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Abstract: Circular RNAs (circRNAs) in exosomes exhibit stable expression and are not easily degraded in plasma; 
a characteristic that makes them ideal as novel non-invasive tumor diagnostic markers. In this study, we exam-
ined different expression of circRNA in plasma exosomes of primary hepatocellular carcinoma patient and healthy 
volunteer by full transcriptome sequencing. Five circRNAs with up-regulated expression were selected, and large 
sample size verified their expression. Among them, it is further confirmed that exo_circ_0006602 is up-regulat-
ed in the large sample cohort. In addition, the expression level of exo_circ_0006602 was correlated with HBsAg 
(P<0.011), HBeAg (P=0.048), liver cirrhosis (P=0.001) and Edmondson-Steiner grade (P<0.001). The receiver op-
erating characteristic (ROC) was used to evaluate the accuracy of exo_circ_0006602 as a diagnostic marker. The 
AUC value of exo_circ_0006602 was significantly highter than common serum tumor markers AFP and CEA. Exo_
circ_0006602 combined with AFP can significantly improve the diagnostic accuracy. Cell function experiments show 
that exo_circ_0006602 can significantly improve the proliferation and invasion ability of liver cancer cell lines and 
also promoted the expression of tumor proliferation-related protein Snail. In conclusion, our results suggested that 
exo_circ_0006602 can be used as a potential non-invasive biomarker for the early diagnosis and screening of liver 
cancer, the sensitivity and specificity of diagnosis are higher than traditional tumor markers. 
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Introduction

Hepatocellular carcinoma (HCC) is the sixth 
most common cancer and the fourth lead- 
ing cause of cancer-related deaths worldwide. 
China has a high incidence of liver cancer, and 
more than half of all deaths from liver cancer 
globally occur in the country. Liver cancer 
patients usually do not show obvious clinical 
symptoms during the early stages of the dis-
ease, and this makes it difficult to diagnose 
early. Most patients are usually diagnosed 
when the condition is already at an advanced 
stage. Besides, after diagnosis, only 15% to 
20% of patients do qualify for surgery [1]. Cu- 
rrently, the screening methods for early hepato-
cellular carcinoma are mainly medical imaging 
combined with tumor markers, such as alpha-
fetoprotein (AFP) combined with either com- 
puted tomography (CT) or magnetic resonance 

imaging (MRI). However, these methods have 
shortcomings. For example, the positive rate of 
AFP expression in early-stage liver cancer is 
low, and about 30% of patients with liver cancer 
have negative AFP expression [2]. Therefore, 
there is a need to identify diagnostic markers 
with high sensitivity and specificity, which can 
be useful in timely diagnosis and treatment of 
liver cancer.

Exosomes are extracellular vesicles with a 
diameter of 30 to 150 nm. Most cells produce 
many exosomes, and therefore they are widely 
distributed in various body fluids, including 
plasma, urine, milk, and saliva [3]. Exosomes 
contain cell-specific lipids, antigens, and differ-
ent nucleic acids such as messenger RNA 
(mRNA), microRNA (miRNA), long non-coding 
RNA (LncRNA), and circular RNA (circRNA). 
Exosomes have a lipid bilayer membrane struc-
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ture, which can protect nucleic acids from deg-
radation by extracellular RNases. The molecu-
lar composition of exosomes is stable and tis-
sue-specific, which can reflect the state of the 
tissue of origin. And this stability makes them 
potentially useful as biomarkers [4].

Exosomes are the main medium of communica-
tion between cells, because exosomes can be 
captured by neighboring cells [5]. Studies have 
found that exosome-mediated transfer of spe-
cific small RNAs from stromal cells to epithelial 
cancer cells contributes to cancer progression 
[6]. Exosomes can be secreted by a variety of 
cells and can be detected in a variety of body 
fluids, which is considered an ideal source of 
biomarkers [7-9]. People are very concerned 
about the role of exosomes in the development 
of cancer, especially in the non-invasive diagno-
sis of cancer.

