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Abstract. A large proportion of liver cancer cases is caused 
by hepatitis B virus (HBV) infection. In recent years, an 
increasing number of reports have indicated that circular RNAs 
(circRNAs) exert regulatory effects in cancer development, 
whereas the role of circRNAs in HBV‑positive liver cancer 
requires further investigation. In the present study, abnormally 
expressed circRNAs were identified in HBV‑positive liver 
cancer cells through microarray analysis. A total of 1,493 
differentially expressed circRNAs [absolute fold‑change 
(FC) ≥2] in HBV‑positive liver cancer cells were detected, of 
which 171 were upregulated and 1,322 were downregulated. 
Subsequently, Gene Ontology enrichment analysis indicated 
that the genes of dysregulated circRNAs were mainly involved 
in regulating Sertoli cell differentiation and development, 
as well as telomeric DNA binding. Kyoto Encyclopedia of 
Genes and Genomes pathway analysis revealed that most 
of these genes were enriched in cancer‑related signaling 
pathways, including the MAPK and Hippo signaling path‑
ways. Next, the expression levels of the top‑10 dysregulated 
circRNAs were verified in HBV‑positive liver cancer cells 
through reverse transcription‑quantitative PCR. Among them, 
hsa_circ_0066966 had the highest absolute Log2FC value 
and was abnormally increased in HBV‑positive liver cancer 
cells. Functional experiments further verified that knockdown 
of hsa_circ_0066966 had a significant inhibitory effect on 
the proliferation and migration of HBV‑positive liver cancer 
cells. By contrast, overexpression of hsa_circ_0066966 in 
HBV‑negative liver cancer cells resulted in the opposite effect. 
In conclusion, in the present study, comprehensive circRNA 
profiling in HBV‑positive liver cancer cells indicated that hsa_
circ_0066966 may regulate the progression of HBV‑positive 
liver cancer.

Introduction

Liver cancer ranks sixth among the most common cancer types 
globally and 905,677 new cases were diagnosed in 2020 (1). It 
is also one of the three major causes of cancer‑related death, 
seriously threatening the health and safety of individuals 
worldwide, particularly in China and East Asia (2,3). Research 
indicated that liver cancer is mainly caused by long‑term 
alcohol consumption, obesity, exposure to poisons, hepatitis C 
virus and, importantly, hepatitis B virus (HBV) infection (4). 
HBV is a hepatotropic DNA virus with carcinogenic effects. 
Patients infected with HBV may develop serious diseases 
such as hepatitis, cirrhosis and even liver cancer. According 
to reports, at least 50‑60% of liver cancer cases worldwide 
are caused by persistent HBV infection (5). Furthermore, 
due to the high replication level and mutation rate of HBV, 
the post‑operative effects in HBV‑positive patients with liver 
cancer are not ideal (6). Therefore, it is necessary to further 
analyze the occurrence and development mechanisms in 
HBV‑positive liver cancer to identify novel therapeutic targets.

Circular RNAs (circRNAs) are newly discovered endoge‑
nous non‑coding RNAs (ncRNAs) with a covalent closed‑loop 
structure that are able to regulate gene transcription and 
are widely found in the cytoplasm of eukaryotic animals. 
As it contains neither 5' caps nor 3' polyadenylated tails, is 
not sensitive to RNase R digestion and is more stable than 
linear RNA (7). In recent years, a large body of experimental 
evidence has pointed out that the abnormal expression of 
circRNAs is closely related to various diseases, including 
cancer. CircRNAs have a dual regulatory role in cancer 
development, both as tumor suppressors (8) and as proto‑onco‑
genes (9). In addition, certain circRNAs have been proven to 
actively participate in the pathogenesis of HBV‑positive liver 
cancer, such as circ_0009582 (10) and circRNA_101764 (11). 
However, studies on circRNAs in HBV‑positive liver cancer 
remain limited and further exploration is required.

In terms of biological functions, circRNAs regulate gene 
expression and protein translation by binding to RNA‑binding 
proteins (12). For instance, in glioblastoma multiforme, 
circSMARCA5 interacts with SRSF1, negatively controls its 
expression and ultimately affects angiogenesis and VEGFA 
mRNA splicing (13). Furthermore, circRNAs may func‑
tion as important competitive endogenous RNAs (ceRNAs) 
through microRNA (miRNA) response elements (MREs) to 
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competitively adsorb miRNA and affect mRNA expression. 
For instance, the level of circRNA‑UBE2G1 is significantly 
increased in osteoarthritis tissues and combines with miR‑37 
as a ceRNA to increase the expression of HIF‑1α and promote 
the development of osteoarthritis (14). CircHDAC9 participates 
in the occurrence and development of Alzheimer's disease 
by targeting the miR‑138/Sirt1 pathway (15); circFAT1(e2) is 
able to act as a ‘sponge’ for miR‑181b, inhibiting its expres‑
sion, leading to HK2 imbalance and promoting osteosarcoma 
metastasis (16). However, the expression profile of dysregulated 
circRNAs in HBV‑positive liver cancer and its underlying 
mechanisms remain to be fully elucidated.

