous reactive astrocyte populations. Our analyses unveiled unexpected
commonalities in the transcriptional response of oligodendrocyte lineage cells and
astrocytes to ischemic injury. Moreover, OPCs and reactive astrocytes were involved
in a shared immuno-glial cross talk with stroke specific myeloid cells. In situ,
osteopontin positive myeloid cells accumulated in close proximity to proliferating OPCs
and reactive astrocytes, which expressed the osteopontin receptor CD44, within the
perilesional zone specifically. In vitro, osteopontin increased the migratory capacity of
OPCs. Collectively, our study highlights molecular cross talk events which might
govern the cellular composition and microenvironment of infarcted brain tissue in the

early stages of recovery.

Keywords
Single nucleus RNA sequencing (snRNAseq), ischemic stroke, cerebral ischemia,

oligodendrocytes, oligodendrocyte precursor cells, astrocytes, myeloid cells
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85 Introduction

86  The brain is among the most metabolically costly mammalian organs [72] and hence
87 particularly vulnerable to ischemia [25]. The sudden deprivation of oxygen and
88 substrate availability in the brain parenchyma triggers a cascade of complex
89  pathophysiological events, culminating in the loss of neural tissue and lasting
90 neurological dysfunction [17, 25]. In humans, this oxygen and substrate deprivation is
91 most often caused by an acute, critical reduction of cerebral blood flow, due to the

92  occlusion of large cerebral arteries, the most common cause of ischemic stroke [17].

93 Ischemic stroke is the second leading cause of disability and death worldwide and the
94  global disease burden of ischemic stroke has been predicted to increase [28]. Apart
95 from supportive care, all currently approved acute treatment strategies, that is
96 thrombolysis and mechanical thrombectomy, aim to reinstate cerebral blood flow and
97 are generally only effective when initiated within a timeframe of under 24h after stroke
98 onset [76]. Therefore, the lack of treatment strategies directed at neural tissue
99 regeneration constitute an important unmet therapeutic need. Nevertheless,
100 spontaneous, albeit typically incomplete, regain of function after stroke is common and
101  already observable within the acute phase of recovery, ranging from approximately 1
102 to 7 days [9, 20]. Numerous endogenous recovery mechanisms of the injured CNS

103  have thus been postulated [82].

104 Cerebral ischemia triggers a breakdown of neurovascular unit (NVU) integrity,
105 inflammation, neuronal cell death and white matter injury [43, 79]. This tissue damage
106  is met with pronounced transcriptional, biochemical and morphological changes in glial
107  cells, including reactive astrogliosis and early remyelination [43, 101]. However,
108  current knowledge on the phenotypic heterogeneity within each reactive cell type and
109 their precise interactions during the acute recovery from cerebral ischemic injury is still
110 limited. Single-cell sequencing technologies have proven to be highly effective in
111  addressing the challenges posed by the complex cellular heterogeneity of the CNS, in
112 health and disease [75]. Arguably, most efforts in dissecting single cell transcriptomes
113  after cerebral ischemia have been directed at immune and vascular cells [10, 16, 49,
114 58, 87, 105]. Thus far, particularly few studies have captured sufficient oligodendrocyte
115 linage cells to identify robust subtype specific transcriptional changes following stroke

116 [35, 45]. Moreover, extensive transcriptional comparisons between reactivate
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117  astrocytes and oligodendrocyte lineage cells in response to cerebral ischemia are still

118  lacking.

119 Here we generated a large-scale single nucleus transcriptome dataset of the brain’s
120 acute response to ischemic stroke. We dissected subtype specific transcriptional
121  signatures of stroke reactive neuroglia, compared subtype specific astrocyte and
122 oligodendrocyte lineage cell responses and contrasted these changes with gene
123 expressional profiles found in other CNS injuries. Our study highlights common
124  immuno-glial molecular crosstalk events between myeloid cells, oligodendrocyte
125  precursor cells (OPC) and reactive astrocytes, which might shape the cellular

126 composition and microenvironment during early post ischemic neural regeneration.
127

128 Materials and Methods

129  Study approval/ Ethics statement

130  All in vivo animal experiments were performed in accordance with the French ethical
131  law (Decree 2013-118) and the European Union directive (2010/63/EU). The protocol
132 was submitted for ethic approval to the French Ministry of Research and the ethical
133  committee (CENOMEXA - registered under the reference CENOMEXA-C2EA — 54)
134  and received the agreement number #36435. The experiments have been reported in
135 compliance with ARRIVE 2.0 guidelines. Archived human biopsy derived brain tissue
136  material was used in agreement with the Medical University of Vienna ethics committee
137  votes: EK1636/2019, EK1454/2018).

138  Animal husbandry

139  All experiments were performed on male Wistar rats (6 weeks at receipt, £ 30g, Janvier
140 Lab, Le Genest-Sainte-Isle). Throughout the experiments, animals were maintained in
141 standard husbandry conditions (temperature: 22 + 2°C; hygrometry: 50 + 20%), under
142 reversed light-dark cycle (light from 08:00 to 20:00), with ad libitum access to water

143  and food. Animals were housed at two per cage in the presence of enrichment.
144  Permanent Middle cerebral artery occlusion (MCAO) model

145  Cerebral ischemia was induced by intraluminal occlusion of the middle cerebral artery
146 (MCAO). Briefly, rats were anesthetized with isoflurane (2-2.5%) in a mixture of O2/N20

147  (30%/70%). During surgery, animal temperature was monitored with a rectal probe and
5
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148  was maintained at 37.5 °C with a heating pad. To induce permanent occlusion of the
149 middle cerebral artery (MCA) a silicone rubber-coated monofilament (size 5-0,
150 diameter 0.15mm, length 30 mm; diameter with coating 0.38 +/- 0.02 mm; Doccol,
151  Sharon, MA, USA) was introduced into the lumen of the right external carotid,
152  advanced through the internal carotid, and gently pushed up to the origin of the MCA.
153  After wound stitching, the rats were returned to their home cage after receiving
154  analgesics (buprenorphine, 0.05 mg/kg, subcutaneously). In Sham operated animals

155  all experimental procedures were performed except for the filament insertion.
156 Magnetic Resonance Imaging (MRI)

157  To confirm successful induction of ischemic stroke and determine the anatomical
158 localization of the stroke lesion MRI was carried out 48h after stroke onset, on a
159 Pharmascan 7T MRI system, using surface coils (Bruker, Germany), following a
160  previously described approach [5]. For lesion volume evaluation, T2-weighted images
161  were acquired using a multislice multiecho sequence: TE/TR 33 ms/2500 ms. Lesion
162  sizes were quantified on these images using ImageJ software. Lesion volumes were

163  determined by a trained investigator blinded to condition and are expressed in mm3.
164 Tissue sampling

165  After completion of MRI studies, animals were sacrificed via sharp blade decapitation
166 in isoflurane anaesthesia, as described above. For single nucleus RNA sequencing
167  studies whole brains were extracted and swiftly cut into standardized coronal sections
168  using an adult rat brain slicer matrix (BSRAS003-1, with 3mm coronal section intervals,
169  Zivic Instruments, Pittsburgh, PA, USA) and hemispheres were separated. Coronal
170  slices, separated by hemisphere were then immediately snap frozen in liquid nitrogen

171 and stored at —80°C until further transport on dry ice.

172 For Immunofluorescence assays anesthetized animals were transcardially perfused
173  with DPBS, followed by perfusion with 4%PFA in DPBS, brains were harvested whole,
174  further post fixed overnight in 4%PFA in DPBS, and washed three times in DPBS.
175 Brains were then stored in DPBS with 0.05% Sodium Azide at 4°C until further
176  processing. To match the anatomical regions used for snRNAseq assays, brains where
177  cut into standardized coronal sections using the same adult rat brain slicer matrix
178 (BSRASO003-1), described above. After cutting, brain tissue was dehydrated and
179 embedded in paraffin.
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180  Single nuclei preparation

181  Single nuclei suspensions were prepared as previously described [15]. Briefly, frozen
182  brain sections were thawed in ice cold Nuclei Extraction Buffer (cat#: 130-128-024,
183  Miltenyi) in gentleMACS™ C-Tubes (cat#: 130-093-237, Miltenyi Biotec, Bergisch
184  Gladbach, Germany), followed by automated gentleMACS™ Octo dissociation (cat#:
185  130-096-427, Miltenyi) using program: 4C_nuclei_1 and a further 6 min incubation on
186 ice. Suspensions were then strained into 15 ml polypropylene tubes (cat#: 430766,
187  Corning, Corning, NY, USA) over 70 um strainers (cat#: 542070, Greiner Bio-One
188 International GmbH, Kremsmunster, Austria), 4 ml of ice cold nuclei extraction buffer
189  were added, followed by centrifugation at 500 g, 4°C, for 5 min on a swing bucket
190 centrifuge (Allegra X-12R, Beckman Coulter, Brea, CA, USA). Supernatant was
191 decanted and the pellet was resuspended in 0.25% (vol/vol) Glycerol (cat#: G5516,
192  Sigma Aldrich) and 5% (wt/vol) bovine serum albumin (BSA) (cat#A-9647, Sigma
193  Aldrich) in Dulbecco's phosphate-buffered saline (DPBS) (cat# 14190-94, Gibco,
194  ThermoFisher Scientific, Waltham, MA, USA)) (=nucleus wash buffer (NWB1), buffer
195 composition derived from [62]. Suspensions were then strained through 40 pum
196  strainers (cat#: 352340, Falcon®, Corning) and centrifuged at a swing bucket
197  centrifuge at 500 g, 4°C for 5 min. The pellet containing nuclei and debris was
198 resuspended in a Tricin-KOH buffered (pH 7.8), 10% lodixanol solution (10% lodixanol
199  (OptiPrep™, cat#: 7820, STEMCELL Technologies, Vancouver, BC, Canada), 25 mM
200 KCI (cat#: 60142), 5 mM MgCI2 (cat#: M1028), 20 mM Tricin (cat#: T0377) KOH (cat#:
201 484016), 200 mM Sucrose (cat#: S0389) , all from Sigma Aldrich) and gently layered
202  on top of a 20% lodixanol gradient cushion (20% lodixanol, 150mM Sucrose, 25 mM
203  KCI, 5 mM MgCI2, 20 mM Tricine-KOH, pH 7.8) in 14x89 mm thin wall polypropylene
204  centrifuge tubes (cat#: 344059, Beckman Coulter, Brea, CA, USA). An Optima L-80
205  Ultracentrifuge (serial#: Col94H18, Beckman Coulter), with swing bucket SW41 Ti
206  cartridges, precooled to 4°C was used for gradient centrifugation at 10000g, for 30 min,
207  with maximal acceleration and no brake. Following centrifugation, debris fractions were
208 discarded and the purified nuclei pellet was resuspended in ice cold NWB1 and
209 strained over 30 um strainers (cat#: 130-098-458, Miltenyi). The suspension was
210 centrifuged at a swing bucket centrifuge at 500g, 4°C, for 5 min, supernatant was
211 discarded and nuclei were resuspended in a solution of 3% BSA, 0.125% Glycerol, in
212 DPBS (=NWB2). This washing step was repeated once. Finally, nuclei were

213  resuspended in a solution of 1.5% BSA in DPBS on ice. To obtain nuclei counts, nuclei
7
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214  were stained using the Acridine Orange/Propidium lodide (AO/PI) Cell Viability Kit
215  (cat#: F23001, Logos Biosystems, Anyang-si, Gyeonggi-do, South Korea). Nuclei were
216 counted as PI positive events using a LUNA-FL™ Dual Fluorescence Cell Counter
217  (cat#: L20001 Logos Biosystems). The fraction of non lysed Acridine Orange + cells
218  was <5% in all samples. All buffers used during nuclei purification were supplemented
219  with 0.2 U/ul RiboLock RNase Inhibitor (cas#: EO0384, ThermoFisher Scientific,
220  Waltham, MA, USA).

