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and translational studies. Molecular data (whole genome sequencing and 
RNAseq) is currently available for over 80 models and a substantial portion 
of that cohort undergoes additional large-scale data generation and drug 
testing through collaborative work with Childhood Cancer Model Atlas, 
ProCan, and National Center for Advancing Translational Sciences. All 
models' data are accompanied with patient molecular and clinical longitu-
dinal information accessible through Kids First Data Resource, CAVATICA 
and PedcBio portals. This open-source repository model is an example of a 
unique research partnership supported by patients and their families and 
built with one mission – to accelerate therapeutic discovery for children suf-
fering from brain tumors. 
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To determine the role of microRNA regulation in brain tumor develop-
ment, we incorporated a conditional allele of the microRNA processing en-
zyme Dicer to a glioma mouse model based on inactivation of the tumor 
suppressors Nf1, Trp53, and Pten using the Nestin-creERT2 transgene. Loss 
of Dicer and tumor suppressors at adult ages led to glioma development; 
however, mutant mice tamoxifen induced at early postnatal ages developed 
medulloblastoma (MB) instead of glioma. The switch in tumor spectrum oc-
curred with 100% penetrance and the cerebellar tumors were histologically 
indistinguishable from human MB. The minimum genetic mutations required 
for MB formation were Dicer1 and Trp53, while additional loss of Pten 
produced more invasive tumors with leptomeningeal metastasis. Analysis of 
tumor transcriptome and MB subtype-specific markers show that Dicer tu-
mors most resemble human Sonic Hedgehog (SHH) MB. The presence of 
leptomeningeal metastasis, Trp53 loss and upregulation of Mycn and Gli2 
in the setting of activated Shh signaling suggests that this model phenocopies 
extremely high risk p53-mutated SHH MB, which carries poor prognosis 
and is associated with the majority of treatment failures in SHH MB. Ana-
lysis of pre-symptomatic mutant mice showed proliferative defects and re-
tained cells in the external granule cell layer (EGL), suggesting that tumors 
may arise from cerebellar granule neuron precursors (CGNPs). However, 
targeting CGNPs using Math1-creERT2 did not lead to MB development, 
suggesting that an earlier EGL precursor may be required for tumorigen-
esis. Dicer tumors exhibit reduced microRNAs and RNA-induced silen-
cing complexes consistent with loss of Dicer. One of these downregulated 
microRNAs, miR-101, is a regulator of Mycn and its overexpression leads to 
Mycn downregulation and inhibition of MB growth. Likewise, genetic and 
pharmacologic inhibition of Myc leads to inhibition of MB growth. These 
studies demonstrate a role for microRNAs in Myc-dependent MB develop-
ment and show an alternative pathway for SHH MB tumorigenesis. 
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Obtaining viable tissue remains a major barrier for lab-based studies, 
especially in brain tumors deemed surgically unresectable such as diffuse 
midline gliomas. Surgical biopsy is performed for those tumors invested in 
deep and vital brain structures however, biopsied specimens are usually of 
small volume without additional tissue for research after clinical testing. 
To overcome the barrier of limited surgical specimen volume, we partnered 
with neurosurgeons to develop a protocol which procures viable cells from 
discarded biopsy needle after stereotactic biopsies to develop patient-derived 
orthotopic xenograft (PDOX) models. After procurement of surgical spe-
cimen and prior to disposal of biopsy needle, each stereotactic biopsy needle 
was washed with FBS media twice. Wash solution was collected and imme-
diately transported on ice to the research lab. Cell number was counted for 
in vitro culture and for orthotropic in vivo tumor implantation. To date, 29 
samples of biopsy needle washes have been obtained including 12 diffuse 
midline gliomas of the brain stem, 8 supratentorial diffuse midline gliomas, 
and 3 pineal region tumors with harvested cell number from no visible cells 
to 5.3 million cells (median 1 million). 14 tumors have been orthotopically 

