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Background: Circular RNAs (circRNAs) could interact with miRNAs to regulate gene
expression, participating in hepatocellular carcinoma (HCC) initiation and development. This
work aimed to determine the potential function and molecular mechanism of circEPB41L2
(hsa_circ_0077837) during HCC progression.
Materials and Methods: The expression of circEPB41L2 in HCC tissues and HCC cell
lines was quantified using real-time quantitative PCR (qRT-PCR). CCK-8 assays and colony
formation assays were utilized to detect the proliferation of HCC cells. Wound healing assay
and transwell assay were performed to determine the capability of migration and invasion for
HCC cells. Western blot was conducted to determine gene expression on protein levels. The
effect of circEPB41L2 on HCC in vivo was investigated via xenograft experiment.
Interaction between circEPB41L2 and miR-590-5p was predicted through bioinformatics
methods and confirmed via luciferase reporter assay.
Results: Extensive analysis of circRNA profiles in tumor and matched para-tumor tissues
collected from 61 HCC patients identified that circEPB41L2 was significantly downregulated in HCC, which was further confirmed in another HCC group by qRT-PCR analysis.
The clinicopathological analysis revealed that down-regulation of circEPB41L2 was nega
tively associated with tumor size, vascular invasion and alpha-fetoprotein, while positively
correlated with HCC prognosis. The biological function experiments showed that over
expression of circEPB41L2 could obviously inhibit the proliferation and metastasis of
HCC cells in vitro, while knockdown of circEPB41L2 induced opposite results. Moreover,
we also found that circEPB41L2 inhibited HCC migration and invasion though EMT
signaling pathway. Similarly, overexpression of circEPB41L2 can also significantly inhibit
the proliferation of HCC cells in vivo. Bioinformatic analysis and luciferase reporter assay
revealed that circEPB41L2 interacts directly with miR-590-5p and the corresponding biolo
gical functions were also verified in miRNA rescue experiments.
Conclusion: Our results suggest that circEPB41L2 might function as a tumor suppressor
during HCC progression by sponging miR-590-5p.
Keywords: circular RNA, circEPB41L2, hepatocellular carcinoma, miR-590-5p

Introduction
Hepatocellular carcinoma (HCC) is the most common liver malignancy worldwide
and is considered as the fourth leading cause of cancer-related death in China.1,2
Due to the lack of early and specific clinical manifestations of HCC, more than 75%
of HCC patients are usually diagnosed at an advanced stage.3,4 Therefore, it has
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become an important direction to study the pathogenesis of
HCC and seek for potential molecular targets for early
diagnosis, prognosis, evaluation and treatment of HCC.
CircRNAs, a special class of non-coding RNAs, charac
terized by a covalent closed loop and a polyadenylate tail, are
thus relatively stable and highly abundant in tissue and
blood.5–7 For a long time, circRNAs were regarded as
a byproduct of splicing without biological functions.8
However, with the development of bioinformatics technolo
gies, the functional importance of circRNAs in cancer has
been gradually recognized.9,10 An increasing number of stu
dies reported that circRNAs could regulate gene expression
at the transcriptional or post-transcriptional levels by com
peting with miRNA response elements to participate in HCC
progression.11,12 For example, circRNA_MAN2B2 pro
motes proliferation of HCC cells through the miRNA-217/
MAPK1 axis.13 CircRNA_0000502 promotes HCC metas
tasis and inhibits apoptosis by targeting miRNA-124.14
CircRNA_5692 enhances the expression of DAB2IP by
sponging miR-328-5p, thereby inhibiting the progression of
HCC.15 However, due to the complex pathogenesis of HCC,
the mechanisms of circRNAs in HCC still needs further
investigation.
In this study, to analyze the circRNA profiles and their
alteration during the HCC progression, we extensively ana
lyzed the full transcriptome sequencing data of HCC tissues
and matched para-tumor tissues from 61 HCC patients, and
identified an interesting circRNA (circEPB41L2) that was
significantly down-regulated in HCC. Then, the clinical sig
nificance, biological functions and corresponding mechan
isms of this circRNA were carefully explored. Overall, we
revealed the role of circEPB41L2 during HCC progression
and identified it as a novel prognostic biomarker and poten
tial therapeutic target for HCC patients.

