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highest metastatic rate, however G4  γ showed the worst survival.  CON-
CLUSION: We identified molecular subgroups and subtypes of MBs based 
on gene expression and DNA methylation profile in children in our cohort 
series. The results may contribute to the establishment of nation-wide cor-
related optimal diagnosis and treatment strategies for MBs in infant and 
children.
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Medulloblastoma (MB), a central nervous system tumor that predom-
inantly affects children, requires aggressive therapy. Recent advances in 
the noncoding RNA genome could contribute to the sub-classification of 
medulloblastoma. The focus of this study is to identify novel long noncoding 
RNAs (lncRNAs) as molecular markers and potential therapeutic targets 
within each subgroup of MBs, in particular within Group 3. We analyzed 
publicly available 175 RNA-seq datasets to identify a group of putative 
lncRNA signatures that may be able to differentiate medulloblastoma 
subgroups accurately. Among those, lncRNA lnc-HLX-2–7 was highly 
upregulated in Group 3 MB cell lines, patient-derived xenografts, FFPE sam-
ples compared to other groups. CRISPR/Cas9 deletion of the lnc-HLX-2–7 
followed by the fluorescence-activated sorting and generating monoclonal 
Group  3 MB cells significantly reduced the cell growth and 3-D colony 
formation together with the induction of apoptosis. Intracranial injection 
to mouse cerebellum using lnc-HLX-2–7 deleted cells resulted in reduced 
tumor growth compared to parental cells, and tumors were further charac-
terized by single-cell sequencing. We identified that oncogene MYC regulates 
lnc-HLX-2–7 and its expression can be controlled by the small molecule 
JQ1, a BET-bromodomain (BRD4) inhibitor that disrupts interactions with 
MYC. RNA-FISH analysis using FFPE, PDX, and tissue microarrays re-
vealed that lnc-HLX-2–7 expression is specific to Group 3 MB compared to 
other groups. We present supporting evidence that lnc-HLX-2–7 is a novel 
molecular marker and a potential therapeutic target for Group 3 MBs in 
children.
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Medulloblastoma (MB) is the most common malignant brain tumor of 
childhood. Despite major advances in our understanding of the biology of 
MB, novel treatments remain urgently needed. Using a chemical-genomics 
driven drug repositioning strategy, we identified the cardiac glycoside family 
of compounds as potential treatments for Group 3 MB. We subsequently 
demonstrated that single-agent treatment with digoxin prolongs survival 
in a patient-derived xenograft model (PDOX) of Group 3 MB to a degree 
comparable to radiation therapy, a mainstay in the treatment of MB. Finally, 
we examined the mechanism of digoxin-mediated cell killing using RNA-
seq. This work identified LHX9, a member of the LIM homeobox family 
of transcription factors, as the gene most significantly down-regulated fol-
lowing treatment (Huang and Injac et al, Sci Trans Medicine, 2018). Homo-
logs of LHX9 play key roles in cerebellar development via spatially and 
temporally restricted expression and LHX9 has been proposed as a core 
transcription factor (TF) in the regulatory circuitry of Group  3 tumors. 
Loss of function of other core TFs has been shown to impact MB growth. 
The role of LHX9 in MB, however, has not been previously experimentally 
evaluated. We now report that knockdown of LHX9 in MB-derived cell 
lines results in marked growth inhibition raising the possibility that loss of 
LHX9 plays a major role in digoxin-mediated cell killing and that LHX9 
represents a key dependency required for the growth of Group 3 MB. Clin-
ical targeting of core TFs would represent a novel approach to targeting 
this devastating disease.
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Medulloblastoma (MB) is the most common primary pediatric malignant 
brain tumor. Current molecular analysis classifies MB into 4 groups, classic 
(WNT), sonic hedgehog (Shh), group 3, and group 4. Furthermore, atyp-
ical p53 signaling is associated with disease progression and confers poor 
prognosis. This study investigated the correlation of mutational status of 
p53 and iSO17q with disease progression and metastatic potential. In add-
ition, we used small molecule inhibitors of PI3K (Buparlisib; BKM120) and 
HDAC (LBH-589) on a p53-mutant MB cell line to find novel therapeutic 
targets. Efficacy of these drugs were assessed using functional assays (cell 
proliferation, migration, cell cycle and drug resistance). MB tumors (n=53) 
were evaluated for GLI-1, GAB-1, NPR, KV1, YAP expression and mutant 
p53 via immunohistochemistry and correlated to patient outcomes. Results 
demonstrated that: 1) high expression of GAB-1 and YAP were found in the 
Shh group, while KV1 expression was present in all subtypes; 2) mutant p53 
expression was present in various subsets of MB with no apparent correl-
ation with metastasis or disease progression; 3) patients displaying iSO17q 
(determined by fluorescence in situ hybridization (FISH) technique) exhib-
ited metastatic disease; 4)  LBH-589 and BKM120 caused both time and 
dose-dependent inhibition of MB cell proliferation and migration; 5) com-
bined treatment of BKM120 and LBH-589 had a synergistic effect; 6) MB 
cells demonstrated drug-resistance to BKM120. In conclusion, these findings 
underscore use of Buparlisib and LBH-589 in treatment of MB. Further, the 
role of mutant p53 in disease progression remains elusive, whereas presence 
of iSO17q defines metastatic potential.
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Patients with MYC-driven Group  3 medulloblastoma (MB) show par-
ticularly poor outcome. It was previously shown that MYC-driven MBs 
are highly sensitive to class  I  histone deacetylase inhibition (HDACi). We 
studied the molecular effects of the class I HDACi entinostat in MYC-driven 
MB cells to identify potentially synergistic drug combinations, prioritizing 
drug clinical availability to enable clinical translation. Gene expression pro-
files of the MYC-amplified group 3 MB cell line HD-MB03 treated with 
entinostat were analyzed using bioinformatic approaches, identifying 29 
altered biomechanisms. Overlay with a translational drug library of n=76 
compounds resulted in 44 compounds targeting 9 biomechanisms. Filtering 
for publications supporting each drug´s role in MYC-driven entities, or func-
tional interaction with HDACs, without publication of this combination in 
MBs, resulted in 5 compounds (olaparib, idasanutlin, ribociclib, selinexor, 
vinblastine). Synergism testing identified olaparib as the drug with the 
strongest synergism. Validation of the combination olaparib and entinostat 
by p.H2AX and PI staining as well as trypan blue exclusion showed in-
creased double strand breaks (DSBs), increased cell death, loss of viability 
and cell numbers. Selectivity of MYC-amplified MB cells was shown by com-
parison to MYC-non amplified cell lines, which showed higher IC50s, and 
reacted with cell cycle arrest as opposed to cell death to the combination 
treatment. The role of HDACis in DNA damage repair was confirmed by 
increased DSBs when entinostat was added to the combination of olaparib 
with doxorubicin. Our study identified olaparib as a potential combination 
partner with entinostat for the treatment of MYC-driven Group 3 MB.
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