
9333

Abstract. – OBJECTIVE: Hepatocellular car-
cinoma (HCC) is a common malignant tumor. In-
creasing evidence has demonstrated that mi-
croRNAs (miRNAs) play an important role in a 
wide variety of cellular processes. However, 
there are few reports about the role and under-
lying molecular mechanisms of miRNAs in HCC.

PATIENTS AND METHODS: qRT-PCR and West-
ern blots were performed to quantify the expres-
sion of miR-92a, E-cadherin, and circPTK2. Prolif-
eration and invasion assays were performed to ex-
plore the function of miR-92a and circPTK2. A Lu-
ciferase assay was used to test the relationship 
between miR-92a, E-cadherin, and circPTK2.

RESULTS: In this study, we found that miR-
92a was upregulated in HCC tissues and HCC 
cell lines. Overexpression of miR-92a enhanced 
cell proliferation and invasion by targeting the 
E-cadherin 3′UTR in HCC cells. Furthermore, we 
found that circPTK2 inhibited EMT by inhibiting 
miR-92a, preventing its ability to downregulate 
E-cadherin in HCC cells. 

CONCLUSIONS: We identified a regulatory ax-
is comprising circPTK2/miR-92a/E-cadherin in 
HCC cells that may serve as a valuable biomark-
er and therapeutic target for patients with HCC.

Key Words:
MicroRNA, CircRNA, EMT, Hepatocellular carcino-

ma, Competing endogenous RNAs.

Introduction

In 2018, liver cancer was the sixth most com-
monly diagnosed cancer and the fourth leading 

cause of cancer death worldwide1. Hepatocellu-
lar carcinoma (HCC) accounts for 80% of liver 
cancers. Many factors affect the prognosis of 
patients with hepatocellular carcinoma, but me-
tastasis stands out as the most clinically chal-
lenging development2. An increasing number of 
molecular mechanisms of metastasis is currently 
being investigated, but the role of networks be-
tween mRNAs and non-coding RNAs (ncRNAs) 
remains an area of uncertainty. ncRNAs such 
as microRNAs (miRNAs) and circular RNAs 
(circRNAs) are deeply involved in the carcino-
genesis, immune escape, metastasis, and drug 
resistance of tumors3-5.

MiRNAs are short non-coding RNAs that 
regulate approximately 60% of the human pro-
tein-coding genes and regulate the expression of 
proteins associated with most biological process-
es6. Intriguingly, circRNAs may compete with 
endogenous RNAs (ceRNAs) and interact with 
mRNAs by competitively binding their common 
miRNAs7,8. MiR-92a-3p is a core member of the 
miR-17-92 cluster, which is especially overex-
pressed in human cancers and has been suggest-
ed to participate in the onset and progression of 
cancer9. E-cadherin is an important cell adhesion 
molecule in the epithelial-mesenchymal transi-
tion (EMT). In this process, E-cadherin expres-
sion is decreased, and N-cadherin is increased. 
Moreover, epithelial cells transform into mesen-
chymal phenotype cells 10,11. The cytoskeleton, 
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typically composed of cytokeratin in epithelial 
cells, transforms to be comprised primarily of 
vimentin, which is characteristic of mesenchy-
mal cells12. Through EMT, epithelial cells lose 
their polarity and connections with the basement 
membrane and other epithelial phenotypes and 
acquire interstitial phenotypes such as higher 
migration and invasion, extended survival, and 
the expression of metalloproteinases (MMP) that 
give them the ability to degrade the extracellular 
matrix13,14. Of interest, MMP-2 and MMP-9 are 
positively associated with the expression of clau-
din-4 (CLDN4)15. However, the mechanism by 
which E-cadherin expression is reduced during 
the progression of HCC remains unclear.

In this study, we identified miR-92a-3p as an 
oncogene in HCC that targets E-cadherin, reduc-
ing its expression. We also found that circPTK2, 
also named hsa_circ_0008305, inhibited the pro-
gression and metastasis of HCC through the 
circPTK2/miR-92a/E-cadherin axis.

Patients and Methods

Clinical Samples and Cell Lines
Matched HCC tissues and adjacent tissues 

from 6 HCC patients undergoing hepatectomy 
were acquired from the Fifth Affiliated Hospital 
of Sun Yat-sen University (Zhuhai, Guangdong, 
China). Hep3B, Huh7, and HepG2 HCC cells 
were purchased from the American Type Cul-
ture Collection (ATCC, Manassas, VA, USA). 
LO2, MHCC-97L, Bel-7402, and SMMC-7721 
cells were purchased from the Shanghai Institute 
of Cell Biology (SICB, China). All cells were 
cultured in Dulbecco’s Modified Eagle Medium 
(DMEM; Gibco, Grand Island, NY, USA) sup-
plemented with 10% fetal bovine serum (FBS) 
(Gibco, Grand Island, NY, USA) and 1% pen-
icillin/streptomycin. All cells were cultured in 
a humidified incubator at 37°C with 5% CO2. 
Approval was acquired from the Research Ethics 
Committee of the Fifth Affiliated Hospital of Sun 
Yat-sen University.

