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            Abstract
Angiocentric gliomas are pediatric low-grade gliomas (PLGGs) without known recurrent genetic drivers. We performed genomic analysis of new and published data from 249 PLGGs, including 19 angiocentric gliomas. We identified MYB-QKI fusions as a specific and single candidate driver event in angiocentric gliomas. In vitro and in vivo functional studies show that MYB-QKI rearrangements promote tumorigenesis through three mechanisms: MYB activation by truncation, enhancer translocation driving aberrant MYB-QKI expression and hemizygous loss of the tumor suppressor QKI. To our knowledge, this represents the first example of a single driver rearrangement simultaneously transforming cells via three genetic and epigenetic mechanisms in a tumor.
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                    Figure 1: Recurrent rearrangement involving MYB and QKI in angiocentric gliomas.[image: ]


Figure 2: Alterations of MYB and QKI occur frequently in human cancers.[image: ]


Figure 3: MYB-QKI fusion protein functions as a transcription factor, and its molecular effects are observed in angiocentric gliomas.[image: ]


Figure 4: Angiocentric gliomas exhibit aberrant expression of MYB-QKI due to H3K27ac-associated enhancer translocation and an autoregulatory feedback circuit in which MYB-QKI binds to the MYB promoter.[image: ]


Figure 5: Human angiocentric gliomas exhibit the translocation of H3K27ac-marked enhancers with an aberrant enhancer associated with the MYB promoter.[image: ]


Figure 6: MYB-QKI fusion protein and truncated MYB are oncogenic.[image: ]


Figure 7: MYB-QKI rearrangement disrupts expression of QKI, a tumor-suppressor gene.[image: ]


Figure 8: MYB-QKI rearrangement contributes to oncogenesis through at least three mechanisms.[image: ]
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Integrated supplementary information

Supplementary Figure 1 Significant regions of recurrent copy number alterations in PLGG.
GISTIC q values for amplifications (left) and deletions (right) are plotted across the genome.


Supplementary Figure 2 Driver genomic alterations in PLGGs.
Co-mutation plot of the driver alterations identified in 54 PLGGs profiled with WES and/or array CGH.


Supplementary Figure 3 MYB-QKI binding and transcriptional effects.
(a) Identified MYB-QKI binding peaks at MYB in mNSCs over-expressing MYB-QKI. (b) Expression of MYB, truncated MYB, MYB-QKI and truncated QKI in the cell lines used in mim-1 promoter assays. (c) Linear increases in mim-1 promoter activity with increases in MYB-QKI expression. (d) Enrichment of MYB pathway activation in normal brain, PLGGs without MYB-QKI and angiocentric gliomas with MYB-QKI. Values represent mean expression Â± s.e.m.


Supplementary Figure 4 H3K27ac enhancer profiling of the 3â€² region of QKI in a human angiocentric glioma.
H3K27ac enhancer peaks are associated with QKI in angiocentric glioma.


Supplementary Figure 5 H3K27ac enhancer formation at MYB in PLGGs.
H3K27ac enhancer formation at the MYB promoter in two human MYB-QKI angiocentric gliomas (top tracks) and a BRAF-altered pilocytic astrocytoma (lower track).


Supplementary Figure 6 Expression of MYB-QKI in HEK293T, NIH3T3 and mNSCs.
(a) MYB promoter activation in HEK293T and NIH3T3 cells with and without expression of MYB-QKI. (b) Exogenous expression of MYB-QKI and truncated MYB in NIH3T3 cells and mNSCs via retroviral transduction. (c) Representative OLIG2 and GFAP immunohistochemical analysis of tumors from mNSCs overexpressing truncated MYB, MYBQKI5 and MYB-QKI as compared to eGFP controls. Positive staining for both OLIG2 and GFAP is observed in a subset of tumor cells in tumors generated from truncated MYB or MYB-QKI5 overexpression, whereas tumors formed by MYB-QKI6 overexpression are negative for OLIG2 and have low levels of GFAP expression. Scale bars, 50 microns.


Supplementary Figure 7 Oncogenic activity of MYB-QKI.
(a) Number of colonies of NIH3T3 cells expressing MYB, MYB-QKI or a vector control in soft agar (left) and representative images (right). NIH3T3 cells overexpressing BRAF-V600E are shown as a positive control. The mean of three replicate measurements is shown. Error bars, s.e.m. (b) Table of tumor penetrance from both NIH3T3 and mNSC models with overall P < 0.001.


Supplementary Figure 8 Suppression of wild-type Qk in mouse neural stem cells expressing MYB-QKI.
(a) Suppression of wild-type Qk in mouse NSCs expressing MYB-QKI following infection with shQKI vectors (or shLacZ control). (b) Proliferation of mNSCs overexpressing eGFP, truncated MYB or MYB-QKI with suppression of wild-type Qk over 5 d in pool 4 (values represent the means of five replicate measurements with s.e.m.). Expression of wild-type Qk relative to shLacZ control is shown. (c) shQk signature defined following suppression of wild-type Qk in mNSCs that overexpress MYB-QKI6.


Supplementary Figure 9 MYB ChIP-seq binding to MYB target genes.
Binding of MYB to MYB target genes in K562 cells using the Abcam 45150 antibody.


Supplementary Figure 10 Validation of MYB ChIP-seq data.
(a) Top four enriched DNA-binding motifs in MYB ChIP-seq peaks obtained from mNSCs overexpressing MYB-QKI. (b) MYB DNA-binding motifs. (c) Venn diagrams showing overlap of the MYB-QKI peaks identified (P-value threshold = 1 Ã— 10â€“6) as compared to those reported in Zhao et al. and Quintana et al. The P values shown were calculated by Ï‡2 test with Yates correction. Of 2,879 genes identified in our set, 20% (Zhao) and 42% (Quintana) were also identified in the other studies.
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