2012, and we have summarized results of molecular analysis of Japanese
MBs. Total 236 primary MBs have been subclassified by gene expression
profile using the NanoString nCounter system or DNA methylation array,
and their single nucleotide mutations and copy number aberrations have
been also examined. Mean follow up time was 68.9 months. Proportion of
four core subgroups were WNT (16.9%), SHH (25.4%), Group 3 (17.4%)
and Group 4 (40.3%), respectively. In cases of less than 3 years old, no WNT
have been found and 63.2% cases were SHH. In cases between 3 to 17 years
old, Group 4 is the most (47%), and these trends is almost consistent with
published references. TP53 mutations were identified in 23.3% of SHH, and
they were significantly poor prognosis. Metastatic or MYC gain Group 3
MBs were poor prognosis, while Group 4 MBs with loss of chromosome
11 or whole chromosomal aberration were good prognosis. These findings
reveal molecular properties of Japanese MBs and will contribute to develop
new therapeutic strategies.

MBRS-39. MAP4K4 CONTROLS PRO-INVASIVE SIGNALING IN
MEDULLOBLASTOMA CELLS

Jessica Migliavacca, Charles Capdeville, Buket Seckin, Michael Grotzer,
and Martin Baumgartner; University Children’s Hospital Zurich, Zurich,
Switzerland

The molecular mechanisms contributing to distant dissemination and
local recurrence of medulloblastoma, the most common malignant brain
tumor in childhood, are poorly understood and no targeted anti-invasion
therapies exist till date. We explored regulators and effectors of MAP4K4,
a pro-invasive kinase overexpressed in MB and associated with metastatic
progression in different solid malignancies. MAP4K4 is upregulated both at
mRNA and protein levels in primary pediatric brain tumors compared to
normal cerebellum. MAP4K4 is required for growth factor- and irradiation-
induced migration and invasion of medulloblastoma cells. It furthermore
promotes turnover and activation of the receptor tyrosine kinase c-Met and
of the 81 integrin adhesion receptor !. To characterize these clinically rele-
vant consequences and to identify druggable targets of MAP4K4 function,
we profiled the interactome of MAP4K4 in starved and growth factor stimu-
lated medulloblastoma cells. To systematically address MAP4K4 impact on
receptor expression and turnover, we determined the MAP4K4-dependent
surface proteome in medulloblastoma cells. We found that MAP4K4 is
part of the striatin-interacting phosphatase and kinase (STRIPAK) complex
and that STRIPAK component striatin 4 is controlling cell motility and
invasiveness in medulloblastoma cells. Invasiveness of medulloblastoma
cells is abrogated by a truncation mutant of MAP4K4 lacking the striatin 4
interaction domain. We furthermore found that MAP4K4 mediates growth
factor-induced surface expression of solute carriers and immunomodulatory
proteins involved in chemoresistance and immune evasion. Thus, our study
identified MAP4K4 as a missing link between pro-tumorigenic growth factor
signaling and tumor cell functions relevant for disease progression. It may
help identifying druggable vulnerabilities in medulloblastoma cells to restrict
tumor growth and dissemination. 1. Tripolitsioti, D. et al., Oncotarget 9,
23220-23236 (2018).

MBRS-42. YB-1 - A NOVEL THERAPEUTIC TARGET IN HIGH-RISK
MEDULLOBLASTOMA?

Louisa Taylor!, Ian Kerr?, and Beth Coyle'; 'Children’s Brain Tumour
Research Centre, School of Medicine, University of Nottingham
Biodiscovery Institute, Nottingham, United Kingdom, 2School of Life
Sciences, University of Nottingham, Nottingham, United Kingdom

