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TUMOR BIOLOGY (NOT FITTING A SPECIFIC DISEASE 
CATEGORY)

TBIO-01. MUTATION PROFILING OF PAEDIATRIC SOLID 
TUMOURS IN A COHORT OF SOUTH AFRICAN PATIENTS
Lindiwe Lamola1, Erin Manolas1, Amanda Krause2; 1University of the 
Witwatersrand, Johannesburg, Gauteng, South Africa. 2University of the 
Witwatersrand, Johannesburg, Gauteng, South-Sudan

  BACKGROUND: The incidence of childhood cancer incidence is 
increasing gradually in low-middle income countries, such as South Af-
rica. Globally, there is an extensive range of familial- and hereditary-cancer 
syndromes, where underlying germline variants increase the likelihood of 
developing cancer in childhood. Next-Generation Sequencing (NGS) tech-
nologies have been key in determining the occurrence and genetic contri-
bution of germline variants to paediatric cancer development. We aimed 
to design and evaluate a candidate gene panel, specific to inherited cancer-
predisposing genes to provide a comprehensive insight into the contribu-
tion of germline variants to childhood cancer.   METHODS:  32 paediatric 
patients (aged 0-18  years) diagnosed with a malignant tumour were re-
cruited and biological samples were obtained. After quality control, DNA 
was sequenced using an ion Ampliseq 50 candidate gene panel design and 
Ion Torrent S5 technologies. Sequencing variants were called using Ion Tor-
rent Suite software and were subsequently annotated using Ion Reporter 
and Ensembl's VEP. High priority variants were manually analysed using 
tools such as MutationTaster, SIFT-INDEL and VarSome. Putative identified 
candidates were validated via Sanger Sequencing.   RESULTS: The patients 
studied had a variety of cancers, the most common being nephroblastoma 
(13), followed by osteosarcoma (4) and astrocytoma (3). We identified 10 
pathogenic / likely pathogenic variants in 10 patients, most of which were 
novel.   CONCLUSIONS:  According to literature, we expected ~10% of 
our patient population to harbour pathogenic or likely pathogenic germline 
variants, however we reported about 3 times (~30%) more than we ex-
pected. Majority of the identified variants are novel; this may be because 
this is the first study of its kind in an understudied South African population

TBIO-02. MAPPING THE ORIGINS OF PEDIATRIC BRAIN TUMORS 
TO CELL TYPE LINEAGES IN THE DEVELOPING CEREBELLUM.
Konstantin Okonechnikov1,2, Piyush Joshi1,2, Mari Sepp3, Kevin Leiss3, 
Ioannis Sarropoulos3, David T.W. Jones1,2, Marcel Kool1,4, Natalie Jäger1,2, 
Lena M. Kutscher1,2, Henrik Kaessmann3, Stefan M. Pfister1,2; 1Hopp Children 
ś Cancer Center Heidelberg (KiTZ), Heidelberg, Germany. 2German Cancer 
Research Center (DKFZ), Heidelberg, Germany. 3Center for Molecular Biology 
of Heidelberg University (ZMBH), Heidelberg, Germany. 4Princess Máxima 
Center for Pediatric Oncology, Utrecht, Netherlands

Understanding the cellular origins of cerebellar tumors at single cell resolution 
may help identify novel therapeutic vulnerabilities to overcome current impedi-
ments in pediatric neuro-oncology. One approach to answer this important 
question involves the mapping of tumor profiles onto normal embryonal cen-
tral nervous system development. Previous attempts in this regard focused on 
integrating human tumor data with developing mouse cerebellum atlases, how-
ever, these approaches were inherently limited due to species-specific differences. 
In order to address this critical issue, we use a high resolution developing human 
cerebellum single cell atlas in order to compare to extended bulk and single cell 
transcriptomes profiles from pediatric solid tumors. In result, we provide novel 
and confirmatory findings for the cellular association of medulloblastoma SHH, 
Group3 and Group4 as well as pilocytic astrocytoma, using comprehensive ap-
proaches to decipher the cellular composition and map the origins of child-
hood brain tumors.  We also shed light on the cellular origins of posterior fossa 
ependymoma and radiation-induced glioma (secondary tumor, occurring after 
medulloblastoma). As a common feature among the tumor similarity to normal 
cell types, we identify gradients of differentiation, starting from early progenitor 
cells to more differentiated cell states, observed in all cerebellar tumor entities 
investigated at single cell level; thus reflecting possible lineages of origin. Per-
taining to clinical application, we identified specific developmental genes shared 
between cerebellar lineages and associated tumors, and tumor-specific genes ab-
sent in all cerebellar lineages. These two categories of genes comprise candidate 
lineage markers for faithful modeling and, if absent from other organ systems 
after birth, could become an important source of potential therapeutic targets. 
Importantly, all analysis results are publicly available via an interactive online 
user interface (brain-match.org) that serves as an open valuable resource for the 
scientific community.

