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Circular RNA is enriched and stable in exosomes: a 

promising biomarker for cancer diagnosis
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Dear Editor,

Circular RNAs (circRNAs) are recently identified as 
a naturally occurring family of widespread and diverse 

endogenous noncoding RNAs that may regulate gene 

expression in mammals [1-4]. They are unusually sta-

ble RNA molecules with cell type- or developmental 

stage-specific expression patterns [3, 5]. Exosomes are 

small membrane vesicles of endocytic origin secreted by 

most cell types. They contain a specific cargo of protein, 
mRNA and microRNA species, which can modulate 

recipient cell behaviors and may be used as biomarkers 

for diagnosis of human diseases [6]. Here, we show for 

the first time the presence of abundant circRNAs in exo-

somes. RNA-seq analyses revealed that circRNAs were 

enriched in exosomes compared to the producer cells. 

Furthermore, the sorting of circRNAs to exosomes may 

be regulated by changes of associated miRNA levels in 

producer cells, and may transfer biological activity to 

recipient cells. Additionally, more than 1 000 circRNAs 

were identified in human serum exosomes. circRNAs 

originated from human cancer xenografts could enter the 

circulation and be readily measured in the serum. Intrigu-

ingly, serum exosomal circRNAs were able to distinguish 

patients with colon cancer from healthy controls. Our 

results lay the foundation for development of circRNAs 

as a new class of exosome-based cancer biomarkers and 

suggest the potential biological function of exosomal cir-

cRNAs.

First we characterized circRNA transcripts by using 

RNA-seq analyses of ribosomal RNA-depleted total 

RNA from MHCC-LM3 liver cancer cells and cell-de-

rived exosomes (Supplementary information, Figure S1). 

The prepared exosomes were examined by transmission 

electron microscopy (Supplementary information, Fig-

ure S2). A computational pipeline [3] based on anchor 

alignment of unmapped reads was used to identify cir-

cRNAs. Counts of reads mapping across an identified 

backsplice are normalized by read length and number 

of reads mapping (spliced reads per billion mapping 

(SRPBM)), which allows quantitative comparisons be-

tween backsplices. Totally, 5 484 and 6 751 circRNAs 

were found in cells and exosomes, respectively (at least 

one backspliced read, SRPBM > 0.3, Figure 1A). We 

refer to circRNA contained in exosomes as exo-cir-

cRNA. Exo-circRNAs were enriched by at least 2-fold 

in exosomes compared to those in producer cells (Figure 

1A; average of SRPBM: exo-circRNA, 1.32; cellular 

circRNA, 0.57). When using a stringent SRPBM cutoff, 

the number of exo-circRNAs is significantly higher than 
that of cellular circRNAs (Supplementary information, 

Figure S3; e.g., SRPBM > 1.2, 1 428 of exo-circRNAs 

and only 319 of cellular circRNAs). We further validat-

ed this result by quantitative PCR (qPCR) analysis after 

reverse transcription (RT) of the same amount of cellu-

lar and exosomal RNAs, and confirmed the enrichment 
of five circRNAs (out of seven circRNAs) in exsomes 

(Supplementary information, Figure S4). The level of 

exo-circRNA was only moderately correlated with that 

of cellular circRNA (Figure 1B; Pearson correlation co-

efficient r = 0.43), indicating that the sorting of specific 
circRNA species to exosomes may be actively regulated. 

The circRNAs identified from producer cells and exo-

somes and their correlations were confirmed by RNA-seq 
analysis of RNase R-treated samples (Supplementary in-

formation, Figure S5). We also purified cellular poly(A) 
RNA species and subjected them to RNA-seq analysis. 