Materials and Methods
Clinical Samples
Primary tumor samples and matched para-tumor samples
were collected from 100 HCC patients at Mengchao
Hepatobiliary Hospital of Fujian Medical University. None
of the included patients received any chemotherapy or radia
tion before surgery. The human tissue specimens used in this
project have been approved by the Institutional Review
Board of Mengchao Hepatobiliary Hospital of Fujian
Medical University, and the written informed consents of
all patients were obtained. The methodology conforms to
the standards set out in the Helsinki Declaration.
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CircRNAs Screening
New circRNAs prediction and circRNAs expression ana
lysis were performed on RNA-seq data of 61 HCC tissues
and para-tumor tissues. The expression of circRNAs was
calculated based on effective circRNA reads, which were
normalized using library sizes and normalization factors
extracted from linear transcripts as counts per million
reads between HCC samples. The differentially expressed
circRNAs were screened based on the multiple changes
(fold change ≥2.0, p < 0.05) in HCC tissues and matched
para-tumor tissues. Volcano plot was used to demonstrate
the differential expression of these circRNAs. The data
were analyzed by using R software limma.

Cell Culture
Human HCC cell lines including Hep3B, SK-Hep-1, Snu449 and human embryonic kidney cell line HEK-293T were
purchased from American Type Culture Collection (ATCC,
Rockefeller, MD, USA). Human HCC cell line SMMC-7721
was purchased from the Chinese Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). Cells were cultured
in Minimum Essential Medium (MEM; Gibco, Carlsbad,
CA, USA), Dulbecco’s modified Eagle medium (DMEM;
Gibco, Carlsbad, CA, USA) or RPMI-1640 (Gibco,
Carlsbad, CA, USA) with 10% fetal bovine serum (ExCell
Bio, Australia). Cells were cultured in an atmosphere of 95%
humidified air and 5% CO2 at 37 °C.

Lentivirus Constructs and Cell
Transfection
The full-length sequence of circEPB41L2 was cloned into
pLO-ciR vector for constructing pLO-ciR-circEPB41L2
overexpression plasmid (termed as ex-circEPB41L2) which
was further verified by Sanger sequencing. The correspond
ing empty pLO-ciR vector was used as a negative control
(termed as ex-NC). Moreover, a short hairpin RNA (shRNA)
against circEPB41L2 was also designed (shRNA sequence:
sense: 5ʹ-GCCCTGAGCAGAAACATAA-3ʹ; anti-sense: 5ʹTTATGTTTCTGCTCAGGGC-3ʹ)
and
cloned
into
PLKO.1-GFP plasmid to knockdown circEPB41L2 (termed
as sh-circEPB41L2) in HCC cell lines. The corresponding
empty PLKO.1-GFP vector was used as a negative control
(termed as sh-NC). Afterwards, HEK-293T cells were cotransfected with lentivirus packaging plasmid (Invitrogen,
Waltham, MA, USA) and corresponding ex-circEPB41L2
/ex-NC or sh-circEPB41L2/sh-NC expression plasmids
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using the Lipofectamine 3000 (Invitrogen) according to the
manufacturer’s protocol.
Lentiviruses with a minimum titer of 5×105 infectious
units (IFU)/mL were subject to later reprogramming experi
ments. Together with 5 μg/mL Polybrene (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), SMMC-7721 and
Hep3B cells were co-transduced with ex-circEPB41L2/exNC or sh-circEPB41L2/sh-NC, respectively. After 48h of
transfection, the transfected cells were cultured in the med
ium containing 2 μg/mL puromycin (Sigma-Aldrich,
St. Louis, MO, USA) for 2 weeks to gain four positive stable
cell lines for in vitro and in vivo experiments: circEPB41L2
overexpression cell line (ex-circEPB41L2 SMMC-7721), the
overexpression control cell line (ex-NC SMMC-7721),
circEPB41L2 knockdown cell line (sh-circEPB41L2
Hep3B), the knockdown control cell line (sh-NC Hep3B).

Table 1 Real-Time-PCR Primer Sequence

Real-Time Quantitative PCR (qRT-PCR)

Cell Proliferation Assay (CCK-8)

Total RNA was extracted from HCC tissues, para-tumor
tissues and HCC cells using Trizol reagent (TransGen
Biotech, Beijing, China) according to the manufacturer’s
instructions. Reverse transcription was carried out using
a Transcriptor First Strand cDNA Synthesis Kit (Roche,
Indianapolis, IN, USA). We specifically designed primers
for backsplice junction sites of four circRNAs (hsa_
circ_0001727, hsa_circ_0001543, hsa_circ_0002538 and
circEPB41L2) to determine their abundance in tissues or
cells (Table 1). The SYBR Premix Ex Taq II (Takara,
Dalian, China) was used to conduct qRT-PCR in the
StepOne Software V2.3 thermal circulation system. The
amplification parameters were as follows: pre-denaturation
at 95 °C for 10 min, denaturation at 95 °C for 30 s, annealing
at 60 °C for 30 s, extension at 72 °C for 30 s, a total of 40
cycles. Relative RNA expression calculated with 2 −ΔΔCt
method, using GAPDH or 18S as internal controls. QRTPCR was performed at least 3 times for each circRNA.