TBIO-03. ANGIOGENESIS IN PITUITARY ADENOMA
Daizo Yoshida, Ryutaro Nomura, Akira Teramoto; Department of 
Neurosurgery, Nippon Medical School, Bunkyo-ku, Tokyo, Japan

The role of angiogenesis in pituitary tumor development used to be 
questioned, since pituitary tumors have been usually found to be less 

vascularized than the normal pituitary tissue. Nevertheless, a signifi-
cantly higher degree of vasculature has been shown in invasive or 
macropituitary prolactinomas when compared to nonin- vasive and 
microprolactinomas. We should know VEGF was found firstly in pitu-
itary anterior lobe, then tumor angiogenesis must occur. Meanwhile the 
vascular arrange- ment raised by VEGF is irregular, that sometimes lead 
to pituitary apoplexy. In this chapter, hypoxia inducible factors (HIF), 
transcription factors regulating expression of several genes related to 
oxygen homeostasis are in response to hypoxic stress. We focus on 
tumor angiogenesis regulated by the signaling cascade in tumor angio-
genesis in pituitary tumor.

TBIO-04. COMPREHENSIVE ANALYSIS OF MUTATIONAL 
SIGNATURES IN PEDIATRIC CANCERS
Venu Thatikonda1,2, S. M. Ashiqul Islam3, Robert J. Autry1,2, 
Barbara C. Jones1,4, Susanne Gröbner1,2, Gregor Warsow5, 
Barbara Hutter6, Daniel Huebschmann6,7, Stefan Fröhling6,8, 
Mirjam Blattner-Johnson1,4, David T.W. Jones1,4, Ludmil B. Alexandrov3, 
Stefan M, Pfister1,2, Natalie Jäger1,2; 1KiTZ, Heidelberg, Germany. 
2Division of Pediatric Neurooncology, German Cancer Research Center 
(DKFZ), Heidelberg, Germany. 3Department of Cellular and Molecular 
Medicine and Department of Bioengineering, Moores Cancer Center, UC 
San Diego, La Jolla, 92093, California, USA. 4Pediatric Glioma Research 
Group, German Cancer Research Center (DKFZ), Heidelberg, Germany. 
5Omics IT and Data Management Core Facility (W610), DKFZ, Heidelberg, 
Germany. 6NCT Molecular Precision Oncology Program, NCT Heidelberg 
and DKFZ, Heidelberg, Germany. 7Department of Pediatric Oncology, 
Hematology and Immunology, Heidelberg University Hospital, Heidelberg, 
Germany. 8Division of Translational Medical Oncology, NCT Heidelberg 
and DKFZ, Heidelberg, Germany

Analysis of mutational signatures can reveal the underlying molecular 
processes that have caused the somatic mutations found in genomes. We 
performed an extensive analysis encompassing mutational signatures of 
single base substitution and, for the first time, signatures of small inser-
tions/deletions in ~800 whole-genome-sequenced tumor-normal pairs from 
25 molecularly defined pediatric cancer types. More than half of this cohort 
consists of pediatric CNS-tumors (n=416), including high- and low-grade 
gliomas, ependymomas, and embryonal tumors. These were subsequently 
compared with COSMIC v.3 signatures to identify overlap with the latest 
set of known mutational signatures. We identified only a small number of 
mutational signatures active in pediatric cancers when compared to previ-
ously analyzed adult cancers. Amongst these, SBS1 and SBS5 were present 
in nearly all pediatric tumors analyzed, with a significant correlation of 
signature activity with age at diagnosis, as expected. Further, we found 
SBS21 activity in a fraction of high-grade gliomas, which is the result of 
defective DNA mismatch repair, SBS36 in fractions of ETMR and Group4-
medulloblastoma, the result of defective base excision repair, and SBS44 
in Group4-medulloblastomas, caused by defective DNA mismatch repair. 
For these signatures, no consistent genetic alteration was identified. We 
report a significantly smaller proportion of pediatric tumors which show 
homologous-recombination repair defect signature SBS3 compared to pre-
viously published analyses. Additionally, the previous mutational signature 
analysis of this cohort based on COSMIC v.2 reference signatures had 
identified a novel substitution signature (Signature.P1), active in the brain 
tumors ATRT and ependymoma. Our updated results suggest that Signa-
ture.P1 is not a pediatric specific mutational signature, but a treatment-
associated signature identified in a small fraction of brain tumors that were 
annotated as treatment-naïve. This analysis provides a systematic overview 
of mutational signatures in pediatric cancers, which is relevant for under-
standing tumor biology and future research in defining biomarkers for 
treatment response.

