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signalling may become a useful adjunct to the current therapeutics, which 
are mainly directed to control the disease locally.

ABSTRACT CITATION ID: NOAD073.086
DIPG-39. SIGNALING NETWORKS IN PEDIATRIC-TYPE DIFFUSE 
HIGH GRADE GLIOMAS
Sophie A. Herbst1, Ryuhjin Ahn1, Sameer Agnihotri2, Michal Zapotocky3, 
Forest M. White1; 1Massachusetts Institute of Technology, Cambridge, 
MA, USA. 2University of Pittsburgh Medical Center, Pittsburgh, PA, USA. 
3Charles University and University Hospital Motol, Prague, Czech Republic

Pediatric-type diffuse high grade gliomas are aggressive brain cancers in 
children which to date lack effective treatment options and remain largely 
understudied. Even though genomic markers including histone H3 K27M 
and G34R mutations have been identified, their functional implications on 
signaling networks remain to be described. Phosphoproteomics might be 
able to uncover activated signaling pathways which could open up new paths 
for treatment. Here we analyzed formalin-fixed paraffin-embedded (FFPE) 
sections from K27M mutated, G34R mutated and histone H3 wild type pa-
tient tumors (n = 14) using phosphoproteomics. Our workflow not only en-
ables the comprehensive characterization of phosphoserines and threonines 
but also of phosphotyrosines which, despite being rare modifications (0.1-
1% of all phosphorylations), are known to play an important role in cancer. 
We found that signaling networks were distinct between the different tumor 
subtypes. For phosphotyrosines, tumor subtype accounted for the largest 
source of variation in the data (44% of variance) as determined by prin-
ciple component analysis. The separation by subtype could also be seen from 
serine and threonine phosphoproteomics and proteomics, but was not as 
striking as for the phosphotyrosine data. Differential abundance analysis, 
partial least squares discriminant analysis and self-organizing maps revealed 
deregulated signaling networks between subtypes. The most downregulated 
pathway in K27M compared to wild type tumors was enriched for pro-
teins involved in the epigenetic regulation of gene expression (FDR<5%), 
which is in accordance with the remodeling of the epigenome taking place 
in K27M mutated tumors. In addition, we could identify signaling networks 
(e.g. EGFR signaling) which were activated in a few individual patients in-
dependent of their subtype and might be targetable. Our study provides 
insights into the signaling landscape of pediatric-type diffuse high grade 
gliomas. Recognizing deregulated signaling networks across subtypes and in 
individual patients could offer new avenues for personalized therapy.

ABSTRACT CITATION ID: NOAD073.087
DIPG-40. HYPOXIC STRESS EXPOSES EPIGENETIC TARGETS TO 
ENHANCE RADIOTHERAPY RESPONSE IN H3K27M-POSITIVE 
PEDIATRIC DIFFUSE MIDLINE GLIOMAS
Amanda Pereira de Freitas1, Monika Dzwigonska1, Joanna Trubicka2, 
Wieslawa Grajkowska2, Jakub Mieczkowski3, Bozena Kaminska1, 
Katarzyna Leszczynska1; 1Laboratory of Molecular Neurobiology, 
Nencki Institute of Experimental Biology, Polish Academy of Sciences, 
Warsaw, Poland. 2Children’s Memorial Health Institute, Warsaw, Poland. 
33P-Medicine Laboratory, Medical University of Gdansk, Gdansk, Poland

Diffuse midline gliomas (DMGs) are the most challenging to treat pediatric 
high-grade gliomas, with a dismal prognosis of 9 to 15 months of median sur-
vival. The ones localized in the pons are not accessible to the surgery and rely 
on radiotherapy treatment. The majority of DMGs confer a mutation in his-
tone 3 variants (H3.3 or H3.1), leading to lysine 27 to methionine substitu-
tion (H3K27M) and a consequent global decrease in H3K27 trimethylation 
(H3K27me3), increased H3K27 acetylation (H3K27ac) and oncogenic 
changes in gene expression. An intrinsic feature of solid tumors, including 
DMGs, is the occurrence of hypoxic (low oxygenated) regions, which inter-
feres with the efficiency of radiotherapy. Identifying the vulnerabilities of 
hypoxia-exposed tumor cells might bring new approaches in radiosensitizing 
DMG tumors. Hypoxia increases histone methylation in multiple solid tu-
mors but the consequences of hypoxia-induced histone hypermethylation 
in H3K27M bearing tumors are unknown. Using syngeneic patient-
derived DMG cell lines, we show that the presence of H3K27M prevents 
the hypoxia-induced hypermethylation of H3K27me3, but also impairs the 
hypoacetylation of histones H3 and H4 normally caused by hypoxic stress. 
We show that enhancing histone acetylation in hypoxic conditions with his-
tone deacetylase (HDAC) inhibitors has a stronger sensitization effect in cells 
expressing H3K27M than in H3 wild-type cells. While HDAC inhibitors have 
been shown problematic in pediatric DMGs due to high systemic toxicity, our 
data points out that HDAC inhibition in the context of hypoxia may improve 
the therapeutic efficacy. Recent studies showed the possibility of targeting 
hypoxic cells with hypoxia-activated pro-drugs, including hypoxia-activated 
panobinostat. Our data support that such approach might be an option to 
target DMGs and eliminate the radiotherapy-resistant hypoxic tumor frac-
tion, while minimizing the systemic toxicity caused by all-time active HDAC 
inhibitors. Studies were supported by the grant UMO-2019/33/B/NZ1/01556 
(KL) from National Science Center (Poland).

