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Cell cultures and mouse xenografts. pHGG cells grow as tumorspheres in serum-free, B27-supplemented cell culture medium, as previously described [1]. 
We established xenografts by orthotopic injection of tumorspheres in athymic nude mice (Envigo, Barcelona, Spain) [2]. Briefly, the day before the inoculation in mice, we disaggregated the tumorspheres, counted the cells and cultured them overnight. The next morning, we isolated the new growing spheres by mild centrifugation and kept the pellets in sterile 1.5 mL tubes on ice. We inoculated the mice in the fourth ventricle with a dispersion of 5 x 105 cells in 5 µL matrigel (BD Biosciences, San Diego, CA, USA). For this procedure, we anesthetized the mice with 100 mg/kg ketamine and 10 mg/kg xylazine, intraperitoneal, and immobilized them in a stereotaxic apparatus (Stoelting, Wood Dale, IL), in direct contact with a heating pad to maintain body temperature. We loaded the cells in a 50 µL glass syringe (1705 RN Rheodyne, Hamilton, Bonaduz, Switzerland) with a 22 G dull needle, and injected them through a burr hole in the skull, performed with a drill (Microtorque II, Harvard Apparatus, Cambridge, MA, USA) [2], at coordinates 1 mm lateral to the sagittal suture, 6 mm posterior to the Bregma and 3 mm depth. After recovery, we weighed the mice weekly throughout the study time. Mice achieved the experimental endpoint when they lost 20% of body weight due to tumor progression (using the maximum individual weight as a reference). We sacrificed the mice by decapitation and fixed the brains for 24 h in 4% paraformaldehyde (formalin, Sigma-Aldrich, St Louis, MO, USA), until processing in paraffin for histopathology studies.

Whole-exome sequencing. We prepared the samples by extracting DNA using the Gentra Puregene kit (Qiagen, Hilden, Germany). The sequencing was performed at Macrogen (Seoul, South Korea). We prepared the gDNA library from 50 ng of input gDNA using the Twist Library Preparation EF Kit 2.0 (96 samples, PN 104207), sheared to a target peak size of 200 bp with the fragmentation enzyme. Fragmentation was followed by end-repair and the addition of ‘A’ tail. Twist UDI index adapters were then ligated to the fragments. After assessing the efficiency of ligation, the adapter ligated product was PCR amplified. For exome capture, each hybridization reaction required a total of 1500 ng of indexed libraries, made by pooling equal amounts from 8 individual libraries. The final purified PCR product was quantified by qPCR. Then, we sequenced using the NovaSeqX platform (Illumina, San Diego, USA). Based on the BAM file, variant genotyping for each sample was performed with Haplotype Caller of GATK. The calculation method for the copy number value was based on the log2. We defined the range as follows: log2 < -1.1: 0 (DEL); log2 < -0.25: 1 (LOSS); 0.2 ≤ log2 < 0.7: 3 (GAIN); log2 ≥ 0.7: 4 (AMP). To analyze the single nucleotide variants (SNVs), we filtered the raw variants excluding synonymous variants. We used the Integrative Genomics Viewer (IGV) Variants to visualize them to discard potential artifacts and to calculate variant allele frequencies (VAF). The remaining variants were manually filtered using databases including Franklin (https://franklin.genoox.com/clinical-db), Varsome (https://varsome.com/), and ClinVar (http://www.ncbi.nlm.nih.gov/clinvar). We classified the variants according to the AMP/ASCO/CAP Standards and Guidelines for Somatic Variant Interpretation and Reporting [3].

