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predicted drug sensitivities with distinct groups of tumors predicted to re-
spond to proteasome inhibitors, Thiotepa or Volasertib all of which have 
early evidence in treating gliomas. We will refine this analysis in a multi-
institutional study of >100 patient gene expression profiles to define MR 
signatures driving known biological/molecular disease subtypes, use DIPG 
cell lines recapitulating common MR architectures to optimize therapy pri-
oritization, and validate our findings in vivo.

DIPG-41. DISSECTING THE MECHANISTIC BASIS FOR ACVR1 AND 
PIK3CA MUTATION CO-OCCURRENCE IN DIFFUSE MIDLINE 
GLIOMAS USING GENETICALLY ENGINEERED MOUSE MODELS
Annette Wu, Tak Mak, and Jerome Fortin; Princess Margaret Cancer 
Centre, University Health Network, Toronto, ON, Canada

Diffuse midline gliomas (DMGs) are aggressive childhood brain tumors 
with a dismal prognosis. Most of these tumors carry K27M mutations in his-
tone H3-encoding genes, particularly H3F3A and HIST1H3B. In addition, 
activating mutations in ACVR1 and PIK3CA co-occur in a subset of DMGs. To 
understand how these lesions drive the development of DMGs, we generated 
genetically engineered mouse models in which Acvr1G328V, Hist1h3bK27M, 
and Pik3caH1047R are targeted to the OLIG2-expressing cell lineage. Ani-
mals carrying Acvr1G328V and Pik3caH1047R, with (“AHPO”) or without 
(“APO”) Hist1h3bK27M, developed high-grade diffuse gliomas involving mid-
line and forebrain regions. Neither Acvr1G328V nor Pik3caH1047R drove 
tumorigenesis by themselves, but Acvr1G328V was sufficient to cause oligo-
dendroglial differentiation arrest, pointing to a role in the earliest stages of 
gliomas formation. Transcriptomic analyses of AHPO and APO tumors indi-
cated a predominantly proneural and oligodendrocyte precursor-like gene ex-
pression signature, consistent with the corresponding human pathology. Genes 
encoding transcription factors (TFs) with dual roles in controlling glial and 
neuronal differentiation were upregulated in tumors. Some of these genes were 
mildly induced by Acvr1G328V alone. Functional experiments using CRISPR/
Cas9-mediated gene editing in patient-derived cell lines confirmed a role for 
some of these TFs in controlling DMG cell fitness. Overall, our results suggest 
that Pik3caH1047R consolidates Acvr1G328V-induced glial differentiation 
arrest to drive DMG development and progression.

DIPG-42. TOWARD MULTIMODALITY THERAPY FOR DIPG/
DMG: DEVELOPMENT AND INVESTIGATION OF CRANIOSPINAL 
IRRADIATION AND CONVECTION-ENHANCED DELIVERY PDX 
MODELS
Aaron J Knox1, Ahmed Gilani1, Benjamin van Court1, Ayman Oweida1, 
Patrick Flannery1, John DeSisto1, Rakeb Lemma1, Hannah Chatwin1, 
Fabia Gamboni1, Benjamin Brown1, Natalie Serkova1, Rajeev Vibhakar1, 
Kathleen Dorris1, Michael Wempe2, Julie A Reisz1, Sana D Karam1, and 
Adam L Green1; 1The Morgan Adams Foundation Pediatric Brain Tumor 
Research Program, University of Colorado School of Medicine/Children’s 
Hospital Colorado, Aurora, CO, USA, 2University of Colorado School of 
Pharmacy and Pharmaceutical Sciences, Aurora, CO, USA