The CCK-8 assays were performed in six repeated wells
using the Cell Counting Kit-8 assay kit (TransGen
Biotech), following the manufacturer’s guidelines. In
brief, 5×103 cells were seeded into a 96-well plate and
incubated for 0, 24, 48, 72 and 96 h. Subsequently, 10μL
CCK-8 reagents added into each well and incubated for
another 2h. The OD450 absorption value was measured
using an automatic microplate reader (Molecular Devices
LLC, Sunnyvale, CA, USA).

Actinomycin D and RNase R Treatment
For actinomycin D treatment, SMMC-7721 cells were
treated with actinomycin D (2μg/mL) and total RNA was
extracted at 0h, 3h, 6h, 9h and 12h. The dynamic changes
of circEPB41L2 and the corresponding linear EPB41L2
mRNA (mEPB41L2) expression levels were detected by
qRT-PCR. For RNase R treatment, RNase R (20U/μL) was
added to 5 μg total RNA (3U/μg) and incubated at 37°C
for 5 min. RNase R− free group was used as negative
control. Then, the digested total RNA was transcribed
into cDNA for qRT-PCR detection.
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Gene Name

Primer Sequence(5ʹ–3ʹ)

circEPB4L2-F
circEPB41L2-R

GCCAAGGGACAAGTGTTATT
GGAAGACTGATTCTGCTGATTT

hsa_circ_0001543-F

AGCCAGTGAGGGTGAAGAC

hsa_circ_0001543-R
hsa_circ_0002538-F

TGGAATAGGTGCCAAGGAT
CACATTACAAAGGGGAAAAGG

hsa_circ_0002538-R

TCAAAACCCACTCAACTGC

hsa_circ_0001727-F
hsa_circ_0001727-R

GTCCCACTTCAAACATTCG
CTTCCTCTTCCACCTTCAC

mEPB4L2-F
mEPB4L2-R

GTAAACGGGTCTCCAGGAGTCT
ACCACGGCAATGCTGACAAGTC

18S-F

AGAAACGGCTACCACATCCA

18S-R
GAPDH-F

CACCAGACTTGCCCTCCA
ACAACTTTGGTATCGTGGAAGG

GAPDH-R

GCCATCACGCCACAGTTTC

Colony Formation Assay
Cells were seeded in six-well plates at a density of 2 × 103
per well and incubated at 37 °C in 5% CO2 for 10 days.
After that, formed colonies were fixed with 4% parafor
maldehyde (Beyotime Biotechnology, Shanghai, China)
for 30 min and then stained with 0.1% Crystal violet dye
(Beyotime Biotechnology) for 15 min. Finally, the colo
nies were counted and photographed. The experiments
were repeated independently three times.

Wound-Healing Test
A wound-healing system was used to determine the migra
tion ability of HCC cells. Ex-circEPB41L2-SMMC-7721
or sh-circEPB41L2-Hep3B cells were seeded on both
sides of the scratch dish in a number of 7×104 cells per
well. Ex-NC and sh-NC served as negative control, respec
tively. After overnight cultivation, the scratch dish was
removed. The cells were then added with DMEM medium
containing 2% FBS and cultured in an incubator at 37°C
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with 5% CO2. The images were photographed and ana
lyzed by Image J software after 24 hours.

Transwell Assay
Cell metastatic properties were detected by a transwell
plate containing 8-μm pores membrane filter. To detect
cell migration, 1×105 cells in 200 μL serum-free medium
were placed in the upper chamber. For invasion assay,
1×105 cells in 200μL serum-free medium were placed in
the top compartment with matrigel coating. In both assays,
600 μL of medium with 10% FBS were supplied into the
bottom units. After 24 hours of incubation, the penetrated
cells through the pores of inserts were fixed and stained.
Penetrating cells were captured and calculated in five
randomly selected fields. Each experiment was repeated
three times.

