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SUPPLEMENTARY FIGURES 
 

 

 

Figure S1. Functional enrichment analyses of immature populations in annulus fibrosus (AF). Functional 

enrichment analyses using Metascape of stem cells (SC) (A) and progenitor cells (PC) (B) in AF. 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S2. Functional enrichment analyses of immature populations in nucleus pulposus (NP). Functional 

enrichment analyses using Metascape of stem cells (SC) (A) and  
progenitor cells (PC) (B-D) in NP. 

 

 
 
 



 
 

Figure S3. Depletion of the homeostatic subset in diseased AF and NP. (A) Quantification of homeostatic 

fibroblasts (HomFibro) in healthy vs diseased AF (left) and NP (right). Data are shown as percentage of total cells 

for each condition in each tissue type. ****p<0.0001 by comparison of proportions tests. Healthy = grade II; 

Diseased = grade II-III, grade III and grade III-IV. (B, C) Functional enrichment analyses using Metascape of gene 

markers of HomFibro in AF (B) and NP (C). 

 
 
 
 
 
 



 

 
 
 

Figure S4. Immunohistochemistry of THBS1 expression in NP and AF. (A, B). Quantification 

of THBS1 in healthy vs diseased NP (A) and AF (B). Data are shown as percentage of positive cells 

for each condition in each tissue type. ****p<0.0001 by comparison of proportions tests. 

Healthy = grade II (n=4); Diseased = grade II-III, grade III and grade III-IV (n=6). 

 

 
 
 
 
 
 
 
 

 



 
 
 
 
 
 

 

Figure S 5. Top marker genes in the disease-associated chondrocyte (DAC) subset in AF. 

 

 
 



 
 

Figure S 6. Chondrocyte markers distinguishing the DAC from all other chondrocyte populations in 

AF. (A-F) Intersection of markers in the DAC with GenC-1 (A), GenC-2 (B), RegC-1 (C), RegC-2 (D), 

FC (E) and HomC (F). Chondrocyte markers distinguishing the populations are indicated. 

 

 
 
 



 
 

Figure S 7. The DAC maintains some stem cell-specific regulons, while also  

gaining activity of new regulons. (A) pySCENIC analysis identifies regulons enriched across all  

clusters in AF. Regulon activities are visualized in a heat map. (B) Intersection of the active  

regulons (AUC > 1.0) in the DAC with the stem cell (SC) subset. 

 

 
 



 

 
 

Figure S8. THBS is a pathogenic signal in AF. (A) PCA plot showing separation by condition (left, 

control vs TSP-1) and donor (right, donor 1 vs donor 2). (B) Heat map showing Pearson correlations of 

condition and donor with each principal component. (C) Volcano plot showing DEGs in control vs 

TSP-1 treated AF cells. (D) Hallmark gene set enrichment (GSEA) analysis of the DEGs. Genes were 

ranked by DESeq2 ‘stat’ value (Wald statistic, log2FC divided by standard error). Significantly enriched 

pathways (padj <0.05) are indicated in blue. (E-H) Enrichment plots showing significantly

 enriched pathways from GSEA (HALLMARK_COAGULATION;

 HALLMARK_CHOLESTEROL_HOMEOSTASIS; 

HALLMARK_PI3K_AKT_MTOR_SIGNALING; HALLMARK_TGF_BETA_SIGNALING). 

Enrichment plots show the gene set name (top), the running enrichment score (green curve) and the 

positions of the gene set hits on the rank ordered list in GSEA (black bars). (I) Venn diagrams showing 

intersection of upregulated (URGs) and downregulated (DRGs) genes in TSP-1 treated AF and NP cells. 

Venn diagrams were generated using BioVenn.com. (J) Metascape clustering analysis of the top 20 

significantly enriched biological pathways and processes regulated by the 336 URGs shared between 

TSP-1 treated AF and NP cells. 

 
 



 

Figure S9. Schematic summary of shared and compartment specific changes during IDD. 

Created with BioRender.com. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

Figure S10. Classification of IVD grades. (A) Table showing representative donors and their 

Thompson grade, Rutges score and ORS score. Descriptions for each classification are included in 

the table. (B-E) Macroscopic images (left) and histology of representative donors with Thompson 

grades II (B), II-III (C), III (D) and III-IV (E). 

 
 



 

 

 



 
 