Notably, we found that circRNAs were most abundant 

in exosomal RNA-seq library and also detectable in total 

cell RNA-seq library, whereas they were almost absent 

in poly(A) RNA-seq library (Supplementary information, 

Figure S3 and Figure 1C as an example). For each cir-

cRNA, we estimated the relative percentage of circRNAs 

to their linear counterparts by calculating the ratio of 

backsplice-spanning reads to reads spanning traditionally 

spliced junctions in both cells and exosomes. The result 

showed that the ratio of circRNA level to linear RNA lev-

el in exosomes was about 6-fold higher than that in cells 

(Figure 1D), indicating that circRNA was incorporated 

more into exosomes than linear RNA. We experimen-

tally validated this result by qRT-PCR analysis of seven 

circRNAs (Supplementary information, Figure S6A). To 
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Figure 1 circRNAs are enriched and stable in exosomes and may serve as a potential biomarker for cancer detection. (A) Circos 

plots showing all circRNAs from cell and cell-derived exosome. (B) Correlation between cellular circRNA and exo-circRNA levels 

(SRPBM > 1). (C) Representative RNA-seq results for the HIPK3 gene and circ-HIPK3 (exon2) locus in various RNA-seq libraries. 

The read density of circ-HIPK3 was marked with red. (D) Comparison of the ratio of back-spliced to forward-spliced product reads 

between cell and cell-derived exosome. (E) qRT-PCR analysis of cellular CDR1as and exo-CDR1as circular RNA levels in cells and 

cell-derived exosomes after transfection with control or miR-7 mimics in HEK-293T cells. Data are presented as mean ± SD. **P < 

0.01 by Student’s t-test. (F) Cell proliferation assay of SMCC-7721 cells after transfection with control or miR-7 mimics followed by 

treatment with control or CDR1as exosomes. CDR1as exosomes and control exosomes were collected from cell culture medium 

after transfection of CDR1as expression vector or control vector into HEK-293T cells. miR-7 mimics or negative control were trans-

fected into SMCC-7721 cancer cells in 96-well plate. After 4 h transfection, CDR1as exosomes or control exosomes were added to 

the transfected cells. The cells were subsequently incubated for 48 h, and cell proliferation was measured using the Cell Counting 

Kit-8 (CCK-8). Data are presented as mean ± SD. **P < 0.01 by Student’s t-test. (G) Genomic origin of human blood exo-circRNAs. 

(H) Distribution of serum exo-circRNA lengths (n = 1 107, only exo-circRNAs with known spliced length were considered). (I) qRT-

PCR analysis of serum exo-circRNA levels after treatment with or without RNase R. The level without RNase R treatment was set as 

1. Data are presented as mean ± SD. (J) qRT-PCR analysis of serum exo-circRNA levels after incubation at room temperature for 

the indicated time. Ct values were shown. (K) Serum levels of exo-circCDYL were measured in all control and xenografted mice (n 

= 6, respectively). (L) Correlation between the level of tumor-derived exo-circCDYL in serum of xenografted mice and tumor mass. 

(M) Comparison of the exo-circRNA profile of normal serum and that of CRC serum. (N) qRT-PCR analysis of circ-KLDHC10 levels in 

normal serum and CRC serum (n = 11, respectively).
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further examine whether the presence and enrichment of 

circRNAs within exosomes is a common feature of can-

cer cells, we extended our analysis to a broader panel of 

cancer cell lines, including colon, lung, stomach, breast 

and cervical cancers. Indeed, we detected exo-circRNAs 

in all exosomes by qRT-PCR analysis (Supplementary 

information, Figure S6B). 

circRNA has been reported to be able to bind to miR-

NA, which is also shown to be abundant in exosomes. 

This prompts us to investigate the relation of circRNA 

and miRNA, regarding the sorting of circRNA to exo-

somes. As CDR1as circRNA is known to act as a miR-7 

sponge [1, 3], we introduced miR-7 mimics into cells and 

determined the level of CDR1as in cells and exosomes. 

Interestingly, we observed that the level of CDR1as cir-

cRNA was significantly downregulated in exosomes, but 
slightly increased in cells, upon ectopic expression of 

miR-7 in both HEK293T and MCF-7 cells (Figure 1E 

and Supplementary information, Figure S7). This result 

suggests that sorting of circRNAs to exosomes was reg-

ulated, at least in part, by changes of associated miRNA 

levels in producer cells. Furthermore, we found that 

exo-circRNA retained biological activity as the CDR1as 

exosomes could abrogate miR-7-induced growth sup-

pression in receipt cells (Figure 1F).