Transfection
MiR-92a mimic (miR-92a MI), mimic negative 

control (MI NC), miR-92a inhibitor (miR-92a 
IN), and inhibitor negative control (IN NC) were 
purchased from RiboBio (Guangzhou, China). 
Cells were transfected with Lipofectamine® 2000 
(Invitrogen, Carlsbad, CA, USA) following the 
manufacturer’s protocol.

RNA Isolation and Real-Time qRT-PCR
Total RNA containing miRNA and mRNA was 

extracted from tissue samples and cells using an 
HP Total RNA Kit (Omega, Norcross, GA, USA). 
cDNA synthesis was performed using a miRNA 
First-Strand Synthesis Kit (TaKaRa, Dalian, Lia-
oning, China) and a PrimeScript™ RT reagent kit 
(TaKaRa, Dalian, Liaoning, China) according to 
the manufacturer’s instructions. The expression 
of mRNA was detected by using TB Green™ 
Premix Ex Taq II (TaKaRa, Dalian, Liaoning, 
China) according to the manufacturer’s instruc-
tions with the CFX96 Real-Time PCR Detec-
tion System (Bio-Rad, Hercules, CA, USA). The 
relative expression of mRNAs or miRNAs was 
normalized to glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) or snRNA U6 expression, 
respectively, and was calculated using the 2-ΔΔCT 
method. The primers used were: E-cadherin, for-
ward: 5′-GAACGCATTGCCACATACAC-3′ and 
reverse: 5′-GAATTCGGGCTTGTTGTCAT-3′; 
N-cadherin, forward: 5′-CCTGAGGGAT-
CAAAGCCTGGAAC-3′ and reverse: 5′-TTG-
GAGCCTGAGACACGATTCTG-3′; Vimentin, 
forward: 5′-AGTCCGCACATTCGAGCAA-3′ 
and reverse: 5′-GGGGAAACCGTTAGAC-
CAGAT-3; MMP2, forward: 5′-TACAGGAT-
CATTGGCTACACACC-3′ and reverse: 5′- GGT-
CACATCGCTCCAGACT-3′; MMP9, forward: 
5′-CGAACTTTGACAGCGACAAGA-3′ and 
reverse: 5′-TCAGGGCGAGGACCATAGAG-3′; 
CLDN4, forward: 5′- TGCCTGGAGGAT-
GAAAGCG-3′ and reverse: 5′-GAAGTCTTG-
GATGATGTTGTGGG-3′; GAPDH, forward: 5′- 
AGAAGGCTGGGGCTCATTTG-3′ and reverse: 
5′-AGGGGCCATCCACAGTCTTC-3′; miR-92a, 
forward: 5′-TGCACTTGTCCCGGCCTGT-3’; 
and circPTK2, forward: 5′-GCCAAAACACTA-
AGAAAACTGATCC-3′ and reverse: 5′-ACCAA-
GAGCACACTTGAAGCAT-3′. All experiments 
were repeated three times and results were nor-
malized to the control.

Protein Extraction and Western Blotting
Cells were lysed in radioimmunoprecipitation 

assay (RIPA) Lysis Buffer (Beyotime, Beijing, 
China) supplemented with phenylmethylsulfonyl 
fluoride. Protein concentrations were quantified 
with a bicinchoninic acid (BCA) protein assay 
kit (Beyotime, Beijing, China). Equal amounts 
of protein lysates (30 µg per lane) were separat-
ed on a 10% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) gel and 
then transferred to polyvinylidene difluoride 
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(PVDF) membranes (Millipore, Billerica, MA, 
USA). The membranes were blocked with 5% 
nonfat milk in TBST and then incubated with 
primary antibodies overnight at 4°C. After ex-
tensive washing, the membrane was incubated 
with a secondary antibody conjugated to horse-
radish peroxidase (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA) for 1 h at room tempera-
ture. The proteins were detected via a chemilu-
minescent detection system (Thermo Scientific, 
Waltham, MA, USA) and exposed in a Molecu-
lar Imager ChemiDoc XRS (Bio-Rad, Hercules, 
CA, USA). Protein levels were normalized to 
GAPDH. GAPDH (2118S), MMP-2 (87809S), 
and vimentin (5741S) antibodies were purchased 
from Cell Signaling (Cell Signaling Technolo-
gy, Danvers, MA, USA). E-cadherin (A11492), 
N-cadherin (A3045), MMP-9 (A2095), and 
CLDN4 (A12912) antibodies were obtained from 
ABclonal (Wuhan, Hubei, China).