ABSTRACT CITATION ID: NOAD073.088
DIPG-41. EXPLORING BRAIN PENETRANT PEPTIDE-DRUG 
CONJUGATES IN DIFFUSE INTRINSIC PONTINE GLIOMA MODELS
Jasmine Clark1, Samuel McKinnon1, Jorge_Luis JImenez-Macias1, 
Edward Miller2, Andrei Loas2, Brad Pentelute2, Rishi Lulla3, Sean Lawler1; 
1Brown University, Providence, USA. 2MIT, Cambridge, USA. 3Hasbro 
Children's Hospital, Providence, USA

The blood brain barrier (BBB) tightly controls access of molecules to the 
brain, limiting the efficacy of therapeutics for diseases of the central nervous 
system. We recently developed a novel approach for drug delivery across the 
BBB using a perfluoroaryl macrocyclic peptide-drug conjugate, M13-Pt(IV). 
This approach showed accumulation of platinum (Pt) within the brain, and 
improved survival in murine xenograft models using adult patient-derived 
glioblastoma cells. We also found that uptake of M13-Pt(IV) into tumor 
tissue is further enhanced by 6-bromo-indirubin acetoxime (BIA), a small 
molecule with anti-invasive properties. Because diffuse intrinsic pontine 
glioma (DIPG) is an invasive brain tumor protected from systemic drugs 
by an intact BBB, we hypothesized that this approach may be of particular 
benefit in this tumor type. Therefore our goal here was to investigate 
peptide-mediated drug delivery across the BBB in DIPG, using M13-Pt(IV) 
as a tool compound. When tested across a panel of four distinct DIPG lines 
in vitro the M13-Pt(IV) conjugate showed tumor cell killing effects superior 
to Pt(IV). BIA significantly slowed DIPG cell migration and lowered endo-
thelial cell permeability in vitro via reduced expression of tight junction 
proteins as shown by immunostaining and decrease in trans-endothelial re-
sistance.  Bi-weekly dose regimens of M13-Pt(IV) are well-tolerated in nude 
mice at a dose of 15mg/kg, 3-fold more than the reported tolerable cisplatin 
dose at 5 mg/kg. Moreover, in vivo BIA also enhanced drug M13-Pt(IV) up-
take into adult glioblastoma tumors. In vivo uptake and efficacy studies in 
DIPG tumor-bearing mice are underway. Overall, our data using a prototype 
peptide-drug conjugate support the further development of BBB-crossing 
peptide-drug conjugates for DIPG. Identification of the optimal therapeutic 
combinations for clinical application is our focus for future studies.

ABSTRACT CITATION ID: NOAD073.089
DIPG-42. MAPPING THE DNA METHYLATION LANDSCAPE 
OF DIPG REVEALS NOTABLE METHYLOME VARIABILITY 
RESPONSIVE TO PHARMACOLOGIC MODULATION
Ashley Tetens1, Allison Martin2, Antje Arnold1, Orlandi Novak1, 
Adrian Idrizi1, Rakel Tryggvadottir1, Jordyn Craig-Schwartz1, 
Michael Barbato1, Charles Eberhart1, Adam Resnick3, 
Michael Koldobskiy1; 1Johns Hopkins University School of Medicine, 
Baltimore, USA. 2Albert Einstein College of Medicine, New York City, USA. 
3The Children's Hospital of Philadelphia, Philadelphia, USA