TBIO-05. R-LOOPS IN PEDIATRIC BRAIN TUMORS
Shanzheng Wang1,2, Apurva Gopisetty1,2, Natalie Jäger1,2, Stefan Pfister1,2, 
Marcel Kool1,3; 1Hopp Children´s Cancer Center (KiTZ), Heidelberg, 
Baden-Württemberg, Germany. 2Division of Pediatric Neurooncology, 
German Cancer Research Center (DKFZ) and German Cancer Consortium 
(DKTK), Heidelberg, Baden-Württemberg, Germany. 3Princess Máxima 
Center for Pediatric Oncology, Utrecht, Netherlands

R-loops are structures containing DNA-RNA hybrids and displaced 
single-stranded DNA, which are widely distributed across genomic regions. 
The generation and removal of R-loops is dynamically regulated by several 
factors including helicases and topoisomerases. Previously, we have identi-
fied high levels of R-loops associated with genomic instability in Embryonal 
Tumors with Multilayered Rosettes (ETMR) (Lambo et al. 2019), which is 
associated with a sensitivity to drugs targeting topoisomerases and DNA 
repair. However, it is unknown whether there are other pediatric cancers 
with high levels of R-loops, and whether R-loops in these tumors are also 
associated with genomic instability and sensitivity to specific treatments. 
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Here, we have used real R-loops sequencing data sets, including ETMR 
DRIP-seq data, and the bioinformatic tool QmRLFS-finder (Wongsurawat 
et al. 2012), which can predict R-loops forming sequences (RLFSs) based 
on DNA sequence composition. By performing bioinformatic analyses of 
DRIP-seq data sets and integrating these with RLFSs from human reference 
genome simulations, we aim to analyze how reliable the different methods 
are to measure and predict R-loops and what role they have in cancer gen-
omes. In ETMR, R-loops signals from DRIP-seq data were enriched around 
transcriptional start sites (TSS), comparable to R-loops distribution and en-
richment in other published cell models. However, the overlap with RLFSs 
was limited, indicating that more validations with real DRIP-seq data from 
more ETMRs and other pediatric cancers are needed to validate the different 
methods. Taken together, until now, we developed methods to (semi-)quan-
tify R-loops by combining real sequencing data and computational simula-
tion approaches to investigate R-loops distribution in cancer genomes and to 
investigate whether R-loops are associated with breakpoints or other genetic 
aberrations in pediatric cancer entities.   

TBIO-06. STUDY OF CELL FREE DNA EXTRACTED FROM CSF 
ENABLES MOLECULAR CLASSIFICATION OF EMBRYONAL BRAIN 
TUMORS
Chicard Mathieu1, Yasmine Iddir1, Julien Masliah-Planchon2, 
Valérie Combaret3, Alexandra Saint-Charles2, Sylvain Baulande2, 
Olivier Delattre2, Joshua Waterfall2, Franck Bourdeaut2, 
Gudrun Schleiermacher2; 1Institut Curie, Paris, France, France. 2Institut 
Curie, Paris, France. 3Centre Léon Bérard, Lyon, France

