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oncogene. Using fluorescence in situ hybridization, we identified >20 copies 
of MYC in interphase cells, confirming the gene amplification, while two 
copies of MYCN (2p24) were seen. DNA methylation further classified 
this tumor as clustering near posterior fossa group A  (score=0.6073) tu-
mors.  CONCLUSION: We report a unique case of an adolescent male 
with aggressive spinal ependymoma harboring focal MYC amplification. 
Testing for MYC amplification may be reasonable in newly-diagnosed spinal 
ependymomas to aid in characterization.
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RATIONALE: Over 70% of supratentorial (ST) ependymoma are charac-
terized by an oncogenic fusion between C11ORF95 and RELA. C11ORF95-
RELA fusion is frequently the sole genetic driver detected in ST ependymoma, 
thus ranking this genomic event as a lead target for therapeutic inves-
tigation. RELA is a transcription factor (TF) central to mediating NF-kB 
pathway activation in processes such as inflammation, cellular metabolism, 
and chemotaxis. HYPOTHESIS: We posited that C11ORF95-RELA acts as 
an oncogenic TF that aberrantly shapes the tumor epigenome to drive aber-
rant transcription. Approach: To this end we developed an in utero electro-
poration (IUE) mouse model of ependymoma to express C11ORF95-RELA 
during embryonic development. Our IUE approach allowed us to develop 
C11ORF95-RELA driven tumor models and cell lines. We comprehensively 
characterized the epigenome and transcriptome of C11ORF95-RELA fu-
sion driven mouse cells by H3K27ac ChIP-seq, ATAC-seq, and RNA-seq. 
RESULTS: This data revealed that: 1) C11ORF95-RELA directly engages 
‘open’ chromatin and is enriched at regions with known RELA TF binding 
sites as well as novel genomic loci/motifs, 2) C11ORF95-RELA preferentially 
binds to both H3K27ac (active) enhancers and promoters, and 3) Bound 
C11ORF95-RELA promoter loci are associated with increased transcription 
of genes shared with human ependymoma. CONCLUSION: Our findings 
shed light on the transcriptional mechanisms of C11ORF95-RELA, and re-
veal downstream targets that may represent cancer dependency genes and 
molecular targets.
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Ependymoma (EPN) is a brain tumor commonly presenting in child-
hood that remains fatal in the majority of children. Intra-tumoral cellular 
heterogeneity in bulk-tumor samples significantly confounds our under-
standing of EPN biology, impeding development of effective therapy. We 
therefore used single-cell RNA sequencing to catalog cellular heterogeneity 
of 26 childhood EPN, predominantly from ST-RELA, PFA1 and PFA2 sub-
groups. ST-RELA and PFA subgroups clustered separately, with ST-RELA 
clustering largely according to individual sample-of-origin. PFA1 and PFA2 
subgroup EPNs cells were intermixed and revealed 4 major subpopulations 
– 2 with characteristics of ependymal differentiation (transporter and cili-
ated phenotype subpopulations), an undifferentiated subpopulation and a 
mesenchymal phenotype. Pseudotime analysis showed the undifferentiated 
progenitor subpopulation either differentiating into ependymal differenti-
ation subpopulations or transitioning into the mesenchymal subpopulation. 
Histological analysis revealed that undifferentiated and mesenchymal 
subpopulations cells colocalized to perinecrotic/perivascular zones, the pu-
tative ependymoma stem cell niche. Deconvolution of PFA bulk transcrip-
tome data showed that undifferentiated and mesenchymal subpopulations 
were associated with a poor prognosis; whereas the ciliated ependymal cell-
differentiated subpopulation was associated with a good prognosis. In con-
flict with current distinct classification paradigms, the ratio of mesenchymal 
and ciliated subpopulations determined bulk-tumor subgroups assignment 

to PFA1 and PFA2 respectively. This atlas of EPN cellular heterogeneity pro-
vides an important advance in our understanding of EPN biology, identifying 
high-risk associated subpopulations for therapeutic targeting.
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Subgroups of ependymoma, especially RELA fusion-positive and posterior 
fossa type A  tumors, are associated with poor prognosis. Curative thera-
peutic strategies have not yet been identified. We set up a high-throughput 
drug screening (HTS) pipeline to evaluate clinically established compounds 
(n=196) in primary ependymoma cultures (n=12). As culturing ependymoma 
is challenging, assay miniaturization to 1536-well microplates emerged as a 
key feature to process HTS despite smallest cell numbers. DNA methylation 
profiling showed that entity and subgroup affiliation from primary diag-
nosis was maintained in primary cultures, as assessed through molecular 
neuropathology 2.0 based classification (MNP 2.0, Capper, D. et al., Nature, 
2018). A  comparison of HTS data of ependymoma and other pediatric 
brain tumor models (n=48) revealed a remarkable chemoresistance in vitro. 
However, we identified Neratinib, an irreversible ERBB2 inhibitor, as the 
most prominent candidate which was preferentially active in a subset of 
the investigated ependymoma cultures (n=5). Combinatory treatment with 
Copanlisib, a PI3K inhibitor, was able to overcome resistance to single agent 
treatment using Neratinib in established cell lines of ependymoma (n=3) and 
2/4 primary cultures for which combinatory treatment could be tested. Fi-
nally, we validated efficacy of Neratinib combined with Copanlisib in mice 
bearing ependymoma xenografts which revealed significantly reduced tumor 
size compared to vehicle-treated animals. In summary, our study demon-
strates that HTS may reveal targeted therapies for pediatric brain tumors. 
Specifically, we found a synergistic interaction of Neratinib and Copanlisib 
for treatment of ependymoma, thereby providing a novel therapeutic ap-
proach in an otherwise largely chemoresistant entity.
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Recent large-scale genomic studies of ependymal tumors have identified re-
current RELA and YAP1 fusion genes in supratentorial ependymomas. The 
formation of the C11orf95-RELA fusion gene has been attributed to massive 
genomic rearrangement involving chromosome 11q termed Chromothripsis 
in many cases. However, the causal relationship has not been clarified experi-
mentally. In this study, we developed a system to reproduce the oncogenic gene 
rearrangement using the CRISPR-Cas9 system and examined whether conse-
quent endogenous ependymoma fusion genes are competent to form brain 
tumors in mice. Initially, to investigate whether C11orf95-RELA fusion can be 
formed by inducing the relevant gene rearrangement in vitro, we designed mul-
tiple guide RNAs on the human and mouse genomic loci and introduced them 
into cultured cells. RT-PCR and immunoblot analyses detected endogenous 
C11orf95-RELA fusion transcript and protein in both human and mouse cul-
tured cells. Subsequently, we lentivirally introduced the gRNAs into a mouse 
brain. Brain tumor formation was observed from around 2 months after the 
lentivirus injection, thus indicating successful gene rearrangement followed by 
C11orf95-RELA fusion expression in vivo. Analysis of the tumor tissue con-