221  Single nucleus processing and library preparation

222  Processing of single nuclei suspensions was performed as previously described [15],
223 using the Chromium™ Next GEM Single Cell 5' Kit v2 (PN-1000263, 10 x Genomics,
224  Pleasanton, CA, USA), as per manufacturer’'s protocols (CG000331 Rev D,
225 10 x Genomics). In brief, for Gel Beads-in-Emulsion (GEMs) generation we loaded
226  nuclei onto Chromium™ Next GEM Chips K (PN- 1000286 ,10 x Genomics), aiming at
227  arecovery of 10-12x10°% nuclei per lane, followed by GEM reverse transcription (GEM-
228 RT)and clean up. GEM-RT products were subjected to 14 cycle of cDNA amplification
229 using 10X poly(dT) primers, followed by 10X 5’ gene expression library construction.
230 The Single Index Kit TT Set A (PN 1000215, 10X Genomics) was used for sample
231 indexing during library construction. SPRIselect Reagent Kit (cat#: B23318, Beckman
232 Coulter) beads were used for clean-up procedures, as per 10X protocols instructions.
233  The quality of the obtained libraries was assessed using a DNA screen tape D5000 on
234 a TapeStation 4150 (Agilent Technologies, Santa Clara, CA, USA) and cDNA was
235 quantified using a Qubit 1xdsDNA HS assay kit (cat#: Q33231) on a QuBit 4.0
236 fluorometer (Invitrogen, ThermoFisher Scientific). Libraries with unique indices were

237 then pooled in equimolar ratios before sequencing.
238 Sequencing, pre-processing and quality control:

239  Samples were sequenced paired-end, with dual indexing (read length 50bp) using a
240 NovaSeq 6000 (lllumina, San Diego, CA, USA). All samples were processed on the
241  same flow cell. Raw gene counts were obtained by demultiplexing and alignment of
242  reads to the most current rattus norvegicus reference genome mRatBN7.2, using the
243  Cellranger v.7.0.0 pipeline, including intronic reads in the count matrix to account for
244  unspliced nuclear transcripts, as per developer’'s recommendations. Cellranger outputs
245  were further processed utilizing R and R Studio (R version 4.2.2, The R Foundation,

246  Vienna, Austria), using the below indicated packages. Unless otherwise stated, all
8
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247  computational snRNAseq analyses were carried out within the environment of the

248  Seurat package v.4.3.0 [39], as per developer’s vignettes.

249  For each individual dataset UMI count matrices were generated and converted to
250 Seurat Objects, preliminary normalization and variance stabilization was performed
251 using the SCTransform, v2 regularization [21, 37], followed by PCA dimensionality
252 reduction with 50 principal components, and graph-based clustering using the
253  “RunUMAP” “FindNeighbors” and “FindClusters” commands.

254 Using the preliminary clustering information for each dataset, ambient RNA
255  contamination was estimated and ambient RNA was removed using the SoupX v1.6.2
256 package [102], following developers vignettes. The decontaminated expression
257  matrices were then further processed following the standard Seurat quality control
258  pipeline. Briefly, nuclei with < 500 UMI counts, <250 or >5000 expressed genes and
259 > 5% mitochondrial genes expressed, were removed from downstream analysis.
260 Doublets were estimated and removed using the DoubletFinder v2.0.3 package [66],
261  as per developers vignettes. All genes with less than 3 UMI counts per feature and all

262  mitochondrial genes were removed from downstream analyses.
263 Dataset integration:

264  After the above described quality control pipeline, normalization and variance
265 stabilization was performed for all individual datasets, utilizing SCTransform, with v2
266  regularization, with the percentage of mitochondrial reads “percent.mt” passed to the
267  “vars.to.regress” argument. All datasets were then integrated using reciprocal PCA
268 (RPCA) based integration. Briefly, the top 3000 highly variable genes were selected
269 utilizing the “SelectintegrationFeatures” function. The datasets were then prepared for
270  integration using the “PrepSCTIntegration” function, dimensionality reduction was
271 performed for all datasets using the “RunPCA” command and integration anchors were
272 established using the “FindIintegrationAnchors” function, with RPCA reduction using
273 the first 30 dimension and the “k.anchor” argument set to 10. All datasets were then
274  integrated using the “IntegrateData” function, generating a single integrated, batch-

275  corrected expression matrix, which was used for all further downstream analyses.
276  Clustering and subclustering of cell types:

277  The Seurat function “RunPCA” was used for principal component analysis (PCA)

278  followed by UMAP (Uniform Manifold Approximation and Projection) dimensionality
9
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279  reduction and Louvain clustering, using the “RunUMAP” “FindNeighbors” and
280 “FindClusters” functions. For sub clustering analysis, the clusters of interest were
281  subset, split by sample and normalization, variance stabilization and integration was
282 reiterated with the same parameters as described above. Thereafter PCA, UMAP
283  dimensionality reduction and Louvain clustering were reiterated on the reintegrated

284  and pre-processed subset to derive sub clusters.
285 Differential gene expression analysis:

286 The MAST statistical framework [30] within Seurat's “FindAllIMarkers” and
287  “FindMarkers” functions was used for differentially expressed gene (DEG) calculations
288 to identify cluster markers, and between group differences in gene expression, as
289  previously described [15], with minor modifications. Briefly, only genes expressed in a
290 minimum of 10% of nuclei in either tested group were considered. Log-normalized
291  RNA-counts were used for DEG analyses. The number of UMIs and the percentage of
292  mitochondrial reads, were passed to the “latent.vars” argument. For between group
293 comparison we defined a |logzfold change = 0.6] and Bonferroni-adjusted p-value <
294  0.05 as DEG thresholds.

295 Module score calculations:

296  Seurat's “AddModuleScore” function was used to calculate module scores, for
297  previously published gene sets, for each nucleus. All gene sets used are described in
298  detail in Suppl.data.file.1. Human and mouse gene symbols were converted to human
299  orthologs using the gorth tool in gprofiler2 [51], before module score calculation.
300 Estimation of cell cycle phases was conducted using Seurat’s “CellCycleScoring”

301 function, as per developer’s vignettes.
302 Enrichment analysis

303 Enrichment analysis was performed as previously described [15]. Briefly, rat gene
304 names of DEGs of interest were converted to human orthologs using the gorth tool in
305 gprofiler2 and used as input for Enrichr [55]. We queried the gene set databases “GO
306 Biological Process 2023”, “GO Molecular Function 2023”, “Reactome 2022” and
307 “KEGG 2021 Human”. Only enriched terms with Benjamini-Hochberg method adjusted
308 p values of <0.05 were retained.

309

10
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310 Cell trajectory based pseudotime inference analysis

311  We conducted pseudotime trajectory analyses on the oligodendrocyte lineage subset
312 using Monocle3 v.1.3.1 [18, 93], following developer’s vignettes. To this end we
313 converted the fully processed Seurat subset into a CDS object using the
314 “as.cell_data_set” and pre-processed the CDC object for subsequent analyses using
315 the “estimate_size factors” and “preprocess_cds” functions at default parameters and
316 transferred the cell cluster annotations and UMAP cell embeddings from the original
317 Seurat object. Trajectory graph construction and estimation of pseudotime was
318 performed using the “learn_graph” and “order_cells” functions. The Moran’s | test
319 based function “graph_test” was used to identify genes, which expressions are
320 correlated or anticorrelated in adjacent cells along the inferred pseudotime trajectory,
321 thatis genes which expression changes as a function of pseudotime. “Principal_graph”
322 was passed to the neighbor_graph argument in the function, as indicated by the
323 packages developers and the obtained dataframe was subset to genes with
324 corresponding g-values <0.05 and morans | >0.05. Thereafter, we used the
325 “find_gene_modles” function, which runs UMAP and subsequent Louvain community
326 analyses to identify co-regulated gene modules, at a resolution of 0.01. For plotting,
327 the aggregate gene expression of all genes within a respective model was generated

328 using the “aggregate_gene_expression” function.
329 Inference of transcription factor activity

330 We used the R package decoupleR, as per developers vignettes to infer transcription
331 factor (TF) activities [6]. Briefly, CollecTRIs" rat regulon database was retrieved via
332 Omnipath [94] using the “get_collectri” function. DecoupleR’s Univariate Linear Model
333  (ulm)was run on normalized log-transformed RNA counts using the “run_ulm” function,
334 toinfer transcription factor activity scores for each nucleus. Inferred transcription factor
335 activity scores were then aggregate for each cluster within each group and presented

336  as heatmaps.
337  Cell-cell communication inference analysis

338  To infer potential cell-cell communication (CCC) events between cell-types we used
339 the Llgand-receptor ANalysis frAmework (LIANA) v.0.1.12, following developer's
340 vignettes [26, 94]. Using the “generate_homologs” function LIANA's consensus CCC
341 resource entries were converted to raftus norvegicus ortholog gene symbols. The

11
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342 functions “liana_wrap” and “liana aggregate” were used at default settings to infer
343  ligand receptor pairs and obtain consensus ranks across all default CCC methods
344 using Robust Rank Aggregation (RRA). Only predicted ligand receptor interactions

345  with aggregate rank scores <0.05 were retained for subsequent analyses.
346 Visualization of bioinformatics data

347 The following R packages were used for data visualization: Seurat v.4.3.0, Monocle3,
348 ggplot2 [98], EnhancedVolcano v.1.16.0 [12], UpSetR v.1.4.0 [22], scCustomize
349 v.1.1.1 [63], SCPubr v. 2.0.1 [11], ComplexHeatmap v. 2.14.0 [34] and pheatmap v.
350 1.0.12 [52].

351 Human brain tissue samples

352  Archived formalin-fixed, paraffin-embedded (FFPE) biopsy samples from 4 patients, (1
353 male, 3 females, 33 to 60 years of age) were included. Samples were graded by trained
354  neuropathologists as cerebral infarctions in the stage of macrophage resorption (Stage
355 Il) and pseudo cystic cavity formation (Stage Ill), in accordance with previously

356  described histopathological classifications [67].
357 Immunofluorescence staining

358  For Immunofluorescence (IF) staining 5 um thick rat coronal whole brain sections and
359 3 pm thick human FFPE tissue sections were cut from paraffin blocks. After
360 deparaffinization, sections were blocked in 0,9% H202 in methanol for 10 min and
361 washed three times in ddH20, followed by 40 min of heat induced epitope retrieval
362 (HIER) using DAKO Target Retrieval Solution pH6, or pH9 (cat# S2369, S2367, DAKO
363 - Agilent Technologies), in a Braun household food steamer. Section were allowed to
364 cool for 20min at room temperature, washed thrice in DPBS, and incubated with 1%
365 sodium borohydride (cat# 1063710100, Merck Millipore, Burlington, MA, USA) in
366 DPBS for 3 minutes to quench autofluoresence, followed by 3 washes in ddH20 and
367 3 washes in DPBS. Sections were then blocked and permeabilized in protein-blocking
368 buffer (DPBS with 2% BSA, 10% fish gelatin (cat#: G7041, Sigma-Aldrich), 0.2%
369  Triton-X (cat# T9284, Sigma-Aldrich)) for 30 min at room temperature. For some
370 staining’s we directly labelled primary antibodies using FlexAble CoralLite® Plus
371 Antibody Labeling Kits (Proteintech, Rosemont, IL, USA), as per manufacturer's
372 instructions. To colocalize antigens in tissue sections using primary antibodies derived

373  from the same host species (all rabbit derived) we used the following approach. Tissue
12
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374  sections were incubated with the first primary antibody for 18 h at 4°C, washed three
375 times in DPBS and incubated with an appropriate secondary antibody for 1h at room
376  temperature. Thereafter sections were washed three times in DPBS and blocked with
377 10% rabbit serum in DPBS for 45 min, to block residual unbound epitopes of the
378 secondary anti-rabbit antibodies. Sections were then incubated with fluorophore
379 labeled primary antibodies for 16-18 h at 4°C, washed thrice in DPBS, incubated with
380 DAPI (cat#: 62248, ThermoFisher Scientific), at a dilution of 1:1000 for 5 minutes,
381 washed again 3 times in DPBS and 2 times in ddH20 and finally mounted in Aqua
382 Polymount medium (cat#: 18606, Polysciences, Warrington, PA, USA). For
383 immunofluorescence assays using antibodies from different host species, all primary
384 antibodies were applied concomitantly for 16-18h at 4°C, sections were rinsed thrice
385 in DPBS, incubated with appropriate secondary antibodies for 1h at room temperature,
386 washed, DAPI counterstained and mounted as described above. 2% BSA and 5% fish
387 gelatin in DPBS was used as antibody diluent in all assays. All antibodies and labelling
388  kits used are summarized in Suppl.tab.1 and antibody combinations, dilutions and

389  corresponding HIER treatments, for all IF stainings are detailed in Suppl.tab.2.
390 Microscopy and Quantification

391 Sections were imaged at an OLYMPUS BX63 fluorescence microscope, with
392 motorized stage, using Olympus cellSens software (Olympus, Shinjuku, Tokyo,
393 Japan). Tissue sections were scanned at 20x magnification using cellSens” manual
394 panoramic imagining (MIA) function, with automatic shading correction, at default
395 settings. All downstream analyses were performed in QuPath [8]. Cell counts were
396 obtained in perilesional cortical grey matter and white matter regions of the ipsilateral
397 stroke lesioned hemisphere, as well as anatomically corresponding regions in the
398 contralateral hemisphere and matched section from Sham operated animals. T2
399 weighted MRI images from the same animals were used to guide the definition of
400 perilesional areas. Grey matter ROIs were defined as 1 mm? (800x1250um)
401  rectangles, at the border of the stroke lesion. Due to the variable area and contribution
402  of large white matter tracts to the perilesional area, white matter ROlIs of approximately
403 1 mm? were defined using QuPaths brush annotation tool, encompassing the corpus
404  callosum and variable portions of the external capsule. Cells were identified using the
405  Cell detection function, based on nuclear DAPI signal and intensity features, including

