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ABSTRACT
Circular RNAs (circRNAs) are new types of endogenous non-coding RNAs, which are identified to
have critical regulatory roles in cancer biology. In this study, we aimed to find the abnormally
expressed circRNAs in hepatocellular carcinoma (HCC) and investigate the function and mechan-
ism of circRNAs in HCC progression. Upregulation of hsa_circ_0091581 was identified by RNA-
sequencing and validated by quantitative real-time polymerase chain reaction (qRT-PCR).
Hsa_circ_0091581 expression was correlated with tumor size, disease-free survial and overall
survival of HCC patients. Functionally, hsa_circ_0091581 could promote the proliferation of HCC
cells in vitro. Mechanism research showed that hsa_circ_0091581 promoted cell proliferation via
hsa_circ_0091581/miR-526b/c-Myc axis in HCC cells. Also, the expression of hsa_circ_0091581 in
HCC could be regulated by c-Myc. These results revealed that hsa_circ_0091581/miR-526b/c-Myc/
hsa_circ_0091581 positive feedback loop plays a vital role in HCC progression and hsa_-
circ_0091581 may be a potential prognostic biomarker and therapeutic target for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the
most common malignancies worldwide which
rank as the third leading cause of cancer-related
mortalities [1,2]. Despite the wide use of
advanced therapies such as resection, transplanta-
tion and ablation, the prognosis of HCC patients
is still poor due to high recurrence and metastasis
[3–5]. HCC develops through a multistep trans-
formation process which involves many genetic
and epigenetic changes. Recently, exploring
potential biomarkers and investigating the mole-
cular mechanisms of HCC carcinogenesis are hot
topics.

More and more non-coding RNAs, including
microRNA, circular RNA, long non-coding RNA,
were found to be abnormally expressed in HCC
and identified as diagnostic biomarkers and ther-
apeutic targets [6]. Circular RNAs (circRNAs) are
a class of transcripts constructed with a closed
loop, which have limited protein-coding capacity
[7]. CircRNA was found to play important roles in

HCC progression such as cell growth, invasion,
migration and apoptosis [8–11]. These findings
indicate that circRNAs may act as potential bio-
markers and therapeutic targets in HCC and
investigation of circRNAs in HCC may have
great significance.

In this study, we found some abnormally expressed
circRNAs in HCC using circRNA sequencing.
Hsa_circ_0091581 which derived from back-splicing
of Glypican 3 (GPC3) transcript was found to be
upregulated in HCC and verified using quantitative
real-time polymerase chain reaction (qRT-PCR). We
then estimated the clinical value of hsa_circ_0091581
in HCC and further investigated the functions and
mechanisms of hsa_circ_0091581 in HCC cell
proliferation.

Materials and methods

Ethic and patient samples

This study was approved by the Ethics Committee of
Shenzhen University General Hospital and Southwest
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Hospital of Third Military Medical University.
Written informed consent was obtained from each
patient. HCC and adjacent normal tissues were
obtained from surgical resections of patients at
Shenzhen University General Hospital and
Southwest Hospital of Third Military Medical
University. The clinicopathological data are shown
in Table 1.

RNA isolation, RNase R treatment and
RNA-sequencing

Total RNA was extracted using Trizol (Invitrogen)
from three HCC tissues and paired adjacent normal
tissues (ANT). RNase R (Epicentre, Madison, WI)
was used to remove linear RNA before the construc-
tion of RNA-seq libraries. High-throughput sequen-
cing was then performed by HiSeq 3000 platform
(Illumina, San Diego, CA).

Quantitative real-time polymerase chain reaction
(qRT-PCR)

Total RNA from tissues or cells was extracted using
Trizol (Invitrogen). The cDNA for qPCR analyses
was synthesized using M-MLV Reverse
Transcriptase (Promega, Madison, USA). Real
Master Mix (SYBR Green) (Tiangen, Beijing,
China) was used for real-time PCR. The primers for
hsa_circ_0091581 were, F: 5′-TGGAGAACGTACT
GCTTGGTC-3′, R:5′-TGGAGTCAGGCTTGGGT
AGT-3′; GAPDH was used as an internal reference
for hsa_circ_0091581 and the primers were, F: 5′-
TCGACAGTCAGCCGCATCTTCTTT-3′, R: 5′-
ACCAAATCCGTTGACTCCGACCTT-3′. MiR-52
6b expression was detected using Hairpin-itTM
Quantitation PCR Kit (GenePharma, Shanghai,
China) and U6 were used as reference for miR-
526b. The primers for U6 were, F: 5′- TCGCT
TCGGCAGCACATA-3′, R: 5′- TTTGCGTGTC
ATCCTTGC-3′.