BACKGROUND: Diffuse intrinsic pontine glioma (DIPG) and diffuse 
midline glioma (DMG) are metastatic diseases, as demonstrated by early 
convection-enhanced delivery (CED) clinical trials in which prolonged local 
tumor control can sometimes be achieved, but fatal disseminated disease then 
develops. We hypothesize that improvements in treatment of both focal disease 
and the entire neuraxis are necessary for long-term survival, and patient-derived 
xenograft (PDX) models can help advance these efforts. METHODS: We used 
a BT245 murine orthotopic DIPG PDX model for this work. We developed a 
protocol and specialized platform to deliver craniospinal irradiation (CSI) with 
a pontine boost. We separately compared intratumoral drug concentration by 
CED and intraperitoneal delivery. In our CED model, mice receive gemcitabine 
60 ug x1 in 15 ul at 0.5 ul/minute through a stepped catheter design with silica 
tubing extending 2mm beyond a 27G needle. RESULTS: Mice receiving CSI 
(4 Gy x2d) plus boost (4 Gy x2d) showed minimal spinal and brain lepto-
meningeal metastatic disease by bioluminescence, MRI, and pathology com-
pared to mice receiving radiation to the pons only (4 Gy x4d) or no radiation. 
CED achieved an intratumoral gemcitabine concentration 50-fold greater than 
intraperitoneal dosing when controlled for dose. CONCLUSIONS: In a DIPG 
PDX model, CSI+boost minimizes tumor dissemination compared to focal ra-
diation, and CED achieves clinically significant improvements in intratumoral 
chemotherapy concentration compared to systemic delivery. Adding these mo-
dalities to current treatment could improve both focal and metastatic tumor 
control, leading to meaningful improvements in survival.

DIPG-43. CAN WE REPROGRAM DIFFUSE INTRINSIC PONTINE 
GLIOMA (DIPG)? EXPLORING THE ROLE OF DISTALLESS/DLX 
HOMEOBOX GENE REGULATION OF OLIGODENDROGLIAL 
PROGENITOR CELLS (OPC) IN THE DEVELOPING VERTEBRATE 
NERVOUS SYSTEM
Mikaela Nevin1, Janine Gallego1, Xiaohua Song1, Qiang Jiang1, 
Alan Underhill1, Roseline Godbout1, Oren Becher2, and David Eisenstat1; 

1University of Alberta, Edmonton, AB, Canada, 2Northwestern University, 
Chicago, IL, USA

BACKGROUND: The identification of H3.3/H3.1K27M in most DIPG 
has changed our understanding of this disease. H3K27M mutations usu-
ally demonstrate global loss of H3K27 trimethylation (me3) with gain of 
H3K27 acetylation (ac). Single cell RNAseq has identified the putative cell of 
origin as oligodendroglial progenitor cells (OPC). The distalless gene family 
is necessary for the differentiation and tangential migration of committed 
neural progenitors to become GABAergic interneurons. Dlx1/Dlx2 double 
knockout (DKO) cells from the ganglionic eminences (GE) transplanted 
into a wild-type environment become oligodendrocytes.  RESULTS: We 
identified DLX2 occupancy of early (Olig2, Nkx2.2) and late (Myt1, Plp1) 
genes required for OPC differentiation in vivo and confirmed direct DLX2 
protein-promoter DNA binding in vitro. Co-expression of Dlx2 with target 
sequences reduced reporter gene expression in vitro. There was increased 
expression of OLIG2, NKX2.2 and PLP-1 expression in vivo, consistent 
with de-repression in the absence of Dlx1/Dlx2 function. Transient over-
expression of a Dlx2-GFP construct into murine DIPG cells from a GEMM 
that develops DIPG resulted in significant increases in expression of Gad 
isoforms with concomitant decreases in Olig2 and Nkx2.2. Dlx2-transfected 
mDIPG cells also demonstrated reduced migration, invasion and colony for-
mation in vitro. Of significance, there was global restoration of H3K27me3 
with corresponding loss of H3K27ac expression in transfected cells com-
pared to controls. CONCLUSIONS: DLX2 promotes GABAergic differen-
tiation and migration while concomitantly repressing OPC differentiation in 
vivo. Developmental reprogramming of mDIPG cells by DLX2 demonstrates 
the potential role for directed differentiation strategies towards improving 
patient outcomes for this devastating pediatric cancer.