Circular RNAs (circRNAs) are recently identified 
novel kind of endogenous non-coding RNAs. 
They are produced by reverse splicing of a sin-
gle-stranded RNA loop covalently closed at the 
3’5’-phosphodiester linkage site of the precur-
sor mRNA. They are more stable than linear 
RNA, which makes them potentially useful as 
diagnostic markers [10-12]. Some studies have 
found that circular RNA can be used as a diag-
nostic marker for tumors [13] and non-tumor 
tumors [14], which is more sensitive than com-
mon predictors and has a wide range of 
sources.

The current study aimed to assess the ex- 
pression of Exo_circ_0006602 in plasma exo-
somes and evaluate its value as an early diag-
nostic marker.

Materials and methods

Sample collection

This study was conducted in accordance with 
the Helsinki Declaration and was approved  
by the Ethics Committee of Qilu Hospital of 
Shandong University (SDULCLL2019-1-17). Bl- 
ood samples were collected from six patients 
with hepatocellular carcinoma from the Qilu 
Hospital of Shandong University in June 2018. 
All the patients met the characteristics of early-
stage hepatocellular carcinoma (HCC) based 
on Barcelona Clinic Liver Cancer (BCLC) stag- 

ing system. In addition, blood samples from 87 
patients with HCC were collected from Qilu 
Hospital of Shandong University from July 2018 
to July 2019. And none of these patients re- 
ceived chemotherapy and radiation therapy. 
From August 2020 to September 2020, blood 
samples of 13 patients with gastric cancer and 
15 patients with cholangiocarcinoma were col-
lected from Qilu Hospital of Shandong Univer- 
sity. The pathological type was confirmed by 
histopathology. Also, controlled blood samples 
were collected from 30 healthy volunteers. All 
the blood samples were placed in EDTA antico-
agulation tubes and centrifuged at 500 g for 5 
min. Next, the supernatant was collected, and 
the remaining sample centrifuged again at 
2000 g for 15 min to get more supernatant. 
The supernatant was placed in RNase-free 
tubes and store at -80°C. 

Exosome extraction

ExoEasy Maxi Kit (Qiagen) was used to sepa-
rate exosomes from plasma and cell culture 
medium following the manufacturers’ protocol. 
The XBP buffer was added to the sample in 
equal volumes and mixed thoroughly. The sam-
ple/XBP buffer mixture was applied onto 
exoEasy spin column and centrifuged at 500 g 
for 1 minute. Next, the flow-through was dis-
carded and the spin column was placed in the 
same collection tube. A total of 10 ml of XWP 
buffer was added on the column and centrifuge 
at 5000 g for 5 minutes to remove the residual 
volume in the spin column. Subsequently, all 
the flow-through from the collection tube was 
discarded and the spin column was transferred 
to a new collection tube. Then, 400 μl-1 ml of 
XE buffer was added to the membrane and 
incubated for 1 minute. Finally, the column was 
centrifuged at 500 g for 5 minutes and the 
elute collected.

Exosomes identification

The transmission electron microscope was 
used to observe the morphological characteris-
tics of exosomes extracted from plasma. Briefly, 
exosomes were fixed with osmic acid, washed 
with phosphate-buffered saline (PBS), dehy-
drated, and stained with uranyl acetate for 10 
min, then tested on the machine. Detection of 
exosomal Nanoparticle Tracking Analysis (NTA) 
using Malvern nanoparticle size analyzer. Ex- 
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osome specific markers CD63 and CD81 ex- 
pression detected by Western blotting.

Circular RNA profiling analysis

Transcriptome high throughput sequencing was 
performed by CloudSeq Biotech (Shanghai, 
China). Ribosomal RNAs (rRNAs) were isolated 
from total RNAs using NEBNext® rRNA De- 
pletion Kit (New England Biolabs, Inc., Massa- 
chusetts, USA) following the manufacturer’s 
instructions. The RNA libraries were construct-
ed using rRNA-depleted RNAs with TruSeq 
Stranded Total RNA Library Prep Kit (Illumina, 
USA) according to the manufacturer’s instruc-
tions. Libraries were screened for quality and 
quantified using the BioAnalyzer 2100 system 
(Agilent Technologies, USA). Library sequencing 
was performed using an Illumina Hiseq instru-
ment with 150 bp paired-end reads. Paired-
end reads were harvested from Illumina HiSeq 
4000 sequencer and were quality controlled  
by Q30. After 3’ adaptor-trimming, low-quality 
reads were removed by cutadapt software 
(v1.9.3). The high-quality trimmed reads were 
used to analyse circRNAs. The high-quality 
reads were aligned to the reference genome/
transcriptome using STAR software (v2.5.1b). 
And circRNAs were detected and identified 
using DCC software (v0.4.4). edgeR software 
(v3.16.5) was used to normalized the data and 
perform differentially expressed circRNA analy-
sis. All raw data of the RNA sequencing have 
been uploaded to the GEO repository (GSE16- 
4953, https://www.ncbi.nlm.nih.gov/geo/que- 
ry/acc.cgi?acc=GSE164953).