Cell culture and transfection

Human HCC cell lines (MHCC97-L, SMMC-7721,
HuH-7 and HepG2) and human normal hepatic cell
line HL-7702 were cultured with DMEM (Gibco, CA,
USA) containing 10% fetal bovine serum in
a humidified atmosphere of 5% CO2. Plasmids or
siRNAs and the corresponding negative controls
were transfected into cells using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s instruc-
tions. The siRNA sequences were, for hsa_-
circ_0091581 siRNA, sense: 5ʹ- ACCACCACUAGG
CCUUUGAAATT-3ʹ, antisense: 5ʹ-UUUCAAAGGC
CUAGUGGTGGUTT-3ʹ. c-Myc siRNA, sense: 5ʹ-
CAGAAAUGUCCUGAGCAAUTT-3ʹ, antisense: 5ʹ-
AUUGCUCAGGACAUUUCUGTT-3ʹ.

CCK8 cell proliferation assay

CCK-8 assay was used to study cell proliferation.
Cells were seeded in 96-well plates at a density of
5 × 103 cells per well and transfected with oligor-
ibonucleotides. CCK-8 kit (Dojindo Molecular
Technologies, Inc, Japan) was added to each well
24, 48, 72 h after transfection. The optical density
was measured at the wavelength of 450 nm accord-
ing to the manufacturer’s protocol.

Table 1. Correlation between the clinicopathologic variables
and hsa_circ_0091581 expression in HCC tissues.

Variables Case
hsa_circ_0091581 expression low/

high P value

Gender
Male 41 19/22
Female 5 4/1 0.173
Age (y)
≤60 37 18/19
>60 9 5/4 0.336
TNM stage
I 39 21/18
II–III 7 2/5 0.207
Tumor size
(cm)

≤5 32 21/11
>5 14 2/14 0.002
Tumor number
1 33 19/14
≥2 13 4/9 0.095
AFP (ng/mL)
≤20 21 13/8
>20 25 10/15 0.118
ALT(U/L)
≤40 40 20/20
>40 6 3/3 0.667
Liver cirrhosis
Yes 6 2/4
No 40 21/19 0.333
HBV
Negative 5 2/3
Positive 41 21/20 0.500

hsa_circ_0091581 expression low/high: the expression of hsa_-
circ_0091581 in HCC tissues was lower/higher than the median;
AFP: alpha-fetoprotein; ALT, alanine aminotransferase; HBV: hepatitis
B virus.

818 X. WEI ET AL.



Colony formation assay

Cells were seeded in six-well plates at a density of
500 cells per well and transfected with oligoribo-
nucleotides. After culturing for 2 weeks, formed
colonies were fixed with 4% paraformaldehyde and
stained with 0.1% crystal violet.

Western blot assay

Cells were collected and lysed with cell RIPA
(Beyotime, China) to extract proteins. The pro-
teins were separated on SDS-polyacrylamide gels
and transferred on a polyvinylidene fluoride mem-
brane (Millipore). Immunoblotting of the mem-
brane was performed using the following primary
antibodies: anti-c-Myc (Cell Signaling Technology,
Danvers, MA, USA), anti-GAPDH (Cell Signaling
Technology).

Dual-luciferase assay

The hsa_circ_0091581 sequences containing poten-
tial wild-type or mutant binding sites of miR-526b
were constructed into pmirGLO vectors (Promega
Corporation, Fitchburg, WI, USA). The luciferase
vectors and miR-526b mimics were transfected into
SMMC-7721 cells along with pRL-TK vector
(Promega). The Dual-Luciferase Reporter Assay
System (Promega) was used to detect luciferase
activity and Renilla luciferase activity was normal-
ized to Firefly luciferase activity.

Statistical analysis

Statistical analyses were performed using SPSS ver-
sion 19.0 software (SPSS, Inc. Chicago, IL). Chi-
squared test, Student’s t-test and log-rank test were
performed for comparisons, as appropriate. P < 0.05
was considered as statistical significance.