406 Haralick features, as well as smoothed features (Radius(FWHM)=50 um) were
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407 computed for each channel of interest on every analysed tissue section. For
408 standardized annotation of immunopositive cells, object classifiers were trained, using
409 QuPaths’ random trees algorithm on at least 100 cells per tissue section, for each
410 channel. The obtained cell counts were exported and normalized to 1 mm?, for

411  statistical analyses.
412  Purification of rodent oligodendrocyte precursor cells OPC

413  Primary rodent OPCs were purified using differential detachment as previously
414  described [15], with minor modifications. Briefly, forebrains from a total of 12 E20 fetal
415 rat cortices, derived from two timed pregnant Sprague Dawley rat dams (Charles river)
416  were separated from meninges, dissected in ice cold HBSS (cat#: 14175095, Gibco,
417  ThermoFisher Scientific) and enzymatically dissociated using Miltenyis Neural Tissue
418 Dissociation Kit (P) (cat#: 130-092-628, Miltenyi) and a gentleMACS™ Octo
419 Dissociator with Heaters (cat#: 130-096-427, Miltenyi) (program: 37C_NTDK 1), as
420 per manufacturer's instructions. Ice cold DMEM/F12 + Glutamax 4 mM (cat#:
421 31331093, Gibco, ThermoFisher Scientific), supplemented with 10% heat inactivated
422  fetal bovine serum (FBS) (cat#: 10500064, Gibco, ThermoFisher Scientific) was used
423  to stop enzymatic dissociation and the cell suspension was filtered (70 um filters) and
424  centrifuged for 4 min at 300 g, at room temperature, on a swing bucket centrifuge. After
425 decanting the supernatant, the cell pellet was suspended in mixed neural culture
426  medium: DMEM/F12+ Glutamax 4 mM, 10% FBS, 1% Penicillin-Streptomycin (P/S)
427  (cat#: 15140122, Gibco, ThermoFisher Scientific), 1% B27 supplement (cat#:
428 17504044, Gibco, ThermoFisher Scientific). Cells were seeded in Poly-L-lysin—
429  hydrobromid (PLL) (cat#: P1524, Sigma Aldrich) coated T75 flasks (cat#:
430 CLS430641U, Corning) at a density of approximately 3.5 x 108 cells per T75 flask and
431  maintained in mixed neural culture medium for 8-10 days, with media half changes
432 every 48 h. At day in vitro (DIV) 8-10 flasks were sealed air tight and shaken at 275
433  rpm, 37°C on an orbital shaker (MTS 4, IKA-Werke GmbH & Co. KG, Staufen,
434  Germany) in a humidified incubator for 1h. This step detached the majority of loosely
435  attached microglia, which were removed by a full media change with mixed neural
436  culture medium. Thereafter, the T-75 flasks were allowed to equilibrate in a humidified
437  incubator at 95%02/5%CO: for 2h, resealed and shaken at 300 rpm, 37°C for 16-18h.
438  Supernatant with detached OPCs was collected, filtered (40um filters) and plated in

439  94/1mm non-cell culture treated petri dishes (cat#: 632181, Greiner bio-one) and
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440  incubated for 50 min in a humidified cell culture incubator. Supernatant with non-
441  attached OPCs was collected, plates with attached residual microglia were discarded.
442  OPCs containing supernatant was centrifuged at 300 g for 4 min and OPCs were
443  resuspended in defined serum free OPC base medium. OPC base medium consisted
444  of DMEM/F12 + Glutamax 4 mM, 1 mM sodium pyruvate (cat#: 11360070, Gibco,
445  ThermoFisher Scientific), 10 ng/ml d-Biotin (cat#: B4639), 5 uyg/ml N-Acetyl-L-cysteine
446  (cat#: A9165), 62.5 ng/ml progesterone (cat#: P8783), 5 ug/ml Insulin (cat#: 16634 ), 40
447  ng/ml sodium selenite (cat#: S5261), 100 pg/ml Transferrin (cat#: T1147), 100 pg/ml
448 BSA, all from Sigma Aldrich, 16 ug/ml putrescine (cat#: A18312, ThermoFisher
449  Scientific), 1% P/S and 2% B27.

450 In vitro OPC migration assay

451 2 well culture-inserts (cat#: 80209, Ibidi, Grafelfing, Germany), in PLL coated 4 well
452  chamber slides (cat#: 354114, Falcon, Corning) were used for migration assays. 50 pl
453  OPC cell suspension at a concentration of 1x108 cells/ml were seeded in OPC base
454  medium, supplemented with 20 ng/ml platelet-derived growth factor A (PDGF-A) (cat#:
455 PPT-100-13A-50, Biozol, Eching, Germany), in each well. Cells were allowed to attach
456  for 16-18 h. Thereafter, the culture-insert was removed leaving a defined 500 um cell
457  free gap. Medium was then changed to 500 yl OPC base medium (untreated control
458 (=UC)) or OPC base medium supplemented with 1 ug/ml Osteopontin (cat#: 6359-OP,
459 R&D Systems, Minneapolis, MN, USA) (OPN). After 48 h of migration cells were fixed
460  with 4% paraformaldehyde in DPBS for 20 min at room temperature and washed three
461 times with DPBS, followed by blocking and permeabilization in 2% BSA, 10% fish
462  gelatin and 0.2% Triton-X. Cy3® conjugated anti-NG2, diluted 1:50 (cat#: AB5320C3,
463  Sigma Aldrich) and CoraLite® Plus 488 conjugated Ki67, at a concentration of 2 pg/ml
464  (cat#: Ab15589, Abcam, labelled with the FlexAble Coralite® Plus 488 Antibody
465 Labeling Kit Cat#: KFAO0O1, Proteintech) were used to visualize OPCs and mitosis
466  committed nuclei, respectively. 2% BSA and 5% fish gelatine in DPBS was used as
467 antibody diluent and antibody dilutions were applied over night at 4°C. Thereafter cells
468 were washed three times in DPBS, incubated with DAPI (1:1000) for 5 minutes,
469  washed an additional three times in DPBS, and two times in ddH20 before mounting
470  in Aqua Polymount medium. All NG2 positive and NG2/Ki67 double positive cells within
471 the 500 pm gap area, of each replicate, were counted at a OLYMPUS BX63
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472  fluorescence microscope using Olympus cellSens software (Olympus, Shinjuku,

473  Tokyo, Japan).
474  Bromodeoxyuridine (BrdU) incorporation assay

475  BrdU incorporation assays were used to assess OPC proliferation in vitro. OPCs were
476  plated on PLL coated cover slips (cat#: CB00120RA020MNZ0, Epredia, Portsmouth
477  NH, USA), in 24 well plates (cat#: 3527, Costar, Corning) at a density of 0.5x10° cells
478  per well in OPC base medium, supplemented with 20 ng/ml PDGF-A and were allowed
479 to attach and equilibrate for 24h. Thereafter, PDGF-A supplemented medium was
480 removed and cells were rinsed once in OPC base medium to remove residual PDGF-
481 A. OPCs were then treated with osteopontin at a concentration of 1 ug/ml (OPN
482  condition) untreated OPCs in OPC base medium alone served as controls (UC
483  condition). Cells were treated for 24 h, during the last 6 h 10 yM BrdU (cat# 51-
484  2420KC) was added. Cells were fixed and permeabilized with BD Cytofix/Cytoperm
485  buffer (cat# 51-2090KE) for 20 min, washed thrice in BD Perm/Wash buffer (cat# 51-
486 2091KE) and refixed for an additional 10 min in BD Cytofix/Cytoperm buffer, followed
487 by incubation with 300 pg/ml DNAse (cat# 51-2358KC) in DPBS at 37°C for 1 h to
488 expose nuclear BrdU, as per manufacturers recommendations. All reagents from BD
489  Bioscience (Franklin Lakes, NJ, USA).

490 Cells were then washed thrice in BD Perm/Wash buffer, blocked with 2% BSA, 10%
491 fish gelatine in DPBS for 30 min and FITC conjugated anti-BrdU antibody (cat# 51-
492  2356KC, BD Bioscience), and Cy3® conjugated anti-NG2 (cat# AB5320C3, Sigma
493  Aldrich), both diluted 1:50 in 2% BSA and 5% fish gelatine in DPBS were applied. After
494  overnight incubation, cells were washed thrice in DPBS, incubated with DAPI (1:1000)
495 for 5 minutes, washed an additional 3 times in DPBS, and 2 times in ddH20 before
496  mounting in Aqua Polymount medium. For each condition 4 cover slips were imaged
497 and NG2 positive and NG2/BrdU double positive cells in 2 random 20X magnification
498 fields of view per cover slip were counted at an OLYMPUS BX63 fluorescence

499  microscope using Olympus cellSens software.
500 Statistical analyses

501  For cell counts from IF stainings” in tissue sections we performed Kruskal-Wallis-H-
502 Tests, followed by Dunn's post hoc comparisons, as the data structure did not satisfy

503 the prerequisites for parametric tests. Cell counts obtained from cell culture assays

16


https://doi.org/10.1101/2023.12.26.573302
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.26.573302; this version posted December 26, 2023. 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.

504 were analysed using unpaired Student’s t-tests. Cell counts are reported as mean *
505  SD through the main text and represented as box plots, depicting medians, 25th to
506  75th percentiles as hinges, minimal and maximal values as whiskers, and individual
507 counts as dots throughout all respective figures. A p-value of <0.05 was set as
508 threshold for statistical significance. All statistical analyses were carried out using
509 GraphPad Prism v.9.0.0 (GraphPad Software).

510
511
512 Results

513 MCAO alters CNS cell type composition and induced cell type specific

514 transcriptional changes

515 Here we used a rodent model of permanent middle cerebral artery occlusion (MCAO)
516 to investigate acute cell type specific transcriptional perturbations, at single cell

517  resolution in the acute phase following cerebral ischemic injury (Fig.1a).

518 The induction of ischemic brain tissue damage was validated by MRI imaging 48 h
519  after injury (Suppl.Fig.1). Hyper intense lesions were absent from all Sham operated
520 rats (n=4), while animals from the MCAO group (n=7) exhibited pronounced ischemic
521 lesions ranging from 35.01 to 617.2 mm3, which we further stratified into moderate
522 MCAO (mMCAO) (59.6£39.2, n=3) and severe MCAO (sMCAOQ) (449.5+132.5, n=4)
523 infarctions (Fig.1a, Suppl.Fig.1). Selection of coronal tissue sections for snRNAseq
524 was guided by MRI imaging data. The maximum extent of the ischemic brain lesions
525 was localized approximately between Bregma anterior-posterior +1.5 mm and -2 mm,
526 in all MCAO samples, thus this region was selected for snRNAseq (Suppl.Fig.1). Left
527 and right hemispheres were sequenced separately. Hence, we obtained datasets from
528 the left and right hemispheres of Sham operated rats (Sham L and Sham R,
529 respectively), as well as left (=contralateral to ischemic lesion) and right (= ipsilateral
530 to ischemic lesions) hemispheres of mMMCAO and sMCAO infarcted rats (mMCAO
531  contra, MMCAO ipsi, sMCAO contra, sMCAO ipsi, respectively) (Fig.1a).

532  After quality control, filtering and integration we recovered a total of 68616 high quality
533  nuclear transcriptomes (between 8123 and 13461 per dataset, Suppl.data.file.2), with
534 a median of 2585 UMIs and 1347 genes per nucleus. Major quality control metrics for

535 all individual datasets are reported in Suppl.Fig.2a. Following unbiased clustering
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536 analysis, we first grouped all nuclei into 6 non-neuronal and 23 neuronal (12
537 glutamatergic, 1 cholinergic, 10 GABAergic) major cell clusters (Fig.1b), using well
538 established marker genes (Fig.1c). We identified three neuroglia clusters, specifically
539 one immature and one myelinating/mature oligodendrocyte lineage cluster (OLIGO _1
540 and OLIGO_2, respectively) and one astrocyte clusters (AC), as well as one
541 ependymal and mural cell cluster (EP_M_C), one vascular cell cluster, enriched for
542  endothelial and pericyte transcripts (VASC) and one myeloid cell cluster (MC).
543  Glutamatergic neurons were broadly split into Satb2 expressing (GLU_Satb2+), thus
544  predominantly isocortical and Satb2 negative, thus predominantly allocortical, and
545 deep grey matter glutamatergic neurons (GLU_Satb2-). As previously described
546 GLU_Satb2+ neurons could be well segregated using cortical layer specific markers.
547  We identified one cholinergic interneuron cluster (CHOL_IN). GABAergic neurons
548 grouped into various interneuron (GABA _IN) and medium spiny neuron populations
549 (GABA_MSN). GABA IN were moreover separated into various Adarb2 positive
550 (GABA_IN_Adarb2+), thus likely caudal ganglionic eminence (CGE) derived and
551  Adarb2 negative (GABA_IN_Adarb2-), thus likely medial ganglionic eminence (MGE)
552 derived inhibitory interneuron clusters. One GABAergic cluster could not be
553 characterized using known inhibitory subset specific markers and was thus termed
554 ambiguous GABAergic neuronal cluster (GABA_Amb). A detailed description of this
555 and all following sub clustering analyses, including the curation of marker genes is

556  given in the supplementary notes.

