
Abstract

Stratification of CNS locations for pediatric ependymoma (0–19 yrs)3

To characterize the cell ecosystem of 6 primary and 3 metastatic pediatric PFA tumors, we used a cross-

disciplinary approach employing single-cell technology, spectral methods, and machine learning. We 

leveraged flash-frozen tissue specimens archived by the Children’s Brain Tumor Tissue Consortium (CBTTC) 

and recent developments in high-throughput single-nuclei RNA-sequencing technology (sNucDrop-seq)6. 

We used various computation methods to uncover the cell composition, developmental lineages, molecular 

pathways, tumor-microenvironmental signaling, and expression signatures of these tumors. To improve the 

statistical power of this analysis, we leveraged large bulk studies and our snRNA-seq data to infer cell type 

abundance of tumors profiled with bulk transcriptomics.

Ependymoma is a cancer of the central nervous system CNS that occurs in both adult and pediatric patients. The 

disease is particularly aggressive in children1 where it comprises about 6% of primary brain tumors (ages 0–19 yrs)2. 

Posterior fossa ependymoma type A (PFA) is the 

most prevalent and aggressive pediatric subgroup:

Conclusion & Future Direction

Utilizing snRNA-seq data, computational methods, and developmental atlases, we are investigating the cell 

ecosystem and signaling pathways of childhood ependymal tumors located in the posterior fossa. We predict that 

LGR5+ radial glial cells are the cell-of-origin for these tumors and that primary tumor cells are driven by canonical 

WNT signaling. Upon metastasis, tumor stem cells acquire an invasive and motile phenotype derived from a TGF-β-

driven reactive astrogliosis program. Additionally, we have shown that PFA tumors can be stratified by their tumor 

cell phenotypes which is associated with a number of clinical variables. 
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Pediatric ependymoma is a devastating brain cancer marked by its relapsing pattern and lack of effective 

chemotherapies. This shortage of treatments is partially due to limited knowledge about ependymoma

tumorigenic mechanisms. Although there is evidence that ependymoma originates in radial glia, the specific 

pathways underlying the progression and metastasis of these tumors are unknown. By means of single-cell 

transcriptomics, immunofluorescence, and in situ hybridization, we show that the expression profile of tumor 

cells from pediatric ependymomas in the posterior fossa is consistent with an origin in LGR5+ stem cells. 

Tumor stem cells recapitulate the developmental lineages of radial glia in neurogenic niches, promote an 

inflammatory microenvironment in cooperation with microglia, and upon metastatic progression initiate a 

mesenchymal program driven by reactive gliosis and hypoxia-related genes. Our results uncover the cell 

ecosystem of pediatric posterior fossa ependymoma and identify WNT/b-catenin and TGF-b signaling as major 

drivers of tumorigenesis for this cancer.
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 5-year progression free survival rate of 30%3

 Chronic relapsing pattern

 No effective chemotherapy4

 Rarely harbor recurrent mutations5

 Can be stratified into PFA-1 and PFA-2 subtypes5

 Lack of understanding about the molecular pathways 

underlying oncogenesis & progression
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IHC, RNA FISH

16,084 cells from 6 primary PFA tumors

PFA tumor cells recapitulate radial glia cell neurodevelopmental lineages

 Upon clustering and differential expression analysis, we identified 8 cell types, 

including 4 transformed populations

 Undifferentiated tumor cells differentiate into tumor-derived astrocytes, 

ependymal cells, and neural stem cells, recapitulating normal neurodevelopment 

 There is a proliferative subpopulation within the undifferentiated tumor cells that 

expresses the canonical stem cell marker LGR5 and WNT/β-catenin pathway genes

 We hypothesize that PFA tumorigenesis is driven by WNT/β-catenin signaling
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Metastatic PFA tumors have a distinct mesenchymal cell population characterized 

by elevated expression of hypoxic and reactive gliosis programs

10,640 cells from 3 metastatic PFA tumors

There is a switch from HIF3A in 

the rest of the tumor cells to HIF1A

in the reactive glia population

LGR5 is a canonical stem cell 

marker associated with an 

amplification of WNT/β-catenin8

The tumor-derived reactive glia are 

marked by genes associated with a 

TGF-B mesenchymal phenotype found 

in glioblastoma, such as CHI3L1.

 Metastatic tumors also have tumor derived population of varying degrees 

of differentiation

 Instead of a tumor-derived NSC population, we identified a tumor-derived 

reactive glia population marked by CD44, TGFBI, VEGFA, the proto-

oncogene MET, and CHI3L1 gene expression9

 Tumor-derived reactive-glia have a mesenchymal phenotype and express 

high levels of hypoxia- and angiogenesis-related genes.

 We hypothesize that, upon metastasis, PFA tumor cells acquire a 

mesenchymal phenotype driven by TGF-β signaling
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Pediatric PFA tumors can be stratified by their composition of tumor cells 

and their degree of differentiation

This plot illustrates the relationship between PFA tumors as a ratio 

of the three major malignant phenotypes

In this plot, each point is a PFA tumor from 

this cohort and its location illustrates its 

composition of PFA tumor cells. The samples 

we single-cell sequenced are circled in black. 

Each axes is also associated with a 

number of clinical variables. Here, we 

have colored each tumor by its age-of-

diagnosis (in years). 

Younger patients are associated 

with a higher abundance of 

stem-cell-like tumor cells 

(bottom left of the triangle).

Each axes represents one of the major PFA tumor cell population identified in our single-nuclei data 

and is associated with a number of features at the bulk level. PFA tumors with a higher abundance of 

stem-cell-like tumor cells are marked by elevated LGR5 expression, a younger age-of-diagnosis, and 

a higher abundance of microglia. PFA tumors with a higher abundance of mesenchymal reactive glia 

are marked by elevated CD44 expression and enriched for a TGF-β expression modules. We found a 

population of tumor-derived ependymal cells in both primary and metastatic PFA tumors. 

Interestingly, PFA tumors with a higher abundance to ependymal cells tend to have better overall 

survival, however these results were not statistically significant, possible due to limited survival data.

We used our single-nuclei data and CIBERSORTx10

to infer the abundance of tumor-derived cell types in 

a cohort to PFA tumor profiled with bulk RNA-seq.

PFA tumors are a heterogeneous 

group that can be stratified into two 

subtypes, PFA-1 and PFA-2. We 

found that stem-cell-like tumors are 

enriched for a PFA-1 signature.
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