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Supplemental Figure Legends: 

 

Supplemental Figure 1. αvβ8 integrin is expressed in perivascular tumor cells in human 

GBM samples. (A-D); Images of anti-β8 integrin immunohistochemistry stains of formalin-fixed 

and paraffin-embedded human non-cancerous human brain (A) and GBM sections (B-D). Note 

that β8 integrin protein is enriched in perivascular tumor cells. (E); Immunoblot analysis of β8 

integrin protein levels in a non-cancerous brain sample (n=1) and in 11 different grade IV GBM 

lysates. Note that in comparison to the non-cancerous brain lysate, β8 integrin protein levels are 

higher in most GBM samples. 

 

Supplemental Figure 2. Fractionation of primary GBM cells based on differential 

expression of β8 integrin protein. (A); Summary of percentages of cells expressing β8 

integrin protein (β8high GBM cells) from 25 different freshly resected human tumor samples. (B); 

Representative FACS plots of β8high and β8low GBM cells from select freshly resected tumor 

samples listed in (A). 	

 

Supplemental Figure 3. Antibody-mediated inhibition of β8 integrin blocks GSC self-

renewal and spheroid formation. (A, B); β8high GBM cells were treated with matching pre-

immune rabbit serum (A) or antiserum directed against the β8 integrin extracellular domain (B). 

Note that the anti-β8 integrin antibody treatment diminishes GBM cell growth and sphere 

formation. (C); Quantitation of sphere size after four days in culture with control serum or the 

anti-β8 integrin neutralizing antiserum (1:50 dilution). Spheres formed in the presence of the 

anti-β8 integrin are consistently smaller. (D); Analysis of ITGB8 mRNA expression levels in 
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primary human GBM cells before (CSC) and after (FCS) serum-mediated differentiation based 

on transcriptome sequencing of single cells (top row) and tumorigenic potential in vivo (bottom 

row). These data were mined from Patel et al. (2014), Science 344: 1396-1401. 

 

Supplemental Figure 4. β8 integrin in primary GSCs promotes tumor initiation and 

growth in vivo. (A); Representative FACS plot of β8high and β8low tumor cells from a freshly 

resected GBM sample (HBT28). (B, C); H&E stained and immunofluorescence images of brain 

sections from mice injected with β8high GBM cells sorted from sample HBT28. Note that β8high 

cells form large intracranial tumors with cancer cells displaying invasion along white matter and 

blood vessels. (D, E); H&E and immunofluorescence images of tumor sections from mice 

injected with β8low GBM cells fractionated from HBT28 samples. (F); Representative FACS plot 

of β8high and β8low tumor cells from freshly resected GBM sample HBT38. (G, H); H&E stained 

and immunofluorescence images of brain sections from mice injected with β8high GBM cells 

sorted from sample HBT38. Note that β8high cells form diffuse and invasive intracranial tumors. 

(I, J); H&E stained and immunofluorescence images from mouse brains injected with β8low GBM 

cells sorted from sample HBT38.  

 

Supplemental Figure 5. Immunofluorescence analysis of xenograft tumors derived from 

β8high GBM cells. (A-F); Double immunofluorescence stains of β8 integrin-dependent GBM 

growth, invasion and angiogenesis in xenograft tumors (HBT28). β8high cells express vimentin 

and nestin and generate well-vascularized and invasive tumors that are interlaced with glial cells 

as revealed by anti-laminin stains for vascular basement membranes (A, B) anti-GFAP for 

astrocytes (C, D), and anti-IBA1 for microglia (E, F) double labeling. 
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Supplemental Figure 6. Analysis of β8 integrin re-expression in β8low GSCs. (A); An H&E-

stained coronal section through a mouse brain harboring a tumor derived from unfractionated 

cells from human sample HBT32. (B); FACS-based fractionation of β8high and β8low human cells 

from HBT32 xenograft. A human-specific CD47 antibody was used in combination with anti-β8 

integrin to distinguish human and mouse cells. (C, D); β8high (C) and β8low (D) GBM cells 

fractionated from the xenograft tumor in panel A generate secondary tumors in mice. (E-H); 

Anti-β8 integrin immunohistochemistry reveals integrin expression in intracranial tumors derived 

from both β8high (E, G) and β8low (F, H) GBM cells. Panels G and H are higher magnification 

images of boxed areas in panels E and F. Scale bars in C-F are 50 µm and G, H are 20 µm. (I); 

FACS-based fractionation of β8high and β8low GBM cells from the HBT14 xenograft. (J, K); Both 

β8high GBM (J) and β8low GBM cells (K) that form spheroids in culture show robust integrin 

expression, as determined by FACS.  