Results

Hsa_circ_0091581 expression was upregulated in
HCC tissues and correlated with clinical features
and prognosis of HCC patients

To screen the abnormally expressed circRNAs, circu-
lar RNA sequencing was performed in three pairs of
HCC tissues and adjacent normal tissues and

hsa_circ_0091581 was found to be significantly upre-
gulated in HCC tissues compared with adjacent nor-
mal tissues (Figure 1(a)). Then, qRT-PCR assay was
used to detect hsa_circ_0091581 expression in 46
pairs of HCC tissue and adjacent normal tissues.
The result suggested that hsa_circ_0091581 expres-
sion was relatively higher in HCC tissues than adja-
cent normal tissues (Figure 1(b)). We also detected
hsa_circ_0091581 expression using qRT-PCR in four
human HCC cell lines (MHCC97L, SMMC-7721,
HuH-7 and HepG2) and one human normal hepatic
cell line (HL-7702). The hsa_circ_0091581 expression
was relatively lower in HL-7702 cell lines than human
HCC cell lines (Figure 1(c)). So, we chose hsa_-
circ_0091581 to study the function in HCC.

To explore whether hsa_circ_0091581 expres-
sion was associated with clinical characteristics of
HCC patients, we divided hsa_circ_0091581
expression into two groups according to the med-
ian. The clinicopathological data of the two groups
were compared. Hsa_circ_0091581 expression was
relatively higher in HCC tissues of tumor size
>5 cm (Table 1). Kaplan–Meier analysis showed
that higher hsa_circ_0091581 expression in HCC
tissues was associated with low disease-free survi-
val rate (DFS) and overall survival (OS) rate of
HCC patients (Figure 1(d,e)). These results illu-
strated that hsa_circ_0091581 might act as an
effective prognostic biomarker for HCC.

Downregulation of hsa_circ_0091581 inhibited
the proliferation of HCC cells

Since hsa_circ_0091581 expression in HCC tis-
sues was associated with HCC tumor size, we
further studied the function and mechanism of
hsa_circ_0091581 in cell proliferation in vitro.
Because SMMC-7721 cells had the highest hsa_-
circ_0091581 level, we downregulated hsa_-
circ_0091581 in SMMC-7721 cells with siRNA.
The siRNA only downregulated the expression
of hsa_circ_0091581 but not the expression of
the GPC3 mRNA (Figure 2(a,b)). Then, CCK8
assay and colony formation assay showed that
hsa_circ_0091581 knockdown significantly sup-
pressed the proliferation of SMMC-7721 cells
(Figure 2(c,d)). These results suggested that
downregulation of hsa_circ_0091581 inhibited
the proliferation of HCC cells.
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Hsa_circ_0091581 could act as a sponge of
miR-526b in HCC cells

Emerging studies proved that circRNAs may act as
a sponge to repress miRNA availability. We then
investigate whether hsa_circ_0091581 could bind to
some miRNAs. Using bioinformatics prediction tool
based on TargetScan and MiRanda, we found that
miR-526b was a potential target of hsa_-
circ_0091581. Thus, we performed luciferase repor-
ter assays to determine whether hsa_circ_0091581
functioned as an miR-526b sponge. We constructed
luciferase reporter plasmid containing wild-type (wt)
or mutant (mut) binding site of miR-526b (Figure 3
(a)). We found that co-transfection of miR-526b
mimics and wt luciferase reporter plasmid of hsa_-
circ_0091581 into SMMC-7721 cells significantly
decreased the relative luciferase activity. And, co-
transfection of miR-526b mimics and mut luciferase
reporter plasmid of hsa_circ_0091581 into SMMC-
7721 cells did not affect the relative luciferase activity

Figure 1. Hsa_circ_0091581 expression was upregulated in HCC tissues and correlated with prognosis of HCC patients. (a) Heatmap
showing the circRNA expression profiles of HCC tissues and ANTs. Red and green indicate high and low expression, respectively. (b)
Relative expression of hsa_circ_0091581 in 46 pairs of HCC tissues and ANTs was detected using qRT-PCR. (c) Relative expression of
hsa_circ_0091581 in four human HCC cell lines and one human normal hepatic cell line was detected using qRT-PCR. The data were
analyzed using the delta Ct method and presented as mean ± SD. ***P < 0.001. (d) Disease-free survival of patients with high-level
hsa_circ_0091581 expression and low-level hsa_circ_0091581 expression; P = 0.004. (e) Overall survival of patients with high-level
hsa_circ_0091581 expression and low-level hsa_circ_0091581 expression; P < 0.001. Hsa_circ_0091581 expression low/high: the
expression of hsa_circ_0091581 in HCC tissues was lower/higher than the median.