implanted into matched locations of immunodeficient mouse brains. Tumor 
formation was confirmed in 4 out of 15 (28.5%), including 2 brain stem tu-
mors, 1 infiltrating astrocytoma, and 1 midline glioma, after implantation of 
cell numbers as low as 12,500. 3 models were successfully sub-transplanted 
to passages II and III. Histological examination confirmed the replication 
of key pathological features of the originating patient tumors. In conclu-
sion, we have developed a novel protocol to procure clinical specimen by 
using wash solution of stereotactic brain tumor biopsy needles for surgically 
unresectable tumors. Our work demonstrates a new possibility for clinical 
sample acquisition and tumor modeling, opening new frontiers in the field 
of pediatric brain tumor research.
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High-grade gliomas include clinically and molecularly distinct sub-
types that stratify by anatomical location into diffuse midline gliomas 
(DMG) such as diffuse intrinsic pontine glioma (DIPG) and hemispheric 
high-grade gliomas. Neuronal activity drives high-grade glioma progression 
both through paracrine signaling and direct neuron-to-glioma synapses. 
Glutamatergic, AMPA receptor-dependent synapses between neurons and 
malignant glioma cells have been demonstrated in both pediatric and adult 
high-grade gliomas, but neuron-to-glioma synapses mediated by other 
neurotransmitters remain largely unexplored. Using whole-cell patch clamp 
electrophysiology, in vivo optogenetics and patient-derived glioma xenograft 
models, we have now identified functional, tumor-promoting GABAergic 
neuron-to-glioma synapses mediated by GABAA receptors in DMGs. 
GABAergic input has a depolarizing effect on DMG cells due to NKCC1 
expression and consequently elevated intracellular chloride concentration 
in DMG tumor cells. As membrane depolarization increases glioma pro-
liferation, we find that the activity of GABAergic interneurons promotes 
DMG proliferation in vivo. Increasing GABA signaling with the benzodi-
azepine lorazepam – a positive allosteric modulator of GABAA receptors 
commonly administered to children with DMG for nausea or anxiety - in-
creases GABAA receptor conductance and increases glioma proliferation 
in orthotopic xenograft models of DMG. Conversely, levetiracetam, an 
anti-epileptic drug that attenuates GABAergic neuron-to-glioma synaptic 
currents, reduces glioma proliferation in patient-derived DMG xenografts 
and extends survival of mice bearing DMG xenografts. Concordant with 
gene expression patterns of GABAA receptor subunit genes across subtypes 
of glioma, depolarizing GABAergic currents were not found in hemispheric 
high-grade gliomas. Accordingly, neither lorazepam nor levetiracetam in-
fluenced the growth rate of hemispheric high-grade glioma patient-derived 
xenograft models. Retrospective real-world clinical data are consistent with 
these conclusions and should be replicated in future prospective clinical 
studies. Taken together, these findings uncover GABAergic synaptic com-
munication between GABAergic interneurons and DMG cells, underscoring 
a tumor subtype-specific mechanism of brain cancer neurophysiology with 
important potential implications for commonly used drugs in this disease 
context.

ABSTRACT CITATION ID: NOAD073.045
CNSC-02. INVESTIGATING THE ROLE OF THE WNT SIGNALING 
TRANSDUCTION PATHWAY IN GLIOMA BLOOD-BRAIN-BARRIER 
INTEGRITY
Kayen Tang, Christina Conrad, Sanghee Lim, Minhye Kwak, 
Melissa Cesaire, Sadhana Jackson; NIH, Bethesda, USA

The WNT signaling transduction pathway has been linked to cancer stem 
cell self-renewal, differentiation, and blood brain barrier (BBB) development. 
Previous studies have shown that WNT pathway inhibition increased BBB per-
meability, specifically in WNT medulloblastoma. Glioblastoma, an aggressive 
malignant tumor with poor prognosis, has also been shown to have high WNT 
expression and variable BBB permeability.   We hypothesize that activating 
WNT pathway inhibition in glioblastoma stem cells (GSCs) will inhibit glioma 
progression, increase BBB permeability within the tumor microenvironment, 
and enhance overall treatment responsiveness. We transduced primary pedi-
atric derived glioma stem cells with overexpressing vectors for WNT inhibitors 
(DKK1 or WIF1). To characterize effects of DKK1 or WIF1 overexpression, we 
evaluated cell migration patterns via RTCA xCelligence, cell cycle progression 
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