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[ Abstract ]| Objective To study the dynamic changes of astrocytes in brain tissue after ischemic stroke (IS) by
single cell sequencing technology, so as to better understand the role of astrocytes in the development and progression of
IS. Methods The sequencing data of IS mouse brain tissue (GSE227651) were downloaded from the Gene Expression
Omnibus (GEO) database, and the canonical correlation analysis (CCA) method was used for data integration. Different cell
subsets were obtained by #-distributed stochastic neighbor embedding (tSNE) dimensionality reduction and cluster analysis,

and different cell subsets were annotated by SingleR package. Further, different astrocyte subsets were obtained by tSNE
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dimensionality reduction and cluster analysis, and the number change and functional status of different astrocyte subsets
were analyzed. Monocle package was used to analyze the developmental stages of different astrocyte subsets. Dynamic
analysis of ligand-receptor interactions between astrocytes and other cell subsets was performed using CellChat package.
Results The sequencing data of GSE227651 were downloaded and the mouse brain cells were grouped into 19 cell subsets
and annotated into 16 different cell types after integrated cluster analysis. The astrocytes were further divided into 6 astrocyte
subsets by cluster analysis. Compared with the healthy control, the number of subsets 0 and 3 decreased on the 1" day after
IS, but gradually increased on the 3" and 7" day after IS; the number of subsets 2 and 5 increased on the 1* day after IS, and
gradually decreased on the 3" and 7" day after IS; subsets 1 and 4 had little change at different time points after IS. Based on
functional analysis, astrocyte subsets 2 and 5 were defined as reactive astrocytes, subsets 0 and 3 were defined as reparative
astrocytes, and subsets 1 and 4 were defined as resting astrocytes. According to the results of pseudotime analysis, astrocyte
subset 2 was further defined as acute reactive astrocytes, and subset 0 was defined as reparative astrocytes after ischemic
injury. The analysis of cell ligand-receptor interactions showed that the ligand-receptor interactions between astrocytes and
astrocytes, B cells, natural killer (NK) cells, endothelial cells, macrophages, epithelial cells and neurons changed dynamically
with time, and the inflammatory response was mediated mainly by establishing association with NK cells on the 1* day after
IS. The recovery of neurovascular function was mediated by the connection with endothelial cells and neurons from the 3* day
of IS. Conclusion The functional status of astrocytes changes dynamically with time after IS. In the early period after IS,

acute reactive astrocytes may mediate the acute inflammatory response after injury, while from the 3" day after IS, reparative

astrocytes may participate in the functional reconstruction of brain tissue after injury.
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Fig1 Proportion of subsets of brain tissue cells at different time points after tMCAO

A: The proportion of different subsets of cells in all cells (the subsets of cells in the red box were astrocytes); B: GFAP

immunofluorescence results (40 X) in ischemic penumbra area of posterior cortex after tMCAQ; C: Statistical results of

immunofluorescence. n=3, x+s, P<<0.05, P<<0.01. tSNE: t-distributed stochastic neighbor embedding; tMCAOQO: Transient middle

cerebral artery occlusion; GFAP: Glial fibrillary acidic protein; DAPI: 4°,6-diamidino-2-phenylindole.
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Fig2 Monocle pseudotime analysis results of astrocytes after tMCAO

A: The developmental timeline of astrocyte subsets; B: The astrocyte subsets can be divided into 5 distinct developmental stages; C,

D: The developmental stage (C) and density (D) of different astrocyte subsets; E, F: The developmental stage (E) and density (F) of

astrocytes in different samples. tMCAO: Transient middle cerebral artery occlusion.
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Figure 1 Cluster analysis of mouse brain tissue cells
A: The single-cell data were grouped into 19 subsets according to the cell type of brain tissue; B: The distribution
of the different samples (Control, Day 1, Day 3 and Day 7) cells in different cell subsets; C: SingleR’s
visualization of the results of cell annotation.
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Figure 2  Cluster analysis and functional annotation of astrocytes
A: Astrocytes were reclustered into 6 distinct subsets; B: The proportion of each astrocyte subsets
in the different samples; C: Heat maps of the Top 10 marker genes of each astrocyte subsets; D:
The results of GO functional enrichment analysis (biological process) of astrocyte marker genes
(the short parentheses indicate the total number of genes that are enriched).
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Figure 3 Heatmaps and functional enrichment analysis of quasi time-related genes
A: Clustering heatmaps of 2-node quasi time-related genes at the differentiation stage; B: Functional
enrichment analysis of 2-node quasi-time-related genes in the differentiation stage; C: Clustering
heatmaps of 1-node quasi time-related genes at the differentiation stage; D: Functional enrichment
analysis of 1-node quasi-time-related genes in the differentiation stage.
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Figure 4 Cell interactions between astrocytes and other tissue cells in brain tissue at
different time points after IS
A-C: Changes in the number and intensity of ligand receptor signal pairs between astrocytes
and other brain tissue cells (cell interactions of astrocytes are shown in the green frame).
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