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determined. Here, we perform genome-wide CRISPR-Cas9 screening in 
patient-derived treatment-sensitive and treatment-resistant GSC models under 
normal growth conditions or while exposed to in vitro chemoradiotherapy. 
By integrating genetic dependencies and treatment-based conditional genetic 
interactions modulating sensitivity to SoC, we identify flap endonuclease 
1 (FEN1) as a driver of GSC survival and therapy resistance in treatment-
resistant GBM. Functionally, FEN1 inhibition demonstrates specific killing 
and synergy with TMZ in treatment-resistant GSCs while sparing healthy 
neural stem cells (NSCs) and treatment-sensitive GSCs. At the molecular 
level, FEN1 inhibition induces DNA damage and repair specifically in 
treatment-resistant GBM, posing FEN1 as an attractive therapeutic target in 
this population of GBM patients which SoC currently fails.
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SHH PATHWAY ACTIVATION DRIVES MALIGNANT 
TRANSFORMATION IN A SUBSET OF MPNSTS AND IS A 
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Malignant peripheral nerve sheath tumors (MPNSTs) are highly aggres-
sive Schwann-cell derived sarcomas and the leading cause of mortality in 
Neurofibromatosis Type 1. The molecular pathways driving malignant trans-
formation is not well understood. In this study, we leveraged multi-platform 
genomic and epigenomic profiling of human neurofibromas and MPNSTs 
to identify targetable molecular pathways that lead to malignant transform-
ation. Fresh-frozen tumors (N = 108) were studied including methylation 
profiling, RNA sequencing, and whole exome sequencing. Unsupervised 
consensus clustering of methylome and transcriptome data identified 2 
distinct MPNST subgroups. Pathway analysis showed that MPNST-G1 
tumors are characterized by SHH pathway activation (NES=1.9952, p<0. 
0001, FDR<0.001), while MPNST-G2 tumors are characterized by WNT 
pathway activation (NES=1.7630, p<0.0001, FDR=0.0058). We observed 
significantly higher rates of PTCH1 deletions, a negative regulator of SHH 
pathway, in MPNST-G1 (62.5% vs 0%, Fisher Exact Test=0.0065, p<0.05) 
and PTCH1 promoter hypermethylation (mean beta value: 0.2899 vs. 
0.06119, p<0.05). A computational drug screen identified sonedigib, a SHH 
pathway inhibitor, as a potential treatment option for MPSNT-G1. We val-
idated the importance of SHH pathway in malignant transformation by 
knocking out PTCH1 in neurofibroma cell lines and demonstrated increased 
cellular proliferation, cellular migration and invasion. In addition, treat-
ment with sonedigib decreased cellular viability in MPNST cell lines and 
improved survival in mouse xenograft models. These results suggest a tar-
geted approach should be taken for treating MPNSTs, and SHH and WNT 
pathway inhibition may be promising avenue for therapeutic development.
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In meningiomas, CDKN2A/B deletions are associated with poor clinical 
outcomes but are exceeding rare in most cohorts (1-5% of cases). Large mo-
lecular datasets are therefore required to explore these deletions and their 
relationship to other CDKN2A alterations that may be more common, but 
also prognostic on a transcriptomic, epigenomic, and/or copy number level. 

METHODS: We used multidimensional molecular data of 560 men-
ingioma samples from 5 independent cohorts to comprehensively inter-
rogate the spectrum of CDKN2A alterations through DNA methylation, 
copy number variation, transcriptomics, and proteomics using an inte-

grated molecular approach, and utilized preclinical models to validate 
our findings. RESULTS: Meningiomas with either CDKN2A/B deletions 
(partial or homozygous loss) or an intact CDKN2A gene locus but ele-
vated mRNA expression (CDKN2Ahigh) both had poor clinical out-
comes. Increased CDKN2A mRNA expression was a poor prognostic 
factor independent of deletion status. CDKN2A expression and p16 
protein also progressively increased with tumor grade and more aggres-
sive molecular and methylation groups. CDKN2Ahigh meningiomas and 
meningiomas with CDKN2A deletions were enriched for similar cell cyc-
ling pathways but dysregulated at different checkpoints (G1/S vs G2/M). 
p16 immunohistochemistry was unreliable in differentiating between 
meningiomas with and without CDKN2A deletions, but increased posi-
tivity was associated with mRNA expression. CDKN2Ahigh meningiomas 
were associated with gene hypermethylation, Rb-deficiency, and lack of 
response to CDK inhibition. CONCLUSIONS: In meningiomas, CDKN2A 
mRNA expression consistently increases with biological aggressiveness, is 
prognostic independent of copy number loss, and may be used as an im-
portant prognostic biomarker with therapeutic implications for resistance 
to CDK4/6 inhibitors clinically.
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Patients with brain metastases (BM) face a 90% mortality rate within one 
year of diagnosis because the current standard of care is mainly palliative. 
Our patient-derived xenograft models have successfully recapitulated all the 
stages of the metastatic cascade and captured a “premetastatic” population 
of BM cells that have just seeded the brains of mice before forming mature, 
clinically detectable tumors. We applied RNA sequencing of premetastatic 
BM cells to reveal a unique deregulated transcriptomic profile that is specific 
to premetastatic cells despite the tumor of origin. Subsequent Connectivity 
Map analysis led us to identify a tool compound that exhibits anti-BM ac-
tivity in vitro, while remaining ineffective against normal brain cell controls. 
Follow up preclinical studies showed that treatment with this tool compound 
reduces the tumor burden of mice compared to placebo, while providing a 
significant survival advantage. Mass spectrometry-based metabolomics and 
CRISPR knock-out studies directly validated our tool compound’s target as a 
targetable therapeutic vulnerability in BM, where pharmacological and gen-
etic perturbation of the target attenuates BM cell proliferation both in vitro 
and in vivo. We have now begun a large-scale medicinal chemistry campaign 
to develop novel, brain penetrant inhibitors of this target with drug-like pre-
clinical profiles validated by our in vivo experimental models for later stage 
preclinical development and subsequent clinical development. This potential 
first-in-class anti-metastatic therapy may provide an alternative treatment 
strategy for at-risk patients that are otherwise limited to palliation and could 
open the gate to future development of other anti-metastatic therapies.
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Molecular alterations in gliomas in adolescents and young adults (AYA) 
have not been comprehensively described to date. To determine the impact 
of mutation, we performed a population based study of gliomas in AYA. 
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