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universally fatal pediatric brain cancers refractory to standard of care treat-
ment modalities. These malignancies are driven by heterozygous mutations 
in genes encoding histone 3 (H3K27M) which create an aberrant epigenetic 
landscape that keeps glioma cells in an undifferentiated stem-like state. Con-
sequently, targeting epigenetic regulators to restore the epigenome and force 
glioma cells to exit this stem-like cell state represents a promising new thera-
peutic strategy for H3K27M-DMG. To interrogate for epigenetic depend-
encies, we performed a CRISPR/Cas9 inactivation screen in patient-derived 
H3K27M-DMG neurospheres using an epigenetically focused sgRNA li-
brary and identified several core components of the mammalian BAF (SWI/
SNF) chromatin remodeling complex as genetic vulnerabilities. Validation 
assays revealed that knockout of the BAF catalytic subunit BRG1 results in 
decreased glioma cell proliferation and tumor growth in orthotopic mouse 
models. Mechanistically, genome wide localization and DNA accessibility 
studies combined with regulatory network analysis demonstrated that 
BRG1 controls the transcription factor and enhancer landscapes that main-
tain H3K27M-DMG cells in a cycling, oligodendrocyte precursor cell-like 
state. Single cell transcriptome analysis in vitro and immunofluorescence 
studies in vivo confirmed that genetic perturbation of this chromatin re-
modeler promotes progression of differentiation along the astrocytic lineage. 
Similarly, pharmacological suppression of BRG1 activity, using both cata-
lytic inhibitors as well as recently developed degraders, opposes tumor cell 
proliferation, stimulates cell state transition, and improves overall survival 
of patient-derived xenograft models. Interestingly, these effects seem to be 
restricted to H3K27M mutant glioma, as H3 wildtype glioma cells were 
less sensitive to BRG1 inhibition both in vitro and in vivo. In summary, we 
demonstrate that the BAF complex contributes to the maintenance of glioma 
cells in a proliferative stem-like state and that its therapeutic inhibition has 
translational potential for children bearing H3K27M-DMG.
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BACKGROUND:   Diffuse midline gliomas (DMGs) are a universally 
fatal brain tumor of childhood. While histone mutations are a critical tumor 
initiating event, they are insufficient to drive gliomagenesis. Histone muta-
tions co-occur with somatic alterations in other pathways including TP53, 
MAPK, and MYC signaling. However, the mechanisms through which these 
pathways are activated have not been fully elucidated. METHODS:  We ap-
plied an integrative approach using transcriptomics, epigenetics, proteomics, 
in vitro cancer models, and in vivo mouse models to systematically evaluate 
how FOXR2 mediates gliomagenesis. RESULTS:  We have recently found 
that a subset of DMGs aberrantly express FOXR2, a forkhead transcription 
factor. FOXR2 is both sufficient to enhance tumor formation, and necessary 
for FOXR2-expressing DMGs. While FOXR2 indeed enhances MYC protein 
stability, FOXR2 exerts oncogenesis through MYC-independent functions 
and specifically hijacks E26-transformation specific (ETS) transcriptional cir-
cuits and FOXR2 DNA-binding is highly enriched at ETS motifs. We have 
performed proteomic and phospho-proteomic analysis of FOXR2-expressing 
human neural stem cells to identify proteins and phospho-sites that are highly 
enriched in FOXR2-expressing cells.  CONCLUSION: Taken together, this 
study elucidates how FOXR2 interacts with ETS transcription factors to me-
diate oncogenesis in FOXR2-expressing diffuse midline gliomas. 
