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2. Supplementary References 

 

                                        Purity assessment of microglia culture over time 
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Supplementary Figure S1.   Purity assessment of microglia culture over time. (a) Representative 

images of immunocytochemistry using Iba-1 as a microglial marker (in red) and glial fibrillary acid protein 

(GFAP) as an astrocyte marker (in green) over time. (b) At 4 days in vitro (DIV), a high purity was observed 

(98%), with a slight contamination with astrocytes occurring over time, but maintaining a 79% purity at 16 

DIV. N = 3-4 independent experiments per each time point (4, 10, and 16 DIV). Each value represents the 

mean ± SEM. Scale bar: 50 μm.  

 

 

 



 

Evaluation of the expression levels of mutant human ATXN3 in microglia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S2. Expression of mutant ATXN3 in microglia from CMVMJD135 mice at 

two different time points in culture. a) at 4 DIV, and b) at 16 DIV. Cultures of n = 4-5 animals per group. 

Two technical replicates were performed. Fold change (2-ΔΔCT) is represented using mouse endogenous 

Atxn3 as reference gene. Data are presented as mean+SEM (Student's t-test). *, ***, represent p < 0.05 and 

p < 0.001, respectively. 
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Evaluation of microglial morphology in culture  

 

 

Supplementary Figure S3. Microglia expressing ATXN3 showed a less activated phenotype in 

response to lipopolysaccharides (LPS) in artificially “aged” primary cultures. a) Images that represent 

the morphological changes of microglia, as observed by immunocytochemistry using microglia-specific 

marker Iba-1 (in red), from CMVMJD135 and Wild-Type (WT) mice, in the absence/presence of LPS, over 

time, in culture; b) cell area; c) cell perimeter; d) Feret's diameter; and e) transformation index. b-e) 

measured at 4 DIV; and f-i) measured at 16 DIV. Cultures of n = 3-5 animals per group. Data are presented 

as mean+SEM, (One-way ANOVA (Post hoc Tukey's test)). *, **, ***, represent p < 0.05, p < 0.01 and p 

< 0.001, respectively. Scale bar unit as μm. 

 

 

 

 



 

Evaluation of microglia phagocytic ability in culture 

 

 

Supplementary Figure S4. CMVMJD135 and WT-derived microglia showed an increased phagocytic 

efficiency in the presence of LPS in culture. a) Representative images of the phagocytic capacity of 

CMVMJD135 and WT-derived microglia immunostained for Iba-1 (in red) and counterstained with 4',6-

Diamidin-2-phenylindol (DAPI) for nuclei staining (in blue) containing phagocytosed fluorescent beads (in 

green), in the absence/presence of LPS, over time in culture. b, c) Phagocytic efficiency (%) was measured 

using ImageJ and calculated as previously described. Cultures of n = 3-5 per group. Data are presented as 

mean+SEM, (One-way ANOVA (Post hoc Tukey's test)). *, **, ***, represent p < 0.05, p < 0.01 and p < 

0.001, respectively. Scale bar unit as μm. 
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Morphological analysis of microglia from the PN of CMVMJD135 and WT mice 

 

 

Supplementary Figure S5. The ramification state of microglia in the pontine nuclei (PN) of the 

CMVMJD135 mice is similar to those of microglia from WT mice. a) Quantification of the 

morphometric parameters associated with microglia ramification, including: a1) # slab voxels; a2) 

maximum branch length; a3) branch length; a4) Euclidean distance; a5) # branches; a6) # junctions’ 

voxels; a7) # endpoints voxels; a8) average branch length; a9) # triple points; and a10) # quadruple points. 

Values for all these parameters were obtained from 152 microglial cells from WT mice (n = 3) and 180 

microglial cells from CMVMJD135 mice (n = 4) of the PN. Data are presented as mean+SEM (Student’s 

t-test).  

 

 

 

 

 

 

 

 

 



 

Morphological analysis of microglia from the PN of CMVMJD135 and WT mice 

 

 

Supplementary Figure S6. The complexity and shape of microglia in the PN of CMVMJD135 mice 

are similar to those of microglia from WT mice. a) Quantification of the morphometric parameters 

associated with the heterogeneity of the shape: a1) lacunarity (Λ); associated with cell size: a2) convex hull 

area, a3) the convex hull perimeter, a4) the diameter of bounding circle, a5) the mean radius, a6) the 

maximum span across the convex hull, a7) the cell area, and  a8) the convex hull circularity; associated 

with cell surface a9) cell perimeter and a10) roughness; associated with soma thickness: a11) density and 

a12) cell circularity; associated with the complexity of ramifications: a13) fractal dimension (D); and 

associated with the cylindrical shape of cells: a14) convex hull span ratio and a15) the ratio of convex hull 

radii. Values for all these parameters were obtained from 152 microglial cells from WT mice (n = 3) and 

180 microglial cells from CMVMJD135 mice (n = 4) of the PN. Data are presented as mean+SEM 

(Student’s t-test).  



 

Morphological analysis of microglia from the DCN of CMVMJD135 and WT mice 

 

 

Supplementary Figure S7. Microglia in the deep cerebellar nuclei (DCN) of CMVMJD135 mice 

showed no differences in features relevant to microglia ramification. a) Quantification of the 

morphometric parameters associated with microglia ramification including: a1) # slab voxels; a2) 

maximum branch length; a3) branch length; a4) Euclidean distance; a5) # branches; a6) # junctions’ 

voxels; a7) # endpoints voxels; a8) average branch length; a9) # triple points; and a10) # quadruple points. 