DIPG-44. A GAIN OF FUNCTION EZH2 MUTATION DELAYS 
DIFFUSE INTRINSIC PONTINE GLIOMA PROGRESSION
Swati Dhar1,2, Samantha Gadd1, Daniel Brat2, and Oren Becher1,2; 1Ann 
& Robert H. Lurie Children’s Hospital of Chicago, Chicago, IL, USA, 
2Northwestern University, Chicago, IL, USA

BACKGROUND: Diffuse Intrinsic Pontine Glioma (DIPG) remains an 
incurable pediatric brain cancer. The oncohistone H3K27M implicated in 
80% of the cases, is also predicted to target Enhancer of Zeste Homolog 
2 (Ezh2), the catalytic component of the Polycomb Repressor Complex 
2 (PRC2). There are no reported mutations of Ezh2 and its function in 
DIPG is not fully determined. This work aims to address the role of Ezh2 
in DIPG. METHODS: Brainstem tumors were established by intracranial 
injections of Nestin;Tv-a; Ezh2Y641F/+ (NTv-a; Ezh2Y641F/+) neonatal pups 
using Replication Competent Avian Sarcoma leucosis virus long terminal 
repeat with splice acceptor (RCAS) viruses, expressing PDGF-B, p53 shRNA, 
and RCAS-CRE/Y. Immunohistochemical staining for Ki-67 and H3K27me3 
were performed on the Discovery ULTRA (Ventana).  RESULTS: Ezh2 
overexpression (Ezh2Y641F/+, RCAS CRE) conferred a survival advantage of 
approximately 10 days (n=20 mice/group, p<0.001). H3K27me3 levels were 
significantly upregulated in RCAS CRE group (50% vs 20% in RCAS Y, 
n=4 tumors/group, p<0.03), with a concomitant lower Ki-67 staining (30% 
vs. 55% in RCAS Y, n=3 tumors/group, p<0.05). Interestingly, pathological 
review categorized more RCAS-CRE tumors as ‘atypical’. RNA-sequencing 
of virus-infected neural precursor cells revealed a suppression of inflamma-
tory/interferon gene signature in the Ezh2 overexpression group. CONCLU-
SIONS AND FUTURE DIRECTIONS: Enhanced Ezh2 activity appears to 
delay DIPG pathogenesis. Ongoing work aims to highlight the contribution 
of differentially expressed gene signatures that contribute to this phenotype.

DIPG-46. NON-DIPG PATIENTS ENROLLED IN THE 
INTERNATIONAL DIPG REGISTRY: HISTOPATHOLOGIC 
EVALUATION OF CENTRAL NEURO-IMAGING REVIEW
Margot A. Lazow1, Christine Fuller1, Adam Lane1,  
Mariko D. DeWire-Schottmiller1, Pratiti Bandopadhayay2, Ute Bartels3, 
Eric Bouffet3, Sylvia Cheng4, Kenneth J. Cohen5, Tabitha M. Cooney6, 
Scott L. Coven7, Hetal Dholaria8, Blanca Diez9, Kathleen Dorris10, 
Motasem El-Ayadi11, Ayman El-Sheikh12, Paul G. Fisher13, 
Mercedes Garcia Lombardi14, Robert J. Greiner15, Stewart Goldman16, 
Nicholas Gottardo8, Sridharan Gururangan17, Jordan R. Hansford18, 
Tim Hassall19, Cynthia Hawkins3, Lindsay Kilburn20, Carl J. Koschmann21, 
Sarah E. Leary22, Jie Ma23, Jane E. Minturn24,  
Michelle Monje-Deisseroth13, Roger J. Packer20, Yvan Samson25, 
Eric S. Sandler26, Gustavo Sevlever9, Christopher Tinkle27, Karen Tsui28, 
Lars M. Wagner29, Mohamed Zaghloul11, David S. Ziegler30, 
Brooklyn Chaney1, Katie Black1, Anthony Asher1, Rachid Drissi1, 
Maryam Fouladi1, Blaise V. Jones1, and James L. Leach1; 1Cincinnati 
Children’s Hospital Medical Center, Cincinnati, OH, USA, 2Boston 
Children’s Hospital, Boston, MA, USA, 3Hospital for Sick Children, 
Toronto, ON, Canada, 4BC Children’s Hospital, Vancouver, BC, Canada, 
5Johns Hopkins, Baltimore, MD, USA, 6UCSF Benioff Children’s Hospital 
Oakland, Oakland, CA, USA, 7Riley Children’s Health, Indianapolis, IN, 
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USA, 8Perth Children’s Hospital, Nedlands, WA, Australia, 9Fundacion 
para Lucha contra las Enfermedes Neurologicas de Infantes, Buenos Aires, 
Argentina, 10Children’s Hospital Colorado, Aurora, CO, USA, 11Children’s 
Cancer Hospital Egypt, Cairo, Egypt, 12Dayton Children’s Hospital, 
Dayton, OH, USA, 13Stanford Children’s Health, Palo Alto, CA, USA, 
14Hospital de Ninos Ricardo Gutierrez, Gallo, Argentina, 15Penn State 
Health Children’s Hospital, Hershey, PA, USA, 16Ann & Robert H, Lurie 
Children’s Hospital of Chicago, Chicago, IL, USA, 17University of Florida, 
Gainesville, FL, USA, 18The Royal Children’s Hospital, Parkville, Australia, 
19Queensland Children’s Hospital, South Brisbane, Australia, 20Children’s 
National, Washington, DC, USA, 21University of Michigan, Ann Arbor, MI, 
USA, 22Seattle Children’s, Seattle, WA, USA, 23Xinhua Hospital, Shanghai 
Jiao Tong University School of Medicine, Shanghai, China, 24Children’s 
Hospital of Philadelphia, Philadelphia, PA, USA, 25CHU Saint Justine, 
Montreal, Canada, 26Nemous Children’s Health System, Jacksonville, 
FL, USA, 27St, Jude Children’s Research Hospital, Memphis, TN, USA, 
28Starship Children’s Health, Auckland, New Zealand, 29University of 
Kentucky College of Medicine, Lexington, KY, USA, 30Sydney Children’s 
Hospital, Sydney, Australia