qPCR detection of exo-circ-RNA expression 

ExoRNEasy kit (Qiagen) was used to isolate 
total RNA from exosomes according to the man-
ufacturers’ instructions. Afterwards, the total 
RNA was quantified then transcribed to cDNA. 
Next, qPCR was used to detect the level of  
Exo-circRNA from the cDNA. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used 
as the endogenous control gene, whereas 2-ΔΔCt 
was used to indicate the relative expression 
level of Exo-circRNA.

Cell lines culture and cell proliferation, inva-
sion assays

Human liver cancer cell line HepG2, MHCC97-L 
(97 L), HCC-LM3 (LM3) were purchased from 

the Cell Bank of the Chinese Academy of 
Sciences. The above cell lines were cultured  
in DMEM (Dulbecco’s Modified Eagle Medi- 
um) medium containing 10% FBS (fetal bo- 
vine serum) and 1% penicillin/streptomycin. 
The LM3 cell line has higher metastatic and 
proliferative capacity, and the 97 L cell line has 
lower metastatic and proliferative capacity 
[15]. 

To construct small interfering RNA (siRNA), 
knock down the expression of exo_circ_ 
0006602 in HCC-LM3 (LM3) cell exosomes 
according to the instructions of the transfection 
reagent.

Incubate cells with exosomes (10 μg/ml) or 
PBS for 12 h. The cells (2 × 104 per well) we- 
re seeded into a 96-well plate, and the CCK8 
(CK04, Dojido) reagent was added according to 
the instructions, and the OD values at 0, 24, 
48, and 72 h were measured. For the cell inva-
siveness test, 1 × 104 cells were seeded in a 
Matrigel-coated (3422, Costar) cell. The medi-
um in the chamber contains no serum, and the 
medium in the lower chamber contains 10% 
fetal bovine serum. After 48 h, stain with 0.5% 
crystal violet, observe and count under a micro-
scope. Wound healing assays were used to 
analyze cell migration. The migrated cells at the 
edge of the wound were recorded at 0 and 24 h 
after wounding, and the results were calculated 
as follows: (average wound area at 24 h-aver-
age wound area at 0 h)/average wound area at 
0 h.

Western blot analysis

The protein concentration in exosomes and 
cells was measured using the BCA protein 
detection kit (P0009, Beyotime). Separate the 
protein by 10% SDS-PAGE and transfer to poly-
vinylidene fluoride membrane (PVDF, Milipore). 
The membrane was blocked with 4% skim milk 
and incubated with primary antibody (1:1000 
dilution) at 4°C overnight. After incubating the 
membrane with a secondary antibody (1:5000 
dilution) for 1 h, the protein band was visualized 
using a fluorescent kit (P0018S, Beyotime) and 
a chemiluminescence imaging system (T-4600, 
Tanon). After quantifying protein bands using 
Image J, the samples were normalized to 
GAPDH protein levels.
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Data analysis

Statistical analysis was performed using SPSS 
22.0 and GraphPad Prism 7.0. Quantitative 
data were expressed as mean ± SD. Chi-square 
test was used to analyze the relationship be- 
tween Exo-circRNA and clinicopathological cha- 
racteristics of hepatocellular carcinoma. The 
ROC curve was used to evaluate the sensitivity 
and specificity of Exo-CircRNA in early HCC 
diagnosis. P<0.05 was considered statistically 
significant.

