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Introduction

Circular RNAs (circRNAs) are now recognised as important regulators of post- 
transcriptional gene expression (Gao et al., 2021; Liu et al., 2020; Liu et al., 2019; Zhao 
et al., 2020). Their covalently closed structure confers resistance to exonucleases, and many 
circRNAs are conserved across species, with expression patterns that are frequently tissue- 
and disease-specific (Ji et al., 2019; Wu et al., 2022). They are also detectable in plasma, 
serum, urine and other body fluids (Szabo and Salzman, 2016), making them attractive 
candidates for diagnostic and prognostic biomarkers and for monitoring treatment 
response (Ruan et al., 2019).

This editorial summarises six original and review articles in this Research Topic that, 
supported by multi-omics and computational methods, move beyond viewing circRNAs as 
isolated “differentially expressed molecules”. Together, these contributions place circRNAs 
within an integrated framework that links genetic risk, regulatory networks, drug response 
and potential therapeutic applications. In the sections below, we briefly discuss each article 
along these converging lines.

From genome to endothelium: circRNAs as 
mediators of genetic risk

Genome-wide association studies (GWAS) have identified numerous loci for coronary 
artery disease (CAD), most of which lie in non-coding regions and are therefore difficult to 
link to specific cell types or pathways. Huang et al. integrate CAD GWAS signals with a 
circRNA-centred competing endogenous RNA (ceRNA) network and endothelial 
transcriptional programmes derived from intervention-based single-cell RNA 
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sequencing data. In this framework, risk variants are mapped onto a 
multilayer network in which circRNAs connect GWAS loci to 
endothelial gene modules associated with extracellular matrix 
remodelling, cell adhesion and vascular homeostasis. By 
prioritising circRNAs that are both proximal to CAD-associated 
variants and strongly connected to these modules, they highlight 
circZNF609, circABCC1, circHERPUD2 and others as candidate 
mediators of genetic risk in the endothelium.

Rather than simply cataloguing GWAS loci or differentially 
expressed circRNAs, this work outlines a route from genetic 
susceptibility, through non-coding regulation, to endothelial 
pathways, and provides starting points for CRISPR-based 
perturbation, single-cell multi-omics and in vivo 
functional studies.

From tumour-specific roles to pan- 
cancer hubs: circZFR across cancers

Nan et al. characterise circZFR as a “horizontal hub” across 
solid tumours. Drawing on studies in colorectal, hepatocellular 
and non-small cell lung cancer, among others, they summarise 
its expression patterns, clinical associations and major 
mechanistic links. CircZFR, generated by back-splicing of the 
ZFR gene and predominantly localised in the cytoplasm, is 
highly expressed in many tumour types and associated with 
advanced stage and poor prognosis. Mechanistically, it acts as a 
sponge for miRNAs that repress oncogenic targets and stabilises 
proteins such as BCLAF1 and HNRNPLL, thereby engaging 
canonical oncogenic pathways and promoting tumour cell 
proliferation, invasion, metastasis and resistance to cisplatin 
and other chemotherapeutic agents.

In some signalling contexts, circZFR appears to exert tumour- 
suppressive effects, underscoring the context dependence of its 
function. Overall, these findings suggest that some circRNAs act 
not only as local modulators in individual diseases but also as shared 
hubs across tumour types and treatment stages, thereby providing a 
template for the systematic identification of other high- 
value circRNAs.

Towards drug response and 
intervention: from graph models to 
translation

Three articles extend circRNA research towards therapeutic 
relevance, covering circRNA-drug associations, circRNA-drug 
sensitivity and the translational capacity of circRNAs as 
diagnostic or therapeutic resources.

Li et al. (2025) focuses on circRNA-drug associations. On a 
circRNA-drug bipartite graph, local higher-order topology is 
encoded as geometric features within a graph neural network 
(GNN), helping the model distinguish edges in structured 
subnetworks from more random connections. On public datasets, 
G2CDA outperforms earlier approaches, and several top-ranked 
predicted pairs are supported by existing evidence, showing how 
geometric deep learning can prioritise circRNA targets and 
candidates for drug development or repurposing.

