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Background
In the embryological period, dysregulated processes such as cellular hypoxia response via the HIF (hypoxia inducible factor) pathway, play a role in neuroblastoma pathogenesis from fetal adrenal progenitor cells. This study establishes the transcriptional changes that occur in neuroblastoma cells in response to hypoxia, in order to derive insights into the developmental origins of neuroblastoma pathogenesis and the clinical implications of dysregulated hypoxia response. 

Method
Bulk RNA-sequencing was performed on SK-N-AS and SH-SY5Y cell-lines, in normoxia and hypoxia. Meta-analysis of five neuroblastoma datasets and 55 non-neuroblastoma datasets was performed to define a neuroblastoma-specific hypoxia signature. 2D in-vitro and 3D spheroid analyses were performed to study the effect of hypoxia on protein and mRNA levels of HIF and downstream hypoxia pathway targets. 

Results
The core neuroblastoma hypoxia signature, derived from meta-analysis, included both neuroblastoma-specific hypoxia responsive genes, as well as genes that overlap with a pan-cell-line hypoxia signature. The signature was predictive of poor survival probability in a neuroblastoma tumour bulk RNA-sequencing dataset. By signature scoring analysis for neuroblastoma responsive genes in a single cell transcriptome of the fetal adrenal gland, chromaffin cells and cells transitioning to this cell type were identified as the most hypoxia-upregulated cell types, inferring the importance of hypoxia within fetal adrenal development.

Conclusion
Cellular hypoxia response in neuroblastoma was found to consist of neuroblastoma-specific characteristics, which have significant clinical implications and suggest the role of hypoxia within embryological development of the adrenal gland and thus neuroblastoma pathogenesis.

