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The unmet therapeutic need of ischemic stroke 
ïRapid injury, slow and incomplete recovery
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ÅAge standardized 

incidence / prevalence rates 

for all strokes are estimated 

at 150.8 and 1240.3 per 

100000 people.

Å Ischemic strokes , constitute 

about 70 -87 % of all strokes .

Å Ischemic strokes are the 

second most common cause 

of death, and the third most 

common cause of disability -

adjusted life years.

Hemorrhagic strokes Ischemic strokes

å25% Cardioembolic

å20% Small vessel disease

å20% Large artery disease 



Selected hallmarks of cerebral ischemia 
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Red dead neurons Reactive astrogliosis (red:GFAP, cyan: NeuN)

Cystic encephalomalacia

Ref.: Qin, C., Yang, S., Chu, YH. et al. Signaling pathways involved in ischemic stroke: molecular mechanisms and therapeutic interventions. 

Sig Transduct Target Ther 7, 215 (2022).

https://www.pathologyoutlines.com/topic/cnsstroke.html



Aim of the project
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A single cell resolution census of the acute 
transcriptional response of the CNS to focal 

ischemia



Study design
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Filament induced

permanent MCAO

T2 -weighted MRI

+48h 

Sampling

MCAO: N=12

Sham: N=8

Sham

mMCAO 

sMCAO 



Hyperintense lesions on T2-MRI correspond to myelin and neuron loss on IHC and IF
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a T2-weighted MRI 

from a rat brain 48h 

post MCAO

b LFB staining

48h post MCAO

c IF colocalization

of MAP2 (yellow) and 

Iba1 (magenta)
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25 µm

a Overall snRNAseq study design

b snRNAseq Workflow: 

Lysis -> Debris removal -> single nuclei cDNA 

library -> RNAseq

snRNA seqworkflow

a

b



snRNAseqcaptures neural  cell heterogeneity 
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UMAP plot (a) and molecular markers (b) of major cell clusters in the integrated dataset
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snRNAseqreveals differential cell cluster abundance and cluster specific 
transcriptional perturbations 48h after ischemic stroke
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Stroke associated myeloid cells (SAMC) are restricted to infarcted tissue 
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Both microglia and macrophages exhibit a SAMC signature, which overlaps with MS 
microglia, neurodegeneration associated DAMs and axon tract associated myeloid cells 

SAMC subcluster UMAP Selected myeloid cell state markers



Distinct reactive phenotypes arise at opposite ends of the oligodendroglial developmental 
trajectory 48h after MCAO
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OLIGO subcluster UMAP Subcluster markers Pseudotime trajectory

G2/M phase 

module score

Relatvie cluster abundance



Aggregate gene expressions of Monocle3 -derived co -regulated gene modules, unique to OPC_1 and MOLIGO_1
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Distinct reactive phenotypes arise at opposite ends of the oligodendroglial developmental 
trajectory 48h after MCAO



The transcriptional signature of reactive oligodendroglial phenotypes 
corresponds to diverse non-myelination associated functions 
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Average scaled gene expression of curated 

DEGs, split by subcluster and treatment group



Proliferating reactive OPCs accumulate at the perilesional zone 48h after MCAO
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Transcriptional heterogeneity of reactive astrocytes within infarcted brain tissue
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A
C

AC subcluster UMAP AC subcluster 

markers 

Relatvie cluster abundance



a

Astrocytes lose their homeostatic signature and give rise to heterogeneous reactive 
astrocyte phenotypes
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(a,b) Average scaled gene expression of curated DEGs, (c) inferred transcription factor activities split by subcluster and treatment group

a b c



Reactive GFAP+/CD44+/Vim+ astrocytes are abundant in the perilesional zone 48 h after MCAO
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Stroke reactive astrocytes and OPCs share common upregulated DEGs

18

66 of the 351 DEGs ( 18.8% ) upregulated in 

OPC_1 and 24 of the 216 DEGs ( 11.11% ) 

upregulated in MOLIGO_1 were also 

upregulated in the reactive astrocyte cluster 

AC_3



Reactive proliferating CD44+ OPCs are abundant in the perilesional zone 48 h after MCAO

19



Cell-cell communication analysis infers immuno -glial cross talk within infarcted 
brain tissue
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Significant (aggregate rank scores < 0.05 ) ligand -receptor (LR) interactions , between

MYELOID and AC (b), MYELOID and OLIGO (c) and inbetween MYELOID clusters (d)

unique to datasets derived from infarcted tissue (MCAO ipsi) .



OPN+ myeloid cells accumulate in the perilesional zone in close proximity to CD44+ cells 
48 h after MCAO
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ăShort shake

offò 1h, 250rpm

Microglia 

clearance

ăLong shake

offò 18h, 300rpm +

Differential adherence

Osteopontin induces OPC migration but 
not proliferation in vitro 

Purification of OPCs 

from mixed neural 
clutures

a Migration assay

b BrdU assay