Figure 2. Downregulation of hsa_circ_0091581 inhibited the
proliferation of HCC cells. (a, b) Relative hsa_circ_0091581 and
GPC3 mRNA expression in SMMC-7721 cells transfected with
hsa_circ_0091581 siRNA. (c, d) CCK8 and colony formation
proliferation assays of SMMC-7721 cells transfected with hsa_-
circ_0091581 siRNA. Results are presented as mean ± SD. NS,
not significant, *P < 0.05, **P < 0.01.
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(Figure 3(b)). Moreover, downregulation of hsa_-
circ_0091581 could increase the expression of miR-
526b in SMMC-7721 cells (Figure 3(c)). We also
detected the expression of miR-526b in HCC tissues
and adjacent normal tissues and found that miR-
526bwas significantly downregulated inHCC tissues
(Figure 3(d)). What is more, the miR-526b expres-
sion was negatively correlated with hsa_-
circ_0091581 expression in HCC tissues (Figure 3
(e)). Taken together, these results demonstrated that
hsa_circ_0091581 could act as a sponge of miR-526b
in HCC cells.

For miR-526b was proved to act as tumor
suppressor gene and inhibit cell proliferation in
HCC [11], we wonder whether hsa_circ_0091581
promoted proliferation by repressing miR-526b
availability in HCC cells. We found that miR-
526b inhibitor could reverse the proliferation
inhibition induced by hsa_circ_0091581 knock-

down (Figure 3(f,g)). These results demonstrated
that hsa_circ_0091581 promoted proliferation by
sponging miR-526b in HCC cells.

C-Myc was a target of miR-526b and could
upregulate hsa_circ_0091581 expression in HCC

Through microRNA.org, we found there was
a potential binding site of miR-526b in c-Myc
3ʹUTR (Figure 4(a)). Then, we performed luciferase
reporter assay and found thatmiR-526b could reduce
the luciferase activity of SMMC-7721 cells trans-
fected with the reporter containing wild-type c-Myc
3ʹUTR but not the reporter vector containing the
mutant binding sites of c-Myc 3ʹUTR (Figure 4(b)).
Moreover, reduced c-Myc protein level was found in
SMMC-7721 cells transfected withmiR-526bmimics
(Figure 4(c)). Hsa_circ_0091581 knockdown
increased the c-Myc protein level and this effect

Figure 3. Hsa_circ_0091581 could act as a sponge of miR-526b in HCC cells. (a) Predicted miR-526b binding site and corresponding
mutant sites in the hsa_circ_0091581 sequence (wt, wild-type; mut, mutant). (b) Relative luciferase activity in SMMC-7721 cells co-
transfected with wt or mut luciferase reporters and miR-526b mimics or corresponding negative control. (c) Relative miR-526b
expression in SMMC-7721 cells transfected with hsa_circ_0091581 siRNA. (d) Relative miR-526b expression in 46 pairs of HCC tissues
and ANTs was detected using qRT-PCR. (e) Correlation between relative hsa_circ_0091581 expression and relative miR-526b
expression analyzed with Spearman’s analysis. (g, f) CCK8 and colony formation proliferation assays of SMMC-7721 cells co-
transfected with hsa_circ_0091581 siRNA and miR-526b inhibitor or corresponding negative controls. Results are presented as
mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001.
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could be reversed by miR-526b inhibitor (Figure 4
(d)). Because c-Myc is a well-known oncogene in
HCC and promotes proliferation, hsa_circ_0091581
might promote proliferation by upregulating c-Myc
via miR-526b in HCC cells.

Hsa_circ_0091581 is derived from the GPC3 gene
locus and a study had revealed that c-Myc could bind
to the endogenous GPC3 promoter and directly tran-
scriptionally activate GPC3 [12]. So, theoretically,
c-Myc could upregulate hsa_circ_0091581 expression
in HCC. Then, we overexpressed c-Myc with over-
expression plasmids and knockdown c-Myc with
siRNA, respectively. The expression of hsa_-
circ_0091581 mRNA was detected by qRT-PCR. The
results showed that hsa_circ_0091581 increased after
c-Myc overexpression and decreased after c-Myc
knockdown (Figure 4(e,f)). Moreover, we found
a positive correlation between c-Myc mRNA expres-
sion and hsa_circ_0091581 expression in HCC tissues
(Figure 4(g)). These results suggested that c-Myc
could upregulate hsa_circ_0091581 expression
in HCC.