Medulloblastoma relapse occurs in 30-40% of patients and is typically
fatal. The emergence of therapy resistant sub-clones likely plays a major role
in a large proportion of recurrent medulloblastoma. Y-box binding protein
1 (YB-1) is a multifunctional transcription/translation factor and known
onco-protein. Overexpression has been described in numerous cancers,
where elevated expression and nuclear accumulation correlates with disease
progression, metastasis and drug resistance. Genomic analysis of a large
medulloblastoma cohort revealed YB-1 up-regulation across all subgroups
of medulloblastoma, where elevated expression correlated with poor sur-
vival. Immunohistochemical staining of patient tissue microarrays displayed
significant YB-1 expression, with a high proportion (83%) of patients exhib-
iting nuclear accumulation. High YB-1 expression was also observed at both
protein and RNA level across medulloblastoma cell lines, with expression
highest in Group 3 and 4. Hence, we hypothesised that YB-1 plays a role in
medulloblastoma chemoresistance and progression. Treatment of Group 3
(HDMB-03 and D283MED) and SHH (DAQOY) cell lines with vincristine
and cisplatin and analysis of cellular localisation by nuclear/cytoplasmic
fractionation and immunofluorescence demonstrated that YB-1 under-
goes nuclear translocation in response to these standard medulloblastoma
chemotherapy agents. Chromatin immunoprecipitation (ChIP) analysis of
untreated Group 3 cell lines (D283MED and HDMB-03) demonstrated con-
siderable YB-1 interaction with an inverted CCAAT box in the ATP-binding
cassette subfamily B member 1 (ABCB1) promoter. RT-PCR analysis of
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ABCB1 following vincristine and cisplatin treatment revealed differences
in transcript expression, indicative of different YB-1 promoter interactions
dependent on chemotherapeutic treatment. Our results highlight YB-1 as a
novel candidate chemoresistance driver in medulloblastoma.

MBRS-43. ELUCIDATING HOW NOVEL EXTRACELLULAR
MATRIX SUBTYPES DIFFERENTIALLY IMPACT THE SURVIVAL OF
MEDULLOBLASTOMA SUBGROUPS

ames Johnson', Franziska Linke!, Catherine L. R. Merry?, and
Beth Coyle!; 'Children’s Brain Tumour Research Centre, School of
Medicine, University of Nottingham Biodiscovery Institute, Nottingham,
United Kingdom, ?Division of Cancer and Stem Cells, University of
Nottingham Biodiscovery Institute, Nottingham, United Kingdom

Medulloblastoma (MB) is the most common malignant paediatric brain
tumour and frequently exhibits metastasis and chemoresistance. MBs are
categorised into four molecular subgroups (WNT, Sonic hedgehog, Group 3
and Group 4), each associated with different demographics and clinical fea-
tures. We have shown that the expression of specific extracellular matrix
proteins in the brain tumour microenvironment differ between subgroups.
A prime example is laminin (an ECM glycoprotein) the expression of which
correlates with good overall survival in the SHH subgroup and poor overall
survival in Group 4. Our aim is to determine the cause of this difference
in survival. Candidate laminin-responsive-genes (LRGs) were identified
using the Cavalli data set and RNA-Seq analysis of MB cells grown on 3D
hydrogels with and without laminin. The role of laminin in the regulation
of MMPs and the other LRG candidates was investigated by qRT-PCR,
western blotting and zymography in 2D and long-term 3D-hydrogel assays.
Thus far we have shown that in CHLA-01-R (metastatic Group 4 cell line)
three of our LRGs are upregulated in response to laminin in 2D, as well as
in preliminary 3D studies. Additionally, we have observed a unique MMP9
secretion profile of SHH cells grown in 3D compared to 2D, suggesting that
our 3D assay allows us to observe relevant phenotypes absent in 2D culture.
We are now in the process of identifying which of these LRG candidates are
involved in metastasis and chemoresistance. This will enable the elucida-
tion of novel therapeutic targets and crucially increase our understanding of
MB-microenvironment interactions.

MBRS-44. TIME, PATTERN AND OUTCOME OF
MEDULLOBLASTOMA RELAPSE ARE ASSOCIATED WITH
TUMOUR BIOLOGY AT DIAGNOSIS AND UPFRONT THERAPY:

A COHORT STUDY

Rebecca Hill', Stacey Richardson', Edward Schwalbe!~, Debbie Hicks!,
Janet Lindsey!, Stephen Crosier!, Gholamreza Rafiee!, Yura Grabovska',
Stephen Wharton?, Thomas Jacques®*, Anthony Michalski®, Abhijit Joshi®,
Barry Pizer”, Daniel Williamson', Simon Bailey', and Steven Clifford!;
"Newcastle University Centre for Cancer, Newcastle upon Tyne, United
Kingdom, ?Northumbria University, Newcastle upon Tyne, United
Kingdom, 3Sheffield Institute of Translational Neuroscience, Sheffield,
United Kingdom, *UCL Great Ormond Street Institute for Child Health,
London, United Kingdom, *Great Ormond Street Hospital for Children,
London, United Kingdom, ®Royal Victoria Infirmary, Newcastle upon
Tyne, United Kingdom, Alder Hey Children’s Hospital, Liverpool, United
Kingdom