Results

Exosomes identification

The vesicles isolated from the plasma exhibited 
a unique bilayer membrane and goblet struc-
ture (Figure 1A). Based on nanoparticle track-
ing analysis, the diameter of the vesicles was 
50-180 nm (Figure 1B), which was consistent 
with the typical size of exosomes. We detected 
the expression of exosome-specific markers 
CD81 and CD63 by Western blotting (Figure 
1C).

Exosomal circRNA profile of the HCC patients

Based on the analysis results of the original cir-
cRNA expression profile data, 12,144 circRNAs 
were up-regulated (Figure 2A, 2B). A total of 
143 of these up-regulated circRNAs were 
screened by fold change and p-value (fold 
change ≥2.0 and P<0.05). Significant differ-
ences in circRNAs expression were observed 
between HCC and NC groups. Of the 143 over-
expressed circRNAs, 19 were identified as 
newly discovered circRNAs (Figure 2C). 121 of 
the identified circRNAs were less than 2,000 
nucleotides (nt) in length (Figure 2D). 

Circular RNA screening and validation

According to the inclusion criteria, we selected 
five circRNAs from 143 up-regulated circRNAs 
in HCC patients for qPCR verification (exo_
circ_0000690, exo_circ_0005882, exo_circ_ 
0000128, exo_circ_0008328, exo_circ_00- 
06602). Four out of five circRNAs matched the 
sequencing results. Exo_circ_0006602 show- 
ed the highest fold change in the HCC group 
(Figure 3A).

Samples from 87 HCC patients and 30 healthy 
volunteers were used to perform large-scale 
validation of exo_circ_0006602 by qPCR. Exo_
circ_0006602 was significantly elevated in the 
HCC patients’ group (Figure 3B; Table 1). 
Compared with healthy volunteer group, the 
expression of exo_circ_0006602 was not in- 
creased in gastric cancer group and cholangio-
carcinoma group (Figure 3C).

Diagnostic efficacy comparison

Furthermore, the receiver operating character-
istic (ROC) was used to evaluate the accuracy 
of exo_circ_0006602 as a diagnostic marker. 
The Area Under the Curve (AUC) of exo_circ_ 
0006602 to HCC patients was 0.907 (P< 
0.001). The optimal cut-off value was 4.03, 
with a sensitivity of 77.0% and a specificity of 
93.3% (Figure 3D). The AUC value of exo_
circ_0006602 was significantly highter than 
common serum tumor markers AFP (AUC= 
0.694, P<0.002) and CEA (AUC=0.589, P= 
0.146). Exo_circ_0006602 combined with AFP 
can significantly improve the diagnostic accu-
racy (AUC=0.942, P<0.0001, Table 2). In addi-
tion, we analyzed the TNM subgroups, and the 
AUC of phase I was the highest among all  
subgroups (AUC=0.9564, P<0.001, Figure 4). 
These results indicate that exo_circ_0006602 
has a higher accuracy in the early diagnosis of 
HCC compared with the advanced stage.

Association between Exo_circ_0006602 ex-
pression and clinicopathologic features

The correlation between Exo_circ_0006602 
and clinicopathological parameters was ana-
lyzed based on the expression of circRNA and 
clinical data. As shown in Table 3, there was no 
correlation between exo_circ_0006602 ex- 
pression level and age (P=0.154), gender (P= 
0.761), tumor nodule number (P=0.427) and 
tumor size (P=0.299). However, the expression 
level of exo_circ_0006602 was correlated with 
HBsAg (P=0.011), HBeAg (P=0.048), liver cir-
rhosis (P=0.001) and Edmondson-Steiner gra- 
de (P<0.001) (Table 3).