Given that circRNAs are abundant in exosomes, we 

speculated that exo-circRNAs could be detected in the 

human blood. Then we characterized human circulating 

exo-circRNAs by RNA-seq analysis of exosomal RNAs 

from a pool of serum obtained from three healthy donors. 

With the SRPBM cutoff > 1.2 (at least two backspliced 

reads), 1 215 circRNAs were identified in the human 

serum exosomes (Supplementary information, Table 

S1). We annotated these circRNAs using the RefSeq 

database [7]. More than 90% of the circRNAs consist of 

protein-coding exons, whereas smaller fractions align to 

introns, lincRNA, unannotated regions of the genome 

and regions antisense to known transcripts (Figure 1G). 

The length of most serum exo-circRNAs was < 1 000 

nt, and the median length was only 350 nt (Figure 1H). 

We further investigated the localization, integration and 

stability of circRNA in human serum. qRT-PCR analysis 

of three circRNAs revealed that circRNAs were predom-

inantly located in serum-derived exosomes but not in 

exosome-depleted serum (Supplementary information, 

Figure S8). These circRNAs were resistant to digestion 

with RNase R exonuclease (Figure 1I), suggesting that 

exo-circRNAs remain to be circular and intact in exo-

somes. Exo-circRNAs were generally stable in serum as 

we found that incubation of the serum at room tempera-

ture for up to 24 h had minimal effect on circRNA levels 

(Figure 1J). The high stability of exo-circRNA might 

be due to the protection of exosomes or some specific 

sequence features and protein partners. Collectively, we 

showed that human serum exosomes contained a large 

number of intact and stable circRNAs.

To determine whether tumor-derived exo-circRNA 

enters the circulation and is measurable for cancer de-

tection, we first employed a xenograft mouse model of 
human MHCC-LM3 cancer cells. Cells were subcuta-

neously implanted in the flank of nude mice. Serum was 
harvested 7 weeks later, and circulating exosomal RNAs 

were isolated for circRNA quantitation by qRT-PCR 

analysis. The human CDYL circRNA was able to be 

readily detected in the serum from tumor-bearing mice 

(Figure 1K). Abundance of tumor-derived exo-circRNA 

in serum of xenografted mice was correlated with tumor 

mass (Figure 1L). To strengthen the hypothesis that tu-

mor-derived exo-circRNAs in the circulation could be 

used as a potential biomarker for cancer detection, we 

then explored the expression profile of serum exo-cir-

cRNAs in cancer patients and healthy donors. As done 

with normal serum (NS) circRNAs, the serum exosomes 

from 11 colorectal cancer (CRC) patients were pooled for 

RNA extraction prior to RNA-seq analysis. The expres-

sion profile of circRNAs in cancer serum was significant-
ly different from that in NS. Compared to healthy sub-

jects, 67 circRNAs were missing and 257 new circRNA 

species were detected in cancer patients (Figure 1M). 

Notably, many of the host genes for these new circRNAs 

(48 genes for 53 circRNAs) were significantly upregualt-
ed in CRC tissues (Supplementary information, Table 

S2). The RNA-seq results from pooled serum samples 

were further validated individually by qRT-PCR analysis. 

As shown in Figure 1N, expression levels of circ-KLD-

HC10 were significantly increased in cancer serum than 
those in NS. As the negative control, expression levels of 

circ-GSE1 were not different between cancer serum and 

NS (Supplementary information, Figure S9).

In conclusion, we demonstrated the existence of 

abundant exo-circRNAs, representing a novel class of 

stable RNA species in exosomes. Our finding that serum 
exo-circRNA may distinguish patients with cancer from 

healthy controls illustrates its significant translational 

potential as a circulating biomarker for cancer diagnosis. 

Furthermore, it would be of great interest to understand 

the biological functions of exo-circRNAs and find other 
potential applications in future studies.
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