In the present study, 1,493 differentially expressed 
circRNAs in HBV‑positive liver cancer cells were screened 
through microarray analysis and the specific functions of 
differentially expressed circRNAs were analyzed through 
bioinformatics. Among the differentially expressed circRNAs, 
hsa_circ_0066966 was significantly increased in HBV‑positive 
liver cancer cells. Finally, it was demonstrated that abnormal 
expression of hsa_circ_0066966 not only promoted the prolif‑
eration of HBV‑positive liver cancer cells but also positively 
regulated their migration, which provided a novel perspective 
for the study of the mechanisms involved in HBV‑positive 
liver cancer.

Materials and methods

Cell lines and culture. The four liver cancer cell lines used for 
the experimental part of the present study were all obtained 
from the Chinese Academy of Sciences, including two 
HBV‑positive liver cancer cell lines (HepG2.2.15 and Hep3B) 
and two HBV‑negative liver cancer cell lines (HepG2 and 
Huh7). All of the 4 cell lines had been authenticated by short 
tandem repeat profiling. According to the supplier's instruc‑
tions, the cells were cultured in RPM1‑1640 medium with 10% 
fetal bovine serum (FBS), 1% penicillin and 1% streptomycin 
(all from Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C in 
an incubator with 5% CO2.

Microarray analysis. The HBV‑positive liver cancer cell 
lines HepG2.2.15 and Hep3B and the two HBV‑negative 
liver cancer cell lines HepG2 and Huh7 were selected for the 
experiments performed in parallel. One experimental replicate 
was used for each cell line. In short, total RNA was isolated 
using the RNeasy Total RNA Isolation Kit (Qiagen GmbH) 
according to the manufacturer's protocol and purified by 
using an RNeasy Mini Kit (Qiagen GmbH). RNA samples 
were then used to generate biotinylated cRNA targets for the 
human ceRNA array v3.0 (Sinotech Genomics). The biotinyl‑
ated cRNA targets were then hybridized with the slides. After 
hybridization, slides were scanned on the Agilent Microarray 
Scanner (Agilent Technologies, Inc.). Data were extracted with 
Feature Extraction software 10.7 (Agilent Technologies, Inc.). 
Raw data were normalized by a Quantile algorithm with the 
R package ‘limma’. The circRNA data were then extracted 
from all of the normalized data. The dysregulated circRNAs 
in HBV‑positive liver cancer cells and HBV‑negative liver 
cancer cells were screened using a threshold of absolute 
fold‑change [FC (abs)] ≥2 and the resulting differentially 
expressed circRNAs were used for subsequent analysis. The 

original data of the microarray analysis were deposited as a 
Gene Expression Omnibus (GEO) dataset under the accession 
no. GSE181988 (https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE181988).

Annotation of circRNA/miRNA interactions. Arraystar's 
homemade miRNA target prediction software based on 
TargetScan (17) and miRanda (18) was employed to predict 
miRNAs that may interact with circRNAs. The output from 
the miRNA target prediction software also detailed annota‑
tions regarding circRNA/miRNA interactions.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analyses. In order to further 
explore potential molecular mechanisms involving abnormal 
expression of circRNAs, GO and KEGG enrichment analyses 
of host genes of dysregulated circRNAs were performed using 
the R package clusterProfiler. P<0.05 was considered to indi‑
cate statistically significant enrichment of these genes.

Reverse transcription‑quantitative PCR (RT‑qPCR). The 
levels of circRNAs in liver cancer cells were detected by 
RT‑qPCR, with GAPDH used as an internal reference gene 
transcript. TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to extract total RNA from the four 
liver cancer cell lines as per the manufacturer's instructions, 
followed by RT of RNA into cDNA using the PrimeScript RT 
kit (Takara Bio, Inc.). Subsequently, according to the manu‑
facturer's protocol, SYBR Premix Ex Taq™ (Takara Bio, Inc.) 
was used to perform qPCR on an Applied Biosystems 7500 
Real‑Time PCR platform (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) using the following thermocycling conditions: 
Initial denaturation at 95˚C for 5 min, followed by 40 cycles 
of 95˚C for 5 sec and 60˚C for 1 min. Finally, the expression 
levels of circRNAs in liver cancer cells were identified using 
the 2‑ΔΔCq method (19). The PCR primer sequences for the 10 
circRNAs are listed in Table SI.