Double Luciferase Reporting Experiment
The interaction between circEPB41L2 and miR-590-5p
was verified using the PMIR-ReportTM system. The fulllength circEPB41L2 sequence was inserted into the down
stream of luciferase expression sequence to construct the
report plasmid. According to the manufacturer’s instruc
tions, HEK-293T cells were co-transfected with a reporter
plasmid containing circEPB41L2, miR-590-5p mimic
(GENERAL BIOSYSTEMS) and pRL-Renilla plasmid in
a 24-well plate. The cells were collected after 36 hours,
and the luciferase activity was detected by TransDetect
Double-Luciferase Reporter Assay Kit. PRL-renilla activ
ity as an internal control.

Western Blotting
Total protein was extracted from cells using RIPA lysis
buffer, and quantitatively analyzed using a BCA kit
(TransGen Biotech). Then western blot analysis was car
ried out following the manufacturer’s instructions. In brief,
proteins were separated by 10% sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred onto nitrocellulose filter membrane. Then, the
membranes were blocked in 5% FBS at room temperature
for 2 hours. After washing three times with TBST, mem
branes were incubated with primary antibody purchased
from cell signaling technology [rabbit anti-GAPDH
(1:5000; 5174S), rabbit anti-E-cadherin (1:1000; 3195S),
rabbit anti-N-cadherin (1:1000; 13116S), rabbit antivimentin (1:1000; 5741S), rabbit anti-Snail (1:1000;
3879S), rabbit anti-Slug (1:1000; 9585S)] at 4°C overnight
and were then incubated with horseradish peroxidase
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(HRP)-conjugated secondary antibodies (1:5000) at room
temperature for 2h. Finally, membranes were washed three
times before protein bands were detected using enhanced
chemiluminescence substrate on ChemiDocTM MP
Imaging system.

Xenograft Tumor Mouse Model
Four-week-old male BALB/C athymic nude mice were
used for in vivo experiments. Animal experiments were
conducted in strict accordance with the procedures
approved by the animal management committee of
Mengchao Hepatobiliary Hospital of Fujian Medical
University. And, 1×10^7 of ex-circEPB41L2-SMMC
-7721 cells and the corresponding negative control cells
were subcutaneously injected into the forelimb armpit of
nude mice, respectively. Tumor volumes were measured
every 3 days, and the mice were killed after 3 weeks. The
tumor was removed and photographed, and immediately
frozen at −80°C for future use.

Statistic Analysis
SPSS 19.0 software was used for statistical analysis, and
the data were expressed as mean ± standard deviation. The
two-tailed unpaired student's t-test was applied to assess
the statistical significance between two groups, the statis
tical significance between more than two groups was ana
lyzed by one-way variance (ANOVA) analysis. Fisher’s
precise test was used to assess the relationship between
circEPB41L2 expression and clinical characteristics. The
prognostic correlation of circEPB41L2 was analyzed by
univariate and multivariate Cox analyses. The difference
was deemed as statistically significant at p < 0.05. All the
experiments were repeated more than three times.

Results
Down-Regulated Expression of
CircEPB41L2 is in HCC Tissues
Firstly, we identified the dysregulation of circRNA profiles
during HCC progression in the transcriptome data of 61 pairs
of HCC tumor and matched para-tumor tissues from
Mengchao Hepatobiliary Hospital of Fujian Medical
University. CircRNAs were first identified using CIRI and
then the Bioconductor package “limma” was used to compare
the expression level of circRNA between HCC tissues and
matched para-tumor tissues. A total of 881 circRNAs, which
were dysregulated in HCC tumor tissue when compared with
matched para-tumor tissues (fold change ≥2 and p < 0.05), are
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shown in the volcano plot (Figure 1A). Among the 881 dysre
gulation circRNAs, 156 and 725 of them were significantly upregulated and down-regulated in HCC tissues, respectively. To
provide a more reliable results, we performed another differ
ential analysis using circRNAs identified by circTest. The
intersection of the top 20 differentially expressed circRNAs
from the above analysis contains 14 circRNAs for downstream
analysis (Figure 1B and C).
Then, we selected four circRNAs (hsa_circ_0001727,
hsa_circ_0001543, hsa_circ_0002538 and circEPB41L2)
with the most significant different expression between HCC
and para-tumor to further validate their expression in another
15 HCC patients. Interestingly, only circEPB41L2 was sig
nificantly down-regulated in HCC compared with matched
para-tumor tissue samples (p = 0.0018, Figure 1D–G). Taken
together, these results indicated that the dysregulation of
circEPB41L2 might be associated with HCC progression.