Exo_circ_0006602 promotes proliferation and 
invasion of liver cancer cell lines

The expression of exo_circ_0006602 in hepat-
ic cancer cell lines HepG2, MHCC97-L (97 L), 
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Figure 1. Identification of plasma-extracted exosomes. Identification of plasma-extracted exosomes. A. Transmission electron microscopy showed the morphological 
characteristics of exosomes. White arrows represent tipical exosomes in a single field of view under TEM, Scale bar =200 nm. B. Use a nanoparticle size analyzer to 
detect exosome size. C. Verification of exosomal surface marker protein by Western blotting, Exo represents the exosomal sample and negative control representing 
the supernatant when the exosomes are extracted.
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HCC-LM3 (LM3) exosomes was detected by 
qPCR. The expression level of exo_circ_ 
0006602 was the highest in HCC-LM3, and the 
expression level was the lowest in MHCC97-L 
cell line (Figure 5A). Co-culture of plasma exo-
somes from liver cancer patients with 97 L cell 
lines, plasma-derived exosomes increased the 
proliferation invasion and migration capacity of 
97 L cell lines (Figure 5B-D).

SiRNA (Small interfering RNA) significantly re- 
duced exo_circ_0006602 expression in LM3-
derived exosomes (Figure 6A). Silencing the 

expression of exo_circ_0006602 in LM3-
derived exosomes, we found that the prolifera-
tion migration and invasion ability of LM3 cell 
line was significantly reduced (Figure 6B-D). 
Compared with the co-culture of normal LM3-
derived exosomes, knocking out exo_circ_ 
0006602 in LM3 exosomes significantly reduc- 
ed the proliferation, invasion and migration 
capabilities of the 97 L cell line (Figure 6E-G).

To uncover the mechanism driving the exo_
circ_0006602 pro-tumorigenic effect on can-
cer cells, we analyzed the expression of Snail in 

Figure 2. Expression profiles of circRNAs in plasma-extracted exosomes from six hepatocellular carcinoma patients 
compared to six healthy volunteers. A. Clustered heatmap with each column representing a Plasma sample and 
each row representing a circular RNA identified by circRNA sequencing. The red indicates upregulated circRNAs, 
and the green indicates downregulated circRNAs. The five circRNAs were validated by real-time qPCR (arrows). B. 
Volcano plots showed differential expression of circRNAs between Tumor plasma exosome and normal control (NC). 
Vertical line expressed as 2-fold (log2 scaled) up or down changes; the horizontal line represented a p value of 0.05 
(-log10 scaled). Red spots indicated the differentially expressed circRNAs with statistical significance. C. 143 cir-
cRNAs were significantly upregulated (red). 19 novel circRNAs were identified. D. The distribution of the differentially 
expressed circRNAs based on the length of nuclear acids.
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cancer cell lines. Silencing the expression of 
exo_circ_0006602 in exosomes, Snail expres-

nign tumors, benign lesions or other uncertain 
factors can affect the expression of these 

Figure 3. Exo_circ_0006602 expression level and diagnostic performance. A. Small samples detect expression of 
5 circRNAs. B. Large samples detect expression of exo_circ_0006602 in plasma exosomes (Tumor group (n=87) 
and healthy control (n=30), P<0.001). C. The expression of exo_circ_0006602 in gastric cancer group cholangio-
carcinoma group and HCC group. D. ROC curve was used to evaluate exo_circ_0006602, AFP and CEA diagnostic 
performances.

Table 1. Patient’s hepatocellular carcinoma diagnosis index

Tumor group Healthy  
Control t p

Number of Cases 87 30
Exo_circ_0006602 5.059±1.225 3.325±0.678 7.363 <0.001
AFP (ng/ml) 146.667±217.608 4.800±3.875 12.349 <0.001
CEA (ng/ml) 4.629±3.183 3.454±1.245 2.845 0.053

Table 2. ROC curve was used to evaluate tumor indicators and 
combined detection diagnostic performance

Sensitivity Specificity AUC p
Exo_circ_0006602 0.770 0.933 0.907 <0.001
AFP 0.345 0.867 0.694 0.002
CEA 0.402 0.933 0.589 0.146
Combined Detection 0.933 0.872 0.942 <0.0001

sion was reduced in the LM3 
cell line. Plasma-derived and 
LM3-derived exosomes can 
increase the expression of 
Snail in 97 L cells (Figure 6H).