Cell transfection. Small interfering RNA (siRNA) against 
hsa_circ_0066966 (si‑hsa_circ_0066966) and negative 
control siRNA (si‑NC) were acquired from GenePharma. 
hsa_circ_0066966 expression plasmid (named as hsa_
circ_0066966) and its corresponding negative control (named 
NC) were obtained from Guangzhou RiboBio Co., Ltd. The 
liver cancer cells were first seeded in a 6‑well plate and then 
cultured until 60‑70% confluent. Next, the plasmids and oligo‑
nucleotides were transfected into HBV‑negative liver cancer 
cells and HBV‑positive liver cancer cells using Lipofectamine 
2000® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
following the manufacturer's protocols. The cells were 
harvested 48 h later and overexpression and interference effi‑
ciency were tested by RT‑qPCR.

MTT assay. Cell proliferation ability after transfection was 
detected using the MTT assay (Invitrogen; Thermo Fisher 
Scientific, Inc.). In brief, transfected cells were seeded into a 
96‑well flat‑bottom plate at a density of 4x103 cells/well and 
incubated for 24, 48, 72 or 96 h, followed by treatment with 
MTT at 37˚C under 5% CO2 for 4 h. Finally, the medium in 
each well was removed and dimethyl sulfoxide was added. The 
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optical absorbance at 492 nm was recorded using an ELX‑800 
University Microplate Reader (BioTek, Inc.).

Cell migration assay. Cell migration was detected using 
Transwell® assays. After transfection, 5x104 cells were resus‑
pended in 200 µl RPMI 1640 medium without FBS and then 
cultured in the upper Transwell chambers (8 µm pore size; 
EMD Millipore). At the same time, RPMI 1640 medium with 
10% FBS (as a chemoattractant) was placed into the lower 
Transwell chambers. After incubating the chamber at 37˚C 
and 5% CO2 for 24 h, liver cancer cells in the upper chamber 
were removed and cells that had migrated to the bottom of 
the membrane were stained with 0.1% crystal violet (20% 
methanol) for 15 min at room temperature. Finally, the cells 
were imaged using a microscope (Olympus Corporation) and 
five fields were randomly selected for cell counting.

Statistical analysis. SPSS v.21.0 (IBM Corporation) was used 
for data analysis. Values are expressed as the mean ± standard 
deviation. Differences between the two groups were analyzed 
using Student's t‑test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Differentially expressed circRNAs between HBV‑positive liver 
cancer cells and HBV‑negative liver cancer cells. Heat‑map 
analysis indicated that, compared with HBV‑negative liver 
cancer cells, a total of 1,493 abnormally expressed circRNAs 
[FC (abs) ≥2] were present in HBV‑positive liver cancer cells, 
of which 171 were upregulated and 1,322 were significantly 
decreased (Fig. 1). In the present experiments, two types of liver 
cancer cell lines were used in the HBV‑positive/negative liver 
cancer cell groups, hence it was not possible to obtain P‑values 
involving changes in circRNA expression. Table I lists detailed 
information concerning the top‑10 dysregulated circRNAs 
in HBV‑positive liver cancer cells and their cognate genes. 
Among these, hsa_circ_0079954 exhibited the greatest level 
of upregulation [FC (abs)=34.087], while hsa_circ_0030525 

was the most downregulated circRNA [FC (abs)=81.771]. 
Their host genes were HECW and MYCBP2, respectively. In 
addition, the cognate gene of hsa_circ_0066966, golgin B1 
(GOLGB1), and the host gene of hsa_circ_0088524, GOLGA1, 
are both Golgi‑related proteins.

