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            Abstract
Diffuse intrinsic pontine gliomas (DIPGs) are highly infiltrative malignant glial neoplasms of the ventral pons that, due to their location within the brain, are unsuitable for surgical resection and consequently have a universally dismal clinical outcome. The median survival time is 9–12 months, with neither chemotherapeutic nor targeted agents showing substantial survival benefit in clinical trials in children with these tumors1. We report the identification of recurrent activating mutations in the ACVR1 gene, which encodes a type I activin receptor serine/threonine kinase, in 21% of DIPG samples. Strikingly, these somatic mutations (encoding p.Arg206His, p.Arg258Gly, p.Gly328Glu, p.Gly328Val, p.Gly328Trp and p.Gly356Asp substitutions) have not been reported previously in cancer but are identical to mutations found in the germ line of individuals with the congenital childhood developmental disorder fibrodysplasia ossificans progressiva (FOP)2 and have been shown to constitutively activate the BMP–TGF-β signaling pathway. These mutations represent new targets for therapeutic intervention in this otherwise incurable disease.
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                    Figure 1: Genomic landscape of DIPG.[image: ]


Figure 2: Recurrent ACVR1 mutations in DIPG.[image: ]


Figure 3: ACVR1 mutations are weakly activating and responsive to targeted inhibition.[image: ]
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Supplementary Figure 1 Somatic mutations in TP53, PPM1D and ATM in DIPG.
Cartoon showing recurrent and non-overlapping missense and frameshift mutations in TP53 (11/26, 42%), PPM1D (6/26, 23%) and ATM (1/26, 4%), overlaid with functional protein domains and exon boundaries. TAD, p53 transactivation motif; DNA binding, p53 DNA-binding domain; PP2C, protein phosphatase 2C domain; PP2Cc, serine/threonine phosphatase, family 2C, catalytic domain; TAN, telomere length maintenance and DNA damage repair domain; FAT, FRAP, ATM and TRRAP associated domain; PI3Kc, phosphoinositide 3-kinase class I catalytic domain.


Supplementary Figure 2 Pathway-level recurrence of somatic alterations involved in DNA damage response.
Cartoon representing the frequency of distinct non-overlapping hits in intracellular components of ATM/p53-mediated DNA damage and stress response signaling. Bars are colored according to the frequency of alterations in the present cohort: red, gain of function; blue, loss of function. In total, 18/26 (69%) cases harbored an alteration at some point in the pathway that would be predicted to be activating.


Supplementary Figure 3 Somatic mutations in genes involved in PI3K/MAPK signaling in DIPG.
Cartoon showing non-overlapping missense, nonsense truncating mutations and deletions in PIK3CA (6/26, 23%), PIK3R1 (3/26, 12%), PTEN (1/26, 4%) and NF1 (1/26, 4%), overlaid with functional protein domains and exon boundaries. There were additional novel somatic mutations of unknown significance identified in IGF2R. Gray bars, deletions. p85B, p85-binding domain; RBD, Ras-binding domain; C2 PI3K 1a, C2 domain present in class 1α PI3 kinases; PI3Ka, PI3K class I accessory domain; PI3Kc, PI3K class I catalytic domain; SH, Src homology domain; RhoGAP, GTPase activator protein for Rho-like GTPases domain; COG4942, membrane-bound metallopeptidase domain; PTPc, protein tyrosine phosphatase, catalytic domain; PTEN_C2, PTEN C-terminal 2 domain; RasGAP, Ras GTPase–activating protein domain; SEC14, Sec14p-like lipid-binding domain; CIMR, cation-independent mannose-6-phosphate receptor repeat; FN2, fibronectin type II domain.


Supplementary Figure 4 Pathway-level recurrence of somatic alterations involved in RTK-PI3K-MAPK signaling.
Cartoon representing the frequency of distinct non-overlapping hits in intracellular components of the PI3K-MAPK signaling pathway, as well as amplifications of receptor tyrosine kinases, in DIPG. Bars are colored according to the frequency of alterations in the present cohort: red, gain of function; blue, loss of function. IGF2R binds IGF2 ligand preventing signaling through IGF1R-PI3K and is found to have somatic missense K162R and D1830E mutations. It total, 12/26 (46%) cases harboued alteration at some point in the pathway that would be predicted to be activating.


Supplementary Figure 5 Sanger sequencing validation of ACVR1 (ALK2) mutations in an extended cohort of DIPG.
Sequence traces of heterozygous mutations in the activin A type I receptor (ACVR1 (ALK2)) observed in a series of 50 DIPGs, including (a) c.617G>A, R206H; (b) c.983G>A, p.G328E; (c) c.983G>T, p.G328V; and (d) c.982G>T, p.G328W. All are reported to be constitutively activating of the BMP–TGF-β signaling pathway in models of fibrodysplasia ossificans progressiva.


Supplementary Figure 6 Allele-specific expression of ACVR1 (ALK2) mutation.
(a) Pileup of sequence reads from RNA-seq data of SU-DIPG-IV cells, showing expression of both the wild-type and mutant alleles at position chr. 2: 158,330,762, with 49/83 reads harboring the C>A (c.983G>T) mutation (red) corresponding to ACVR1 (ALK2) p.G328V. (b) Sanger sequencing of an ACVR1 (ALK2) exon 8 RT-PCR product from DIPG patient sample NCHP_DIPG011, showing heterozygous expression of the mutant p.G328E allele (c.983G>A), forward and reverse.


Supplementary Figure 7 Basal levels of phosphorylated SMAD1/5/8 in DIPG cells.
Protein blot analysis of phosphorylated SMAD1/5/8 (lower band) in SU-DIPG-IV (DIPG, ACVR1 (ALK2) G328V, HIST1H3B K27M), HSJD-DIPG007 (DIPG, ACVR1 (ALK2) R206H, H3F3A K27M), SU-DIPG-VI (DIPG, ACVR1 (ALK2) wild type, H3F3A K27M), CHRU-TC68 (DIPG, ACVR1 (ALK2) wild type, H3F3A K27M) and QCTB-R059 (thalamic paediatric GBM, ACVR1 (ALK2) wild type, H3F3A K27M). α-tubulin is included as a loading control.
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