Characteristics of the Circular RNA
CircEPB41L2
The erythrocyte protein band 4.1 family has been reported
to regulate cancer cell proliferation and metastasis in
HCC.16 CircEPB41L2 was generated by reverse splicing
between splicing acceptor of exons 2, 3, and 4 from
erythrocyte protein band 4.1 family member EPB41L2.
The expected sequences of circEPB41L2 were amplified
using divergent primers and confirmed by sanger sequen
cing (Figure 2A). To further evaluate the stability of
circEPB41L2 in HCC, we quantified the level of
circEPB41L2 and the corresponding mEPB41L2 by acti
nomycin D (an inhibitor of transcription) intervention and
RNase R treatment. As expected, qRT-PCR assays
revealed that circEPB41L2 was highly stable with a halflife of >12 h, whereas mEPB41L2 exhibited a half-life of
<6 h (Figure 2B). Moreover, anti-digestion experiments
also confirmed that circEPB41L2 was resistant to RNase
R, while mEPB41L2 was easily degraded (Figure 2C). In
summary, our results showed the high structural stability
of circEPB41L2, which is consistent with the general
characteristics of circRNAs.

Correlation of CircEPB41L2 with Clinical
Features
To investigate the clinical role of circEPB41L2 during
HCC progression, we next analyzed the association
between the expression levels of circEPB41L2 and the
clinical characteristics in 100 HCC patients. Using the
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median circEPB41L2 expression level as cut-off values,
100 HCC patients were divided into two groups with low
circEPB41L2 expression or high circEPB41L2 expression.
As summarized in Table 2, HCC patients with low
circEPB41L2 expression in tumor tissues were associated
with bigger tumor size (p = 0.009), more possibility of
vascular invasion (p = 0.016) and higher alpha-fetoprotein
(AFP, p = 0.002). Moreover, the multivariable Cox propor
tional hazards model demonstrated that the expression of
circEPB41L2 in HCC could serve as an independent prog
nostic factor for overall survival (OS, p = 0.039, Table 3).
Meanwhile, Kaplan–Meier analysis showed that the HCC
patients with low circEPB41L2 expression showed signif
icant worse prognosis in both recurrence-free survival
(RFS, p = 0.036) and overall survival (OS, p < 0.001,
Figure 3A and B). In summary, these results suggested that
down-regulated circEPB41L2 expression in HCC tissues is
well associated with poor prognosis of HCC patients.

The Function and Molecular Mechanism
of CircEPB41L2 in HCC
To further explore the functional roles of circEPB41L2, the
expression of circEPB41L2 was firstly evaluated in five HCC
cell lines (SMMC-7721, SK-Hep-1, HepG2, Snu449 and
Hep3B). As shown in Figure 4A, circEPB41L2 was relatively
low expressed in SMMC-7721 and relatively highly expressed
in Hep3B cells. Therefore, we selected SMMC-7721 and
Hep3B cells as models for lentivirus transduction to establish
stable circEPB41L2-overexpression and circEPB41L2knockdown cell lines, respectively. As shown in Figure 4B
and C, the qRT-PCR results indicated that circEPB41L2 was
~10 times overexpressed in ex-circEPB41L2-SMMC7721 cell
lines and 92% of knockdown efficiency was achieved in shcircEPB41L2-Hep3B cell lines.
As the correlation between the circEPB41L2 expres
sion and clinical features suggested that circEPB41L2
function is related to the HCC proliferation and invasion,
we further verified its biological functions in stable
circEPB41L2 overexpression and knockdown HCC cells.
As shown in Figure 4D–G, both CCK-8 assays and colony
formation assays showed that circEPB41L2 overexpres
sion significantly inhibited cell proliferation of SMMC7721 cells, while cell proliferation was markedly promoted
in sh-circEPB41L2-Hep3B cells. Moreover, wound heal
ing assays and trans-well assays showed that circEPB41L2
overexpression could slow down the migration and inva
sion of HCC cells, while circEPB41L2 knockdown
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Figure 1 CircEPB41L2 is down-regulated in HCC tissues. (A) Volcano plot showing the differences of circRNA abundance between HCC tumor tissues and matched paratumor tissues. The x-axis specifies the negative logarithm to base 2 of the fold changes, and the y-axis specifies the negative logarithm to base 10 of the adjusted P values
calculated by limma software. (B) Venn diagram showing the intersection of two bioinformatics tools. (C) Clustered heat map of the 14 differentially expressed circRNAs
between HCC tumor and para-tumor tissues. qRT-PCR was used to analyze the expression of hsa_circ_0001727 (D), hsa_circ_0001543 (E), hsa_circ_0002538 (F) and
circEPB41L2 (G) in another 15 pairs of HCC tissues and para-tumor tissues. **p < 0.01, ns, no statistical significance.
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Figure 2 Characteristics of the circular RNA circEPB41L2. (A) Schematic diagram shows the genomic region and the reverse splicing of circEPB41L2. The presence of
circEPB41L2 was validated by qRT-PCR followed by Sanger sequencing. (B) qRT-PCR analysis of the abundance of circEPB41L2 and EPB41L2 mRNA in SMMC-7721 cells
treated with actinomycin D at specified time points. (C) qRT-PCR analysis of circEPB41L2 and EPB41L2 mRNA abundance in SK-Hep-1 cells treated with RNAse R. The
statistical significance between two groups was analyzed by t-test. **p < 0.01, ns: no statistical significance.