Values for all these parameters were obtained from 349 microglial cells from WT mice (n = 4) and 445 

microglial cells from CMVMJD135 mice (n = 4) of the DCN. Data are presented as mean+SEM (Student’s 

t-test).  

 

 

 

 

 

 

 

 



 

Morphological analysis of microglia from the DCN of CMVMJD135 and WT mice 

 

 

Supplementary Figure S8. Microglia in the DCN of CMVMJD135 mice showed no changes in the 

complexity and shape. a) Quantification of the morphometric parameters associated with heterogeneity of 

the shape: a1) lacunarity (Λ); associated with cell size: a2) convex hull area, a3) the convex hull perimeter, 

a4) the diameter of bounding circle, a5) the mean radius, a6) the maximum span across the convex hull, 

a7) the cell area, and  a8) the convex hull circularity; associated with cell surface: a9) cell perimeter and 

a10) roughness; associated with soma thickness: a11) density and a12) cell circularity; associated with the 

complexity of ramifications: a13) fractal dimension (D); and associated cylindrical shape of the cells: a14) 

convex hull span ratio and a15) the ratio of convex hull radii. Values for all these parameters were obtained 

from 349 microglial cells from WT mice (n = 4) and 445 microglial cells from CMVMJD135 mice (n = 4) 

of the DCN. Data are presented as mean+SEM (Student’s t-test).  

 

 



 

Morphological analysis of microglia from the CSC of CMVMJD135 and WT mice 

 

 

Supplementary Figure S9. Some parameters associated with microglia ramification were similar 

between CMVMJD135 and WT mice in the cervical spinal cord (CSC). a) Quantification of the 

morphometric parameters associated with microglia ramification including: a1) # branches; a2) # junctions’ 

voxels; a3) # endpoints voxels; a4) average branch length; a5) # triple points; and a6) # quadruple points. 

Values for all these parameters were obtained from 310 microglial cells from WT mice (n = 4) and 389 

microglial cells from CMVMJD135 mice (n = 4) of the CSC. Data are presented as mean+SEM (Student’s 

t-test). 

 

 

 

 

 

 

 

 



 

Morphological analysis of microglia from the CSC of CMVMJD135 and WT mice 

 

 

Supplementary Figure S10. No changes were observed in the parameters related to the complexity 

of ramifications and with the cylindrical shape of the cells between groups in the CSC. a) 

Quantification of the morphometric parameters associated with the complexity of ramifications: a1) fractal 

dimension (D); associated with cylindrical shape of the cells: a2) convex hull span ratio and a3) the ratio 

of convex hull radii; one of the parameters associated with cell’s size: a4) the convex hull circularity; and 

one of the parameters associated with cell’s surface: a5) roughness. Values for all these parameters were 

obtained from 310 microglial cells from WT mice (n = 4) and 389 microglial cells from CMVMJD135 

mice (n = 4) of the CSC. Data are presented as mean+SEM (Student’s t-test). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Evaluation of microglial enrichment in samples from CMVMJD135 and WT mice 

 

 

Supplementary Figure S11. Evaluation of microglial enrichment in RNA-sequencing samples. 

Heatmaps showing high levels of expression for specific markers of microglia when compared with markers 

of other cell-types. a) Microglia versus endothelial cells; b) microglia versus astrocytes; c) microglia versus 

macrophages; d) microglia versus neurons; and e) microglia versus oligodendrocytes. Four biological 

replicates for WT and CMVMJD135 mice were used. An heatmap containing the cell-specific markers was 

achieved using the Clue Morpheus software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Figure S12. Differential gene expression between microglial 

cells from CMVMJD135 and WT mice. a, b, c) Up-regulated and down-regulated 

genes were determined using the Transcriptome Analysis Console (TAC) software, 

between CMVMJD135 and WT mice. a) Heatmap of 83 up-regulated genes in 

microglial cells from CMVMJD135 mice, in ascending order of False Discovery 

Rate (FDR) value. b) Heatmap of 18 down-regulated genes in microglial cells from 

CMVMJD135 mice, in ascending order of FDR value. c) Volcano plot view of 

CMVMJD135 versus WT genes. Red for up-regulated genes and green for down-

regulated genes. |fold change| > 1, p < 0.05, and an FDR < 0.1 was considered to 

determine genes significantly differentially expressed.  

RNA-sequencing analysis of microglia from CMVMJD135 and WT mice 



Transcriptional changes seen in CMVMJD135 microglia overlap those in Amyotrophic lateral 

sclerosis (ALS) and Alzheimer disease (AD) mouse models 
 

 

 
 

Supplementary Figure S13. Transcriptional changes seen in CMVMJD135 microglia overlap those 

in Amyotrophic lateral sclerosis (ALS) and Alzheimer disease (AD) mouse models. Venn diagrams and 

table overview representing the overlapping genes between the 101 CMVMJD135-altered genes found in 

our RNA-sequencing analysis, with a) 3106 differentially expressed genes (DEGs) previously reported in 

the microglia of a mouse model of ALS, SOD1G93A mouse [51]; with b) 3318 DEGs previously reported in 

the microglia of a mouse model of AD, AppNL-G-F/NL-G-F mouse [51]; and with c) 46 microglial genes 

highly expressed and/or affected in microglia in different neuroinflammatory conditions, as detected by the 

Nanostring inflammation kit [64]. Red arrows represent the up-regulated genes and green arrows represent 

the down-regulated genes. Comparisons were conducted by contingency analysis, using the Fisher’s exact 

test and the Baptista-Pike method to calculate the odds-ratio. Significance was set at p < 0.05.  
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