Potential circRNA/miRNA interactions. To investigate the 
possible mechanisms involved in differentially expressed 
circRNAs in HBV‑positive liver cancer cells, the MREs of 
the top‑10 dysregulated circRNAs in HBV‑positive liver 
cancer cells were predicted using the miRNA target predic‑
tion software from Arraystar Inc. based on TargetScan 
and miRanda and the top‑10 dysregulated circRNAs were 
annotated in detail using the circRNA/miRNA interac‑
tion information (Table II). According to the results, the 
most upregulated circRNA, hsa_circ_0079954, targeted 
the MREs of the following miRNAs: hsa‑miR‑383‑3p, 
hsa‑miR‑7161‑3p, hsa‑miR‑3065‑3p, hsa‑miR‑127‑5p and 
hsa‑miR‑4291. Similarly, the most downregulated circRNA, 
hsa_circ_0030525, targeted the MREs of the following 
miRNAs: hsa‑miR‑391, hsa‑miR‑487a‑5p, hsa‑miR‑27b‑3p, 
hsa‑miR‑1273g‑5p and hsa‑miR‑199a‑5p. It is also worth 
noting that both hsa_circ_0066966 and hsa_circ_0088524 
interacted with hsa‑miR‑3619‑5p.

GO enrichment analysis of genes encoding dysregulated 
circRNAs. In order to annotate and classify circRNAs and to 
further understand the important biological roles of abnormally 
expressed circRNAs, GO enrichment analysis was performed 
on the cognate genes of differentially expressed circRNAs. 
Fig. 2 lists the top‑30 enriched GO terms. GO analysis 
suggested that in the category molecular function, transmem‑
brane receptor protein tyrosine phosphatase activity, telomeric 
DNA binding, proline‑rich region binding, nucleocytoplasmic 
transporter activity and microtubule plus‑end binding were 
the most enriched terms. In the category biological process, 
genes were mainly enriched in Sertoli cell differentiation and 
development, responses to leucine, regulation of sister chro‑
matid cohesion and protein localization to chromosomes and 

Table I. Top 10 dysregulated circRNAs in hepatitis B virus‑positive liver cancer cells.

     Direction of 
CircRNA Log2FC FC FC abs dysregulation Host gene

hsa_circ_0030525 ‑6.354  0.012  81.771  Down MYCBP2
hsa_circ_0079954 5.091  34.087  34.087  Up HECW1
hsa_circ_0090095 ‑4.953  0.032  30.970  Down ACOT9
hsa_circ_0060534 4.306  19.787  19.787  Up SLPI
hsa_circ_0032138 ‑4.163  0.056  17.911  Down HIF1A
hsa_circ_0066966 3.950  15.460  15.460  Up GOLGB1
hsa_circ_0085289 ‑3.889  0.068  14.812  Down CTHRC1
hsa_circ_0088524 3.876  14.682  14.682  Up GOLGA1
hsa_circ_0062852 ‑3.858  0.069  14.498  Down MORC2
hsa_circ_0091095 ‑3.666  0.079  12.696  Down ATRX

FC, fold change; abs, absolute; circ, circular RNA.
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telomeric regions. In the category cellular component, genes 
were mainly enriched in the ISWI‑type complex (Fig. 2).

KEGG pathway enrichment analysis of dysregulated circRNA 
cognate genes. KEGG pathway enrichment analysis was 
performed on the cognate genes of dysregulated circRNAs 
to further explore the signaling pathways that differentially 
expressed circRNAs may be involved in. Fig. 3 lists the top‑30 
pathways of the KEGG enrichment. The results indicated that 
pathways such as non‑homologous end‑joining, homologous 
recombination, Hippo signaling pathway in multiple species, 
cell cycle and MAPK signaling were significantly enriched. 
Among these, the cell cycle, MAPK and Hippo signaling path‑
ways are related to a variety of cancers. In addition, pathways 
directly related to bladder cancer were also enriched (Fig. 3), 
which implies that the differentially expressed circRNAs iden‑
tified have a high functional correlation with cancer.

RT‑qPCR validation of the top‑10 dysregulated circRNAs in 
HBV‑positive liver cancer cells. To further support the reli‑
ability of the microarray results, the expression of the top‑10 
dysregulated circRNAs in HBV‑positive liver cancer cells was 
verified by RT‑qPCR. The results indicated that only the expres‑
sion trend of hsa_circ_0090095 was opposite to the microarray 
results. The expression trends of the remaining 9 circRNAs 
(hsa_circ_0030525, hsa_circ_0079954, hsa_circ_0060534, 
hsa_circ_0032138, hsa_circ_0066966, hsa_circ_0085289, hsa_circ_0088524, 
hsa_circ_0062852 and hsa_circ_0091095) were similar to their 

microarray results, and the values of Log2FC of the circRNAs 
were not significantly different between the RT‑qPCR and 
microarray data (P>0.05), indicating that the microarray 
analysis results were reliable. In addition, the absolute value 
of Log2FC of hsa_circ_0066966 was the highest (Fig. 4), and 
thus, this circRNA was used for further research.