INTRODUCTION: The role of diagnostic biopsy in diffuse intrinsic pon-
tine glioma (DIPG) remains in question. Distinguishing radiographically be-
tween DIPG and other pontine tumors with more favorable prognosis and 
different therapy is critically important. METHODS: Cases submitted to the 
International DIPG registry with histopathologic data were analyzed. Cen-
tral imaging review was performed by two neuro-radiologists; all cases with 
imaging features or histopathology suggestive of alternative diagnoses were 
re-reviewed. Imaging features suggestive of alternative diagnoses included 
non-pontine origin, <50% pontine involvement (without typical DIPG pat-
tern on follow-up), focally exophytic morphology, sharply-defined margins, 
or marked diffusion restriction throughout. RESULTS: Among 297 patients 
with pathology from biopsy and/or autopsy available, 27 (9%) had histologic 
diagnoses not consistent with DIPG, commonly embryonal tumors (n=9) and 
pilocytic astrocytomas (n=11). 163 patients had diagnostic MRI available for 
central neuroimaging review. Among 81 patients classified as characteristic 
of DIPG, 80 (99%) had histopathology consistent with DIPG (diffuse mid-
line glioma, H3K27M-mutant, glioblastoma, anaplastic astrocytoma, diffuse 
astrocytoma). Among 63 patients classified as likely DIPG, but with unusual 
imaging features, 59 (94%) had histopathology consistent with DIPG. 19 pa-
tients had imaging features suggestive of another diagnosis, including 13 with 
non-pontine tumor origin; the remaining 6 all had histopathology not con-
sistent with DIPG. Association between central imaging review and histopath-
ology was significant (p<0.001). CONCLUSIONS: The important role and 
accuracy of central neuroimaging review in diagnosing or excluding DIPG is 
demonstrated. In patients with pontine tumors for which DIPG is felt unlikely 
radiographically, biopsy may be considered to guide diagnosis and treatment.