produced opposite results (Figure 4H–K). Surprisingly, we
noticed that overexpression of circEPB41L2 could also
increase the expression of E-cadherin and inhibit the
expression of N-cadherin, vimentin, Snail, and Slug pro
teins, while the opposite trend was observed in shcircEPB41L2-Hep3B cells (Figure 4L). These genes are

Cancer Management and Research 2021:13

all important players in epithelial-mesenchymal transfor
mation (EMT) process, which has been reported as one of
the most important processes in HCC metastasis. The
regulatory interaction between circEPB41L2 and these
genes supported that circEPB41L2 inhabit HCC migration
and invasion though EMT pathways.
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Table 2 Correlation Between CircEPB41L2 Expression and Clinical Data
Parameter

No. of Patients

CircEPB41L2 Expression

χ2-Value

p value

Low (n=50)

High (n=50)

82
18

41
9

41
9

0.000

1.000

52
48

27
23

25
25

0.040

0.841

50
50

18
32

32
18

6.760

0.009**

47
53

30
20

17
33

5.781

0.016 *

87
13

41
9

45
5

0.748

0.387

97
3

49
1

48
2

0.344

0.558

69
31

27
23

42
8

9.163

0.002**

45
55

19
31

26
24

1.455

0.228

31
69

13
37

18
32

0.748

0.387

80
20

36
14

44
6

3.063

0.080

87
13

42
8

45
5

0.354

0.552

79
21

40
10

39
11

0.060

0.806

92
8

44
6

48
2

1.223

0.269

61
39

35
15

26
24

2.690

0.101

Sex
Male
Female
Age (years)
<55
≥55
Tumor size (cm)
<5
≥5
Vascular invasion
Yes
No
Tumor capsule
Yes
No
Tumor number
Single
Multiple
AFP (ng/mL)
≤400
>400
HBV(IU/mL)
<500
≥500
Differentiation grade
I–II
III–IV
TNM stage
I–II
III–IV
BCLC stage
0-A
B-C
Liver cirrhosis
Yes
No
Hepatitis B
Yes
No
Recurrence
Yes
No

Notes: *p < 0.05, **p < 0.01.
Abbreviations: AFP, alpha-fetoprotein; HBV, hepatitis B virus; TNM, tumor-node-metastasis.
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Table 3 Univariate and Multivariate Analyses of Factors Associated with OS of HCC Patients
Variable

Case Number

HR

95% CI

p value

Univariate analysis
circEPB41L2 (high vs low)

50/50

0.289

0.135–0.620

0.001**

Gender(female vs male)

18/82

0.691

0.312–1.529

0.362

Age, years (≥55 vs <55)
Tumor size, cm (≥5 vs<5)

48/52
50/50

0.444
4.768

0.216–0.914
2.144–10.599

0.028*
<0.001***

Tumor number (multiple vs single)

3/97

0.047

0.000–121.437

0.445

AFP, ng/mL (≥400 vs <400)
Liver cirrhosis (yes vs no)

31/69
79/21

3.044
1.080

1 0.549–5.980
0.469–2.490

0.001**
0.856

HBV (positive vs negative)
Vascular invasion (yes vs no)

55/45
47/53

2.251
3.388

1.090–4.648
1.618–7.096

0.028*
0.001**

Tumor capsule (complete vs none)

87/13

0.377

0.169–0.842

0.017*

Metastasis (yes vs no)
BCLC stage (B and C vs A)

5/95
13/87

3.823
0.582

1.328–11.010
0.239–1.415

0.013*
0.232

TNM stage(III–IV vs I–II)

20/80

3.605

1.737–7.482

0.001**

Tumor differentiation (III–IV vs I–II)

69/31

2.817

1.162–6.827

0.022*

CircEPB41L2 (high vs low)
Tumor size, cm (≥5 vs <5)

50/50
50/50

0.440
3.513

0.201–0.961
1.558–7.923

0.039*
0.002**

Vascular invasion (yes vs no)

47/53

2.623

1.242–5.539

0.011*

Multivariate analysis

Notes: *p < 0.05, **p < 0.01, ***p < 0.001.
Abbreviations: AFP, alpha-fetoprotein; HBV, hepatitis B virus; TNM, tumor-node-metastasis; HR, hazard ratio.