Liquid biopsies are revolutionary tools to detect tumour-specific genetic 
alterations in body fluids. Here, we assess whether the circulating tumor 
DNA (ctDNA) in Cerebral Spinal Fluid (CSF) could be used for the tumor 
genetic profiling of pediatric embryonal brain tumors (EBT). Cell free DNA 
extracted from CSF from 4-5 lumbar puncture droplets from patients with 
Medulloblastoma (n=18), ATRT (n=3), ETMR(n=1), FOXR2 EBT (n=2) 
or other pediatric EBT (n=1) (cfDNA   mean quantity 48  ng/ml ; range 
5.6 - 442 ng/ml) and matched genomic DNA from primary tumors  were 
sequenced by WES (Illumina 100PE) using Nimblegen Medexome Cap-
ture. SNVs/mutations were called using GATK-UnifiedGenotyper, GATK-
HaplotypeCaller and Samtools. Copy Number profiles were generated with 
CNVkits.  10/13 cfDNA WES yielded satisfactory depth (>10x). A  mean 
of 466 (range 93-945) SNVs were detected in the primary tumor and 474 
(range 18-922) in the CSF. A mean of 416 (range 18-872) commons SNVs 
were observed between the cfDNA and the primary tumor, comprising clas-
sical medulloblastoma genes such as SMO or MLL2. Interestingly, several 
SNVs were observed either in the tumor only (mean 50 ; range 3-115)  or 
in CSF only (mean 58 ; range 0-148) suggesting a clonal heterogeneity. For 
5 cases, Copy Number profiles were also available, allowing the detection 
of MYCN amplification or 19q13 miRNA cluster amplification. Altogether, 
we demonstrate the feasibility of WES on CSF with a low input of ctDNA. 
These results may pave the way for new tumor monitoring tools.

TBIO-07. PEDIATRIC TUMOR CLASSIFICATION THROUGH 
GENOME-WIDE METHYLATION PROFILING OF EXTRACELLULAR 
VESICLE DNA
Franz Ricklefs1, Cecile Maire1, Krys Fita1, Friederike Fritzsche1, 
Gertrud Kammler1, Manfred Westphal1, Katrin Lamszus1, 
Ulrich Schüller2,3; 1Department of Neurosurgery, University Medical 
Center Hamburg-Eppendorf, Hamburg, Germany. 2Department of 
Neuropathology, University Medical Center Hamburg-Eppendorf, 
Hamburg, Germany. 3Research Institute Chirldren´s Cancer Center 
Hamburg, Hamburg, Germany

BACKGROUND: Genome-wide methylation profiling reliably classifies 
pediatric central nervous system (CNS) tumors. Extracellular vesicles (EVs) 
are released by pediatric CNS tumor cells (pCC) and contain high molecular 
weight tumor DNA, rendering EVs a potential biomarker source to identify 
tumor subgroups, stratify patients and monitor therapy by liquid biopsy. 
We investigated, whether the DNA in pCC-derived EVs reflects genome-
wide tumor methylation profiles and allows tumor subtype classification. 
Currently, the tests are being expanded to include blood samples (n=80 pa-
tients).  METHODS: DNA was isolated from EVs secreted by pediatric CNS 
tumor cells (pCC) as well as from the shortly cultured tumor cells and from 
the original tumor samples (n=4 patients). Pediatric Fibroblasts and EVs 
derived thereof were used as a non-tumorous control. EVs were classified 
by nanoparticle analysis (NTA), immunoblotting, imaging flow cytometry 
(IFCM and electron microscopy. Genome-wide DNA methylation profiling 
was performed using an 850k Illumina EPIC array and results were classified 
according to the DKFZ brain tumor classifier and further analysed by t-SNE 
and Copy number alteration analysis (CNA). RESULTS: The size range of 
pCC-derived EVs was 120-150 nm, as measured by NTA. The majority of 
secreted EVs exhibited high expression of common EV markers (i.e. CD9, 
CD63 and CD81), as characterized by IFCM. Genome-wide DNA methyla-

tion profiling of pCC-derived EVs correctly identified the methylation class 
of the original tumor (i.e. pilocytic astrocytoma, medulloblastoma). In add-
ition, t-SNE analysis and copy number alterations matched the pattern of 
the parental pCC and original tumor samples. CONCLUSION: EV DNA 
faithfully reflects the tumor methylation class and copy number alterations 
present in the parental cells and the original tumor. Methylation profiling of 
circulating tumor EV DNA could become a useful tool to detect and classify 
pediatric CNS tumors.