557 Most of the clusters were represented in all datasets (Fig.1d, Suppl.Fig.2b). As
558 expected, neuronal clusters were depleted in the dataset derived from sMCAO ipsi
559  (Fig.1d, Suppl.Fig2b). Most strikingly, almost all captured MC transcriptomes were
560 derived from the MCAO ipsi datasets. Their transcriptional signature significantly
561 overlapped with the recently established gene expression profile of stroke-associated
562 myeloid cells (SAMC) [10] (Fig.1e, Suppl.Fig.3.a) and they expressed both canonical
563  microglia and macrophage, but not lymphocyte markers (Suppl.Fig.3b). Sub clustering
564 analyses of the MC cluster revealed two microglia (MG_0, MG_1), three macrophage
565 transcript enriched (M®e_1 to 3) and one dendritic cell (DC) cluster (Suppl.Fig.3c,d).
566  Notably, the expression of SAMC signature genes was well conserved across MG_1
567 and M®e_1 to 3 (Suppl.Fig.3d), suggesting that microglia and macrophages converge
568 onto a common phenotype within infarcted brain parenchyma, as previously reported

569 [10]. We then systematically assessed overlaps between the gene signatures of the
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570 stroke enriched myeloid cells in our datasets and previously described microglia and
571 macrophage gene expression profiles in normal development and various
572  neuropathologies. MG_1 and M®e_1 to 3 exhibited robust enrichment for Axon Tract-
573  Associated Microglia (ATM) [38] and disease-associated microglia (DAM) but not
574 disease inflammatory macrophage (DIM) [89] associated transcripts (Suppl.Fig.3d,e).
575  Furthermore, these clusters overlapped clearly with the transcriptional phenotype of
576  “foamy” microglia enriched in multiple sclerosis (MS) chronic active lesion edges [1],
577  while the profile of iron associated, activated MS microglia [1, 84] was more restricted
578 to M®e clusters and less prominently represented in our dataset. Likewise, the
579  upregulation of protein synthesis associated genes (e.g. Rp/13, Rplp1) typical for iron
580 metabolism associated and activated MS microglia [1, 84], was largely restricted to
581 M®e clusters. Other MS associated myeloid cell profiles (for example associated to
582  chronic lesions, antigen presentation and phagocytosis) mapped more diffusely over
583 all myeloid cell clusters (Suppl.Fig.3e). Lastly, microglia but not macrophage enriched
584 clusters expressed proliferation associated genes (e.g. Cdc45, Mki67, TopZ2a)
585  (Suppl.Fig.3d,e). Congruently, GO terms derived from microglia sub cluster markers
586 where dominated by mitosis associated processes (Suppl.Fig.3f). Enrichment analysis
587 of M®e cluster markers highlighted various degranulation, endo-/phagocytosis, as well
588 as iron and lipid transport and metabolism related processes (Suppl.Fig. 3f). M®e
589 cluster markers also indicated the production of and reaction to reactive oxygen (ROS)
590 and nitrogen species (RNS) (Suppl.Fig.3f). Notably, some of the genes involved in
591 these processes (e.g. Dab2, Lrp1, Ctsd) were also partially enriched in MG_1
592  (Suppl.Fig.3f). Taken together these findings underpin the emergence of the SAMC
593 phenotype in the infarcted brain parenchyma and additionally highlight shared and
594  distinct transcriptional signatures of stroke associated myeloid cell subsets.

595  We next investigated transcriptional perturbations induced by cerebral ischemia within
596 those maijor cell clusters, which were represented in all datasets. We first compared
597 the gene expression signatures of the left and right hemisphere derived from Sham
598 control animals. As we did not identify any major differences in gene expression
599 between the two Sham hemisphere datasets (Suppl.Fig.4a,b), they were pooled in all
600 subsequent analysis. We next separately compared the datasets derived from
601 moderately and severely infarcted hemispheres (MMCAO and sMCAO ispi,
602 respectively) to the pooled Sham dataset. Both comparisons yielded a similar DEG

603  distribution, with astrocyte and oligodendrocyte lineage cells emerging as the most
19


https://doi.org/10.1101/2023.12.26.573302
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.26.573302; this version posted December 26, 2023. 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.

604 reactive populations (Suppl.Fig.4c,d). To increase the statistical power and hence
605 robustness of our analysis we next pooled the mMCAO and sMCAO datasets and
606 performed cluster-wise comparisons against the pooled Sham and MCAO contra
607 datasets. Congruently, the majority of DEGs was derived from neuroglia clusters in
608 both DEG calculations (Fig.1f, Suppl.Fig.4e,f). With the exception of OLIGO 1 and
609 OLIGO_2, the gene expression profiles of clusters from the MCAO contra group and
610 their Sham counterparts were mostly similar (Suppl.Fig.4g). The comparisons of the
611  MCADO ipsi datasets to either Sham or MCAO contra datasets consistently unveiled a
612  higher number of DEGs in excitatory neuronal clusters, as compared to inhibitory
613  neuronal clusters (Fig.1f, Suppl.Fig.4.c-f, Suppl.Fig.5a,b). However, within the MCAO
614 ipsi dataset we noticed the emergence of a canonical cellular stress response
615  signature [31], marked by the upregulation of several heat shock proteins (e.g. Dnaja1,
616  Hsp90aa1, Hspa8, Hsph1) in GABA_Amb (Suppl.Fig.5b). This signature mapped to a
617  discrete subset of this cluster, which upon unsupervised subclustering analysis was
618 revealed to be carried exclusively by misclustered oligodendrocytes but not neurons
619  (Suppl.Fig.5¢,d). Hence, this cluster did not disclose a set of neurons with particular
620 vulnerability to ischemia, but rather underpinned the responsiveness of neuroglia to
621 ischemic injury. A full list of DEGs per cell cluster across all mentioned comparisons is

622  provided in Suppl.data.file.3.

623 Single nucleus transcriptomics identifies stroke specific oligodendrocyte

624 lineage cell populations

625 Neuroglia are known drivers of regenerative mechanisms following stroke [43, 101],
626 consist of highly heterogeneous subpopulations and ranged among the most
627  transcriptional perturbed cell populations within our dataset. Therefore, we interrogated
628 these cell populations in more detail. We first jointly sub clustered OLIGO_1 and
629 OLIGO_2. After manual removal of two clusters with evident neuronal transcript
630 contamination (Suppl.Fig.6a-d), 10 sub clusters remained, which could be largely
631 grouped according to canonical developmental stages of the oligodendrocyte lineage
632 trajectory. Specifically, we identified two oligodendrocyte precursor cell clusters
633 (OPC_0, OPC_1), one committed oligodendrocyte precursor cell cluster (COP), one
634 newly formed oligodendrocyte cluster (NFOLIGO), two myelin forming oligodendrocyte
635 clusters (MFOLIGO_1 and MFOLIGO_2) and three mature oligodendrocyte clusters
636 (MOLIGO_1to MOLIGO_3) (Fig.2a). Lastly, one sub cluster faintly expressed markers
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637  of oligodendrocytes and immune cell associated genes (Fig.2a). Strikingly, the majority
638  of immune cell transcripts, within this sub cluster was derived from the MCAO ipsi
639 datasets (Suppl.Fig.6e, Supplementary notes). Importantly, previous research has
640 shown that oligodendrocyte transcripts accumulate in the nuclear compartment of
641  phagocytic myeloid cells, giving rise to clusters expressing both oligodendrocyte and
642 myeloid cell transcripts in vivo [84]. This cluster was thus annotated myeloid cell
643  oligodendrocyte mixed cluster (MC_OLIGO). Details on marker gene curation are
644 given in the supplementary notes, a full list of subcluster markers is provided in

645  Suppl.data.file.2.

646  Notably, the two subclusters, OPC_1 and MOLIGO_1, were predominantly derived
647  from infarcted brain tissue of sSMCAO and to a lesser extent from mMCAO (Fig.2a,
648  Suppl.Fig.6f,g). Pseudotime trajectory analysis indicated that the stroke specific sub
649  cluster OPC_1 branched directly from the conserved sub cluster OPC_0 (Fig.2b). As
650 expected, the mature oligodendrocyte clusters were associated to the highest pseudo
651 time values. We identified a prominent trajectory bifurcation within MOLIGO_0, with
652 one stroke specific branch encompassing MOLIGO_1 and one branch extending to
653 MOLIGO_2, which was conserved across all groups. Notably, cell cycle scoring

654  revealed that sub cluster OPC_1 was derived from proliferating cells (Fig.2b).

655 We next conducted DEG calculations for the oligodendrocyte lineage subclusters
656  which were conserved across all groups. (Suppl.Fig.7). Remarkably, the gene
657  expression profiles of the conserved clusters differed little between the infarcted and
658  contralateral hemisphere, with the exception of MC_OLIGO (Suppl.Fig.7a), which was
659 enriched in immune process and myeloid cell associated genes in MCAO ipsi as
660 described above (Suppl.Fig.6e). Likewise, the gene expression profiles of most
661 conserved clusters were similar in the MCAO ipsi and Sham datasets, with the notable
662  exception of OPC_0 (Total DEG: 50), MOLIGO_O (Total DEG: 185) and MC_OLIGO
663 (Total DEG: 98) (Suppl.Fig.7b). Interestingly, MOLIGO_0 emerged as the only cluster
664  with notable transcriptional perturbation from the comparison of the MCAO contra to
665 the Sham datasets (Total DEG: 119) (Suppl.Fig.7c). Importantly, 102 [96,23%] of the
666 downregulated DEGs in the MOLIGO_0 subcluster in MCAO contra relative to Sham,
667 were also identified in the comparison of MCAO ipsi to Sham (Suppl.Fig.7d) and
668  contained neurexins and neuregulins (e.g. Nrxn1, Nrxn3, Nrg1, Nrg3), as well as genes

669  encoding neurotransmitter receptors, ion channels and ion channel interacting proteins

21


https://doi.org/10.1101/2023.12.26.573302
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.26.573302; this version posted December 26, 2023. 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.

670 (e.g. Kcnip4, Grm5, Kcnqb) (Suppl.Fig.7e). Of note, the downregulation of many of
671 these genes was subtle in terms of gene expression, as they were a priori expressed
672 at low levels in the Sham dataset within the oligodendrocyte lineage clusters
673  (Suppl.Fig.7e). All DEGs, derived from all mentioned comparisons are reported in
674  Suppl.data.file.4.