Diffuse intrinsic pontine glioma (DIPG) is an incurable pediatric brainstem 
tumor, driven by the H3K27M mutation leading to epigenetic dysregulation. 
Epigenomic analyses of DIPG have shown global loss of repressive chromatin 
marks accompanied by DNA hypomethylation and altered gene expression. 
However, most investigations of the epigenetic landscape of DIPG only pro-
vide a static view of the epigenome. Such studies are not capable of adequately 
capturing the regulatory underpinnings of DIPG intratumoral heterogeneity 
and phenotypic plasticity. To address this, we performed Whole-Genome 
Bisulfite Sequencing (WGBS) on 23 primary patient DIPG specimens, 4 
patient-derived DIPG neurosphere cell lines, and 5 normal controls. To ana-
lyze this data set, we applied a novel framework for analysis of DNA methy-
lation variability, called informME analysis, which permits the derivation of 
comprehensive genome-wide DNA methylation potential energy landscapes 
that capture intrinsic epigenetic variation. We show that DIPG exhibits a 
markedly disordered epigenome, with increased stochasticity localizing to 
key regulatory elements and genes. We demonstrate that epigenetic instability 
maps onto key genes regulating pluripotency and developmental identity and 
hypothesize that these changes might enable tumor cells to sample a diverse 
range of transcriptional programs and phenotypes. Given this, we evalu-
ated the responsiveness of the DIPG epigenetic landscape to pharmacologic 
modulation. We found that treatment with the DNA hypomethylating agent 
decitabine produced profound genome-wide demethylation and reduced 
DNA methylation stochasticity at active enhancers, bivalent promoters, and 
promoters of key developmental genes. Decitabine treatment also elicited 
changes in gene expression, including upregulation of genes related to im-
mune signaling. Finally, treatment with DAC sensitized DIPG cells to the ef-
fects of histone deacetylase inhibition. This study suggests the application of 
epigenetic therapies to constrain cellular heterogeneity and plasticity in DIPG.

ABSTRACT CITATION ID: NOAD073.090
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ACTIVATING CO-DRIVER MUTATIONS.
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Medhi Touat8, Marc Sanson8, Kevin Beccaria9, Thomas Blauwblomme9, 
Volodia Dangouloff-Ros10, Nathalie Boddaert10, Pacale Varlet3,4, 
Marie-Anne Debily1,11, Jacques Grill1,2, David Castel1,2; 1U981, 
Molecular Predictors and New Targets in Oncology, Team Genomics 
and Oncogenesis of Pediatric Brain Tumors, Inserm, Gustave Roussy, 
Université Paris-Saclay, Villejuif, France. 2Département de Cancérologie 
de l’Enfant et de l’Adolescent, Gustave Roussy, Université Paris-Saclay, 
Villejuif, France. 3Department of Neuropathology, GHU Paris-Psychiatrie 
et Neurosciences, Sainte-Anne Hospital, Paris, France. 4Inserm, UMR 
1266, IMA-Brain, Institut de Psychiatrie et Neurosciences de Paris, Paris, 
France. 5Department of Oncology, Pontchaillou Hospital, Rennes, France. 
6Department of Neurosurgery, Rennes University Hospital, Rennes, 
France. 7Neurooncology Unit, IRCCS C. Mondino Foundation, Pavia, 
Italy. 8Sorbonne Université, Inserm U1127, CNRS UMR 7225, Institut 
du Cerveau, ICM, AP- HP, Hôpitaux Universitaires La Pitié Salpêtrière - 
Charles Foix, Service de Neurologie 2-Mazarin, F-75013, Paris, France, 
Paris, France. 9Department of Pediatric Neurosurgery, Necker Enfants 
Malades Hospital, APHP, Université Paris Cité, Paris, France. 10Department 
of Neuroradiology, Hôpital Necker-Enfants Malades, APHP, Paris, France. 
Université Paris Cité, Paris, France. 11Département de Biologie, Université 
Evry Paris-Saclay, Evry, France

Diffuse midline gliomas (DMG) represent a big challenge in neuro-
oncology. These tumors occur more frequently in children and are presently 
incurable. They are characterized by a K27M substitution in H3.1 or H3.3 
histone tail or the overexpression of EZHIP (EZH Inhibitory Protein). These 
three alterations induce a global loss of trimethylation in H3K27 with a 
specific epigenic and transcriptomic remodeling. The additional oncogenic 
events and the clinical behavior are also distinct according to the driver 
event. Based on these differences, the H3K27-altered DMG is now classified 
in 4 subtypes by the latest edition of the WHO Classification of CNS tumors. 
Even with this new subclassification, the H3.3K27M subgroup still appears 
heterogenous. Recent publications reported that rare patients presenting a 
co-occurrence of H3.3K27M with BRAF or FGFR1 alterations tend to have 
a better prognosis. 