DIPG-47. HISTONE MUTATIONS ENHANCE RAS MEDIATED ERK5 
GROWTH SIGNALING IN DIFFUSE MIDLINE GLIOMAS
Ann-Catherine Stanton1, Robert Koncar1, Brian Golbourn1, Brittany Dey1, 
Nishant Agrawal1, Stephen Mack2, Ian Pollack1, and Sameer Agnihotri1; 
1Department of Neurological Surgery, Children’s Hospital, University of 
Pittsburgh, Pittsburgh, PA, USA, 2Department of Pediatrics, Section of 
Hematology-Oncology, Baylor College of Medicine, Houston, TX, USA

Diffuse midline gliomas (DMGs) are incurable brain tumors with an aggressive 
onset. Apart from irradiation, there are currently no effective therapies available 
for patients with DMG, who have a median survival time of less than one year. 
Most DMG cells harbor mutations in genes encoding histone H3 (H3K27M) 
proteins, resulting in a global reduction of H3K27 trimethylation and activation 
of oncogenic signaling pathways. Here we show that the H3K27M mutations 
contribute to RAS pathway signaling, which is augmented by additional RAS 
activators including PDGFRA. H3K27M mutation led to increased expression 
of receptor tyrosine kinases (RTK). A RAS pathway functional screen identified 
ERK5, but not ERK1/2, as a RAS pathway effector important for DMG growth. 
Suppression of ERK5 decreased DMG cell proliferation and induced apoptosis 
in vitro and in vivo. In addition, depletion or inhibition of ERK5 significantly 
increased survival of mice intracranially engrafted with DMG cells. Mechanistic-
ally, ERK5 directly stabilized the proto-oncogene MYC at the protein level. Add-
itionally, persistent ERK5 depletion does not result in complete growth inhibition 
and therefore we set out to determine potential adaptation or resistance mechan-
isms in response to ERK5 loss. Using RNA-sequencing and Immunoprecipitation 
(IP) mass spectrometry (IP-MS), we have identified several positive and negative 
feedbacks involved in ERK5 that are also targetable. These findings identify the 
H3K27M mutation as an enhancer of RAS activation in DMG with ERK5 and 
ERK5 regulated networks immediately actionable pathways.

DIPG-49. BRAINSTEM AND PONTINE VOLUMETRIC ANALYSIS 
AS A SURROGATE MEASURE OF LOCAL DISEASE CONTROL IN 
CHILDREN WITH DIFFUSE INTRINSIC PONTINE GLIOMA (DIPG)
Evan D. Bander1,2, Morgan E. Freret2, Eva Wembacher-Schroeder3, 
Suzanne L. Wolden2, and Mark M. Souweidane1; 1Weill Cornell Medical 

College/NY Presbyterian Hospital, New York, NY, USA, 2Memorial Sloan 
Kettering Cancer Center, New York, NY, USA, 3Brainlab AG, Munich, 
Germany

INTRODUCTION: Response-assessment in pediatric neuro-oncology 
(RAPNO) criteria designed to describe treatment outcomes are poorly im-
plemented in diffuse intrinsic pontine glioma (DIPG), due to inter-observer 
variability in measurement of tumor volume, lack of tumor enhancement, 
and undefined relationships between radiographic parameters and survival. 
Given these issues, this study assessed whether anatomically defined brain-
stem and pontine volumes can serve as surrogate measures of local disease 
burden and response to therapy in DIPG.  METHODS: Thirty-two con-
secutive patients with newly diagnosed DIPG were treated with standard 
definitive radiation therapy (RT) between 2010 and 2016 at a single insti-
tution. MRI brain scans throughout treatment course were analyzed using 
iPlan® Flow software (Brainlab AG, Munich, Germany). Semi-automated 
3D measurements of the brainstem and pons were calculated using a built-in 
knowledge-based segmentation approach and manually adjusted.  RE-
SULTS: Mean age at diagnosis was 6.5+/-0.5 years (range 2–12 years). Me-
dian follow up time was 317 days. Average brainstem volume at diagnosis 
(Vdiag) was 52.7+/-2.1mL with subsequent decrease at first post-RT MRI to 
41.4+/-2.0mL (p < 0.0001). By time of last follow up, brainstem volume in-
creased to 51.9+/-3.3, no longer significantly different as compared to Vdiag 
(p=0.61). The same relationships were found for pontine volume.  CON-
CLUSIONS: Volumetric changes in the brainstem and pons occur in re-
sponse to treatment and correlate with local disease burden and response 
to therapy. This surrogate may be a useful standardized measure in ongoing 
and future trials involving localized delivery of therapeutics in DIPG that 
require evaluation of local-regional disease control in addition to survival.