TBIO-08. THE MOLECULAR BASIS FOR RATIONAL TARGETING 
OF FGFR-DRIVEN GROWTH AND INVASIVENESS IN PEDIATRIC 
BRAIN TUMORS
Jessica Migliavacca1, Karthiga Santhana Kumar1, Levi Kopp1, 
Alexandre Gries1, Shen Yan1, Cyrill Brunner2, Matthias Schuster3, 
Simon Jurt3, Kerstin Moehle3, Oliver Zerbe3, Gisbert Schneider2,4, 
Michael Grotzer5, Martin Baumgartner1; 1University Children’s Hospital 
Zürich, Children’s Research Center, Pediatric Molecular Neuro-Oncology,, 
Zürich, Switzerland. 2ETH Zurich, Department of Chemistry and Applied 
Biosciences, RETHINK, Zürich, Switzerland. 3University of Zurich, 
Department of Chemistry, Zürich, Switzerland. 4ETH Singapore SEC Ltd, 
Singapore, Singapore, Singapore. 5University Children’s Hospital Zürich, 
Department of Oncology, Zürich, Switzerland

The oncogenic activation of receptor tyrosine kinases (RTK) promotes 
growth, survival and dissemination in pediatric tumors including glioma, 
ependymoma and medulloblastoma (MB). Direct targeting of either the 
RTK or of downstream kinases can effectively block tumor promoting 
pathway functions. However, emergence of resistance is common. We hy-
pothesized that alternative interference strategies that target protein-protein 
interactions (PPIs) instead of enzymatic activities could overcome the emer-
gence of resistance.  We characterized the molecular interactions down-
stream of the FGFR that regulate relevant growth and invasion-promoting 
mechanisms in MB cells, to identify potentially druggable PPIs. We found 
that the FRS2 protein is an essential up-stream effector of FGFR signaling 
towards invasiveness. Using a proteomics approach, we furthermore identi-
fied the Striatin 3 protein as a novel oncogenic effector of the FGFR pathway 
downstream of FRS2, as it integrates antagonistic growth and invasion sig-
nals downstream of FGFR. Mechanistically, Striatin 3 interacts with the Ser/
Thr kinase MAP4K4, couples it to the protein phosphatase 2A, and thereby 
inactivates growth repressing activities of MAP4K4. In parallel, Striatin 3 
enables MAP4K4-mediated phosphorylation of PKC-theta and VASP, which 
combined are necessary to promote tissue invasion. To selectively repress 
pro-invasive FGFR functions, we identified and functionally validated small 
molecule ligands of FRS2, that prevent FRS2 activation and downstream 
signaling. We demonstrate efficacy of these compounds in inhibiting inva-
sion and growth promoting activities in vitro and in vivo, and identified 
potential off-target activities of the ligand using a proteome-wide interaction 
analysis. We propose inhibition of FRS2 by a small molecular PTB domain 
ligand as a strategy to repress FGF signaling in FGFR-driven tumors. The 
development of this ligand, and the de novo design of functional analogs 
thereof bear promise for further pre-clinical evaluation of these structures 
as anti-growth promoting and anti-metastatic therapeutics applicable to 
FGFR-driven tumors.

TBIO-09. EZHIP IS NOT EXPRESSED WITHIN THE DEVELOPING 
MOUSE OR HUMAN BRAIN
Subhi Talal Younes1, Kristin Weaver2, Anderson Collier2, 
Betty Herrington2; 1Boston Children's Hospital, Boston, MA, USA. 
2University of Mississippi Medical Center, Jackson, MS, USA

The protein EZHIP, first described as part of the genetic signature 
of group A  posterior fossa ependymoma (PFA), functions in a manner 
analogous to the onco-histone H3K27M, itself first described in dif-
fuse midline glioma (DMG).   These two proteins modulate activity of 
the Polycomb repressive complex 2 (PRC2), resulting in global loss of 
H3K27 trimethylation.  Thus, both PFA and DMG are characterized by 
global loss of the H3K27me3 mark, and PRC2 modulation is critical 
to oncogenesis of these tumors.  However, the precise mechanism(s) of 
EZHIP and H3K27M-induced tumorigenesis is not known. One possi-
bility is that EZHIP is expressed within the developing brain where it 
acts to modulate cellular development.   In turn, EZHIP overexpression 
or H3K27M mutation could co-opt this developmental program to drive 
tumorigenesis.   Relatedly, whether EZHIP is expressed in the cell of 
origin for PFA or DMG is not known. In order to evaluate these hy-
potheses, we defined the landscape of EZHIP expression in both murine 
and human developing brain.   Leveraging single cell RNA sequencing 
databases, we show that EZHIP is not expressed within the developing 
mouse brain, a finding that is consistent across separate datasets.  Simi-
larly, EZHIP is not expressed in the developing murine cerebellum, where 
the cell of origin for PFA is located.   Furthermore, we examined bulk 
RNA sequencing datasets of the developing human brain.  Similar to our 
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