Knockdown of hsa_circ_0066966 in HBV‑positive liver 
cancer cells inhibits cellular proliferation and migration. 
hsa_circ_0066966 (chr3:121441108‑121448187) was derived 
from the GOLGB1 gene. The function of hsa_circ_0066966 
in HBV‑positive liver cancer cells was explored. Si‑hsa_
circ_0066966 was transfected into the corresponding liver 
cancer cells and RT‑qPCR was used to verify the knockdown 
efficiency. The results indicated that si‑hsa_circ_0066966 
transfection significantly reduced hsa_circ_0066966 levels 
in HepG2.2.15 and Hep3B cells (P<0.05; Fig. 5A). Next, 
MTT assays were performed and it was revealed that in the 
two HBV‑positive liver cancer cell lines, hsa_circ_0066966 
silencing significantly inhibited cell proliferation at 96 h 
(P<0.05; Fig. 5B). The experiment was followed by Transwell 
assays, which indicated that, compared with the si‑NC group, 
hsa_circ_0066966 silencing significantly inhibited the 
migration ability of HepG2.2.15 and Hep3B cells (P<0.05; 
Fig. 5C). The above results demonstrated that knockdown 
of hsa_circ_0066966 not only inhibited the proliferation 
of HBV‑positive liver cancer cells but also affected their 
migration.

Figure 1. Identification of dysregulated circRNAs in HBV‑positive live cancer cells. (A) Heat‑map and (B) plot of dysregulated circRNAs in HBV‑positive 
liver cancer cells analyzed by circRNA microarray (absolute fold‑change ≥2). The 1,493 differentially expressed circRNAs in HBV‑positive and ‑negative 
liver cancer cells are presented. Red, upregulated; green, downregulated. g1, HBV‑positive liver cancer cell group; g2, HBV‑negative liver cancer cell group; 
circRNA, circular RNA; HBV, hepatitis B virus. 
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Overexpression of hsa_circ_0066966 in HBV‑negative liver 
cancer cells promotes cellular proliferation and migration. 
Finally, in order to explore whether hsa_circ_0066966 has a 
role in HBV‑negative liver cancer cells, an hsa_circ_0066966 
overexpression plasmid was constructed. The results confirmed 
that after cells were transfected with hsa_circ_0066966 
plasmid, the levels of hsa_circ_0066966 increased significantly 
(P<0.05; Fig. 6A). According to the results of the MTT assays, 
hsa_circ_0066966 overexpression in HepG2 and Huh7 cells 

significantly promoted the proliferative capacity at 96 h (P<0.05; 
Fig. 6B). It was then explored whether hsa_circ_0066966 is able 
to regulate the migration of HBV‑negative liver cancer cells. The 
Transwell assays indicated that, compared with the NC group, 
the migration ability of HBV‑negative liver cancer cells in the 
hsa_circ_0066966 group was significantly enhanced (P<0.05; 
Fig. 6C). In conclusion, overexpression of hsa_circ_0066966 
had a significant stimulatory effect on the proliferation and 
migration of HBV‑negative liver cancer cells.

Table II. MREs of top 10 dysregulated circRNAs in hepatitis B virus‑positive liver cancer cells.

CircRNA MRE1 MRE2 MRE3 MRE4 MRE5

hsa_circ_0030525 hsa‑miR‑3918 hsa‑miR‑487a‑5p hsa‑miR‑27b‑3p hsa‑miR‑1273g‑5p hsa‑miR‑199a‑5p
hsa_circ_0079954 hsa‑miR‑383‑3p hsa‑miR‑7161‑3p hsa‑miR‑3065‑3p hsa‑miR‑127‑5p hsa‑miR‑4291
hsa_circ_0090095 hsa‑miR‑7153‑5p hsa‑miR‑8070 hsa‑miR‑3925‑5p hsa‑miR‑455‑3p.1 hsa‑miR‑212‑3p
hsa_circ_0060534 hsa‑miR‑4480 hsa‑miR‑6791‑3p hsa‑miR‑4776‑5p hsa‑miR‑6165 hsa‑miR‑664a‑3p
hsa_circ_0032138 hsa‑miR‑5708 hsa‑miR‑22‑5p hsa‑miR‑6504‑5p hsa‑miR‑664a‑5p hsa‑miR‑149‑5p
hsa_circ_0066966 hsa‑miR‑214‑3p hsa‑miR‑922 hsa‑miR‑646 hsa‑miR‑3619‑5p hsa‑miR‑374a‑3p
hsa_circ_0085289 hsa‑miR‑338‑3p hsa‑miR‑29a‑3p hsa‑miR‑5586‑5p hsa‑miR‑6507‑3p hsa‑miR‑29c‑3p
hsa_circ_0088524 hsa‑miR‑3689e hsa‑miR‑6740‑3p hsa‑miR‑6809‑3p hsa‑miR‑3619‑5p hsa‑miR‑3689b‑5p
hsa_circ_0062852 hsa‑miR‑4277 hsa‑miR‑514b‑3p hsa‑miR‑584‑3p hsa‑miR‑514a‑3p hsa‑miR‑409‑3p
hsa_circ_0091095 hsa‑miR‑377‑3p hsa‑miR‑3133 hsa‑miR‑4511 hsa‑miR‑5195‑3p hsa‑miR‑145‑5p