 

Supplemental Figure 7. Cerebral blood vessel co-option in xenograft tumors. (A); GFP-

expressing β8WT GSCs were intracranially implanted into the mouse brain. One month later 

sections were immunofluorescently labeled with anti-GFP and anti-CD31 antibodies, revealing 

juxtaposition between tumor cells and cerebral blood vessels. (B); TGFβ1 ELISA from freshly 

sorted β8high and β8low GSCs (HBT51), revealing no statistically significant differences in TGFβ1 

protein levels. (C); VEGF-A ELISA from freshly sorted β8high and β8low GSCs (HBT51), revealing 

lack of integrin-dependent differences in VEGF-A protein levels. (D, E); Analysis of the Mouse 

Brain RNA-Seq database reveals that vascular endothelial cells and microglia in the brain are 

the major sources of tgfbr2 (D) and tgfb1 (E). (F); Differential expression of ITGAV, ITGB8  and 

TGFBR2 mRNAs in various tumor regions based on analysis of the IVY GBM database. 
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Supplemental Figure 8. FACS-based quantitation of αv integrin and CD133 expression in 

cultured GBM spheroids. (A-C); Unfractionated tumor cells from three different GBM spheroid 

cultures were analyzed for αv integrin and CD133 expression. Note that the majority of GBM 

cells express αv integrin, but only a fraction of those cells also express CD133.  

 

Supplemental Figure 9. RNAi-mediated silencing of ITGB8 in high passage GSCs does 

not inhibit tumorigenesis in vivo. (A, B); Passaged GBM cells were infected with lentiviruses 

expressing GFP and non-targeting (NT) shRNAs or shRNAs targeting ITGB8 (A) or ITGAV (B). 

Immunoblot analysis showing diminished integrin protein expression in cells integrin shRNAs. 

(C-H); Passaged GBM cells were infected with lentiviruses expressing NT shRNAs (C, D) or 

shRNAs targeting ITGB8 (E, F) or ITGAV (G, H) and injected into the brain. Coronal sections 

through the brain reveal GFP-expressing tumors (C, E G). H&E staining of fixed sections 

reveals intracranial tumors in mice injected with all cell types (D, F, H). (I); ITGB8 mRNA levels 

were quantified by RT-PCR in three different high passage GBM spheroids (GSC2, GSC11 and 

GSC23). Spheroids were grown in serum-free media or were induced to differentiate by serum 

exposure. Note that differentiation correlates with increased ITGB8 levels in the spheroid 

samples. 

 

Supplemental Figure 10. Targeting ITGB8 in high passage GSCs using Crispr-Cas9 

methods does not block tumorigenesis in vivo. (A); Lysates from passaged GSCs (GSC11) 

infected with three different lentiviruses expressing GFP, Cas9 and gDNAs targeting ITGB8 

were immunoblotted for β8 integrin protein. (B); A PCR-based strategy was used to identify 

Crispr/Cas9-induced mismatch mutations in ITGB8 based on heteroduplex formation. Note that 

heteroduplexes are detected with both gDNAs that target ITGB8. (C); Mismatch mutations 
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leading to heteroduplexes are not detected in three putative off-target genes, as determined with 

the Surveyor Mutation Detection Kit. (D, E); Primary GBM cells infected with lentiviruses 

expressing Cas9 or Cas9 and gDNAs targeting ITGB8 were intracranially injected into the 

striatum of NOD-SCID mice. Note that GBM cells expressing β8 integrin or lacking β8 integrin 

generate malignant tumors in vivo. H&E-stained brain sections reveal diffuse tumors. 

 

Supplemental Figure 11. β8 integrin regulates cell cycle gene expression in GSCs. (A, 

B); β8high and β8low primary tumor cells were fractionated from three different freshly resected 

primary human GBM samples and analyzed by RNA sequencing. Shown is a heat map listing 

cell cycle-related genes that are differentially regulated in fractionated GBM cells. 

 

Supplemental Figure 12. Summary of β8 integrin-dependent pathways in fractionated 

GBM cells based on whole transcriptome sequencing. NES pathway analysis of β8 integrin-

dependent pathways that are elevated in β8high GBM cells.	

 

Supplemental Figure 13. Analysis of β8 integrin-dependent pathways in fractionated 

GBM cells. (A-C); Heat maps showing mRNAs upregulated in β8high GBM cells in pathways 

related to mismatch repair (A), homologous recombination (B) and oocyte meiosis (C).	

 

Supplemental Table 1. Summary of tumor initiation in mice intracranially injected with 

β8high and β8low GBM cells. Shown are (i) numbers of GBM cells injected per animal, (ii) weeks 

allowed for tumor initiation and progression in vivo, and (iii) total numbers of mice injected with 

each cell type that developed tumors. 
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Supplemental Table 2. Summary of expression signatures for gene sets that are 

enriched in β8high GBM cells based on KEGG pathway analyses. 	

 

Supplemental Table 3. Summary of expression signatures for gene sets that are 

enriched in β8low GBM cells based on KEGG pathway analyses. 	
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