The neurogenic potential of astrocytes is regulated by inflammatory signals
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Supporting Information

Supplementary Tables

Table S1. Primer sequences. Primer sequences for genotyping, qPCR gene expression analyses and ChIP-qPCR.

Table S2. Genes regulated during astrogliogenesis. Full list of significantly up-regulated and down-regulated genes from Illumina microarray data in FBS- and BMP4-astrocyte differentiation from CTX12 cells (FDR<0.05, Benjamini-Hochberg).

Table S3. IPA analysis including function, pathways and predicted regulators based on Illumina microarray data for BMP and FBS-astrocyte differentiation. 

Table S4. Genes differentially expressed between FBS- and BMP4-astrocytes (FDR<0.05, Benjamini-Hochberg).

Table S5. Astrocyte enriched genes in multiple astrocyte populations.

Table S6. IPA analysis including function, pathways and regulators based on plasticity and differentiation candidate genes.

Table S7. Genes regulated by TNF-α. Full list of significantly up-regulated and down-regulated genes from Illumina microarray data in BMP4-astrocytes treated with TNF-α in dedifferentiating conditions (FDR<0.05, Benjamini-Hochberg).

Table S8. IPA analysis including function, pathways and regulators based on Illumina microarray data from BMP, BMP+GF and BMP+GF+TNF datasets.

Table S9. Genes regulated during astrogliogenesis in vivo. Full list of significantly up-regulated and down-regulated genes from Illumina microarray data from Aldh1l1-EGFP postnatal astrocytes (FDR<0.05, Benjamini-Hochberg).

Table S10. IPA analysis including function, pathways and regulators based on Illumina microarray data from P4, P10 and P21 astrocyte dataset comparisons.

Table S11. Candidate regulators of astrocyte potential from our study.

Supplementary Figure legends

Figure S1. CTX12 differentiation into neurons and astrocytes. (A) Immunofluorescence showing SOX2 expression in CTX12 cells (green). Nuclei are counterstained with DAPI (blue). (B) Immunofluorescence showing βIII-tubulin (green) and GFAP (magenta) expression in CTX12 cells following tripotential differentiation. Nuclei are counterstained with DAPI (blue). (C) Quantitation of cultures shown in (B). (D) Percentage of DAPI-positive cells positive for in FBS- and BMP4-astrocyte cultures following dedifferentiation (+GF) and subsequent tripotential differentiation (blue and red respectively). Data in (D) are the average of 3 biological replicates. P-values: *p<0.05 (Student’s t-test). Scale bar (A) & (B): 20µm.

Figure S2. qPCR validation of CTX12, BMP4-astrocyte and FBS-astrocyte microarrays. Graph shows validation of a range of genes across the dynamic range of the microarray data from CTX12 cells and both types of astrocytes (BMP4 and FBS). Expression levels are shown as log fold change (logFC) relative to CTX12 levels. Data are the average of 3 biological replicates (n=3). Error bars show SEMs. P-values: *p<0.05, **p<0.01, ***p<0.001, ns = not significant.

Figure S3. Molecular phenotype of NS5 cells and NS5-derived astrocytes. Immunofluoresence labeling from NS5 cells (left column) differentiated into astrocyte with FBS for 3 days (D3 astrocyte, middle column) then dedifferentiated for 3 days in EGF/FGF2 (D3 Dediff, right column). Top row shows expression of GFAP (green) and OLIG2 (red) and middle row shows expression of Nestin (green) and Ki67 (red). Nuclei are counterstained with DAPI (blue) in top 2 rows. Scale bar for immunofluorescence: 20μm.

Figure S4. TNF-α activation of the NFκB pathway leads to dedifferentiation of a subset of BMP4-derived astrocytes. (A) Immunofluorescence showing nuclear localisation of p65 in BMP4-astrocytes in dedifferentiating conditions (+GF) in the presence of TNF-α (white arrows). (B) Immunofluorescence showing BrdU labelling (green) with nuclei counterstained with DAPI (blue) in BMP4-astrocytes in dedifferentiating conditions alone (top) or with the addition of TNF-α (bottom). (C) Quantitation of (B) expressed as percentage BrdU-positive cells relative to total DAPI-positive cells. Scale bar (A): 20μm. Data in (C) represent the average from three biological replicates. **p<0.01 (using Student’s t-test) and error bars show SEMs.