Wang et al. (2025) addresses circRNA-drug sensitivity. It 
constructs a heterogeneous network integrating circRNA and 
drug similarity information with circRNA-drug sensitivity 
data, applies graph contrastive learning to obtain 
representations robust to noise and missing links, and then 
uses multi-view GNNs to predict the sensitivity of circRNA- 
drug pairs. DMAGCL identifies candidate circRNA markers 
associated with the response to multiple anticancer agents and 
links circRNA networks more directly to treatment response.

Zhang et al. review circRNA translation and emphasise that 
some circRNAs are not strictly non-coding. They survey the 
molecular mechanisms, experimental assays and computational 
tools used to study circRNA-derived peptides and proteins, and 
argue that these translation products are relevant to tumourigenesis 
and cell fate control and could underpin new diagnostic markers and 
RNA- or peptide-based therapeutic strategies.

These three contributions support a change in perspective: 
circRNAs are moving from being viewed mainly as molecules 
influenced by drugs to being considered components that help 
determine drug response and, in some cases, substrates for 
therapeutic design.

Hidden foundations: MSA post- 
processing as infrastructure for 
circRNA research

Zhai et al. review post-processing strategies for multiple 
sequence alignments (MSAs), organising meta-alignment 
together with horizontal, vertical and hybrid realignment, 
and showing how such refinement can improve alignment 
quality and the robustness of downstream analyses without 
changing the underlying alignment engine. Although circRNAs 
are not the focus of their article, circRNA studies depend 
critically on reliable MSAs: cross-species conservation of 
circRNAs and their ORF or IRES segments, miRNA and 
RNA-binding protein recognition sites, and comparative 
evidence for translational potential all build on trustworthy 
alignments. These general methods therefore constitute core 
infrastructure for sequence- and network-level analyses, 
including work on circRNA translation and graph- 
based modelling.

Conclusion and outlook: from 
association landscapes to 
clinical pathways

The six articles collectively delineate several main lines of 
circRNA research: one linking genetic susceptibility to cell type- 
specific pathways, another spanning tumour types and drug 
response, and a third extending to translation products and 
methodological infrastructure. Future advances are likely to arise 
at the intersections of these lines, for example, by systematically 
integrating GWAS, single-cell and epigenomic data in large 
multimodal cohorts and using graph-based models together with 
translation-prediction tools to identify and validate circRNAs with 
genuine diagnostic or therapeutic value. This Research Topic does 
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not aim to provide definitive answers, but rather to offer a set of 
mutually reinforcing “pieces of the puzzle” that may guide more 
systematic and translational work at the intersection of circRNA 
biology, disease research and computational methodology.

Author contributions

QZ: Conceptualization, Supervision, Writing – review and 
editing. MN: Project administration, Writing – review and 
editing, Data curation. XR: Writing – review and editing, 
Conceptualization, Investigation, Writing – original draft.

Funding

The author(s) declared that financial support was received for 
this work and/or its publication. This work was supported by the 
National Natural Science Foundation of China (No. 62473268 and 
No. 32470693).

Acknowledgements

We thank all authors for their valuable contributions and are 
grateful to the reviewers for their rigorous and constructive comments. 
We also thank the Frontiers in Genetics editorial office for their 
support in organising and publishing this Research Topic.

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

The author QZ declared that they were an editorial board 
member of Frontiers at the time of submission. This had no 
impact on the peer review process and the final decision.

