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Research question 
Circular RNAs (circRNAs), a noncoding RNA class originating from alternative splicing, are 
highly abundant in neural tissues and were shown to regulate gene expression e.g. by 
interacting with microRNAs and RNA-binding proteins. Neuroblastoma is an embryonal 
neoplasia, which arises from undifferentiated neural-crest cells. In this study, we aimed to 
explore whether circRNAs influence the pathogenesis of high-risk neuroblastoma. 
 
Study design 
We performed whole-transcriptome sequencing of 104 primary neuroblastoma samples to 
identify candidate circRNAs, which were validated in a neuroblastoma cell line panel. 
Overexpression and knockdown models were created to investigate the impact of circRNA gain 
or loss on cell viability, proliferation, apoptosis and differentiation. The subcellular localization 
of candidate circRNAs was assessed by RNA FISH. To further investigate the molecular 
changes upon candidate circRNA knockdown, RNA sequencing was performed. An RNA 
pulldown assay, mass spectrometry, RNA-immunoprecipitation and bioinformatics motif 
analysis were performed to identify interaction partners of candidate circRNAs. 
 
Results 
We identified 5,171 unique circRNAs involving 2,290 genes in 104 neuroblastoma samples 
from all risk groups. Candidate circRNA expression did not correlate with host gene expression, 
indicating independent regulatory mechanisms. circRNAs were significantly downregulated in 
the MYCN-amplified tumours. These findings were  independently reproduced in a 
Tetracycline-inducible MYCN-overexpression system based on the SKNAS neuroblastoma cell 
line, suggesting that MYCN drives this global circRNA repression and differential splicing. 
Comparing our RNA sequencing data with other cancers and controls revealed a circRNA 
subset specifically upregulated in neuroblastoma that included a circRNA derived from the 
ARID1A tumor suppressor gene. Cell fractionization and RNA FISH localized circARID1A to 
the cytoplasm, where it could interact with miRNAs and RNA-binding proteins for functional 
consequences. Specific circARID1A knockdown resulted in reduced proliferation, cell numbers 
and viability, and prompted apoptosis. The outgrowth of neurite-like extensions and up-
regulation of differentiation markers were observed. Neither knockdown, nor overexpression of 
circARID1A influenced ARID1A mRNA and protein levels. RNA sequencing after knockdown 
confirmed the specificity of the knockdown, as circARID1A was the only circRNA significantly 
down-regulated and the linear ARID1A mRNA expression was unchanged. We found various 
differentiation-related gene sets changed after knockdown. We computationally identified 
several binding motifs of RNA-binding proteins enriched in the circARID1A sequence. An RNA 
pulldown assay and mass spectrometry of enriched proteins revealed a binding of the RNA-
binding proteins KHSRP and ELAVL proteins with circARID1A, which might contribute at least 
in part to the mechanism of action of circARID1A. 
 
Conclusion 
We demonstrate that circRNAs are expressed in neuroblastomas unrelated to host gene 



expression, and that their expression is suppressed by MYCN. As one in a set of upregulated 
circRNAs, circARID1A acts in a tumor-promoting manner in neuroblastoma cell lines 
independent of the host gene. We showed that circARID1A interacts with KHSRP and ELAVL 
proteins revealing at least in part its mechanism of action. This study highlights an important 
role of circRNAs in neuroblastoma biology and may establish this RNA class as future 
therapeutic targets. 

 
 
 

 
 