Moreover, to determine the efficacy of circEPB41L2
in tumor growth in vivo, HCC xenograft mouse model
was conducted for ex-circEPB41L2-SMMC-7721 cells.
Mouse injected with ex-circEPB41L2-SMMC-7721 cells
showed a significant suppressed cell growth in vivo,
compared with those injected with negative control cells
(p = 0.031, Figure 4M and N). These results suggested
that circEPB41L2 functions as a suppressor in HCC cell
proliferation, migration, and invasion, which was well
consistent with previous clinical analysis results.

CircEPB41L2 Serves as a miR-590-5p
Sponge During HCC Progression
Current studies have shown that an important function of
circRNA is as a “sponge” to bind functional miRNA, there
fore we speculated that circEPB41L2 may also serve as
miRNA sponges for HCC progression. To identify the poten
tial miRNAs that could be bound to circEPB41L2, we ana
lyzed two independent miRNA database (TargetScan and
starBase). The Venn diagram in Figure 5A and B showed

Figure 3 Correlation of circEPB41L2 expression with clinical features. (A) and (B) Kaplan–Meier analysis of the association between circEPB41L2 expression level and RFS
(A)/OS (B) of HCC patients.
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Figure 4 CircEPB41L2 inhibits proliferation and metastasis of HCC cells in vitro. (A) The abundance of circEPB41L2 in HCC cell lines (SMMC-7721, SK-Hep-1, HepG2,
Snu449, Hep3B) by qRT-PCR analysis. The evaluation of circEPB41L2 overexpression (B) and knockdown efficiency (C) in ex-circEPB41L2-SMMC-7721 and sh-circEPB41L2Hep3B cells, respectively. The quantitative results of proliferation in ex-circEPB41L2-SMMC-7721 by CCK-8 assay (D) and colony formation assay (E). The quantitative
results of proliferation in sh-circEPB41L2-Hep3B by CCK-8 assay (F) and colony formation (G). The representative images and quantitative results of metastasis in excircEPB41L2-SMMC-7721 by wound healing assay (H) and transwell assay (I). The representative images and quantitative results of metastasis in sh-circEPB41L2-Hep3B by
wound healing assay (J) and transwell assay (K). (L) Western blotting analysis the protein level of E-cadherin, N-cadherin, vimentin, Snail, and Slug. (M) Tumor volumes were
monitored every 3 days, and the growth curve is shown. (N) Images of tumors derived from ex-circEPB41L2-SMMC-7721 cells and the corresponding negative control cells.
*p < 0.05; **p < 0.01; ****p < 0.0001.
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Figure 5 CircEPB41L2 serves as a sponge for miR-590-5p. (A) The overlapping of potential circEPB41L2 binding miRNA, which were predicted by two independent miRNA
databases (TargetScan and starBase). (B) Schematic presentation of the putative binding sites of 3 miRNAs with respect to circEPB41L2. (C) The locations of the three
miRNAs binding with circEPB41L2. (D) The relative luciferase activities of 293T cells which were co-transfected with three miRNA mimics, or miR-NC and pMIRcircEPB41L2 luciferase reporter vectors, respectively. The quantitative results of proliferation in ex-circEPB41L2-SMMC-7721 treated with miR-590-5p by CCK-8 assay (E)
and colony formation assay (G). The quantitative results of proliferation in sh-circEPB41L2-Hep3B treated with miR-590-5p inhibitor by CCK-8 assay (F) and colony
formation assay (H). The quantitative results of migration and invasion in ex-circEPB41L2-SMMC-7721 treated with miR-590-5p by wound healing assay (I) and transwell
assay (J and K). The quantitative results of migration and invasion in sh-circEPB41L2-Hep3B treated with miR-590-5p inhibitor by wound healing assay (L) and transwell assay
(M and N). *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.
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that a total of 3 miRNAs (miR-515-5p, miR-576-5p and
miR-590-5p) were predicated to have strong binding affinity,
along with miRNA seed sequence matching circEPB41L2
sequence. The binding sites of these three miRNAs on
circEPB41L2 are shown in Figure 5C. Then, luciferase
screening assays were performed to validate the binding
affinity for these three miRNAs. As shown in Figure 5D,
only miR-590-5p showed reduced luciferase reporter activ
ities of circEPB41L2 in HEK-293T at ~50%, when compar
ing with miR-NC. These results indicated that circEPB41L2
could directly bind miR-590-5p. To further determine
whether the circEPB41L2 could affect cell proliferation and
migration in HCC via sponging miR-590-5p, we used miR590-5p mimics and miR-590-5p inhibitor to treat the excircEPB41L2-SMMC-7721 and sh-circEPB41L2-Hep3B
cells, respectively. As shown in Figure 5E and G, the CCK8 assays and colony formation assays showed that the
decreased cell activity induced by circEPB41L2 could be
rescued by miR-590-5p (Figure S1A). Meanwhile, analo
gously miR-590-5p inhibitor restored the cell activity that
was increased by sh-circEPB41L2 (Figure 5F and H, Figure
S1B). The similar dynamic trends of cell invasion and migra
tion were also confirmed by wound healing assays and transwell assays (Figure 5I–N, Figure S1C-F). Overall, these
results demonstrated that circEPB41L2 could serve as
a tumor suppressor by regulating miR-590-5p during HCC
progression.