DIPG-50. A NOVEL ORTHOTOPIC PATIENT-DERIVED XENOGRAFT 
MODEL OF RADIATION-INDUCED GLIOMA
Jacqueline Whitehouse1,2, Meegan Howlett1,2, Jason Stanley1,2, Hilary Hii1, 
Santosh Valvi3, Christine White4, Chelsea Mayoh5,6, Marie Wong5,6, 
Brooke Strowger1, Jason Dyke7, Mark Cowley5,6, Nicholas Gottardo1,3, 
Raelene Endersby1,2; 1Telethon Kids Institute, Perth, WA, Australia, 
2University of Western Australia, Perth, WA, Australia, 3Perth Children’s 
Hospital, Perth, WA, Australia, 4Hudson Institute of Medical Research, 
Melbourne, VIC, Australia, 5Children’s Cancer Institute, Sydney, NSW, 
Australia, 6University of New South Wales, Sydney, NSW, Australia, 7Royal 
Perth Hospital, Perth, WA, Australia

Diffuse midline glioma (DMG) can arise as a primary tumour but also 
as a consequence of radiation therapy (RT) in survivors of other paedi-
atric brain tumours. Radiation-associated gliomas are molecularly distinct 
from primary gliomas and have poorer overall survival. We report a case 
of radiation-associated DMG following treatment for medulloblastoma, 
and the development of a matched patient-derived xenograft (PDX) model. 
A four-year-old boy diagnosed with medulloblastoma was treated with sur-
gical resection, RT and chemotherapy (COG:CCG-99701-Arm B). Eleven 
years post-diagnosis, the patient relapsed with radiation-associated DMG, 
participated in a Phase I clinical trial (COG:ACNS0927), and passed away 
eight months later. Tumour tissue collected at autopsy was intracranially 
implanted into immunodeficient mice and serially transplanted in vivo. 
Immunohistochemistry demonstrated both the primary DMG and PDXs 
expressed PDGFR-alpha and PTEN, were H3K27me3-positive, and had 
undetectable levels of p53. Sequencing revealed an activating mutation in 
PI3-kinase (H1047L) and variants of unknown significance in GRK4, FLG, 
BAZ2A, and CRTC3. DNA methylation array of the PDX demonstrated 1p 
loss, which is not typically associated with primary DMG, and broad deletion 
within 9p including CDKN2A/B, MTAP and multiple interferon genes. The 
methylation profile did not significantly classify with other tumours in the 
Molecular Neuropathology database (molecularneuropathology.org/mnp). 
We describe the first reported PDX model of radiation-associated DMG fol-
lowing medulloblastoma, which recapitulates the patient disease and is mo-
lecularly distinct from primary DMG. Interrogation of this model through 
RNA and whole genome sequencing presents a valuable opportunity to 
better understand and identify novel therapeutic vulnerabilities against this 
currently incurable disease.

DIPG-51. ACVR1 MUTATIONS PROMOTE TUMOR GROWTH IN 
MODELS OF DIFFUSE INTRINSIC PONTINE GLIOMA
Jennifer Ocasio Adorno1, Laura Hover1, Chen He1, Xiaoyan Zhu1, 
David Goldhamer2, Angel Carcaboso3,4, Sridevi Yadavilli5, 
Javad Nazarian5,6, and Suzanne Baker1; 1St. Jude Children’s Research 
Hospital, Memphis, TN, USA, 2University of Connecticut, Storrs, CT, USA, 
3Institut de Recerca Sant Joan de Deu, Barcelona, Spain, 4Hospital Sant Joan 
de Deu, Barcelona, Spain, 5Children’s National Health System, Washington 
DC, USA, 6George Washington University, Washington DC, USA

Mutations in the gene encoding activin A  receptor type 1 (ACVR1) 
are found in approximately 25% of diffuse intrinsic pontine gliomas 