To better study the role of these co-driver alterations that activate the 
mitogen activated protein kinase (MAPK) signaling, we assembled a large 
pediatric and adult cohort of H3K27-altered DMG comprising 25 new 
DMG patients mutated in FGFR1 or BRAFV600E and 37 previous cases from 
the literature. We performed a comprehensive histological, radiological, 
genomic, transcriptomic and DNA methylome analysis on this extended 
cohort. Interestingly, the results show clear differences with other DMG 
subtypes, including: specific DNA methylation profile, senescence signature, 
better overall survival (median around 3 years), older age at diagnosis, spe-
cific histological and radiological presentations with calcifications or more 
circumscribed tumors. Additionally, in specific cases, we show that the 
MAPK-activating mutation occurred subsequently to the histone H3K27M 
mutation. 

In conclusion, DMG, H3K27-altered harboring MAPK activating muta-
tions represent a new subtype of DMG also frequent in adults, and deserve 
further attention with respect to specific therapeutic challenges.

ABSTRACT CITATION ID: NOAD073.091
DIPG-44. DIFFUSE MIDLINE GLIOMA WITH EXTRACRANIAL 
METASTASIS
Alexandra Giantini Larsen1,2, Maricruz Rivera1,2, David Pisapia2, Sameer 
Farouk Sait1, Matthias Karajannis1, Jeffrey Greenfield1,2, Mark Souweid
ane1,2; 1Memorial Sloan Kettering Cancer Center, New York, USA. 2New 
York Presbyterian Hospital, Weill Cornell Medical Center, New York, USA

Diffuse midline gliomas (DMGs) are malignant infiltrative gliomas en-
riched in the pediatric population and characterized by loss of the H3 
K27me3 epigenetic marker, most frequently via mutation of the H3F3A 
gene. Few cases of extracranial DMG metastasis with redemonstrated 
H3F3A p.K28M (K27M) mutation in metastatic tissue are reported in the 
literature. Here, we report two such patients, both females (ages 12 and 
15), with DMG and extracranial metastasis who died 5 years after initial 
diagnosis. The first patient with thalamic DMG underwent biopsy, radi-
ation, chemotherapy, and subsequent decompression of spinal metastasis. 
Initial tumor biopsy demonstrated mutation in BRAF p.V600E, H3F3A 
K27M, and TERT promoter. The epidural spinal metastasis had muta-
tions in BRAF p.V600E, H3F3A, TERT, and TP53. The second patient 
with brainstem DMG, diagnosed by radiographic appearance, underwent 
conventional external beam radiation therapy, chemotherapy including 
panobinostat and direct delivery of radioimmunotherapy, intra-arterial 
delivery of bevacizumab, and subsequent decompression of spinal metas-
tasis. The histology and molecular profile for the spinal metastasis was con-
sistent with DMG H3 K27M-mutant, with mutations in BRAF p.G464V, 
PTPN11 p.R498L, PDGFRA, and KIT. Bone marrow biopsy demonstrated 
atypical extrinsic cells with strong and diffuse immunolabeling for OLIG2. 
Autopsy revealed solid organ and osseous metastases. Both patients signifi-
cantly exceeded the median life expectancy for DMG, raising the possibility 

that prolonged overall survival permitted progression to a rarely observed 
disseminated state of disease. There was absence of TP53/p53 modulating 
pathway mutation seen in classic DMG in the thalamic biopsy of the first pa-
tient, as well as the metastatic disease for the second patient, which may con-
tribute to the prolonged survival observed. Molecular analysis of metastatic 
disease is important, as clinically and prognostically relevant alterations that 
vary from the primary site of disease may be detected, which shed light on 
clonal evolution patterns and further our understanding of disease biology.

ABSTRACT CITATION ID: NOAD073.092
DIPG-45. ELONGIN B REGULATES H3K27M CHROMATIN 
INCORPORATION TO PROMOTE MALIGNANCY IN DIFFUSE 
MIDLINE GLIOMA
Jamie Anastas1, Adam Kebede2,3, Alan Jiao4, Claudia Mimoso5, 
Rebecca Murdaugh1, Barry Zee6, Mariella Filbin2,3, Karen Adelman5, 
Yang Shi4; 1Department of Neurosurgery and Program in Cell and Gene 
Therapy, Baylor College of Medicine, Houston, TX, USA. 2Department 
of Pediatric Oncology, Dana-Farber Boston Children's Cancer and Blood 
Disorders Cente, Boston, MA, USA. 3Broad Institute of MIT and Harvard, 
Cambridge, MA, USA. 4Ludwig Institute for Cancer Research, Oxford 
University, Oxford, United Kingdom. 5Department of Biological Chemistry 
and Molecular Pharmacology, Harvard Medical School, Boston, MA, USA. 
6Cell Signaling Technology, Boston, MA, USA