675 We next interrogated how the MCAO ipsi specific sub clusters (OPC_1 and
676 MOLIGO_1) differed transcriptionally from their homeostatic counterparts, via DEG
677 analyses. Comparisons of OPC_1 to OPC_0 and MOLIGO_1 to MOLIGO _2 yielded a
678 total of 519 and 384 DEGs, respectively (Fig.2c, Suppl.data.file.4). Notably, the OPC_1
679 and MOLIGO_1 DEG signature was identified in both mMCAQO ipsi and sMCAO ipsi
680 datasets (Suppl.Fig.6h,i). To gain insight into how the stroke specific OPC_1 and
681 MOLIGO_1 gene expression signatures might relate to changes in biological function
682 we performed enrichment analyses (summarized in Suppl.data.file.5). We also
683  systematically compared the signatures of OPC_1 and MOLIGO _1 to each other and
684 to gene expression profiles of diseases associated oligodendrocytes (DAO), derived
685 from various rodent models of neurodegeneration and demyelination [73] (Suppl.Fig.8,
686  Supp.data.file.1). Transcriptional overlaps between stroke specific oligodendrocyte
687 lineage sub clusters with DAO profiles were generally limited (Suppl.Fig.8). The vast
688  majority of OPC_1 enriched genes mapped to cell cycle progression and proliferation
689 associated terms (Fig.2d, Suppl.data.file.5). Enrichment analyses further highlighted,
690 the upregulation of several intracellular scaffold proteins and protein-kinases involved
691 in OPC cell adhesion, migration, survival and differentiation, such as Iqgap1 [71], Met
692 [4], Fyn [54], or Ax/ [85] and indicated extensive interactions of OPC_1 with the
693  extracellular matrix (ECM) (Fig.2d). Notably, the canonical pan-reactive astrocyte
694 markers Cd44 and Vim [59, 103], as well as Runx1 were enriched in both DAO and
695 OPC_1. Runx2 was likewise upregulated in OPC_1, as well as the neuroprotective
696 immunomodulatory alarmin //33 [100]. Interestingly, both Vim and /133, have previously
697  been shown to be upregulated upon injury in various oligodendrocyte lineage cells [32,
698  50]. Notably, several growth factors, such as Ccnf, Vgf and Fgf2 were also upregulated
699 in OPC_1. Conversely, we observed a downregulation of synaptic transmission
700 associated transcripts, particularly concerning potassium and glutamate homeostasis
701 in OPC_1 (Fig.2d).
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702  Interestingly, multiple biological processes associated to MOLIGO 1 enriched DEGs,
703 for example Axonogenesis (GO:0007409), or Axon Guidance (R-HSA-422475)
704  (Suppl.data.file.5), relate to the modulation of neuritogenesis. Several genes
705 encompassed by these gene sets, such as multiple upregulated sempahorines, have
706  more extensive pleiotropic roles in physiological CNS development and pathology [19].
707  Similar to OPC_1 several MOLIGO_1 enriched DEGs were associated to ECM
708 interactions and glycosaminoglycan (GAG) metabolism (Fig.2d). Many of the
709  MOLIGO_1 enriched DEGs (e.g. DIg1, Lamc1, Psem4, Semabb, or Cadm1) were also
710 expressed in less mature oligodendrocyte sub clusters, but absent in the mature
711 oligodendrocyte populations MOLIGO_0 and MOLIGO_2, in the Sham and MCAO
712 contra datasets. Congruently, the expression of the canonical COP and NFOLIGO
713  marker Bcas1 [29] was markedly higher in MOLIGO_1 as compared to MOLIGO_0
714 and MOLIGO 2. Thus, several markers of more immature oligodendrocyte
715  developmental stages were uniquely upregulated in MOLIGO _1, but not other mature
716  oligodendrocyte clusters. Several MOLIGO_1 enriched DEGs were related to Notch,
717  TGF-B and IGF-1 signalling, but also included more elusive signalling molecules, like
718 the TIR-domain-containing adaptor (TRIF) recruiter Wdfy1 [41] (Fig. 2d). Notably,
719  several of the genes associated to Notch signalling by enrichment analyses, such as
720 Il6st and Stat3 are also crucially involved in multiple type | cytokine signalling pathways
721 [69].

722 Regarding putative metabolic changes, we noted a robust upregulation of the 6-
723 phosphofructo-2-kinase/fructose-2,6-biphosphatase isozyme 3 and 4 coding genes
724  Pfkb3, Pfkb4, signifying a state of increased anaerobic glycolysis [61]. This was
725 accompanied by a downregulation of aspartate/asparagine metabolism related
726  transporters (e.g. Slc25a13) and enzymes (e.g. Folh1, Aspa) and P-Type ATPases
727  involved in lipid translocation (Atp10a,711a,11b). Moreover, myelination associated
728 genes were discreetly downregulated in MCAOQ ipsi derived MOLIGO_1 transcriptomes
729  as compared to MOLIGO_2 (Fig.2c,d).

730 Complementary to the calculation of DEGs between a priori defined clusters, we
731 identified genes which changed dynamically as a function of pseudo time and
732 combined them into co-regulated gene modules using Monocle 3 (see Materials and
733  Methods) (Fig.2e). Remarkably, 5 modules mapped uniquely to stroke specific sub

734  clusters and mainly consisted of genes which were also identified as OPC_1 or
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735  MOLIGO_1 enriched DEGs (Fig.2e, Suppl.data.file.6). Interestingly, the OPC_1
736  associated modules 4 and 11 consisted mainly of proliferation related genes and
737  mapped over the entire OPC_1 cluster. By contrast, module 5, which contained ECM-
738 interaction, migration, survival and immunomodulatory process associated genes
739  appeared further down on the pseudo temporal trajectory. The aggregate rank score
740 of module 9 increased with incremental distance to the trajectory bifurcation within
741 MOLIGO_Q, indicating a dynamic progression from MOLIGO_0 towards MOLIGO_2
742  specifically within infarcted tissue. This module was permeated by abundant ECM and
743 cell-cell interaction associated genes (e.g. Adamts1, Cadm1, Cldn14, Col12a1), as
744  well as other genes previously identified as MOLIGO_1 markers during DEG analysis,
745  as described above (e.g. Stat3, Wdfy1).

746  Additionally, we inferred transcription factor (TF) activities using a molecular foot print
747  based approach [6]. In congruence with the previous analyses several TFs for which
748  increased activation was inferred within OPC_1 pertained to proliferation and survival
749  associated pathways, for example E2f1, or Myc [64] (Fig.2f). Notable, TFs with
750 increased activity in MOLIGO 1 included the hypoxia response related basic helix—
751  loop—helix/Per-ARNT-SIM (bHLH-PAS) superfamily members Ahr and Hif1a [53] and
752  the STAT family members Stat3 and Stat5a. Conversely, the inferred activity of multiple
753  hallmark TFs of oligodendrocyte differentiation and myelination, such as Olig1 [24],
754  Nkx2-2 [77], or Rxrg [42] was decreased in the MCAO ipsi derived MOLIGO _1 nuclei
755  (Fig.2f). In summary, using multiple complementary bioinformatics approaches we
756  described the emergence of two transcriptionally unique oligodendrocyte lineage
757  clusters within the infarcted hemisphere, marking the most robust cerebral ischemia

758 induced change within the oligodendrocyte lineage.
759  Proliferating, VIM and IL33 positive OPCs accumulate at the perilesional zone

760 We next conducted IF staining to confirm the presence of stroke associated
761  proliferating OPCs in vivo and interrogated their spatial distribution in the MCAO
762  infarcted brain, 48h after stroke (Fig.3). Overall, mitosis committed OPCs (NG2*/Ki67%)
763  were almost absent in cortical grey matter (GM) and large white matter (WM) tracts of
764  Sham operated animals, sparse in the hemisphere contralateral to the infarct lesion,
765  but abundant in the perilesional grey and white matter surrounding the ischemic lesion
766  (Fig.3). Furthermore, a substantial number of mitotic OPCs was also positive for VIM
767  and IL33 (Fig.3), as predicted by snRNAseq analysis (Fig.2).
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768  Specifically, while essentially absent in the GM and WM of Sham operated rats (GM:
769  0/mm?;, WM: 1.05+1.2/mm?) and the hemisphere contralateral to infarction (GM:
770 0.3+0.5/mm?2; WM: 0.9+1.1/mm?) the number of NG2*/VIM*/Ki67* triple positive OPCs
771 increased significantly in the perilesional GM (53.9+18.3/mm?) and WM
772 (18.6+5.1/mm?) (Fig.3a-c).

773 Likewise, virtually no NG2*/IL33*/Ki67* triple positive OPCs were found in the grey and
774  white matter of Sham operated and contralateral MCAO brains (Fig.3d-f). In contrast,
775  the number of NG2*/IL33*/Ki67* triple positive OPCs in the perilesional GM increased
776  significantly as compared to corresponding Sham GM (35.7+26.3/mm?) (Fig.3f).
777 Similarly, no NG2*/IL33*/Ki67" triple positive OPCs were identified in the WM of Sham
778  operated animals, or the WM contralateral to infarction, while they were abundant in
779  perilesional WM (17.00+5.5/mm?) (Fig.3d-f). Statistical comparison of all subsets within
780 all ROls is reported in Suppl.data.file.7.

781  Collectively, these findings confirmed that mitotic OPCs distinctly accumulate in both
782  the perilesional WM and GM, 48h after MCAO and a substantial subset of these OPCs

783  expresses the snRNAseq predicted, injury associated markers VIM and IL33.
784  Transcriptional heterogeneity of reactive astrocytes in the infarcted brain

785  Similar to our investigation into the heterogeneous responses to stroke in
786  oligodendrocyte lineage subsets we performed subclustering analysis for astrocytes.
787  After removal of contaminating clusters (Suppl.Fig.9), we identified 5 astrocyte sub
788  clusters. 2 sub clusters (AC_1 and AC_2) exhibited robust expression of homeostatic
789  astrocyte associated genes such as Gpc5, Kirrel3, Cdh10 or Trom3 [1, 36, 84]. These
790 clusters were identified in all datasets, although their relative abundance decreased
791  slightly in the contralateral hemisphere of MCAO operated rats and substantially in the
792 ipsilateral, infarcted hemisphere (Fig.4a). Conversely, in three subclusters (AC_3 to
793  AC_5) these homeostatic astrocyte markers were expressed more faintly, while they
794  were enriched for pan reactive astrocyte markers such as Gfap, Vim, Osmr, Cd44, or
795  Cp [69, 103] (Fig.4a). These three clusters were virtually absent from Sham datasets,
796  sparsely represented in datasets of the contralateral MCAO hemisphere, abundant in
797 infarcted hemispheres (Fig.4a, Suppl.Fig.9e) and thus were annotated as reactive
798 astrocyte clusters. Further details on marker gene curation are given in the
799  supplementary notes. Of note reactive astrocytes were more abundant in the datasets

800 derived from severe, compared to moderate infarctions (Suppl.Fig9f). To characterize
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801 these reactive astrocyte populations in more detail, we compared each reactive
802 astrocyte cluster to the homeostatic subclusters (AC_1 and AC_2) using DEG
803 analyses (Fig.4b, Suppl.data.file.8). Notably, the DEG signature of AC_3 was
804 prominent in both moderate and severe infarctions, while the AC_4 and AC_5 reactive
805 astrocyte signature was predominately derived from severe infarctions (Suppl.Fig.9g-
806 i). Inference of functional characteristics from the DEGs of the reactive astrocyte
807 subclusters (AC_3 to AC_5), using enrichment analyses highlighted notable
808 communalities, particularly between the gene signatures of AC_3 and AC_4 (Fig. 4c,
809  Suppl.data.file.9). Forinstance, tight (e.g. Tjp1, Tjp2) and adherence (e.g. Vcl) junction
810 components related to blood brain barrier maintenance were upregulated in both AC_3
811 and AC_4. Furthermore, several upregulated DEGs in AC_3 and AC_4 related to
812 various ECM interaction, wound healing and cell motility and migration related terms
813 to varying degrees. For example, some cadherin binding related genes (e.g. Cald1,
814 Cdh2) were more enriched in AC_3, matrix metalloprotease coding genes (e.g.
815 Adamts1, Adamts9) were upregulated in both, as was Cd44, and various Integrin family
816 member (e.g. ltga1, ltgab). Various reactive astrocyte derived DEGs related to axon
817 guidance and neural cell migration, such as Sema3c [81] in AC_3 or Robo2 [47] in
818 AC_4. Other related to VEGF response (e.g. Nrp2, Rock2, Hspb1) predominantly in
819 AC_4 and chemokine signalling (e.g. Ccl2, Shc3, Shc4) predominately in AC_3.
820 Overall the transcriptional signature of AC_3 and AC_4 suggest a complex injury
821 response, marked by ECM reorganization, increased migration and involvement in
822  bidirectional communication with other brain parenchymal and infiltrating cell types.
823 AC_5 lacked several of the aforementioned transcriptional features of AC_3 and AC 4,
824  but shared the upregulation of several pan reactive astrocyte markers such as Gfap,
825 Cp, or Vim with the other reactive astrocytes (Fig.4a, Suppl.Fig10a). The most
826  distinguishing characteristic of AC_5 was the enrichment of several gene sets related
827  to cilium and axonemal assembly and movement, including the cilliogenic transcription
828 factor Rfx3, cilium dynein arm (e.g.Dnah9), or central pair (e.g. Cfap46, Cfap54)
829 elements [44] (Fig. 4d). Of note this profile was identified in the AC_5 cluster in MCAO
830 ipsi and MCAO contra.

831  Multiple glutamate (e.g. Grin2c, Gria2) and GABA (e.g. Gabrb1, Gabrg1) receptors,
832 glutamate (e.g. Slc1a2) and GABA (e.g. Sic6a11) reuptake transporters and other
833  solute carrier (SLC) transporters, involved in amino acid import (e.g. Slc7a10) were

834  robustly downregulated in all reactive astrocyte subclusters (Fig.4e). Several genes
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835 related to lipid metabolism (e.g. Acs/3, Acsl6) and lipid transport (e.g. Abca1, Apoe)
836  were particularly downregulated in AC_3. Genes involved in synapse assembly and
837 maintenance, such as Gpm6a were downregulated in all reactive astrocyte subsets to
838 various degrees. To summarize, reactive astrocytes lost homeostatic gene signatures
839 related to neurotransmitter and lipid metabolism, as well as synapse maintenance in

840 infarcted brain tissue.