MRE, miRNA response element; miR, microRNA; circ, circular RNA.

Figure 2. GO enrichment analysis of genes encoding dysregulated circRNAs. The top‑30 GO enrichments are listed. The sizes of circles, triangles, and squares 
indicate the number of differentially expressed circRNAs involved in biological processes, cell components, and molecular functions. The greater the size, the 
more genes. The color represents P‑values; the redder the color, the smaller the P‑value, and the more significant the enrichment. GO, gene ontology; circRNA, 
circular RNA. 
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Discussion

CircRNAs are a type of stable ncRNA. Continuous research 
has pointed out that circRNAs have vital roles in a consid‑
erable number of diseases, particularly cancer. For instance, 
hsa_circRNA_000166 has a significant promoting effect 
on migration and invasion by colon cancer cells (20) 
and hsa_circ_0131242 positively regulates the occur‑
rence of triple‑negative breast cancer through sponging 
hsa‑miR‑2682 (21). In addition, other studies further 
demonstrated that circCYFIP2 affects the level of E2F1 by 
regulating miR‑1205 and ultimately mediates metastasis in 
gastric cancer (22). Due to the gradual increase in morbidity 
and mortality of HBV‑positive liver cancer cases, there is an 
urgent requirement to identify key targets in the pathogenesis 
of HBV‑positive liver cancer. Therefore, exploring the expres‑
sion of circRNAs in HBV‑positive liver cancer may further 
augment therapeutic approaches. In the present experiments, 
by determining the expression of dysregulated circRNAs in 
HBV‑positive liver cancer cells through microarray analysis, a 
total of 1,493 differentially expressed circRNAs [FC (abs) ≥2] 
were identified, of which 171 were significantly increased; the 
remaining 1,322 were abnormally decreased, indicating that 
abnormal expression of circRNAs was significantly associated 
with the occurrence of HBV‑positive liver cancer. 

In the microarray analysis, only two samples were included 
in each group, unlike the usually used 3 samples or 3 repeats. 
In fact, it was intended to compare 3 types of HBV‑positive 
liver cancer cells with 3 HBV‑negative liver cancer cells, but 
the third HBV‑positive liver cancer cell line was not possible 
to obtain. In addition, compared to using three replicate 

samples, using two different samples in each group improves 
the screening of those circRNAs exerting important oncogenic 
roles. Therefore, two different cell lines were used for micro‑
array in each group. 

As is widely known, circRNAs with MREs are able to 
bind and adsorb the corresponding miRNA molecules through 
competitive binding, thereby exerting a ‘sponging’ effect to 
reduce the negative regulation of miRNA on gene expression 
and thus regulating the expression of target genes (12). For 
instance, circRNA 000554 has an inhibitory effect on epithe‑
lial‑mesenchymal transition in breast cancer and regulates 

Figure 3. KEGG pathway enrichment analysis of cognate genes of dysregulated circular RNAs. The top‑30 KEGG pathways are listed. The value of the rich 
factor is proportional to the degree of enrichment. The P‑values are represented by color (the redder the color, the smaller the P‑value); the size of the circles 
represents the number of differential genes under the term. KEGG, Kyoto Encyclopedia of Genes and Genomes. 