Chromatin dysregulation is both a cause and consequence of aberrant 
RNA Polymerase II (Pol2) transcription in cancer. Some of the most striking 
examples of chromatin disruption in cancer include somatic mutations in 
genes encoding histone H3 (H3.3/H3.1K27M) observed in ~80% of dif-
fuse midline glioma (DMG). H3K27M mutant histones act in a dominant 
manner to disrupt chromatin regulation and Pol2-dependent transcription 
in DMG. How H3K27M impinges on the Pol2 transcriptional machinery 
and whether aberrant Pol2 transcription can reciprocally induce chromatin 
dysregulation in DMG remain open questions. We conducted epigenome-
focused CRISPR dropout screens and identified multiple regulators of Pol2 
elongation, including Elongin B and C (ELOB/ELOC) as DMG genetic de-
pendencies. Follow-up studies confirm that knockout (KO) of ELOB inhibits 
DMG proliferation in neurosphere culture and abrogates DMG tumorigen-
esis in orthotopic xenografts. Additional chromatin profiling studies reveal 
that ELOB binding sites are enriched in H3K27M mutant histones, sug-
gesting that ELOB works together with H3K27M to promote malignant 
gene expression in DMG. Indeed, reciprocal knockout studies suggest that 
while ELOB chromatin binding patterns were not altered by H3K27M 
KO,   ELOB KO significantly reduced H3K27M chromatin incorporation 
at thousands of genomic loci. Further RNAseq and PROseq analyses reveal 
that ELOB KO alters Pol2 transcription resulting in the up-regulation of 
genes associated with neuronal and muscle differentiation and the repression 
of glial stem cell genes. Together, these findings suggest that H3K27M chro-
matin binding patterns and aberrant gene regulation in DMG are, in part, 
dictated by ELOB and the Pol2 elongation machinery. Finally, analyses of 
patient datasets indicate that ELOB complex genes are overexpressed in high 
grade glioma and DMG and correlate with decreased patient survival. Col-
lectively, these studies suggest that a functional interaction between ELOB 
and H3K27M mutant histones induces DMG-specific aberrations in chro-
matin and gene regulation to drive malignancy. 

ABSTRACT CITATION ID: NOAD073.093
DIPG-46. TARGETING THE METABOLIC ERK5-PFKFB3 AXIS IN 
PEDIATRIC DIFFUSE MIDLINE GLIOMA
Stephanie Casillo1, Taylor Gatesman1, Akanksha Chilukuri1, Esther Jane1, 
Daniel Premkumar1, Callie Barber1, Matthew Halbert1, Andrea Cruz1, 
Steven Mullett2, Joshua Michel3, Yue-Fang Chang1, Antony MichaelRaj1, 
Frank Lieberman4, James Felker5, Sruti Shiva2, Kalil Abdullah1, 
Pascal Zinn1, Robert Friedlander1, Taylor Abel1, Sriram Venneti6, 
Stephen Mack7, Stacy Wendell2, Ian Pollack1, Sameer Agnihotri1; 
1Department of Neurological Surgery, University of Pittsburgh School of 
Medicine, Pittsburgh, USA. 2Department of Pharmacology and Chemical 
Biology, University of Pittsburgh School of Medicine, Pittsburgh, USA. 
3John G. Rangos Sr. Research Center, Children’s Hospital of Pittsburgh, 
Pittsburgh, USA. 4Adult Neuro-Oncology Program, UPMC Children's 
Hospital of Pittsburgh, Pittsburgh, USA. 5Pediatric Neuro-Oncology 
Program, UPMC Children's Hospital of Pittsburgh, Pittsburgh, USA. 
6Laboratory of Brain Tumor Metabolism and Epigenetics, Department 
of Pathology, University of Michigan Medical School, Ann Arbor, USA. 
7Department of Pediatric Hematology and Oncology, St Jude Children's 
Research Hospital, Memphis, USA

Diffuse midline glioma is an aggressive brain tumor with a median age 
at diagnosis of 6.3 years and 5-year survival rate of 2.2%.The defining 
histone mutation H3K27M precludes docking of a protein responsible 
for epigenetic modification resulting in erroneously accessible chromatin 
and subsequent transcription of oncogenic pathways, including the RAS-
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