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Embryonal tumors with multilayered rosettes (ETMR) are highly aggressive 
brain tumors predominantly affecting children under three years, with median 
survival of 10–14 months. Understanding mechanisms driving treatment resis-
tance remains critical for improving outcomes. While the cell populations 
constituting primary tumors have been characterized in the recent years, the 
molecular landscape at relapse remains elusive.

We performed single-cell transcriptomic analysis of 20 samples from 13 
patients with ETMR, with a particular focus on seven patients with matched 
tissue from primary and recurrent/progressive disease. Tumor populations 
comprised neural stem cell (NSC)-like cells (SOX2+, SOX3+), neuronal 
progenitor-like cells (TCF4+, NEUROD1+), and neuron-like cells (TUBB3+, 
NEUROD4+), consistent with previous reports. However, cellular composition 
shifted dramatically during progression: neuron-like cells decreased from 
∼45% in primary tumors to 25% in progressive disease and 10% at relapse, 
while NSC-like cells expanded to 57% in recurrent tumors.

Differential gene expression analysis revealed that relapse-associated NSC-like 
cells lost neuronal maturation programs while acquiring mesenchymal, 
HOX-driven, and stem-like characteristics. Significantly upregulated genes 
included HOX family members, epithelial-mesenchymal transition mediators 
(COL1A1, MMP2), and developmental regulators (IRX5, HAND2), while 
neuronal function genes (OTX3, SPON1) were downregulated. Critically, 
C19MC-amplified NSC-like cells were enriched at relapse while chromosome 
2 gain variants decreased, suggesting C19MC amplification drives stem-like 
populations that dominate recurrent disease.

The microenvironment also transformed substantially: relapsed tumors exhib-
ited 3–5 fold increases in infiltrating immune cells, pericytes, and astrocytes 

compared to minimal tumor microenvironment in primary samples, suggesting 
more invasive growth patterns. Spatial transcriptomics (Xenium) at single-cell 
resolution validated these changes and revealed functionally distinct niches 
where tumor cells interact differentially with stromal compartments.

These findings demonstrate that ETMR progression involves coordinated 
dedifferentiation toward aggressive stem-like states and highlight potential 
applicability of immunotherapeutic approaches in the relapse setting.
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