Immunofluorescence, tissue immunostaining and immunoblotting of histones. We froze down tumorspheres in culture using optimal cutting temperature compound (OCT, Sakura Finetek, Torrance, CA, USA). We sectioned the frozen blocks including the tumorspheres with a cryostat (HM525NX, Epredia, Kalamazoo, MI, USA) and fixed them in silane-coating pre-treated slides (Starfrost, Lowestoft, UK) with 4% formalin for 1 h at 4 ºC. We blocked the samples with 1% bovine serum albumin (BSA) and permeabilized the cells with 0.1% Triton X-100 solution (all from Sigma-Aldrich) during 45 min at 4 ºC. We incubated the slides overnight, at 4 ºC, in the presence of rabbit primary antibodies for human proteins nestin (ABD69, 1:500, Millipore, Burlington, MA, USA), glial fibrillary acidic protein (GFAP, RP014, 1:200, Diagnostic Biosystems, Pleasanton, CA, USA), histone H3.3 K27M  (31-1175-00-S, 1:1000, Revmab, Burlingame, CA, USA), histone H3.3 G34R (31-1120-00-S, 1:200, Revmab) and tri-methyl histone H3.3 K27me3 (07-449, 1:1000, Millipore). The next morning, we washed the preparations with PBS and added the secondary antibody goat anti-rabbit Alexa Fluor 488 (925-68023, 1:1000, Invitrogen, Waltham, MA, USA) for 1 h at room temperature. We counterstained cell nuclei with DAPI and mounted the samples with Vectashield mounting medium (Vectorlabs, Newark, CA, USA). We obtained images with a fluorescence microscope (DM6B-Z, Leica Microsystems, Wetzlar, Germany).
For tissue immunostaining, we sectioned formalin-fixed paraffin-embedded (FFPE) tissues for hematoxylin and eosin (H&E) staining and immunostaining with the rabbit antibodies anti-histone H3.3 K27M (31-1175-00-S, 1:500), histone H3.3 K27me3 (31-1062-00, 1:500) and histone H3.3 G34R (31-1120-00-S, 1:50), all from Revmab. We stained human nuclei in mouse xenografts using the rabbit antibody MAB4383 (1:200, Sigma-Aldrich). We performed automatic staining with a Leica Bond-MAX autostainer (Leica Biosystems, Newcastle, UK) and quantified the images using Image J software (NIH, Bethesda, MD, USA).
For immunoblotting of histones, we used a histone extraction kit (OP-0006-100, Epigentek, Farmingdale, NY, USA) to lyse samples and extract the histones. We separated histone lysates (1 µg) in 15% polyacrylamide gels, transferred them to nitrocellulose membranes and blocked them with tris-buffered saline containing 5% BSA. Then, we incubated them overnight at 4 ºC with antibodies for histone H3.3 K27me3 (07-449, 1:1000, Millipore), histone H3 (4499, 1:2000, Cell Signaling Technology, Danvers, MA, USA), histone H3.3 K27M (31-1175-00-S, 1:1500) and histone H3.3 G34R (31-1120-00-S, 1:1000) from Revmab, followed by fluorescence-labeled secondary antibodies (goat anti-rabbit 926-32211 and goat anti-mouse 926-68070, LI-COR Biosciences,Lincoln, NE, USA) for 1 h at room temperature. Fluorescence signal was recorded using the Odissey CLx Imaging System (LI-COR).

Integrity of the BBB in DIPG-bearing mice. In normal physiologic conditions, the brain vasculature is not permeable to fluorescein [4]. We inoculated DIPG-007 cells in the brains of eight mice. On the day of the experiment, we injected all the mice intravenously with 10 mg/kg of sodium fluorescein (518-47-8, Sigma-Aldrich). We complemented the study with eight mice without tumors, among which four were used as a reference of intact BBB, and four were artificially induced an open BBB. To do so, we cannulated one carotid artery with a mouse catheter (0007700, Alzet, Cupertino, CA, USA) and injected 0.75 mL of warm 25% mannitol to open the BBB [5], 30 min before the injection of the fluorescein. In all cases, we obtained plasma and brain samples one hour later. We dissected the brainstem and cerebellum, homogenized them in water (10 µL/mg of tissue) using magnetic beads (SSB14B, Next Advance, Troy, NY, USA), and stored the resulting suspensions at -80 ºC until analysis. We processed samples by precipitation in cold methanol and analyzed the supernatants using a high performance liquid chromatography system consisting of an isocratic pump (LC-20 AD, Shimadzu, Kyoto, Japan), a mobile phase of a 0.05 M sodium dihydrogen phosphate buffer pH 9.0 and methanol (65:35), a column Tracer Excel 120 ODSA C18 (150 mm × 4.6 mm, 5 μm) (Teknokroma, Barcelona, Spain) and a fluorescence detector RF-20A XS (Shimadzu) set at 480 nm and 520 nm for excitation and emission wavelengths.