Discussion
With the development of next-generation sequencing
technology, the biological functions and molecular
mechanisms of circRNAs in solid tumors have been gra
dually recognized.17,18 In recent years, more and more
studies have demonstrated that circRNAs played impor
tant roles during HCC progression and provided new
insights for the diagnosis, treatment and the study of the
pathogenesis of HCC.19,20 Several circRNAs, such as
circADAMTS13, circBACH1 and circMET, have already
been suggested to play important roles during HCC pro
gression by acting as sponges of oncogenic miRNA and
could be potential targets for HCC treatment.21–23 In our
study, we also identified a circRNA named as
circEPB41L2. Through comprehensive investigation of
the circRNA profiles in 61 pairs of HCC tumor and
matched para-tumor tissues, we found that circEPB41L2
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was specifically lowly expressed in HCC tissues.
Combined with clinical parameters of HCC patients and
in vivo and in vitro experiments, we confirmed that
circEPB41L2 plays an important role in the proliferation
and metastasis of HCC.
CircEPB41L2 has been previously reported to be
down-regulated in human lung adenocarcinoma and blad
der cancer, and could predict poor prognosis for
patients.24,25 In this study, we also found that the down
regulation of circEPB41L2 expression in HCC tissues
could promote cell proliferation and metastasis, and thus
was significantly correlated with worse RFS time and OS
time for HCC patients. Taken together, those results sug
gested that circEPB41L2 might function as a suppressor
role in many solid tumors, including HCC.
Of note, circRNA/miRNA axis is a classical regulatory
mechanism in current circRNA function studies, which
can regulate gene expressions at both transcription and
post transcription levels. miR-590-5p was reported to be
a crucial factor for the precancerous process of HCC.
Previous studies showed that miR-590-5p regulates the
proliferation and invasion of HCC cells by targeting
TGF-β RII.26 Although YAP1 could serve as a regulator
for miR-590-5p expression,27 the direct upstream player of
miR-590-5p remained unclear. Undoubtedly, our study
firstly showed that circEPB41L2 could directly inhibit
the activity of oncogenic miR-590-5p and further exert
its influence in HCC cell proliferation and metastasis,
providing new insights into the regulatory mechanisms of
miR-590-5p in HCC.
In summary, our study demonstrates that low expres
sion of circEPB41L2 in HCC tissue was significantly
associated with HCC prognosis. Moreover, circEPB41L2
could serve as a key modulator of HCC cell proliferation
and migration by efficiently sponging miR-590-5p.
Therefore, circEPB41L2 has the potential to be
a diagnostic biomarker and a therapeutic target for HCC
therapy.

Abbreviations
EPB41L2, erythrocyte protein band 4.1-like 2; circRNA,
circular RNA; HCC, hepatocellular carcinoma; miRNA,
microRNA; CCK-8, Cell Counting Kit-8; OS, overall survi
val; RFS, recurrence-free survival; SD, standard deviation;
qRT-PCR, real-time quantitative PCR; AFP, alphafetoprotein; HBV, hepatitis B virus; TNM, tumor-nodemetastasis; HR, hazard ratio.
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