841 The inference of TF activities unveiled further shared patterns in reactive astrocytes.
842  Notable examples of TFs with increased activity in reactive astrocytes related to STAT
843  signalling (e.g. Stat3, Stat5a/b), proliferation, growth and survival (e.g. E4f1, Myc, Jun,
844  Fos, Fosl2), response to hypoxia (e.g. Hif1a) and growth factors (e.g. Egr1) [88], or
845  Snai1, which was recently implicated in the TGF-beta induced glial-mesenchymal
846 transition of Muller glia [46]. Notably, increased activity for multiple of these TFs (e.g.
847  Statba, Stat3, Myc, Hif1a, Snai1) was also observed in stroke specific Oligodendrocyte
848  subsets (Fig.2f). Congruent with the upregulation of primary cilium associated genes,

849 increased activity of the cilliogenesis master regulator Foxj1 [44] was inferred for AC_5.

850 Next we compared the transcriptional signatures of the stroke associated reactive
851 astrocytes within our dataset to gene expression profiles of reactive astrocytes found
852 in other neurodegenerative and inflammatory neuropathologies (Suppl.Fig.10). Pan-
853 reactive [59] and neurodegenerative disease associated astrocyte (DAA) [36]
854  signatures, mapped to several stroke reactive astrocyte subsets (Suppl.Fig.10a,c-d).
855 No stroke reactive astrocyte subset in our dataset matched the inflammatory,
856  neurotoxic A1 phenotype, while the neuroprotection associated A2 signature [59, 103]
857  partially overlapped with the signature of AC_3 (Suppl.Fig.10d). Among the reactive
858 astrocyte populations identified in MS (MS_AC _reactive) by Absinta et al. [1], the
859 MS_AC reactive_1&5 subsets, originally described as “reactive/stressed astrocytes”
860 partially overlapped with the stroke reactive astrocyte clusters AC_3 and AC_4 of our
861 dataset (Suppl.Fig.10c,d). Overlaps with the “astrocytes inflamed in MS” (MS_AIMS)
862  signature were sparse and mainly restricted to pan reactive astrocyte genes (e.g. Vim,
863  Gfap) (Suppl.Fig.10c,d). Interestingly, 25 (19.38%) of the 129 DEGs upregulated in
864 AC_5 were also included in MS_AC reactive_4, originally described as “senescent
865 astrocytes” [1] (Suppl.Fig.10c). However, these overlaps did not consist of genes
866 related to senescence, but almost exclusively ciliary process associated genes.

867 Remarkably, the gene expression profiles of reactive astrocytes and stroke specific
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868 oligodendrocyte lineage subsets within our dataset shared extensive similarities
869  (Suppl.Fig.10e). Particularly, we observed that 66 of the 351 DEGs (18.8%)
870 upregulated in OPC_1 and 24 of the 216 DEGs (11.11%) upregulated in MOLIGO _1

871  were also upregulated in the reactive astrocyte cluster AC_3 (Suppl.Fig.10e).
872

873  Cell-cell communication (CCC) inference analysis implicates glycoproteins as

874  major immuno-glial signalling hubs in infarcted brain tissue

875 So far we identified transcriptionally unique myeloid and neuroglial subsets within
876 infarcted brain tissue. Therefore, we next interrogated the molecular cross talk
877 between these cells by inferring potential ligand receptor (LR) interactions, using
878 LIANA. We only retained the most robust interactions (aggregate rank score <0.05)
879  (Suppl.data.file.10) and extracted LR pairs unique to datasets from MCAO ipsi.
880 Intriguingly, we inferred 129 LR pairs specific to infarcted brain tissue and grouped
881 them into immuno-glial (Suppl.Fig.11a-e) and intra-glial (Suppl.Fig.12a-e) interactions.
882  These interactions corroborated multiple recently inferred stroke response signalling
883 axes, for example between microglia and oligodendrocyte lineage subsets (e.g. Igf1-
884  >Igfir, Thbs1->Cd47, Psap->Gpr37) [45]. Interestingly, within infarcted tissue
885  specifically, macrophage enriched myeloid cell clusters (M®e) were predicted to signal
886 abundantly via Fibronectin (Fn71) onto both myeloid and neuroglia subsets
887  (Suppl.Fig.11b-d). Cell surface glycoproteins, such as myelin associated glycoprotein
888 (Mag), various integrin and syndecan family members and CD44 were the most
889 commonly predicted Fibronectin receptors on myeloid and neuroglial cells
890 (Suppl.Figs.11-12). Notably, astrocytes were also predicted to signal via fibronectin ->
891  glycoprotein receptor signalling onto various myeloid and neuroglial subsets
892  (Suppl.Figs.11e-12d,e). Glycoprotein receptors indeed emerged as signalling hubs on
893  various myeloid and neuroglial subsets. For instance, Cd44 was inferred to be targeted
894 by various ECM associated ligands such as fibronectin (Fn7), various collagens (e.g.
895 Col4a1, Col6a3), Spp1 encoding osteopontin, but also growth factors, such as
896 hepatocyte growth factor (Hgf) or heparin-binding EGF-like growth factor (Hbegf)
897  (Suppl.Figs.11-12). Strikingly, microglia and macrophage derived Spp1 was predicted
898  to signal back to both myeloid subsets, as well as stroke specific OPCs (OPC_1) and
899  stroke reactive astrocytes (AC_3 and AC_4) via Cd44 (Suppl.Figs.11b-d).
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900 Cd44 positive reactive astrocytes and proliferating OPCs accumulate at the

901 lesional rim in close proximity to osteopontin positive myeloid cells

902 CD44 was identified as a particularly robust marker of reactive astrocytes, in various
903 neuropathological contexts [65] and our dataset (Fig.4, Suppl.Fig.10). Surprisingly, we
904 also detected a pronounced upregulation of Cd44 in stroke associated, proliferating
905 OPCs (Fig.2). Moreover, Spp1 -> Cd44 signalling events from myeloid cells to stroke
906 specific OPCs, reactive astrocytes and myeloid cells themselves ranged among the
907 most robustly predicted interactions within our CCC analysis (Suppl.Figs.11-12). We
908 reasoned that these cell populations might distinctly spatially colocalize in the infarcted

909 brain, a hypothesis we interrogated using IF stainings.

910 Indeed, the number of GFAP*/CD44*/VIM* reactive astrocyte was significantly higher
911 in perilesional cortical GM (123.6 + 107.9/mm?) as compared to the contralateral GM
912 in MCAO operated rats (4.2 + 3.9/mm?) and the GM of Sham operated rats (2.8 +
913  3.3/mm?) (Fig.5a-c). Likewise, GFAP*/CD44*/VIM- astrocytes were significantly more
914  abundant in perilesional (41.4 + 21.9/mm?) as compared to contralateral MCAQO group
915 GM (4.2 + 6.1/mm?). Comparison of cell numbers in perilesional to Sham (5.3 +
916  3.3/mm?) GM approached significance (Fig.5¢c). CD44 was previously implicated as a
917 WM astrocyte subset marker [84]. Congruently, GFAP*/CD44*/VIM- astrocytes were
918 found in all imaged WM ROIs (Sham: 120.3+64.9/mm?; MCAO contra:
919  116.9£101.8/mm?; MCAO ipsi: 301.4+ 485.7/mm?) and did not differ significantly
920 between groups. However, the abundance of GFAP*/CD44*/\VIM* astrocytes in the
921 perilesional WM (626.0+306.8/mm?) increased significantly as compared to MCAO
922  contra (88.4+35.9/mm?) and comparison to Sham WM (120.0+44.04/mm?) approached
923  significance (Fig.5c).

924  Proliferating CD44 positive OPCs (NG2*/CD44*/Ki67*) were essentially absent from
925 the GM or WM of Sham treated rats (GM: 0, WM: 0.25+0.5/mm?) or the hemisphere
926  contralateral to infarction (GM: 0, WM:0), while they were significantly more abundant
927 in perilesional GM (44.3+23.7/mm?) and WM (12.3+£10.2/mm?) (Fig. 5d-f).

928 In summary, both reactive astrocytes (GFAP*/CD44*/VIM*) and proliferating CD44
929 positive OPCs (NG2*/CD44*/Ki67") accumulated in the perilesional zone surrounding
930 the infarcted tissue.
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931  Within the same region we identified abundant OPN positive myeloid cells
932 (Iba1*/OPN*) (Fig.6a-c). Specifically, the number of Iba1*/OPN* cells within the
933  perilesional GM (161.3+44.4/mm?) was significantly higher as compared to the GM
934  contralateral to infarction (11.6+9.4/mm?) or the GM of Sham operated rats
935  (17.3+18.4/mm?) (Fig.6c). Likewise, significantly more Iba1*/OPN* cells were identified
936 in the perilesional WM (226.3+135.3/mm?) as compared to the WM contralateral to
937 infarction (11.385+£18.25/mm?) and the comparison to Sham WM (11.6+9.5/mm?)
938 approached statistical significance (Fig.6¢). Notably, a substantial amount of OPN
939  expressing myeloid cells was themselves CD44 positive (Fig.6a-c). In fact, the number
940 of |Iba1*/CD44*/OPN™* triple positive myeloid cells was significantly higher in the
941  perilesional GM (142.0+47.5/mm?) as compared to the corresponding GM in the
942  hemisphere contralateral to infarction (1.8+2.4/mm?2) or in the GM of Sham operated
943 rats (2.3+2.6/mm?). Likewise, more Iba1*/CD44*/OPN* cells were identified in the
944  perilesional WM (183.05£133.3/mm?) as compared to the WM contralateral to
945 infarction (2.4+3.02/mm?) and the comparison to Sham WM (3.1+2.6/mm?)
946  approached statistical significance. Of note, a considerable proportion of CD44 positive
947 myeloid cells was undergoing mitosis within the perilesional zone (Suppl.Fig.13a-c).
948  Statistical comparison of all subsets within all ROls is reported in Suppl.data.file.7.
949 Interestingly, the spatial association of OPN positive myeloid cells to bordering CD44
950 positive cells was also observed in human cerebral infarctions in the stage of advanced

951  macrophage resorption (Suppl.Fig.14a-d).
952  Osteopontin induces OPC migration but not proliferation in vitro

953  Osteopontin to CD44 signaling ranged among the most robust inferred immunoglial
954  cell-cell interaction events in our dataset (Suppl.Figs.11,12). Importantly, increased
955 cellular motility and migration are well-established functional consequence of
956  osteopontin -> CD44 signaling in multiple cell populations [27, 56]. Interestingly, we
957 observed that OPN positive myeloid cells and CD44 positive neuroglia accumulated at
958 the perilesional zone in close proximity in situ (Fig.6). We thus speculated that OPN
959  might increase the migratory capacity of neuroglial cells. Indeed, OPN was shown to
960 induce migration in astrocytes in vitro [95]. We wondered whether OPN exerts similar
961 effects on OPCs, which was thus far not shown. A cell gap migration assay revealed
962 that the number of OPCs which migrated into the central gap was significantly

963 increased upon OPN treatment (Fig.7a). To exclude that the increased cell number
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964 within the central gap 48h after OPN treatment was caused by enhanced cell
965 proliferation we quantified Ki67 positive cells. The number of Ki67 positive cells within
966 the central gap did not differ significantly between OPN treated and untreated OPCs
967 (Fig.7a). We followed up on this observation using a BrdU incorporation assay, as a
968 more sensitive measurement of cell proliferation. Consistently, OPN did not increase
969 the percentage of BrdU positive cells (Fig.7b). In summary, OPN induces migration but

970 not proliferation of OPCs in vitro.
971

972 Discussion

973 Reactive astrogliosis is an extensively researched hallmark of the brain’s wound
974  healing response following cerebral ischemia [86, 101]. Comparatively, the response
975 of oligodendrocyte lineage cells to ischemic stroke has been less extensively
976 interrogated. Moreover, the phenotypic heterogeneity within each neuroglial
977  subpopulation and their molecular cross talk upon ischemic injury are insufficiently
978 understood, impeding a holistic perspective on the pathobiology of ischemic stroke.
979 Here we addressed these challenges by generating a large scale single cell resolution

980 transcriptomic dataset of the mammalian brain’s acute response to ischemic stroke.

981  Overall, neuroglial clusters emerged as the most transcriptionally perturbed cell
982  populations within our dataset. Within the oligodendrocyte lineage we detected two
983 transcriptional cell states which were almost uniquely detected within infarcted
984  hemispheres. In line with previous observations [14, 45], we found proliferating OPCs
985 at the perilesional zone of the infarcted hemisphere. However, beyond cell cycle
986  progression the transcriptome of these cells indicated the activation of multiple
987  survival, migration, ECM interaction and growth factor related pathways. This
988  observation suggests pleiotropic roles of OPCs during the brains wound healing
989 response to ischemic injury. Indeed, although oligodendrogenesis and hence
990 contribution to myelination are historically the most prominently described features of
991  OPCs, they are increasingly realized to have more multifaceted roles, particularly in
992  response to injury [99].