DNA processing and amplification. To isolate gDNA from cell pellets, we used cell lysis solution (158908, Qiagen, Hilden, Germany) and discarded the protein fraction with precipitation solution (158912, Qiagen). We precipitated the DNA with isopropanol and methanol (Sigma-Aldrich), and rehydrated it with DNA hydration solution (158914, Qiagen). To isolate gDNA from mouse brain FFPE sections, we used the QIAamp DNA FFPE Tissue Kit (Qiagen). To quantify gDNA, we used a NanoDrop 1000 Spectrophotometer (Thermo Fisher, Waltham, MA, USA). To collect ctDNA from culture supernatants and mouse CSF and plasma we used the QIAamp DNA Micro kit (Qiagen). We quantified ctDNA with a fluorometric assay (Qubit, Thermo Fisher).
For the amplification of H3F3A K27M and H3F3A G34R, we used the commercially available assays dHsaMDV2510510 and dHsaMDS45914763 (Bio-Rad), and applied the manufacturer protocol in the thermocycler (A24811, Applied Biosystems, Foster City, CA, USA). For the amplification of ACVR1 R206H, the sequence-specific primers and fluorescent locked nucleic acid probes for amplification were from Applied Biosystem, previously reported [6]. 

Sensitivity of the ddPCR technique for the quantification of DNA sequences of genes H3F3A and ACVR1. To establish the lower limit of detection (LOD), we performed three independent (inter-assay) calibration experiments using gDNA obtained from DIPG-007 (H3F3A K27M and ACVR1 R206H) or GBM-002 cells (H3F3A G34R). In each experiment, we quantified the amount (ng) of wild type (WT) and mutant alleles of H3F3A and ACVR1 in serial DNA dilutions in triplicates (intra-assay). The maximum amount of DNA loaded in the ddPCR was 20.4 ng (2.26 ng for preamplified samples). We defined the LOD as the lowest DNA amount (ng) per reaction detected with at least three positive droplets in all the triplicates in the three independent calibration experiments, for both WT and mutant alleles of each gene. To evaluate the linearity of the technique, we considered acceptable linearity when the slope for both analyzed genes was statistically different from zero and the coefficient of determination, R2 > 0.9. 

Preamplification PCR of DNA sequences of H3F3A. To set up this technique, we used gDNA from DIPG-007 cells and ctDNA (2-4 ng) obtained from CSF and plasma of seven control non-tumor mice and 10 DIPG-007-bearing mice at endpoint. We used a commercial master mix (Q5 hot start high-fidelity, New England Biolabs, Ipswich, MA, USA), with 50 nM of forward and reverse primers. Primer sequences for H3F3A gene were those published for use in human liquid biopsies [7]. We set the thermocycler at 98 ºC for 3 min, followed by 12 thermal cycles (98 ºC for 10 s, 67 ºC for 3 min, 72 ºC for 30 s) and an extension at 72 ºC for 2 min. We stored the PCR products diluted 1:5 with Tris EDTA buffer pH 8.0 to inactivate the Q5 polymerase [8]. As positive control, we used 1 ng of gDNA from DIPG-007 cells. We used sterile water as blank. 
To perform the ddPCR reactions, we loaded 10 µL of preamplified ctDNA, in duplicates.