Discussion

At present, there is lack of an 
effective method for early 
diagnosis of liver cancer. Most 
patients still get diagnosed at 
an advanced stage and there-
fore miss the best time for 
surgery. The discovery of tu- 
mor markers AFP, CEA, CA199 
significantly improved the di- 
agnostic accuracy of early li- 
ver cancer. However, some be- 
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tumor markers, thus resulting in misdiagnosis. 
For example, alpha-fetoprotein is an ideal tu- 
mor marker for specific diagnosis of primary 
liver cancer; however, its expression also in- 
creases in patients with liver cirrhosis. There- 
fore, the diagnostic results are prone to false 
positives. Furthermore, some studies have indi-
cated 57.14% as the sensitivity of AFP in early 
diagnosis of HCC [16-19]. Medical imaging is 
highly specific; however, its sensitivity is rela-
tively low because it cannot distinguish very 
small tumors [20]. Therefore, there is a need to 
find a more effective tumor marker. And the 
advancement in exosomal research has been 
useful in the identification of these markers.

Exosomes are derived from late endocytic bod-
ies (also known as multivesicular bodies, MVB), 
which deflate inwardly to form a multivesicular 
body containing multiple small vesicles. The 
source cells are different, and the specific com-
ponents contained in the exosomes released 
by the secretion are also different. Exosomes 
are very stable in body fluids, and their lipid 

Exosomes contain mRNA, microRNAs, and pro-
teins that can influence cell behavior and can, 
therefore, be used for the diagnosis of human 
diseases [29]. In 2015, Li et al. [30] revealed 
for the first time that exosomes are rich in cir-
cRNA. Wide-genome RNA-seq analysis also 
found that circRNA content was more abundant 
in exosomes compared with secreting cells. 
Unlike other exosomal contents, circRNAs are 
covalently closed single-stranded transcripts 
produced from exonic, intronic or intergenic 
regions, and lacks typical terminal structure. 
The lack of these structures makes them more 
stable and resistant to exonuclease R [31]. In 
2015, Li et al. [32] also discovered that tumor 
exo-circRNA could enter the circulation and be 
isolated from the blood; a characteristic that 
makes it an ideal tumor diagnostic marker.

In the present study, various measures were 
adopted to reduce the error between cases as 
well as the influence of various factors on the 
results to improve the effectiveness of the 
tumor diagnostic markers. For example, stud-

Figure 4. ROC curve analysis of exo_circ_0006602 expression level in the 
TNM subgroup. (A) 87 HCC cases stage I-IV; the AUC value was 0.9077. (B) 
in cases of TNM stage I, the AUC value was 0.9564. (C) in cases of TNM 
stage II, the cut-off value was 0.8833; and (D) in cases of TNM stage III-IV, 
the AUC value was 8528.

bilayer structure prevents th- 
em from being degraded. They 
transport their contents to spe-
cific target cells and therefore 
play an important regulatory 
role. The specific function of 
exosomes in physiological pro-
cesses depends mainly on  
the cells from which they origi-
nate. Different cells produce  
exosomes that carry different  
biological information [21-23]. 
And the tumor-derived exo-
somes are different from the 
original exosomes in healthy 
cells. The level of expression of 
tumor-derived exosomes is se- 
veral times higher/lower than 
normal exosomes. The environ-
ment inside exosomes is rela-
tively simple and stable com-
pared to the complex environ-
ment in tissues and cells [24-
28]. Therefore, hepatocellular 
carcinoma-derived exosomes 
have the potential to serve as 
novel tumor diagnostic mar- 
kers.



Circular RNA 0006602 is a novel diagnostic biomarker

6009 Am J Transl Res 2021;13(6):6001-6015

ies have shown that platelets secrete several 
exosomes during the coagulation process, and 
nearly 50% of the exosomes in the serum come 
from the coagulation process [33-36]. There- 
fore, to screen tumor diagnostic markers more 
accurately and reduce the effect of platelet-
derived exosomes on results, we selected plas-
ma-derived exosomes as the research object. 
Also, we selected patients with early-stage 
hepatocellular carcinoma who did not receive 
radiation and chemotherapy and had pathologi-
cal confirmation after surgery to prevent in-
group errors. In the selection process of target 
circRNA, we also formulated strict screening 
criteria. For example, we selected circRNAs 
that were generally up-regulated in all cases to 
prevent the expression of circRNA in individual 
cases that could affect final Fold-Change and 
p-value. Finally, we chose circular RNAs that 
were between 300 bp and 3 kb for verification 
because circular RNAs that are smaller than 

300 bp and larger than 3 kb might produce  
false positives.