993  The second infarction associated oligodendrocyte cell state occupied a unique branch
994 at the opposite edge of the oligodendrocyte developmental trajectory. Remarkably,
995 these oligodendrocytes also upregulated the immature oligodendrocyte marker BCAS-
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996 1 and expressed several cell-cell and cell-ECM interaction associated genes, typically
997 enriched in immature oligodendrocytes. This observation might indicate an incomplete
998 ischemic injury induced reacquisition of immature oligodendrocytes features in a
999  subset of mature oligodendrocytes, a speculation necessitating further investigation.
1000 Interestingly, we did not detect a clear myelination associated gene signature within
1001  these cells. On the contrary, several myelin genes (e.g. Mobp, Mbp) were subtly
1002  downregulated and the inferred activity of several myelination and differentiation
1003  associated TFs was decreased in these cells, as compared to homeostatic mature
1004 oligodendrocytes. This observation suggests either that these oligodendrocytes are
1005  not yet fully devoted to remyelination at this early post ischemic time point, or that they
1006  assume alternative functions during the ischemic wound healing progression. As we
1007  have only sampled brain tissue 48h post injury, our study is not suited to answer this
1008  question conclusively, inviting further investigations. Importantly, recent research has
1009 demonstrated a limited and aberrant remyelination capacity of oligodendrocytes
1010  surviving demyelination compared to newly formed, progenitor derived
1011  oligodendrocytes [70]. We therefore propose that future work elucidating the potentially
1012 divergent fates and remyelination capacities of OPCs and a priori mature

1013  oligodendrocytes, following ischemic injury will be crucial.

1014  The transcriptional overlap between the stroke associated oligodendrocyte lineage
1015  clusters within our dataset with previously described DAO signatures was overall
1016 limited, possibly indicating a fine tuned ischemia specific injury response. However,
1017  the DAO signature reported in Pandey et al. (2022) are derived from rodent models of
1018  neurodegeneration and de-/remyelination with disease courses ranging from multiple
1019  weeks to months [73]. Thus, it is possible that the 48h post injury sampling time point
1020 in our study was too early to observe the emergence of a more prominent DAO-like
1021  signature. Moreover, other diverging neurodegeneration associated DAO signatures
1022 have been reported and contain further partial overlaps to the stroke associated
1023  oligodendrocyte lineage cells in our dataset [48], for example regarding the
1024  upregulation of interleukin 33 (//33). However, within our sample /[33 was not
1025 upregulated in mature stroke associated oligodendrocyte but robustly delineated
1026  stroke associated OPC in our snRNAseq dataset, as well as in situ. Importantly, 1133
1027  was shown to exert neuroprotective effects during cerebral ischemia via ST2 mediated
1028 immunomodulatory signalling onto microglia and regulatory T cells [60, 100].

1029  Moreover, 1133 was implicated in the physiological progression of OPCs to mature
32
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1030  oligodendrocytes [92]. The upregulation of 1133 in OPCs during cerebral ischemia might

1031  hence be involved in multiple neuroprotective pathways.

1032 The majority of reactive astrocytes within our dataset upregulated gene sets
1033  associated to BBB maintenance, migration, cell-cell and ECM interaction, in line with
1034  previous work [13, 80]. This transcriptional profile corresponds well to the canonical
1035  roles of astrocytes in ECM scaffold formation and spatial containment of the neurotoxic
1036  core lesions microenvironment following CNS injury [86]. As expected, the reactive
1037  astrocyte signatures within our dataset overlapped with the canonical ischemia
1038  associated A2-signature, but not with the inflammation induced A1-signature [59, 103].
1039 Interestingly, the stroke reactive astrocyte transcriptomes in our dataset overlapped
1040 partially with MS “reactive/stressed astrocytes” [1] and neurodegeneration associated
1041  DAA signatures [36], highlighting common astrocyte responses to diverse neuronal
1042  injuries. Notably, we identified a small, predominantly severe infarction derived, subset
1043  of reactive astrocytes (AC_5), characterized by an upregulation of primary cilium
1044  associated genes. Intriguingly, a similar enrichment of primary cilium associated genes
1045  was previously identified in reactive astrocyte subsets in MS and Parkinson’s disease
1046  [1, 78]. Furthermore, Wei et al. have recently characterized a population of astrocyte-
1047  ependymal cells in spinal cord tissue which expanded after acute injury [97]. This
1048  population shared several transcriptional similarities with the reactive AC_5 subcluster
1049 in our dataset such as the upregulation of Rfx3 and Dnah encoding genes and
1050 increased Foxj1 TF activity. The precise origin and function of cilia gene enriched or
1051  astrocyte-ependymal cell states in response to CNS injuries are still largely unknown.
1052  Astrocytes and ependymal cells are developmentally closely related and they form a
1053 common transcriptional taxon [104]. Limited by the low number of captured AC_5
1054 nuclei and the single sampling time point in our study, we can thus far not conclude
1055  whether the expansion of the AC_5 cluster upon MCAO was caused by the acquisition
1056  of ependymal cell features by astrocytes, upregulation of reactive astrocytes genes in
1057  ependymal cells, or both. Further studies will be necessary to unveil the elusive role of

1058  these cells in ischemic stroke and other neuropathologies.

1059  Under physiological conditions astrocytes are crucially involved in the regulation of ion
1060 and neurotransmitter signalling, as well as synapse assembly and maintenance [96].
1061  Our findings indicate a possible loss of these homeostatic functions in stroke reactive

1062  astrocytes. Likewise, oligodendrocyte lineage cells are increasingly recognized to be
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1063  coupled to neuronal neurotransmitter signalling via bidirectional cross talk, at OPC and
1064 axo-myelinic synapses [68, 99]. Interestingly, similarly to astrocytes, multiple
1065 neurotransmitter receptors, ion channels and ion channel interacting proteins were
1066  downregulated in oligodendrocyte lineage cells upon cerebral ischemia. Some of these
1067 genes were also downregulated subtly in the hemisphere contralateral to infarction.
1068  Further studies will be necessary to assess whether these changes functionally relate

1069  to possible disruptions of homeostatic oligodendroglia-neuronal crosstalk.

1070 While comparing the cerebral ischemia induced transcriptional perturbations in
1071  oligodendrocyte lineage cells and astrocytes we noticed further, more prominent
1072  similarities between infarction restricted oligodendrocyte lineage and astrocyte
1073  populations. Similar to reactive astrocytes, infarction restricted OPCs upregulated
1074  migration, cell-cell and ECM-interaction genes (e.g. Met, Cdh2, Tnc, Adamts1,
1075  Adamts9, Vim, Cd44) and colocalized with reactive astrocytes at the perilesional zone.
1076  Itis thus possible that the perilesional microenvironment instructs a shared phenotype
1077  onto these populations. The partial acquisition of reactive astrocyte associated genes
1078 in oligodendrocytes after injury has also been noted in previous studies. Importantly,
1079 Kirdajova et al. have documented the emergence of a stroke specific, transient,
1080 proliferating “Astrocyte-like NG2 glia” population seven days after focal cerebral
1081 ischemia and speculated that this population might contribute to early glial scar
1082 formation [50]. Although, a subset of OPCs progresses to myelinating
1083  oligodendrocytes following ischemic stroke particularly in young animals [45], a
1084  substantial amount of OPCs remains undifferentiated for up to eight weeks post injury,

1085  suggesting potential alternative cell fates [14].

1086 More recently it was also shown that bona fide mature oligodendrocytes can
1087  dedifferentiate via a hybrid “AO cell” state into astrocytes in vivo, in the days to weeks
1088 following traumatic and ischemic brain injury [7]. This phenotypic switch was causally
1089 linked to IL6 signalling. Interestingly, the infarction enriched mature oligodendrocytes
1090 in our dataset would be primed to respond to this cytokine due to the prominent
1091  upregulation of canonical downstream targets of IL6, such as //6st and Stat3. However,
1092  the transcriptional similarities between reactive OPCs, oligodendrocytes and astrocyte
1093  cluster within our datasets do not necessarily indicate that they harbour the progeny of
1094  hybrid cell states. Moreover, overlaps in gene and TF signatures do not unequivocally

1095 dictate shared functions during neural regeneration. For example, traumatic injury
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1096 induced STATS3 activation in astrocytes is involved in GFAP upregulation, induction of
1097  cellular hypertrophy and glial scar formation [40], while in oligodendrocytes STAT3
1098 signalling was implicated in maturation and remyelination after focal demyelination
1099  [91]. Further studies will be necessary to decipher the precise functional consequences

1100  of the herein described gene expressional changes in oligodendroglia and astrocytes.

1101 The recruitment of reactive neuroglia and immune cells to the injury site is a crucial
1102  step during the acute ischemic injury response [23]. Our data indicate that myeloid
1103  cells might be involved in orchestrating this process. We confirmed the emergence of
1104  SAMC specifically within infarcted brain tissue. The sparsity of myeloid cells within non-
1105 lesioned brain tissue is a previously elaborated [15] limitation of our nuclei isolation
1106  approach and impeded a direct comparison of SAMC to homeostatic microglia within
1107  this study, which has already been conducted elsewhere [10]. Although the herein
1108  used method of nuclei isolation is prone to exclude immune cells, they were robustly
1109  captured within infarcted tissue, highlighting their drastically increased abundance in
1110 the infarct lesion. The clearance of lipid-rich tissue debris has been established as a
1111 primary function of SAMC [10], although alternative functions, such as the reduction of
1112  ROS stress, have been described [49]. Here we observed that myeloid cells expressing
1113 the canonical SAMC marker osteopontin accumulate in close proximity to reactive
1114  astrocytes and proliferating OPCs which robustly expressed the osteopontin receptor
1115 CDA44 in the perilesional zone. Furthermore, we were able to show that osteopontin
1116  increased the migratory capacity of OPCs in vitro. Indeed, osteopontin is a well-
1117  established inductor of cellular migration in numerous cell types and has been
1118 implicated to act as a chemotactic cue via CD44 mediated signalling [56, 95]. In
1119  addition, CD44 was shown to be indispensable for the migration of transplanted rat
1120  OPC-like CG4 cells towards focal demyelinated lesions [74], and macrophage derived
1121  osteopontin was shown to induce the extension of astrocyte processes towards the
1122 infarct perilesional zone following focal cerebral ischemia [33]. The accumulation of
1123  CD44 positive astrocytes and immune cells in the peri-infarct zone was previously
1124  shown and associated to a homing towards the CD44 ligand hyaluronic acid, which
1125 also accumulates at the peri-infarct border [2, 3, 83]. Importantly, our CCC analysis
1126 inferred that CD44 is indeed targeted by multiple ligands in infarcted tissue specifically.
1127  Likewise, osteopontin was predicted to signal onto multiple other receptors, such as
1128 integrins which was previously also associated to increased migration [106]. As the

1129  recruitment of neuroglia and immune cells to the site of injury is a prerequisite for
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1130 further regenerative mechanisms, it is highly plausible that multiple redundant
1131  mechanisms have evolved to achieve this. Moreover, the role of osteopontin in
1132 ischemic stroke likely exceeds the regulation of cellular migration, although its precise
1133  contribution to post ischemic regeneration is still controversial. For example,
1134  osteopontin has been shown to acutely aggravate ischemia-induced BBB disruption
1135  [90], but augment white matter integrity via immunomodulatory mechanisms, in the
1136  subacute to chronic stages of stroke recovery [87]. A further complicating factor is the
1137  age dependency of many molecular cross talk events during the response to cerebral
1138 ischemia. For example, osteopontin to CD44 signaling was largely restricted to young
1139  animals in a previous study [45]. The fact that our results are based on a homogenous
1140  cohort of young, male rats is an evident limitation that has to be taken into account

1141  when extrapolating translational considerations from this dataset.

1142  In summary, our study captured the emergence of cell type and cerebral infarction
1143  specific transcriptional signatures in neuroglia. Although, reactive oligodendrocyte
1144 lineage cells and astrocytes exhibited distinct responses their transcriptional
1145  signatures overlapped substantially, indicating a shared molecular ischemia response
1146  repertoire and possibly shared functions during regeneration. Moreover, we uncovered
1147 a shared immuno-glial molecular cross talk, which implicated myeloid cells as
1148  contributors to OPC and reactive astrocyte recruitment to the injury site via the
1149  osteopontin CD44 signaling axis. Beyond the diverse transcriptional response patterns
1150  highlighted in our analysis, the large scale dataset generated within this study will
1151  provide an instrumental resource for the interrogation of acute cell type specific
1152  responses to ischemic stroke. We propose, that this approach will contribute to
1153 untangle the complex mechanisms governing post ischemic neural regeneration,
1154  ultimately aiding in the discovery of novel treatment strategies to alleviate the

1155  devastating consequences of ischemic stroke.