Disease relapse occurs in ~30% of children with medulloblastoma, and
is fatal in the majority. We sought to establish whether clinico-molecular
characteristics at diagnosis are associated with the nature of relapse, subse-
quent disease-course, and whether these associations could inform clinical
management. We surveyed the clinical features of medulloblastoma relapse
(time-to-relapse, pattern-of-relapse, time-to-death and overall outcome) in
247 centrally-reviewed patients who relapsed following standard-upfront-
therapies. We related these to clinico-molecular features at diagnosis,
prognostic factors, and first-line/relapse treatment. Patients who received
upfront craniospinal irradiation (CSI-treated) displayed prolonged time-
to-relapse compared to CSI naive patients (p<0.001). Similarly, in CSI
naive patients, CSI at relapse, alongside re-resection and desmoplastic/
nodular histology, were associated with long-term survival. In CSI-treated
patients, the nature of relapse was subgroup-dependent. Local-nodular re-
lapse patterns were enriched in relapsed-MBgy,,, patients (p<0.001), but a
notable proportion (65%) also acquired distant-diffuse disease (p=0.010).
MBy, 3 relapsed quickly (median 1.3 years), MB . slowly (median
2.1 years). Distant-disease was prevalent in MBg, o003 and MB( 4 re-
lapses (90%) but, in contrast to relapsed-MBg,,,, nodular and diffuse pat-
terns of distant-disease were observed. Furthermore, nodular disease was
associated with a prolonged time-to-death post-relapse (p=0.006). Investi-
gation of second-generation MB, ., subtypes refined our understanding
of heterogeneous relapse characteristics. Subtype VIII had prolonged time-
to-relapse; subtype II a rapid time-to-death. Subtypes I/III/VIII developed
a significantly higher incidence of distant-disease at relapse, whereas sub-
types V/VII did not. The nature of medulloblastoma relapse are biology
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and therapy-dependent, providing immediate translational opportunities
for improved disease management through biology-directed surveillance,
post-relapse prognostication and risk-stratified selection of second-line
treatment.

MBRS-45. TWIST1 AND ABCB1 ARE FUNCTIONAL
DETERMINANTS OF METASTASIS IN MEDULLOBLASTOMA

Alice Cardall', Franziska Linke', Ian Kerr?, and Beth Coyle!; 'Children’s
Brain Tumour Research Centre, School of Medicine, University of
Nottingham Biodiscovery Institute, Nottingham, United Kingdom, 2School
of Life Sciences, University of Nottingham, Nottingham, United Kingdom

Paediatric medulloblastomas (MB) are frequently metastatic, resulting in
a poor prognosis for the patient. Of the four MB subgroups, group 3 pa-
tients present with the highest rates of metastasis and worst outcomes. The
mechanisms behind the metastatic process are poorly understood, limiting
our ability to develop novel therapeutic treatments. We hypothesised that
the epithelial-mesenchymal transition (EMT) transcription factor TWIST1
and the multidrug efflux pump ABCB1 (ATP-binding cassette subfamily B
member 1) synergistically drive MB metastasis. TWIST1 protein expression
was analysed in patient tissue microarrays by immunohistochemistry. High
TWIST1 expression was associated with metastatic patients (p=0.041).
Physical and functional interactions between TWIST1 and ABCB1 were
investigated using chromatin immunoprecipitation (ChIP) and a 3D mi-
gration and invasion model. ChIP analysis confirmed TWIST1 binding
to the ABCB1 promoter in SHH (ONS-76) and group 3 (D283MED and
HD-MBO03) metastatic cell lines. TWIST1 and ABCB1 were inhibited in
HDMBO3 cells with harmine and vardenafil respectively, resulting in attenu-
ated cell migration in the 3D model. Western blot and qRT-PCR analysis of
harmine treated cells confirmed a reduction in ABCB1 protein and gene ex-
pression. Overall our data reveals TWIST1 and ABCB1 to be key targets for
MB metastatic disease. Using bioinformatics analysis and ChIP sequencing,
additional TWIST1 downstream targets are now being identified and com-
pared across the metastatic cell lines (ONS-76, D283MED and HD-MBO03).
This data will provide a deeper insight into the pathways associated with
MB metastases, enabling personalised treatment approaches for patients
with metastatic disease.