Figure 4. RT‑qPCR analysis of the expression of the top‑10 dysregulated 
circRNAs in HBV‑positive liver cancer cells (n=3). RT‑qPCR, reverse 
transcription‑quantitative PCR; circ, circular RNA.
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Figure 5. Knockdown of hsa_circ_0066966 in HBV‑positive liver cancer cells inhibits cellular proliferation and migration. (A) After knockdown of 
hsa_circ_0066966, the levels of hsa_circ_0066966 in HepG2.2.15 and Hep3B cells were analyzed by reverse transcription‑quantitative PCR. (B) The effects 
of downregulation of hsa_circ_0066966 on the proliferation of HBV‑positive liver cancer cells were investigated using MTT assays. (C) The effects of 
downregulation of hsa_circ_0066966 on the migration of HBV‑positive liver cancer cells were measured using Transwell migration assays (magnification, 
x200). *P<0.05 vs. si‑NC (n=3 in each experiment). circ, circular RNA; si‑hsa_circ_0066966, small inhibitory RNA targeting hsa_circ_0066966; NC, negative 
control; HBV, hepatitis B virus. 

Figure 6. Overexpression of hsa_circ_0066966 in HBV‑negative liver cancer cells promotes cellular proliferation and migration. (A) After hsa_circ_0066966 
overexpression plasmid transfection into HepG2 and Huh7 cells, hsa_circ_0066966 levels in HepG2 and Huh7 cells were analyzed by reverse transcrip‑
tion‑quantitative PCR. (B) The effects of overexpression of hsa_circ_0066966 on the proliferation of HBV‑negative liver cancer cells were evaluated using 
MTT assays. (C) The effects of hsa_circ_0066966 overexpression on the migration of HBV‑negative liver cancer cells were measured by Transwell assays 
(magnification, x200). *P<0.05 vs. NC (n=3 in each experiment). circ, circular RNA; NC, negative control; HBV, hepatitis B virus. 
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the level of ZFP36 via its sponging effect on miR‑182 (23). 
Furthermore, circPACRGL, derived from exosomes, regulates 
the expression of TGF‑β1 through competitive binding with 
miR‑142‑3p and miR‑506‑3p, and promotes colorectal cancer 
progression (24). In the present study, the five MREs of the 
top‑10 differentially expressed circRNAs were predicted 
by bioinformatics analysis. Of note, hsa_circ_0066966 and 
hsa_circ_0088524 shared the same MRE, hsa‑miR‑3619‑5p, 
which has been proven to have tumor‑suppressive effects in 
cisplatin‑resistant cutaneous squamous cell carcinoma and 
bladder cancer (25,26). Furthermore, Tan et al (27) predicted 
that circZFR may be used as a ‘sponge’ for hsa‑miR‑3619‑5p 
and promote the development of liver cancer. Hence, it was 
speculated that hsa_circ_0066966 and hsa_circ_0088524 
simultaneously competitively bind hsa‑miR‑3619‑5p to inhibit 
its expression and accelerate the processes of HBV‑positive 
liver cancer. In addition, two other MREs, hsa‑miR‑214‑3p 
and hsa‑miR‑646, of hsa_circ_0066966 were also reported to 
be closely involved in liver cancer progression. For instance, 
hsa‑miR‑214‑3p has been indicated to be sponged by lncRNA 
HOXA11‑AS (28) and hsa_circ_0008450 (29), which has 
an oncogenic role in liver cancer tumorigenesis, and ectopic 
expression of hsa‑miR‑214‑3p suppressed liver cancer cell 
proliferation and invasion (28). Another study indicated that 
hsa‑miR‑646 is an MRE of circ_0000267 and co‑transfection 
with circ_0000267 and miR‑646 significantly reversed the 
oncogenic biological behavior of liver cancer cells induced by 
circ_0000267 (30). Therefore, the two MREs may be a poten‑
tial means for hsa_circ_0066966 to exert its oncogenic role in 
HBV‑positive liver cancer.

To further clarify the role of differentially expressed 
circRNAs in HBV‑positive liver cancer, GO and KEGG 
pathway enrichment analysis was performed. GO enrichment 
analysis revealed that the most significantly enriched items 
were Sertoli cell differentiation and development and telomeric 
DNA binding, indicating that the differentially expressed 
circRNAs may participate in these biological functions. In 
addition, KEGG pathway enrichment analysis revealed that 
pathways related to cancer were significantly enriched, such 
as the MAPK and Hippo signaling pathways. The triggering 
of liver cancer involves activation of the MAPK signaling 
pathway (31). Furthermore, the Hippo signaling pathway was 
reported to have a certain relationship with the occurrence and 
development of liver cancer (32). Another study indicated that 
the circular RNA LPAR3 affected the migration of esopha‑
geal squamous cell carcinoma cells by activating the MAPK 
signaling pathway, while regulating cellular invasion (33). At 
the same time, hsa_circ_0128846 regulates the MST1, LATS1 
and YAP proteins in the Hippo signaling pathway, ultimately 
promoting the progression of colorectal cancer (34). In the 
present study, the MAPK and Hippo signaling pathways 
significantly enriched cognate circRNA genes with dysregu‑
lated expression, indicating that circRNA may have a role in 
the progression and prognosis of HBV‑positive liver cancer by 
regulating the MAPK and Hippo pathways.