Figure S5. qPCR validation of BMP4-astrocyte dedifferentiation microarrays. Graph shows qPCR validation for a number of genes across the dynamic range of the microarray data from BMP4-astrocytes alone (BMP), BMP4-astrocytes following 3 days in dedifferentiation conditions (BMP+GF) and in dedifferentiating conditions with TNF-α (BMP+GF+TNF). Expression levels are shown as log fold change (logFC) relative to CTX12 levels. Data are the average of 3 biological replicates (n=3). Error bars show SEMs. P-values: *p<0.05, **p<0.01, ***p<0.001, ns = not significant.

Figure S6. qPCR analysis to assess the effect of noggin on gene expression during BMP4-astrocyte dedifferentiation. Graph shows qPCR comparison for a number of genes in FBS-astrocytes following 3 days of dedifferentiation (FBS+GF) compared to BMP4-astrocytes following 3 days in dedifferentiation conditions with noggin (BMP+GF+Noggin). Expression levels are shown as log fold change (logFC) relative to CTX12 levels. Data are the average of 3 biological replicates (n=3). Error bars show SEMs. P-values: *p<0.05, ns = not significant.

Figure S7. Epigenetic comparison of phenotypically distinct astrocytes at Ascl1 locus. (A) H3K4me3 and (B) H3K27me3 enrichment relative to total H3 at Ascl1 gene promoter in CTX12 cells (grey), FBS-astrocytes (red) and BMP4-astrocytes (blue). Results are expressed as a percentage of levels in CTX12 (100%). (C-D) The graphs show a comparison of (C) H3K4me3 and (D) H3K27me3 enrichment in FBS-astrocytes (red), BMP4-astrocytes (dark blue) and primary cortical astrocytes (light blue). For (A-D) n=3. *p<0.05, **p<0.01 (Student’s t-test), and error bars show SEMs.


Figure S87. Fluorescence activated cell sorting of pure astrocyte populations from Aldh1l1-EGFP mice. (A) Immunofluorescence imaging of sections from Aldh1l1-EGFP transgenic mice (bottom panels) and wildtype littermates (top panels) at low (10x) and high (63x) magnification. Examples of EGFP-positive astrocytes in Aldh1l1-EGFP mice are shown by white arrows at higher magnification (63x). (B) Shows pre-FACS populations from Aldh1l1-EGFP mice sorted based on EGFP expression (top) and labeled by immunocytochemistry for EGFP (red) or GFAP (magenta) with DAPI-labelled nuclei (blue, bottom panels). (C) Shows pure, post-FACS astrocyte populations. Abbreviations: FACS, fluorescence activated cell sorting.

Figure S98. qPCR validation of Aldh1l1-EGFP primary astrocyte microarrays. Graph shows qPCR validation of a number of genes from FACSed Aldh1l1-EGFP astrocyte populations. Expression levels are shown in P10 (purple) and P21 (blue) populations relative to P4 levels (x-axis). Data are the average of 3 biological replicates. Error bars show SEMs. P-values: *p<0.05, **p<0.01, ns = not significant (Student’s t-test).

Figure S109. Cell cycle control of replication pathway in primary and in vitro-derived astrocytes. Contrasting gene expression changes with maturation state in primary astrocytes (P10 versus P4, left) and BMP4-astrocytes in pro-inflammatory (TNF-α) dedifferentiating conditions (TNF+GF versus GF alone, right). Figure shows a common, significantly over-represented pathway analysed using Ingenuity Pathways Analysis (IPA). Genes expressed at significantly lower or higher levels in P10 astrocytes (compared to P4) or BMP4-astrocytes with TNF+GF (compared to GF alone) are shown in green and red respectively. 

Figure S110. Jak family kinases in IL-6-type cytokine signaling pathway in primary and in vitro-derived astrocytes. Similarities in gene expression changes with maturation state in primary astrocytes (P10 versus P4, left) and in vitro astrocytes (BMP4 versus FBS-astrocytes). Figure shows a common, significantly over-represented pathway analysed using Ingenuity Pathways Analysis (IPA). Genes expressed at significantly lower or higher levels in P10 astrocytes (compared to P4) or BMP4-astrocytes (compared to FBS) are shown in green and red respectively.
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