MBRS-46. CHARTING NEOPLASTIC AND IMMUNE CELL
HETEROGENEITY IN HUMAN AND GEM MODELS OF
MEDULLOBLASTOMA USING SCRNASEQ

Andrew Donson'?, Kent Riemondy?, Sujatha Venkataraman'-2,

Ahmed Gilani*, Bridget Sanford?, Andrea Griesinger2, Vladimir Amani'?2,
Todd Hankinson®', Michael Handler>!, Jay Hesselberth?,

Timothy Gershon®, Robert Wechsler-Reya’, Nicholas Foreman'?, and
Rajeev Vibhakar'?; 'The Morgan Adams Foundation Pediatric Brain
Tumor Research Program, Children’s Hospital Colorado, Aurora, CO,
USA, ?Department of Pediatrics-Hematology and Oncology, University of
Colorado Anschutz Medical Campus, Aurora, CO, USA, SRNA Biosciences
Initiative, University of Colorado Anschutz Medical Campus, Aurora, CO,
USA, “Department of Pathology, University of Colorado Anschutz Medical
Campus, Aurora, CO, USA, *Department of Neurosurgery, University of
Colorado Anschutz Medical Campus, Aurora, CO, USA, ®Department of
Neurology, University of North Carolina, Chapel Hill, NC, USA, "Sanford
Burnham Prebys Medical Discovery Inst., La Jolla, CA, USA

We explored cellular heterogeneity in medulloblastoma using single-cell
RNA sequencing (scRNAseq), immunohistochemistry and deconvolution
of bulk transcriptomic data. Over 45,000 cells from 31 patients from all
main subgroups of medulloblastoma (2 WNT, 10 SHH, 9 GP3, 11 GP4 and
1 GP3/4) were clustered using Harmony alignment to identify conserved
subpopulations. Each subgroup contained subpopulations exhibiting mi-
totic, undifferentiated and neuronal differentiated transcript profiles, corrob-
orating other recent medulloblastoma scRNAseq studies. The magnitude of
our present study builds on the findings of existing studies, providing further
characterization of conserved neoplastic subpopulations, including identifi-
cation of a photoreceptor-differentiated subpopulation that was predomin-
antly, but not exclusively, found in GP3 medulloblastoma. Deconvolution of
MAGIC transcriptomic cohort data showed that neoplastic subpopulations
are associated with major and minor subgroup subdivisions, for example,
photoreceptor subpopulation cells are more abundant in GP3-alpha. In both
GP3 and GP4, higher proportions of undifferentiated subpopulations is as-
sociated with shorter survival and conversely, differentiated subpopulation
is associated with longer survival. This scRNAseq dataset also afforded
unique insights into the immune landscape of medulloblastoma, and re-
vealed an M2-polarized myeloid subpopulation that was restricted to
SHH medulloblastoma. Additionally, we performed scRNAseq on 16,000
cells from genetically engineered mouse (GEM) models of GP3 and SHH
medulloblastoma. These models showed a level of fidelity with corres-
ponding human subgroup-specific neoplastic and immune subpopulations.
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Collectively, our findings advance our understanding of the neoplastic and
immune landscape of the main medulloblastoma subgroups in both humans
and GEM models.

MBRS-47. RAPID MOLECULAR SUBGROUPING OF
MEDULLOBLASTOMA BASED ON DNA METHYLATION BY
NANOPORE SEQUENCING

ulien Masliah-Planchon', Elodie Girard?, Philipp Euskirchen?,
Christine Bourneix!, Delphine Lequin', Maud Blanluet',
Jean-Baptiste Aillaud!, Francois Doz*, Franck Bourdeaut®¢, and
Olivier Delattre®'; 'Unité de Génétique Somatique, Institut Curie, Paris,
France, 2U900, Institut Curie, Paris, France, *Department of Neurology,
Charité - Universititsmedizin Berlin, Berlin, Germany, *SIREDO Center,
France, France, *SIREDO Center, Paris, France, ‘RTOP Department, Paris,
France

