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MATERIALS AND METHODS

A nanopore sequencing-based rolling circle amplification method
was applied to sequence naturally existing full-length small
eccDNAs in tissues and paired plasma collected from 25 cancer
patients (including prostate cancer, hepatocellular carcinoma, and
colorectal cancer), and from an independent validation cohort.

RESULTS

CONCLUSIONS

 The comprehensive characterization profiling of small eccDNAs
for cancer patients in our study provides abundant human data
for the future study of the mechanism of small eccDNAs in
carcinogenesis.

 The small eccDNA data from cancerous and para-cancerous
tissues, coupled with those from the remote peripheral blood,
can serve as a rich resource for a deeper understanding of the
transport and flow of small eccDNAs.

 As independent and stable circular DNA molecules, small
eccDNAs in both tissues and plasma can be used as ideal
biomarkers for cost-effective multi-cancer diagnosis and
monitoring.
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(A) Workflow of small eccDNA
extraction, purification, and
sequencing.

(B-C) Outward PCR validation for
small eccDNAs identified by
this workflow.

(A-B)The size distribution of small eccDNAs in 
tissue was different from that in the paired plasma.

(C)The genomic annotation of small eccDNAs in cancer
tissue  was different from that in the paired plasma.

Small eccDNAs originating from shared genes between cancer plasma and cancer tissues (A) and their 
combination with CEA (B) or CA19-9 (C)  levels showed high multi-cancer diagnostic value in plasma.

INTRODUCTION

Small extrachromosomal circular DNA (eccDNA) is a circular DNA
molecule that is independent of conventional chromosomes and
exists widely in eukaryotes [1]. Recently, small eccDNAs have been
reported to be related to microRNA expression and innate
immunostimulatory activities[2,3]. However, the formation
mechanism and function of small eccDNAs, especially their role in
carcinogenesis, need to be further explored. As small circular DNA
molecules, small eccDNAs are promising biomarkers in cancer
detection because they are structurally more stable than RNA and
linear DNA[4,5]. However, it is still unclear whether the small
eccDNA profile in cancer plasma can represent that in cancer tissues.
Previous studies on small eccDNAs were mostly based on the short-
read sequencer[6,7]. Small eccDNAs must be fragmented during
sample preparation, thus losing the full-length information that is
crucial for functional studies.
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A novel sequencing workflow for small eccDNA sequencing was successfully constructed.

Compared with those in non-cancer tissues, small eccDNAs detected in 
cancer tissues had a significantly larger number (A), different genomic 
annotation (B) and different consensus sequences (C).

Small eccDNAs originating from some genes 
and their combination with CEA/CA19-9 levels 
had great multi-cancer diagnostic value in 
tissues (D-F).
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