[bookmark: OLE_LINK1]Analysis of cell culture supernatants. In a first experiment, to set up the ddPCR methods, we plated cells in 2.5 mL of culture medium in six-well plates, at a density of 2.5 x 106 cells/well. After 48 h, we collected supernatants and cell pellets by centrifugation at 300 g for 3 min, as previously reported [9] . 
In a second experiment, to study the correlation of the number of ddPCR droplets with the number of cells in culture, we used six-well plates containing 2 x 105 DIPG-007 cells per well, in 3 mL culture medium. At 3, 72, 120 and 168 h, we collected 500 µL of cell-free supernatant, counted the viable cells remaining in culture using LUNA-II™ Automated Cell Counter (Aligned Genetics, Gyeonggi, Republic of Korea) and added 500 µL of fresh supplemented media [10]. 
[bookmark: _GoBack]In a third experiment, to study the dynamics of ctDNA release following pharmacological treatments in vitro, we treated the PIK3CA-mutant model DIPG-007 with the PI3K inhibitor taselisib (kind gift from Roche, Basel, Switzerland), we exposed cell models with evident alterations in tyrosine kinase receptors (DIPG-014 and GBM-002) to the multi-receptor tyrosine kinase inhibitor sorafenib (Carbosynth, Comptom, UK), and we tested the activity of ONC-201 (Carbosynth) in the three mentioned lines. To perform the assay, we plated 2 x 105 cells in 3 mL of culture medium in six-well plates. The following day, we counted the viable cells and collected 200 µL of supernatant from each well, as the pre-treatment condition (t = 0). Next, we treated cells with the mentioned agents, all at 5 µM. After 48 h, we collected 200 µL of supernatant and counted the viable cells in each well.
For the three experiments, we stored all samples at -20 ºC, until ctDNA isolation and quantification. In the second experiment, before the ddPCR, we performed a preamplification PCR step of 20 ng ctDNA from supernatants. 

ddPCR analysis of FFPE sections and CSF samples from pHGG xenografts. To evaluate the sensitivity and specificity of the ddPCR without preamplification, we inoculated eight athymic nude mice (female, four week old, Envigo, Barcelona, Spain) with DIPG-007 cancer cells and used six non-tumor mice as controls. At endpoint (around day 70-80 post-inoculation of DIPG-007 cells), we collected the CSF from the cisterna magna of the mice. Briefly, we anesthetized the mice, immobilized them in the stereotaxic apparatus and collected the CSF (2-10 µL) with a glass microcapillary (P0549, Sigma-Aldrich, St Louis, MO, USA) sharpened by elongation on a flame. We stored samples at -80 ºC until analysis. Then, we obtained blood by cardiac puncture, euthanized the mice and obtained the brains for FFPE processing. We isolated the DNA from all samples. For the brain FFPE samples, we used 5 µL of a 10 ng/µL gDNA solution for the amplification reaction. For plasma and CSF, we loaded the whole amount of isolated ctDNA, which was in the range 1-10 ng.
We performed a similar experiment in four athymic nude mice inoculated with GBM-002 cancer cells. At endpoint (around day 260 post-inoculation of GBM-002 cells), we euthanized the mice and obtained the brains for FFPE processing.
To assess the correlation between ddPCR analyses and disease progression, we inoculated 30 mice with DIPG-007 cells. We weighed the mice weekly throughout the study time. We collected the CSF from 3-5 mice at time points 15, 30, 45, 60, 70 and 80 days (endpoint) after cell inoculation. We stored CSF samples at -80 ºC until analysis. After CSF collections, we euthanized the mice by decapitation and processed the brains for FFPE sections. We performed ddPCR assays as described for the first experiment, with the exception of CSF samples, which were subjected to a preamplification step.
To evaluate the correlation between the progression of the disease and the amount (ng) of tumor DNA (gDNA or ctDNA) in the xenograft samples, we applied the nonparametric Spearman correlation test. We performed two types of analyses. In one, we registered the body weight loss (percentage of the maximum weight) as the main parameter related with disease progression. In the other, we counted the number of human cells in a sagittal section of the brain slides processed in paraffin, as an objective measurement of tumor burden. In both cases, we correlated each parameter with the amount (ng) of the human H3F3A DNA sequence quantified in the mouse samples (processed paraffin slides or CSF).
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