
Supplemental Methods 

 

Antibody Combinations Used In Figures 

Primary antibodies used in each figure: Fig. 2A-D: Rabbit anti-GFAP (DAKO, Z033401-2); Fig. 2G-H:  Rat 

anti-CD34 (eBiosciece, 14-0341-81, RRID: AB_467209); Fig. 2J: Rabbit anti-Ki67 (ThermoFischer, 

12683697); Fig. 2L: Rat anti-CD34 (eBiosciece, 14-0341-81), rabbit anti-Olig2 (Merck, AB9610 RRID: 

AB_570666) and chicken anti-GFAP (AB4674, Abcam RRID: AB_304558); Fig. 3B-C: Rabbit anti-Olig2 

(Marker of tumor cells in PDGFB-induced glioma) (Merck, AB9610 ) and chicken anti-GFAP (Marker of 

astrocytes) (AB4674, Abcam); Fig. 3E: Rabbit anti-GFAP (DAKO, Z033401-2); Fig. 3F and Fig. S3C: Rabbit 

anti-Vimentin (Abcam, AB45939 RRID:AB_2257290); Fig. 4E-F: Rabbit anti-Olig2 (Merck, AB9610), sheep 

anti-TGM2 (Novus Biologicals, AF5418), and rat anti-GFAP (Life Technologies, 130300); Fig. 4I: Sheep anti-

TGM2 (Novus Biologicals, AF5418) and Rat anti-CD34 (eBiosciece, 14-0341-81); Fig. 5G-H: Rabbit anti-

Olig2 (Merck, AB9610), sheep anti-TGM2 (Novus Biologicals, AF5418), rat anti-CD44 (BD Biosciences, 

550538), and chicken anti-GFAP (AB4674, Abcam); Fig. 6D: Rat anti-integrin-β1 (ab95623, Abcam), sheep 

anti-TGM2 (Novus Biologicals, AF5418); Fig 6E: chicken anti-GFAP (AB4674, Abcam), Goat anti-Olig2 

(Novus, AF2418), Rat anti-integrin-β1 (ab95623, Abcam); Fig. 7A-B: Goat anti-Olig2 (Novus, AF2418); Fig 

7D-E: Rabbit anti-Olig2 (Merck, AB9610), sheep anti-TGM2 (Novus Biologicals, AF5418), and rat anti-GFAP 

(Life Technologies, 130300);  Fig. 7H: Rabbit anti-TGM2 (Novus Biologicals, NBP1-86951).  

 

Sections were incubated with the appropriate Alexafluor-conjugated secondary antibodies for 1h: Donkey anti-

sheep 647 (Abcam, AB150179 RRID:AB_2884038), donkey anti-rat 568 (Abcam, AB175475 

RRID:AB_2636887), donkey anti-rat 488 (Invitrogen, 10123952), donkey anti-rabbit 488 (Invitrogen, A21206), 

goat anti-chicken 568 (Invitrogen, 10462822). 

 

Western Blot 

Matrix Lysates: Equal volumes of lysate were separated on 7.5% polyacrylamide.  Whole Cell Lysates: Equal 



volumes of lysate were separated on 10% polyacrylamide.  Proteins were transferred to PVDF and blocked with 

5% non-fat dry milk in TBST, followed by immunodetection using TGM2 antibody (Abcam, ab2386 

RRID:AB_2287299) then detection with HRP-conjugated anti-mouse secondary antibody and ECL substrate 

(ThermoFisher, 34095 RRID:AB_228307).  Blots were visualized on the LAS-3000 Imager (Fujifilm) and 

quantified using ImageJ. 

 

LC-MS/MS 

Solid Phase Extraction with StageTips was performed according to the protocol of Rappsilber et 

al. (1) using home packed C18 reversed-phase columns.  Samples were reconstituted in 20 µl 2% acetonitrile, 

0.1% TFA, then run on an Orbitrap Fusion Tribrid MS system (Thermo Scientific) equipped with a Proxeon 

Easy-nLC 1000 (Thermo Fisher). Injected peptides were trapped on an Acclaim PepMap C18 column (3 µm 

particle size, 75 µm inner diameter x 20 mm length), then gradient elution of peptides was performed on an 

Acclaim PepMap C18 column (2 µm particle size, 75 µm inner diameter x 250 mm length). The analytical 

column was coupled to the mass spectrometer using a Proxeon nanospray source. The mobile phases for LC 

separation were 0.1% (v/v) formic acid in LC-MS grade water (solvent A) and 0.1% (v/v) formic acid in 

acetonitrile (solvent B). Peptides were loaded with a constant pressure mode of solvent A onto the trapping 

column, then eluted via the analytical column at a constant flow of 300 nL/min. During elution, solvent B 

increased from 5% to 10% in 2 minutes, then to 25% in 50 minutes, then to 60% in 15 minutes, then to 90% in 

5 minutes, and finally to 90% in 5 minutes. The peptides were introduced into the Orbitrap via a Stainless steel 

emitter 40 mm (Thermo Fisher) and a spray voltage of 2 kV was applied with a 275°C capillary temperature. 

 

A top N based data-dependent method with a 3 second cycle time was used for data acquisition. The master 

scan was performed in the Orbitrap in the range of 350–1350 m/z at a resolution of 120,000 FWHM. The filling 

time was set at maximum of 50 ms with limitation of 400,000 ions. Ion trap CID-MS2 was acquired using 

normal mode, filling time maximum 60 ms with limitation of 7000 ions, with a precursor ion isolation width of 

0.7 m/z and a rapid Ion trap scan. Normalized collision energy was set to 27%. Only multiply charged (2+ to 5+) 



precursor ions were selected for MS2. The dynamic exclusion list was set to 30 s and relative mass window of 

5ppm. 

 

MS/MS spectra were searched with PEAKS (8.5) using UniProt Human database, allowing 2 missed cleavages 

and using trypsin and a 15 ppm precursor 0.5 DA fragment tolerance for mass tolerance. Oxidation (M) and 

deamidation (NQ) were treated as dynamic modification and carbamidomethylation (C) as a fixed modification. 

Maximum number of PTM per peptide was set to three.  Matrix proteins with at least 2 unique peptides and a 

protein significance score > 50 were included in the results. 

 

RNA Sequencing 

Data was rlog-normalized and combat corrected for experimental batch using DESeq2 (RRID:SCR_015687) 

and sva packages. DESeq differential expression analysis was performed on non-normalized raw counts. Genes 

with Benjamini adjusted p-values of <0.05 were considered differentially expressed. All genes ranked according 

to DESeq statistic GSEA (2) was applied using the c2.all.v6.0 curated gene sets (MsidDB; 

broad.mit.edu/gsea/msigdb).   

 

Data availability 

RNA sequencing data are available at GEO (GSE145060). 

 

Culture in Sodium Alginate 

Dissociated human astrocytes or PIGPCs were suspended in sodium alginate (Aldrich) 4:5 with cell culture 

medium. The cells were then added dropwise in medium containing 0.1 M CaCl2 to form hydrogel beads and 

medium was changed to fresh AM or DMEM followed by culture at 37o C, 5% CO2. 
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