Through screening of small samples and valida-
tion of large samples, it was revealed that exo_
circ_0006602 was generally up-regulated in 
plasma exosomes of HCC. And exo_circ_ 
0006602 is specifically expressed in the plas-
ma of patients with hepatocellular carcinoma, 
but not in cholangiocarcinoma, gastric cancer 
and other tumors. The ROC curve evaluation 
also showed that the diagnostic efficiency of 
exo_circ_0006602 is higher than that of AFP, a 
traditional tumor marker for hepatocellular  
carcinoma. And exo_circ_0006602 combined 
with AFP can significantly improve the accura- 
cy of early diagnosis of hepatocellular carcino-
ma. Moreover, we also found that exo_circ_ 
0006602 can improve the invasion and prolif-
eration of liver cancer cells. Exo_circ_0006602 
also can promote the expression of tumor  
proliferation-related proteins in hepatoma cell 

Table 3. Correlation between exo_circ_0006602 expression and clinical pathologic characteristics

Characteristics Number of Cases
Expression of Exo_circ_0006602

X2 P value
Low High

Gender
    Male 54 28 26 0.093 P=0.760
    Female 33 16 17
Age
    >61 27 13 14 0.092 P=0.761
    ≤61 60 31 29
Tumor size (cm)
    ≤5 56 30 26 0.565 P=0.452
    >5 31 14 17
Tumor nodule number
    Single 64 31 33 0.442 P=0.506
    Multiple 23 13 10
HBsAg
    (+) 68 29 39 6.444 P=0.011
    (-) 19 15 4
HBeAg
    (+) 32 12 20 3.462 P=0.048
    (-) 55 32 23
Liver cirrhosis
    (+) 59 22 37 12.947 P=0.001
    (-) 28 22 6
Edmondson-Steiner grade
    I-II 63 25 38 10.839 P<0.001
    III-IV 24 19 5



Circular RNA 0006602 is a novel diagnostic biomarker

6010 Am J Transl Res 2021;13(6):6001-6015

Figure 5. Exosomes from hepatocellular carcinoma patients’ plasma promote the function of liver cancer cells. A. 
Expression of exo_circ_0006602 in exosomes secreted by 97 L, HepG2 and LM3 cell lines. B. Plasma-derived exo-
somes from liver cancer increase the proliferation of 97 L cell lines. C. Plasma-derived exosomes from liver cancer 
patients increase invasive capacity of 97 L cell lines. D. Wound healing experiments showed that plasma-derived 
exosomes from liver cancer patients increased the migration capacity of 97 L cell line.
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Figure 6. Exogenous exo_circ_0006602 promote the function of liver cancer cells. A. siRNA knocks down exo_circ_0006602 expression in LM3 exosomes. B-D. 
Silencing the expression of exo_circ_0006602 in LM3-derived exosomes, the proliferative, invasive and migration capacity of the LM3 cell line was significantly 
reduced. E-G. Knock out exo_circ_0006602 in LM3’s exosomes and co-culture with 97 L cell line, the proliferation, invasion and migration ability of 97 L cell line 
is reduced. H. Exogenous exo_circ_0006602 can promote the expression of epithelial-mesenchymal transition related protein Snail. Silencing the expression of 
exo_circ_0006602 in exosomes reduced the expression of epithelial-mesenchymal transition-associated protein Snail.
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lines. Overall, these findings showed that exo_
circ_0006602 has great potential as a marker 
for early diagnosis of hepatocellular carcinoma 
and exo_circ_0006602 may have some impact 
on the progression of liver cancer. 

The present study, however, had some limita-
tions. First, the number of samples was insuffi-
cient. More samples were needed to determine 
the diagnostic efficacy of exo_circ_0006602. 
Secondly, this study did not involve follow-ups. 
Patients needed to be observed for a long time 
to obtain survival analysis data. Therefore fur-
ther research involving larger sample size and 
follow-ups should be conducted to verify fur-
ther the role and mechanism of exo_circ_000- 
6602 in the occurrence and development of 
liver cancer.
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