1156
1157
1158
1159
1160
1161

1162
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1193 Figure 1. snRNAseq reveals differential cell cluster abundance and cluster
1194  specific transcriptional perturbations 48h after ischemic stroke. (a) lllustration of
1195  study design, depicting brain regions sampled for snRNAseq, from n=4 Sham control
1196  rats and n=7 MCAO rats. MRI images of brain tissue from Sham operated, mMMCAQO
1197 and sMCAQO rats are presented, ischemic lesions are highlighted in red. (b) UMAP plot
1198 depicting 68616 nuclei annotated to 29 major cell clusters in the overall integrated
1199 dataset. Cell cluster abbreviations: AC: astrocyte cluster, CHOL_IN: cholinergic
1200 interneurons, EP_M_C: ependymal and mural cell cluster, GABA_Amb: Ambiguous
1201 GABAergic neuronal cluster, GABA_IN_Adarb2+, GABA IN_Adarb2-: GABAergic
1202 interneurons, Adarb2 positive/negative, respectively, GABA _MSN: GABAergic
1203 medium spiny neurons, GLU_Satb2+, GLU_Satb2-: Glutamatergic neurons, Sath2
1204  positive/negative, respectively, OLIGO _1: immature oligodendrocyte lineage cluster,
1205 OLIGO_2: myelinating and mature oligodendrocyte lineage cluster. (c) Dotplots
1206  depicting curated marker genes for all major cell clusters. The dendrogram on top of
1207 the left dotplot represents overarching taxons of identified major cell clusters. The
1208  dotplotin the middle depicts curated cluster markers of glutamatergic neurons. Colored
1209 bars next to the gene names denote established associations to cortical layers.
1210  Representative corresponding RNA in situ hybridization (ISH) results are depicted next
1211 to the colored bars. All RNA ISH studies were taken from Allen Brain Atlas database
1212 [57], and are referenced in detail in Suppl.Tab.3. Abbreviations: L = layer, CLA =
1213 claustrum, ec = external capsule, LSr = lateral septal nucleus, PIR = piriform cortex.
1214  Dotplot on the right shows marker gene expression in cholinergic and GABAergic
1215  neurons. (d) Stacked bar plot depicting the relative abundance of each cell cluster
1216  within each sample. (e) Top: Nuclei distribution coloured by treatment group. Bottom:
1217  Gene module score derived from the stroke-associated myeloid cell (SAMC) gene set
1218  [10]. (f) Strip plots depicting distribution of DEGs derived from MCAO ipsi vs Sham and

1219  MCAO ipsi vs MCAO contra comparisons, for all major cell clusters.
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1249 Figure 2. Emergence of transcriptionally distinct OPCs and mature
1250 oligodendrocytes within infarcted brain tissue. (a) Subclustering of
1251  oligodendrocyte lineage clusters. Top left: UMAP plot depicting 10240 nuclei annotated
1252  to 10 subclusters, bottom left: stacked bar plot depicting the relative abundance of each
1253  subcluster within each group, bottom right: Nuclei distribution coloured by treatment
1254  group, right panel: dotplot depicting curated sub cluster markers. Subcluster
1255  abbreviations: OPC: oligodendrocyte precursor cell, COP: committed oligodendrocyte
1256  precursor, NFOLIGO: newly formed oligodendrocyte, MFOLIGO: myelin forming
1257 oligodendrocyte, MOLIGO: mature oligodendrocyte, MC_OLIGO: myeloid cell
1258  oligodendrocyte mixed cluster. (b) Top: Projection of Monocle3 generated pseudotime
1259 trajectory onto subcluster UMAP plot, with subcluster OPC_0 as root. Feature Plots
1260 depicting S-phase (middle) and G2/M-phase (bottom) gene module scores. (c)
1261  Volcano plots depicting DEGs derived from the comparison of clusters OPC_1 to
1262 OPC_O0 (top) and MOLIGO_1 to MOLIGO_2 (bottom). (d) Heatmap depicting the
1263  average scaled gene expression of curated DEGs, split by subcluster and treatment
1264  group. Functional annotations are given on the left side of the gene names. (e) Top:
1265 Clustered heatmap depicting aggregate gene expressions of Monocle3 derived co-
1266  regulated gene modules. Modules associated to OPC_1 and MOLIGO_1 are
1267  highlighted in light and dark red, respectively. Bottom: The average aggregate
1268  expression of the OPC_1 and MOLIGO_1 associated modules is plotted along the
1269  pseudo time trajectory. The Top 25 module defining genes, as sorted by descending
1270  Moran’s |, are depicted in boxes on the right side of the respective gene module feature
1271 plots. (f) Heatmap depicting the top 100 most variable decoupleR derived transcription
1272  factor activities, within the oligodendrocyte lineage sub clustering analysis, split by sub
1273 cluster and treatment group.
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1305 Figure 3. Proliferating OPCs accumulate in the perilesional zone 48 h after
1306 ischemic stroke and express VIM and IL33. (a) Overview of a representative coronal
1307  brain section 48 h post MCAO, stained for NG2, VIM and Ki67. Grey matter ROIs (GM)
1308 are highlighted in violet, white matter ROIs (WM) in lime green, lower right inset depicts
1309 a corresponding T2 weighted MRI image from the same animal. Bar = 2 mm (b)
1310 Representative images from GM and WM ROls of Sham, MCAO contra and MCAO
1311  ipsi sections, split by antigen. Ki67 = magenta, NG2 = Cyan, VIM = yellow, DAPI
1312 (nuclei) = blue, bars = 50 um. White arrowheads point to triple positive cells. (c) Cell
1313 counts within GM and WM respectively are presented as box plots for NG2*/VIM*/Ki67*
1314 triple positive cells. Cell counts for NG2*/VIM'/Ki67*, NG2*/VIM/Ki67",
1315 NG2*/VIM*/Ki67-, NG2*/VIM/Ki67- are also jointly shown as colored stacked bar plot.
1316  (d) Representative coronal overview, 48 h post MCAO, stained for NG2, IL33, Ki67.
1317 GM ROils in violet, WM ROIs in lime green, lower right inset shows a corresponding
1318  MRI image from the same animal. Bar = 2 mm (e) Representative images from GM
1319 and WM ROlIls derived from Sham, MCAOcontra and MCAOipsi groups, split by
1320 antigen. Ki67 = magenta, NG2 = Cyan, IL33 = yellow, DAPI (nuclei) = blue, bars = 50
1321 pm White arrowheads point to triple positive cells. (f) Cell counts within GM and WM
1322  are presented as box plots for NG2*/IL33*/Ki67* triple positive cells. Cell counts for
1323 NG2*/IL33*/Ki67*, NG2*/IL33/Ki67*, NG2*/IL33*/Ki67-, NG2*/IL337/Ki67- are also
1324  jointly shown as colored stacked bar plot. Data derived from n = 4-5 animals per group,
1325 p values derived from Kruskal-Wallis-H-Tests, followed by Dunn's post hoc

1326 comparisons.
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1360  Figure 4. Transcriptional heterogeneity of reactive astrocytes within infarcted
1361  brain tissue. (a) Subclustering analysis of astrocytes. Top left: UMAP plot depicting
1362 1233 nuclei annotated to 5 subclusters, bottom left: stacked bar plots depicting the
1363  absolute and relative abundance of each subcluster within each group, bottom right:
1364  Nuclei distribution coloured by group, right panel: Dotplot depicting curated
1365 homeostatic and reactive astrocyte marker genes. (b) Volcano plots depicting DEG
1366  derived from the comparison of the reactive astrocyte subclusters AC_3 (left), AC_4
1367  (middle) and AC_5 (right) to the homeostatic astrocyte subclusters (AC_1 and AC_2,
1368 pooled). (c-f) Heatmaps depicting the average scaled gene expression of curated
1369  upregulated DEGs, derived from the comparison of AC_3 and AC_4 (c) and AC_5 (d)
1370  to homeostatic astrocytes, as well as DEGs downregulated in reactive astrocytes (e),
1371 split by subcluster and group. (f) Clustered heatmap depicting the top 50 most variable
1372  decoupleR derived transcription factor activities, within the astrocyte lineage

1373 subclustering analysis, split by subcluster and treatment group.
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1412  Figure 5. Reactive astrocytes and proliferating OPCs are CD44 positive and
1413  abundant in the perilesional zone 48 h after ischemic stroke. (a) Overview of a
1414  representative coronal brain section 48 h post MCAO, stained for GFAP, CD44 and
1415  VIM. Grey matter ROIs (GM) are highlighted in violet, white matter ROIs (WM) in lime
1416  green, lower right inset depicts a corresponding T2 weighted MRI image from the same
1417  animal. Bar = 2mm (b) Representative images taken from GM and WM ROls of Sham,
1418  MCAO contra and MCAO ipsi sections, split by antigen. VIM = magenta, GFAP = Cyan,
1419  CD44 = yellow, all overlaid with DAPI (nuclei) = blue. Bars = 50 um. White arrowheads
1420 point to NG2+/CD44+/Ki67+ triple positive cells. (¢) Cell counts within GM and WM are
1421  presented as box plots for GFAP*/CD44*/VIM™* triple positive cells. Cell counts for
1422  GFAP*/CD44*/VIM*, GFAP*/CD44-/NVIM*, GFAP*/CD44*/VIM-, GFAP*/CD44-/VIM- are
1423  also jointly shown as colored stacked bar plot. (d) Representative coronal overview,
1424 48 h post MCAO, stained for NG2, CD44, Ki67. GM ROIs in violet, WM ROls in lime
1425  green, lower right inset shows corresponding MRI image from the same animal. Bar =
1426  2mm (e) Representative images from GM and WM ROls taken from Sham, MCAO
1427  contra and MCAQO ipsi groups, split by antigen. Ki67 = magenta, NG2 = Cyan, CD44 =
1428  yellow. Bars = 50 ym. White arrowheads point to NG2+/CD44+/Ki67+ triple positive
1429  cells. (f) Cell counts within GM and WM respectively are presented as box plots for
1430 NG2*/CD44*/Ki67*. Cell counts for NG2*/CD44*/Ki67*, NG2*/CD447/Ki67",
1431 NG2*/CD44*/Ki67-, NG2*/CD44/Ki67- are also jointly shown as colored stacked bar
1432  plot. Data derived from n = 4-5 animals per group, p values derived from Kruskal-

1433  Wallis-H-Tests, followed by Dunn's post hoc comparisons.
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1467  Figure 6. Osteopontin positive myeloid cells accumulate in the perilesional zone
1468  in close proximity to CD44 positive cells 48 h after ischemic stroke. (a) Overview
1469  of a representative coronal brain section 48 h post MCAO, stained for Iba1, CD44 and
1470  OPN. Grey matter ROIs (GM) are highlighted in violet, white matter ROls (WM) in lime
1471  green, lower right inset depicts a corresponding T2 weighted MRI image from the same
1472 animal. Bar = 2 mm. (b) Representative images from GM and WM ROlIs of Sham,
1473  MCAOcontra and MCAQO ipsi sections, split by antigen. OPN = magenta, |ba1 = cyan,
1474  CD44 = yellow. Bar = 50 uym. (¢) Cell counts within GM and WM are presented as box
1475 plots for 1ba1*/OPN* double positive cells, cell counts for Iba1*/CD44*/OPN®,
1476  |ba1*/CD44-/OPN", Iba1*/CD44*/OPN-, Iba1*/CD44-/OPN- are jointly shown as colored
1477  stacked bar plot. Data derived from n = 4-5 animals per group, p values derived from

1478  Kruskal-Wallis-H-Tests, followed by Dunn's post hoc comparisons.
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1519  Figure 7. Osteopontin induces OPC migration but not proliferation in vitro. (a) In
1520  vitro cell migration assay. Cells were seeded in 2 well culture inserts, creating defined
1521 500 um gaps. NG2 positive cells which migrated into the 500 um gap were quantified
1522  after 48 h of treatment. Representative images of OPC cell cultures 48 h after
1523  incubation without (upper panel: untreated control = UC), or with 1 ug/ml OPN (lower
1524  panel), stained for DAPI (nuclei) = blue, Ki67 = magenta and NG2 = cyan, split by
1525 channel. Scale bars denote 500 um gaps. Box plots on the right show the number of
1526 NG2 positive cells, which migrated into 500 um gaps, for each condition, p-values
1527  derived from unpaired student’s t-test (t=3,097, df=14, n=8 replicates per group, from
1528 2 independent experiments). In n = 4 replicates per group from 2 independent
1529  experiments Ki67 was visualized. Lower Boxplot depicts the percentages of Ki67* cells
1530  within the 500 um gap, for each condition, p values derived from unpaired student’s t-
1531  test (t=0,7150, df=6). (b) BrdU incorporation assay. BrdU incorporation was visualized
1532 24h after incubation without (UC) (upper panel) or with 1 pg/ml OPN (lower panel).
1533  Representative 20x magnification images are shown, stained for DAPI (Nuclei) = blue,
1534 BrdU = magenta and NG2 = cyan, split by channel. Scale bars = 100 ym. Boxplot
1535  depicts the percentages of BrdU* cells, for each group, p values derived from unpaired
1536  student’s t-test (t=0,8219, df=6, n=4 replicates per group, from 1 independent

1537  experiment).
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