Discussion

Increasing numbers of studies have focused on the
role of circRNA in various diseases especially cancer.
Studies have proved that circRNAs contain miRNA-
binding sites and act as miRNA sponges; thus,
circRNAs play an important regulatory role in cancer
via interacting with cancer-associated miRNAs [13].

In this study, we identified a new circRNA,
hsa_circ_0091581, that was significantly upregu-
lated in HCC tissues. Hsa_circ_0091581 is derived
from the GPC3 gene locus. GPC3 expression
increases at both the gene and protein levels in
HCC patients, and its high expression associates
with poor prognosis. Mechanistic studies found
GPC3 plays important roles in HCC progression
by binding to molecules such as Wnt signaling
proteins and growth factors. GPC3 has also been
used as a target for molecular imaging and ther-
apeutic intervention in HCC [14]. We also found
that the expression of hsa_circ_0091581 correlated
with poor clinical outcomes of patients with HCC.

Figure 4. C-Myc was a target of miR-526b and could upregulate hsa_circ_0091581 expression in HCC. (a) Predicted miR-526b
binding site and corresponding mutant sites in the c-Myc 3ʹUTR (wt, wild-type; mut, mutant). (b) Relative luciferase activity in
SMMC-7721 cells co-transfected with wt or mut luciferase reporters and miR-526b mimics or corresponding negative control. (c)
Relative c-Myc protein level in SMMC-7721 cells transfected with miR-526b mimics. (d) Relative c-Myc protein level in SMMC-7721
cells co-transfected with hsa_circ_0091581 siRNA and miR-526b inhibitor or corresponding negative controls. (e, f) Relative
hsa_circ_0091581 expression in SMMC-7721 cells transfected with c-Myc overexpression plasmids or siRNA. (g) Correlation between
relative hsa_circ_0091581 expression and relative c-Myc mRNA expression analyzed with Spearman’s analysis. Results are presented
as mean ± SD. *P < 0.05, **P < 0.01.
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So, hsa_circ_0091581 may be a potential prognos-
tic biomarker for HCC.

Functionally, hsa_circ_0091581 could promote
the proliferation of HCC cells and this could explain
the association between hsa_circ_0091581 expres-
sion and HCC tumor size. Through mechanism
research, we found hsa_circ_0091581 promoted
HCC cells proliferation by sponging miR-526b.
MiR-526b has already been found to be downregu-
lated in HCC and act as a tumor suppressor gene in
HCC [11]. We also found that miR-526b could sup-
press the expression of c-Myc through directly tar-
geting it, and this could explain why
hsa_circ_0091581 upregulated the expression of
c-Myc. c-Myc is a cell cycle regulation-related pro-
teins and could promote cell proliferation [15], so,
hsa_circ_0091581/miR-526b/c-Myc axis plays a vital
role in HCC cells proliferation.

Hsa_circ_0091581 is derived from the GPC3 gene
locus and a study had revealed that c-Myc could bind
to the endogenous GPC3 promoter and directly tran-
scriptionally activate GPC3 [12]. We also demon-
strated that c-Myc could upregulate
hsa_circ_0091581 expression in HCC. So, we can
say that c-Myc could upregulate hsa_circ_0091581
expression via binding to the endogenous GPC3 pro-
moter and directly transcriptionally activate hsa_-
circ_0091581 in HCC. Thus, a hsa_circ_0091581/
miR-526b/c-Myc/hsa_circ_0091581 positive feedback
loop forms and it plays a vital role in HCC cells
proliferation (Figure 5). In this positive feedback

loop, hsa_circ_0091581 may be a potential therapeu-
tic target for HCC.

In summary, we for the first time prove that hsa_-
circ_0091581 expression is upregulated in HCC tis-
sues and down-regulation of hsa_circ_0091581
inhibits the proliferation of HCC cells.
Hsa_circ_0091581/miR-526b/c-Myc/hsa_-
circ_0091581 positive feedback loop plays a vital role
in HCC cells proliferation. Hsa_circ_0091581 may be
a potential prognostic biomarker and therapeutic tar-
get for HCC.
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