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computational approaches (including genomic copy number inference, 
gene signature enrichment, pathway-based deconvolution and integra-
tive non-negative matrix factorization). The non-tumor cell compartment 
(124,082 cells, 43%) has been dissected for the deep characterization of 
each cell type that populate the microenvironment of NF-1 glioma. We un-
raveled the complexity of the immune infiltration and identified different 
subpopulations exhibiting specific immune functions within myeloid and 
lymphoid components. Different glioma niches have been revealed by com-
paring the relative composition of the immune microenvironment across 
the tumors. Recruitment and activation of cytotoxic CD8+ T cells and 
natural killers by an active crosstalk with dendritic and pro-inflammatory 
myeloid cells defined an immune-supportive phenotype that can mediate 
a potential anti-tumor response in low-grade NF-1 glioma. Regulatory T 
cell infiltration and effector T cell exhaustion, instead, induced immune 
suppression in another tumor niche. Conversely, the complete absence of 
lymphocytes characterized a large set of cold tumors, mostly high-grade 
glioma. The elucidation of the complex immune interplay in the different 
tumor niches provides novel insights for the application of immunother-
apies in NF-1 glioma patients.
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The heterogeneity within tumors has long been associated with therapy 
failure and disease progression. Recent advances in single-cell RNA-
sequencing technologies have enabled us to dissect the cellular diversity 
in glioblastoma (GBM). However, how these cellular programs change 
longitudinally under therapy remains poorly understood. To address this 
question, we collected and profiled a large-scale longitudinal cohort of 59 
matched IDH-wildtype GBM sample pairs provided by 7 centers worldwide 
by single-nucleus RNA-sequencing (snRNA-seq) and whole-exome/whole-
genome sequencing. The majority of patients (51 patients) in this cohort 
received standard-of-care (temozolomide and radiation) following initial 
tumor resection. Leveraging this large-scale snRNS-seq dataset of 457,442 
cells, we detected novel cellular states and associations between malignant 
and tumor microenvironment (TME) cells, and then performed longitudinal 
analyses. The recurrent samples showed significantly lower malignant cell 
fraction (p=0.002) and reciprocal increase in proportions of glio-neuronal 
TME cell types (oligodendrocytes, neurons and astrocytes). The TME com-
position, malignant cell state proportions and baseline expression programs 
were retained at recurrence more than expected by chance, but overall were 
not well conserved between primary and recurrent samples. A subset of pairs 
(12/59 pairs) enriched with glio-neuronal TME at recurrence showed a sig-
nificant transcriptomic shift and was associated with better clinical course 
(p=0.02). The tumors that acquired radiation-related small deletion pheno-
type underwent a transition towards MES/Hypoxia phenotype (0/9 at pri-
mary, 6/9 at recurrence, p=0.02). We defined pairs as likely responders or 
non-responders to treatment based on the MGMT methylation status of 
the primary tumor sample. This uncovered diverging evolutionary trajec-
tories in cellular programs between the two groups. Strikingly, the changes 
in malignant state frequency and baseline malignant expression profile were 
strongly associated with specific changes in the TME composition. Our find-
ings based on high-resolution longitudinal snRNA-seq analyses highlight the 

diverse evolutionary trajectories in GBM that are shaped by TME changes 
and treatments.
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Isocitrate dehydrogenase (IDH) mutant gliomas are progressive, invari-
ably fatal brain tumors affecting young and middle-age adult patients. Pre-
vious single-cell transcriptomic characterization of IDH-mutant gliomas has 
uncovered heterogeneous cell states, with a hierarchy ranging from neural 
progenitor-like to differentiated cell states. Despite this understanding, the 
dynamics of these cell states as tumors undergo grade progression, and the 
factors that facilitate or restrict cell state transitions remain poorly under-
stood. Here, we characterize the cell states of IDH-mutant gliomas spanning 
all grades using fresh patient samples and compare them with transcrip-
tional programs of normal brain cells. We find that tumor cell states experi-
ence a marked shift as tumors undergo progression. In low-grade tumors, 
predominant cell states mimic slow-cycling oligodendrocyte progenitor cells 
(OPCs). With grade progression, cell states transition to resemble highly pro-
liferative neural progenitor cells (NPCs). Additionally, single-cell analyses 
of accessible chromatin (ATAC-seq) revealed novel cellular states defined 
in chromatin space, which could facilitate this transition. Genetic analyses 
identified several molecular alterations in high-grade tumors, including loss 
of DNA methylation, oncogene amplification, and the deletion of genes 
associated with the interferon (IFN) response. Lastly, we validate the role 
of DNA hypomethylation in favoring immune evasion with grade progres-
sion using an IDH-mutant glioma organoid model. Overall, our findings 
provide evidence that tumor progression in IDH-mutant gliomas is driven 
by an interplay of epigenetic and genetic mechanisms that promote more 
mitotically active cell states as well as decreased anti-tumoral immune ac-
tivation.

ABSTRACT CITATION ID: NOAD179.0501
EPCO-39. CLARIFYING THE MOLECULAR CONSEQUENCES 
OF ONCOGENIC MUTATIONS THROUGH MULTISCALE AND 
MULTIOMIC ANALYSIS OF INDIVIDUAL TUMORS
Patrick Schupp1, Samuel Shelton1, Daniel Brody1, Rebecca Eliscu1, 
Brett Johnson2, Tali Mazor3, Kevin Kelley4, Matthew Potts5, 
Michael McDermott6, Eric Huang1, Daniel Lim1, Russell Pieper1, 
Mitchel Berger7, Joseph Costello1, Joanna Phillips1, and Michael Oldham1; 
1University of California, San Francisco, San Francisco, USA, 2Oregon 
Health Sciences University, Portland, USA, 3Dana-Farber Cancer Institute, 
Boston, USA, 4Stanford University, Palo Alto, USA, 5Northwestern 
University, Chicago, USA, 6Miami Neuroscience Institute, Miami, USA, 
7University of California, San Francisco, San Francisco, CA, USA

Understanding the molecular consequences of oncogenic mutations is an 
important goal that may reveal essential features of malignant cells and new 
therapeutic targets for diverse cancers. However, this task is complicated by 
substantial inter- and intra-tumoral heterogeneity, which obscure the mo-
lecular consequences of oncogenic mutations in malignant cells. Although 
single-cell methods hold promise for this task, it remains non-trivial to iso-
late DNA and RNA from the same cell at scale. Here we describe a statis-
tically motivated strategy that controls for inter-tumoral heterogeneity and 
exploits intra-tumoral heterogeneity to reveal the most consistent molecular 
phenotypes of malignant cells. By combining deep, multiscale sampling of 
IDH-mutant astrocytomas with integrative, multiomic analysis, we recon-
struct and validate the phylogenies, spatial distributions, and molecular 
profiles of distinct malignant clones. Importantly, by genotyping nuclei for 
driver mutations, we show that existing strategies for inferring malignancy 
from gene expression profiles of single cells may be inaccurate. We identify 
genes that are consistently upregulated in the truncal clone of IDH-mutant 
astrocytomas, which are significantly enriched with genes involved in RNA 
splicing, mRNA transport and the nuclear pore, and WNT / MYC signaling. 
Furthermore, we find that expression phenotypes of malignancy persist des-
pite loss of the mutant IDH1 protein following chr2q deletion in a subset of 
malignant cells. More broadly, our work provides a generalizable strategy 
for precisely deconstructing intra-tumoral heterogeneity and determining 
the most robust molecular consequences of oncogenic mutations in any kind 
of solid tumor.
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