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• ALS–like pathology caused activation of

astrocytes and decrease of homeostatic and

neuroprotective populations.

• The pathological changes are mitigated by lack of

reactive astrogliosis causing shifts in composition

of astrocytic populations to control–like state.

• The protective effect is likely mediated by genes

involved in lipoprotein particle assembly and lipid

metabolism.

• Microglia showed signs of early activation in ALS-

like pathology which was reduced by lack of

reactive astrogliosis, indicating interaction of

astrocytes and microglia.

• The subpopulations of astrocytes and microglia

have active communication network that is

changed by presence or lack of reactive

astrogliosis.

Single-cell RNA sequencing of ALS mouse model with 

attenuated reactive astrogliosis

Sarka Benesova1,2, Ulrika Wilhelmsson3, Yolanda De Pablo3, Marcela Pekna4, Pavel Abaffy1, Lukas 

Valihrach1, Milos Pekny3

scRNA-seq captured main glial cell populations

Experimental design

Funding

Progress of amyotrophic lateral sclerosis (ALS),

neurodegenerative disease affecting lower motor

neurons in spinal cord and brain stem, is

accompanied by astrocyte activation and reactive

astrogliosis involving upregulation of intermediate

filaments (IFs). Complete absence of IFs proteins,

glial fibrillary acidic protein (Gfap) and vimentin

(Vim), leads to inhibition of glial scar formation,

improvement of regeneration after CNS injury and to

attenuation of reactive astrogliosis1. We

crossbred Gfap-/-Vim-/- mouse with wobbler mouse

(recessive point mutation in Vps54 causing ALS–like

pathology). Resulting mice showed slower disease

progression, improved survival and decreased

neuronal loss in cervical spinal cord.

Conclusions

This project is a part of specific university research project A1-FCHT-2021-003 (SB). It was

also supported by the Ministry of Education, Youth and Sports, under the frame of EJP RD,

the European Joint Programme on Rare Diseases: CZ.1.05/1.1.00/02.0109 and RVO

86652036. In addition, this project has received funding from the European      ’ Horizon

2020 research and innovation programme under the EJP RD COFUND- EJP N° 825575.

Astrocytes showed diverse transcriptional profiles influenced by pathology and presence of reactive 

astrogliosis

Here, we used single-cell RNA sequencing of

cervical spinal cord samples of 30 days old wobbler

mice (Wr/G+V+), wobbler mice carrying Gfap-/-Vim-/-

(Wr/G-V-), control wild type mice (WT/G+V+), and

wild type mice carrying Gfap-/-Vim-/- (WT/G-V-) to

characterize cell type specific transcriptomic changes

leading to improvement of ALS survival.

                           

                                  

                            

                           

                          

                          

                                

                         

                             

                                    

                  

                     

Purine phosphate process
Ribosome assembly

Alcohol biosynthesis and metabolism

Lipoprotein particle and lipid  process

Membrane protein localization

Maintenance of membrane 
protein localization

Exit of plasmatic reticulum

RNA and ncRNA process

Regulation of macromolecule translation

Cytochrome transmembrane 
transport

Respiratory complex assembly

Positive regulation of catecholami-ne 
and dopamine metabolism

Apoptotic signaling 

P53 signaling

Wr/G-V-

Wr/G+V+

A, UMAP visualization of astrocyte clusters calculated (using Seurat 4 package) on all conditions. Names of the clusters were derived manually according to function of marker genes. B, Frequency

was calculated as a ratio of number of cells in each astrocyte cluster to total number of astrocytes in each condition. C, Marker genes calculated using Wilcoxon rank sum test. D, Displayed parent

terms were derived from gene ontologies of biological processes significantly enriched (using over-representation analysis, q-value < 0.05) in genes differentially expressed (padj < 0.05) between

Wr/G+V+ and Wr/G-V- astrocytes.

Homeostatic

ApoE high

Reactive

Oxidative phophorylation

Translation

A B C

Background

Cell-cell communication analysis revealed changes in signaling (pathways) between 

populations of astrocytes and microglia

CPM

Transition

Homeostatic

ARM-like

A, UMAP visualization of microglia clusters calculated (using Seurat 4 package) on all conditions (ARM-like; activated response microglia, CPM; cycling and proliferating microglia). Names of the

clusters were derived manually according to the functions of marker genes. B, Frequency was calculated as a ratio of number of cells in each microglia cluster to total number of microglia in each

condition. C, Marker genes calculated using Wilcoxon rank sum test.

Heatmaps of relative

level of signalization in 

each cell type for 

expressed signaling 

pahways. A, incoming 

signaling, B, outgoing 

signaling.

1 Li et al., Protective role of reactive astrocytes in brain ischemia. J Cereb Blood

Flow Metab. 2008, Mar;28(3):468-81. doi: 10.1038/sj.jcbfm.9600546. Epub 2007

Aug 29. PMID: 17726492.

Microglia are activated by ALS–like pathology and subtly affected by the lack of IFs
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Endothelial cells

Pericytes

Vascular leptimeningeal cells
Oligodendrocytes

Commited oligodendrocytes

Oligodendrocyte progenitor cells

Ependymal cells

Astrocytes

Microglia

Perivascular macrophages

A, UMAP visualization of all manually identified cell types within integrated dataset obtained by combining all four conditions using Seurat 4 package. B, Dotplot with scaled expression of canonical cell type markers in identified cell type populations. C, UMAP

visualization of cells in each condition.
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Poster PDF

Neuroprotective

Expression of canonical markers

Cluster markers
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