Medulloblastoma (MB) can be classified into four molecular subgroups
(WNT group, SHH group, group 3, and group 4). The gold standard of
assignment of molecular subgroup through DNA methylation profiling
uses Illumina EPIC array. However, this tool has some limitation in terms
of cost and timing, in order to get the results soon enough for clinical use.
We present an alternative DNA methylation assay based on nanopore
sequencing efficient for rapid, cheaper, and reliable subgrouping of clin-
ical MB samples. Low-depth whole genome with long-read single-molecule
nanopore sequencing was used to simultaneously assess copy number profile
and MB subgrouping based on DNA methylation. The DNA methylation
data generated by Nanopore sequencing were compared to a publicly avail-
able reference cohort comprising over 2,800 brain tumors including the four
subgroups of MB (Capper et al. Nature; 2018) to generate a score that es-
timates a confidence with a tumor group assignment. Among the 24 MB
analyzed with nanopore sequencing (six WNT, nine SHH, five group 3, and
four group 4), all of them were classified in the appropriate subgroup es-
tablished by expression-based Nanostring subgrouping. In addition to the
subgrouping, we also examine the genomic profile. Furthermore, all pre-
viously identified clinically relevant genomic rearrangements (mostly MYC
and MYCN amplifications) were also detected with our assay. In conclusion,
we are confirming the full reliability of nanopore sequencing as a novel rapid
and cheap assay for methylation-based MB subgrouping. We now plan to
implement this technology to other embryonal tumors of the central ner-
vous system.

MBRS-48. IDENTIFICATION OF NOVEL THERAPEUTIC
APPROACHES FOR MYC-DRIVEN MEDULLOBLASTOMA

Kiibra Taban'?, David Pauck!?, Mara Maue'!?, Viktoria Marquardt'?,
Hua Yu?, Olivier Ayrault’, Daniel Picard"-2, Jasmin Bartl"?, Nan Qin'2,
Arndt Borkhardt?, Guido Reifenberger*, and Marc Remke!?; 'Division of
Pediatric Neuro-Oncogenomics, German Cancer Research Center (DKFZ)
and German Cancer Consortium (DKTK), partner site University Hospital
Diisseldorf, Diisseldorf, Germany, 2Department of Pediatric Oncology,
Hematology and Clinical Immunology, Medical Faculty, Heinrich Heine
University Diisseldorf, Diisseldorf, Germany, 3Institut Curie, PSL Research
University, CNRS UMR, INSERM, 91405, Orsay, France, “Institute of
Neuropathology, Medical Faculty, Heinrich Heine University Diisseldorf,
Diisseldorf, Germany

Medulloblastoma (MB) is the most common malignant brain tumor in
children and is frequently metastatic at diagnosis. Treatment with surgery,
radiation and multi-agent chemotherapy may leave survivors of these brain
tumors with long-term deficits as a consequence. One of the four consensus
molecular subgroups of MB is the MYC-driven group 3 MB, which is the
most malignant type and has a poor prognosis under current therapy. Thus,
it is important to discover more effective targeted therapeutic approaches.
We conducted a high-throughput drug screening to identify novel com-
pounds showing efficiency in group 3 MB using both clinically established
inhibitors (n=196) and clinically-applicable compounds (n=464). More than
20 compounds demonstrated a significantly higher anti-tumoral effect in
MYChigh (n=7) compared to MYC" (n=4) MB cell models. Among these
compounds, Navitoclax and Clofarabine showed the strongest effect in
inducing cell cycle arrest and apoptosis in MYCPsh MB models. Further-
more, we show that Navitoclax, an orally bioavailable and blood-brain bar-
rier passing anti-cancer drug, inhibits specifically Bcl-xL proteins. In line,
we found a significant correlation between BCL-xL and MYC mRNA levels
in 763 primary MB patient samples (Data source: “R2 https://hgserver1.
amc.nl”). In addition, Navitoclax and Clofarabine have been tested in cells
obtained from MB patient-derived-xenografts, which confirmed their spe-
cific efficacy in MYChigh versus MYC!*¥ MB. In summary, our approach
has identified promising new drugs that significantly reduce cell viability in
MYChigh compared to MYC'*¥ MB cell models. Our findings point to novel
therapeutic vulnerabilities for MB that need to be further validated in vitro
and in vivo.