Generative AI statement

The author(s) declared that generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure 
accuracy, including review by the authors wherever possible. If 
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References

Gao, X., Xia, X., Li, F., Zhang, M., Zhou, H., Wu, X., et al. (2021). Circular RNA-encoded 
oncogenic E-cadherin variant promotes glioblastoma tumorigenicity through activation of 
EGFR–STAT3 signalling. Nat. Cell Biology 23 (3), 278–291. doi:10.1038/s41556-021-00639-4

Ji, P., Wu, W., Chen, S., Zheng, Y., Zhou, L., Zhang, J., et al. (2019). Expanded 
expression landscape and prioritization of circular RNAs in mammals. Cell Reports 26 
(12), 3444–3460. doi:10.1016/j.celrep.2019.02.078

Li, Z., Qi, M., Huang, J., Zhang, W., Tan, X., and Chen, Y. (2025). Geometry-enhanced 
graph neural networks accelerate circRNA therapeutic target discovery. Front. Genet. 16. 
doi:10.3389/fgene.2025.1633391

Liu, C.-X., Li, X., Nan, F., Jiang, S., Gao, X., Guo, S.-K., et al. (2019). Structure and 
degradation of circular RNAs regulate PKR activation in innate immunity. Cell 177 (4), 
865–880. doi:10.1016/j.cell.2019.03.046

Liu, B., Ye, B., Zhu, X., Yang, L., Li, H., Liu, N., et al. (2020). An inducible circular RNA 
circKcnt2 inhibits ILC3 activation to facilitate colitis resolution. Nat. Communications 
11 (1), 4076. doi:10.1038/s41467-020-17944-5

Ruan, H., Xiang, Y., Ko, J., Li, S., Jing, Y., Zhu, X., et al. (2019). Comprehensive 
characterization of circular RNAs in~ 1000 human cancer cell lines. Genome Medicine 
11 (1), 55. doi:10.1186/s13073-019-0663-5

Szabo, L., and Salzman, J. (2016). Detecting circular RNAs: bioinformatic and 
experimental challenges. Nat. Rev. Genet. 17 (11), 679–692. doi:10.1038/nrg. 
2016.114

Wang, P., Guo, Y., Li, Z., Tang, D., Qi, M., Zhu, Z., et al. (2025). DMAGCL: A dual- 
masked adaptive graph contrastive learning framework for predicting circRNA-drug 
sensitivity. Front. Genet. 16 . doi:10.3389/fgene.2025.1721716

Wu, W., Zhang, J., Cao, X., Cai, Z., and Zhao, F. (2022). Exploring the cellular 
landscape of circular RNAs using full-length single-cell RNA sequencing. Nat. 
Communications 13 (1), 3242. doi:10.1038/s41467-022-30963-8

Zhao, Q., Liu, J., Deng, H., Ma, R., Liao, J.-Y., Liang, H., et al. (2020). Targeting 
mitochondria-located circRNA SCAR alleviates NASH via reducing mROS output. Cell 
183 (1), 76–93. doi:10.1016/j.cell.2020.08.009

Frontiers in Genetics frontiersin.org03

Zou et al. 10.3389/fgene.2025.1759692

https://doi.org/10.1038/s41556-021-00639-4
https://doi.org/10.1016/j.celrep.2019.02.078
https://doi.org/10.3389/fgene.2025.1633391
https://doi.org/10.1016/j.cell.2019.03.046
https://doi.org/10.1038/s41467-020-17944-5
https://doi.org/10.1186/s13073-019-0663-5
https://doi.org/10.1038/nrg.2016.114
https://doi.org/10.1038/nrg.2016.114
https://doi.org/10.3389/fgene.2025.1721716
https://doi.org/10.1038/s41467-022-30963-8
https://doi.org/10.1016/j.cell.2020.08.009
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2025.1759692

	Editorial: Advances in circRNA research: disease associations and diagnostic innovations
	Introduction
	From genome to endothelium: circRNAs as mediators of genetic risk
	From tumour-specific roles to pan-cancer hubs: circZFR across cancers
	Towards drug response and intervention: from graph models to translation
	Hidden foundations: MSA post-processing as infrastructure for circRNA research
	Conclusion and outlook: from association landscapes to clinical pathways
	Author contributions
	Funding
	Acknowledgements
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