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Diffuse midline glioma, K27-altered (DMG) is a treatment resistant, uni-
formly fatal cancer that arises predominantly in children. Next-generation 
sequencing has revealed that the majority of patients with DMG harbor 
K27M mutations in canonical histone variants H3.1 and H3.3, leading to 
global epigenetic dysregulation and an oligodendrocyte precursor cell (OPC) 
transcriptional profile. DLX2 is a homeobox transcription factor that dir-
ectly represses OPC cell fate and promotes a GABAergic interneuron cell 
fate during neurogenesis. We identified DLX2 occupancy of early (Olig2, 
Nkx2.2) and late (Myt1, Plp1) genes required in OPC differentiation in 
vivo. Co-expression of DLX2 to target sequences reduced reporter gene ex-
pression in vitro. The Dlx1/Dlx2 double knockout (DKO) mouse showed 
increases in Olig2, Nkx2.2, and Plp-1 expression in vivo. Transient over-
expression of a Dlx2-GFP construct into murine DMG cells resulted in 
significant increased expression of Gad1/2 isoforms and decreased Olig2 
and Nkx2.2, global restoration of H3K27me3, as well as a reduction in 
migration, invasion, and colony formation in vitro. An RNAseq database 
containing 45 human DMG cell lines showed an inverse correlation between 
DLX2 expression and OLIG1/2. Cell fate changes in DLX2high/OLIG1/2low 
cell lines were evaluated by knockout of DLX2 using CRISPR/Cas9. Con-
currently, OLIG1/2high/DLX2low expressing cell lines underwent stable trans-
fection of an DLX2-mCherry overexpression construct. Successful alteration 
of DLX2 expression was confirmed by qPCR and immunoblot in knockout 
and overexpressing human DMG cell lines. Analysis of histone H3 marks 
(K27me3, K27ac), K27M, and OPC signature genes will be presented along 
with comparison of altered OPC genes from the Dlx1/Dlx2 DKO mouse as 
determined by RNAseq. The manipulation of DLX2 expression in human 
DMG cells both in vitro and in vivo provides a model system for assessing 
the contribution of a homeobox transcription factor required for neurogen-
esis to cell fate regulation and effects on tumorigenicity in DMG.
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Diffuse Midline Gliomas (DMG) are amongst the most lethal pediatric 
brain tumors. Children diagnosed with DMG face a grim prognosis of 9-11 
months from diagnosis. Over 85% of DMG patients harbor mutation af-
fecting histone-encoding genes (H3.1K27M, H3.3K27M) leading to genome 
hypomethylation and transcriptional disruption. Despite decades of clin-
ical studies, the development of an effective therapy remains a challenge. 
Triptolide is a diterpenoid triepoxide compound inhibiting cell growth and 
exhibiting preclinical antitumor activity. A large drug screen conducted by 
the NCI using DMG cell lines identified triptolide as a candidate for re-
ducing DMG cell viability. To further investigate triptolide and its poten-
tial for clinical intervention, we used DMG preclinical in vitro and in vivo 
models. In vitro viability assays with triptolide alone and in combination 
with other therapeutic drugs (ONC201 and ONC206), were carried out 
using seven DMG cell lines. Single treatment with triptolide resulted in a sig-
nificant decrease in DMG cell viability and combination with both ONC201 
and ONC206 showed additivity. Triptolide’s toxicity was assessed in vivo 
through direct injections into the yolk sac of zebrafish. Preliminary data dem-
onstrated how triptolide has higher toxicity compared to un-injected and 
DMSO control groups. However, a major limitation of triptolide's clinical 
utility is its low solubility. Therefore, for in vivo studies, we used minnelide, a 
water-soluble analog of triptolide, with potent antitumor properties. Studies 
were performed in eleven RAG2 female mice. PDX tumor-bearing mice were 
treated with minnelide and ONC201 for three weeks as single or in com-
bination. Survival studies showed no significance in minnelide monotherapy. 
However, minnelide + ONC201 combination therapy resulted in significant 
(p=0.01) survival of PDX models. Our current studies investigate the effi-
cacy of a higher dose of minnelide in vivo. Our goal is to establish minnelide 
potential as a combination strategy for the treatment of children diagnosed 
with DMG.
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