Next, the expression of the top‑10 dysregulated circRNAs 
in HBV‑positive liver cancer cells was verified. The 
RT‑qPCR results indicated that among the top‑10 dysregu‑
lated circRNAs identified by microarray analysis, only the 
expression trend of hsa_circ_0090095 was opposite to the 

microarray results, suggesting that the microarray results 
were reliable. It also determined that hsa_circ_0066966 
had the highest absolute value of Log2FC, with significantly 
increased levels in HBV‑positive liver cancer cells. Although 
there is no relevant literature regarding the function of 
hsa_circ_0066966, GOLGB1, the gene encoding hsa_
circ_0066966, has been proven to positively influence the 
occurrence and development of liver cancer (35). Therefore, 
hsa_circ_0066966 was speculated to regulate the progression 
of liver cancer. CircRNAs have been demonstrated to regu‑
late the proliferation and migration of cancer cells to varying 
degrees. For instance, hsa‑circRNA‑103809 promoted the 
proliferation of liver cancer cells by miR‑1270 (36) and 
circ_0091579 may also actively regulate proliferation, migra‑
tion and invasion of liver cancer cells (37). In the present 
study, the function of hsa_circ_0066966 in HBV‑positive 
and ‑negative liver cancer cells was investigated. The results 
suggested that if the expression of hsa_circ_0066966 was 
diminished, a decrease in the proliferation and migration 
ability of HBV‑positive liver cancer cells was observed. By 
contrast, increased expression of hsa_circ_0066966 not only 
enhanced the proliferative capacity of HBV‑negative liver 
cancer cells but also significantly improved their migra‑
tory ability. These results are consistent with those of a 
previous study, suggesting that hsa_circ_0066966's cognate 
gene positively regulates the proliferation and migration of 
HBV‑positive liver cancer cells and has an inhibitory effect 
on apoptosis (35), which may be a potential mechanism 
involved in HBV‑positive liver cancer.

To date, it remains elusive how HBV influences circRNA 
expression, but the important roles of the major protein of 
HBV, HBx, in cellular transcriptional regulation may provide 
certain clues to this. First, a previous genome‑wide analysis 
of HBx chromatin recruitment in HBV‑replicating cells (38) 
revealed that there are specific loci for HBx to bind to a large 
number of target sequences, including protein‑coding genes 
and ncRNAs, which are enriched in pathways of cell metabo‑
lism, chromatin dynamics and cancer (38). Furthermore, 
HBx is able to interact with multiple transcription factors, 
including ATF/CREB, ATF3, c/EBP, NF‑IL‑6, ETS, EGR, 
SMAD4, OCT1, RXR receptor, p53, chromatin‑modifying 
enzymes (CBP, p300 and PCAF) and components of the 
basal transcriptional machinery (RPB5, TFIIB, TBP and 
TFIIH) (39). The extensive functions of HBx indicate that 
alterations to the expression of circRNAs in HBV‑positive 
cells may be attributed to the direct regulation of HBx on 
certain circRNAs or interactions with transcription factors, 
directly regulating the transcription of circRNAs, which 
awaits further investigation. 

However, it should be acknowledged that the present study 
had certain limitations. First, the sample number used for micro‑
array was <3 in each group and one additional HBV‑negative 
and HBV‑positive liver cancer cell line may be used for future 
studies. In addition, the specific mechanisms involving hsa_
circ_0066966 still require to be investigated. In the meantime, 
it may be useful to perform related animal experiments and 
further demonstrate the clinical significance.

In summary, the present study identified dysregulated 
circRNAs in HBV‑positive liver cancer cells through micro‑
array analysis and screened 171 circRNAs with significantly 
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increased expression and 1,322 circRNAs with significantly 
decreased expression. In addition, it was demonstrated 
that hsa_circ_0066966 was abnormally expressed in 
HBV‑positive liver cancer cells and was closely related 
to liver cancer cell proliferation and migration. Therefore, 
hsa_circ_0066966 may provide novel research directions 
for investigating mechanisms involving HBV‑positive liver 
cancer in the future.
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