Invasion Assays
Cells in serum-free medium (1×105 cells/100 

μL) were added to the top chamber of a 8-μm-pore 
Transwell chamber (Corning Star, Chemung, NY, 
USA) coated with Matrigel® (BD Biosciences, 
Franklin Lakes, NJ, USA). DMEM containing 
10% FBS was added to the lower chamber as the 
chemoattractant. Cells were allowed to migrate 
through the porous membrane for 24 h at 37°C 
in a humidified incubator with 5% CO2. The cells 
remaining on the upper membrane were removed 
by cotton swabs, and those that stuck to the 
lower surface of the membrane were fixed in 4% 
paraformaldehyde and stained with 0.1% crystal 
violet (Beyotime, Beijing, China). The number 
of invading cells on the lower surface of the 
membrane was counted at five randomly selected 
fields in three independent inserts.

Cell Proliferation Assay
A Cell Counting Kit-8 (CCK-8, Dojindo Chem-

ical Laboratory, Kumamoto, Japan) was used to 
quantify cell proliferation. Approximately 5×103 
cells in 100 μL medium were seeded into 96-well 
plates after transfection. After incubation at 37°C 
for 2 h, the absorbance at 450 nm was measured 
following the addition of 10 µL of the CCK-8 
solution. There were 5 replicates for each group, 
and 3 independent experiments were performed. 

Luciferase Assays
Wild-type or mutant circPTK2 or 3’-UTR of 

E-cadherin were PCR-amplified and subcloned 

into the pEZX-MT06 vector to construct the 
pEZX-MT06-circPTK2 vector or the pEZX-
MT06-E-cadherin-3’UTR vector, respectively. 
293T cells were seeded in 24-well plates 24 h 
before transfection. Afterward, 500 ng of pEZX-
MT06-circPTK2 vector, pEZX-MT06-E-cadher-
in-3’UTR vector, or pEZX-MT06 vector, with the 
addition of 50 nM of miRNA mimic or mimic 
negative control, were co-transfected into cells 
using Lipofectamine™ 2000 (Invitrogen, Carls-
bad, CA, USA). After 48 h, Luciferase activity 
was detected with a Dual-Luciferase Assay Kit 
(Promega, Madison, WI, USA). The relative Lu-
ciferase activity was normalized to a standard 
(Renilla Luciferase activity).

Statistical Analysis
GraphPad Prism 7.0 (GraphPad Software, San 

Diego, CA, USA) and SPSS software version 
20.0 (SPSS Inc., Armonk, NY, USA) were used 
for data analyses. The experimental results were 
expressed as means ± SD. Comparisons between 
groups were conducted using unpaired Student’s 
t-tests. The statistical significance was indicated 
as *p<0.05, **p<0.01, or ***p<0.001. 

Results

A Screen of MiRNAs Differentially 
Expressed Between HCC and 
Adjacent Specimens

To explore the role of miRNAs in HCC, we 
first analyzed differential miRNA expression 
form The Cancer Genome Atlas database (TC-
GA). We found upregulated expression of miR-
92a in HCC (n=375) than normal tissues (n=50) 
(Figure 1A). To validate this result, we detected 
miR-92a expression in our 6 pairs of HCC and 
adjacent tissues via qRT-PCR. We found that 
the expression of miR-92a in HCC tissues was 
significantly higher than in adjacent healthy tis-
sues (Figure 1B). To verify whether miR-92a is 
also overexpressed in HCC cell lines, we tested 
the expression of miR-92a in 6 HCC cell lines, 
MHCC-97L, Huh7, Bel-7402, Hep3B, HepG2, 
and SMMC-7721 and in the non-cancerous hu-
man liver cell line LO2. We found that miR-92a 
expression was significantly upregulated in the 
6 HCC cell lines compared with LO2 (Figure 
1C), in good agreement with our findings from 
actual HCC tissue. These results suggested that 
miR-92a may be involved in the development of 
HCC.
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MiR-92a Promotes Cell Proliferation and 
EMT of HCC In Vitro

To test the role of miR-92a in HCC prolifer-
ation and metastasis, miR-92a MI and miR-92a 
IN were transfected into Hep3B and MHCC-97L 
cells. We found that the expression of miR-92a 
was significantly upregulated or downregulated 
compared with the MI NC via qRT-PCR (Fig-
ure 2A and B). Subsequently, we investigated 
the role of miR-92 on HCC cell proliferation 
by using a CCK-8 assay. Intriguingly, increased 
miR-92a markedly promoted cell proliferation in 
both Hep3B and MHCC-97L cells, and miR-92a 
knockdown inhibited cell proliferation (Figure 
2C and D). Moreover, cell invasiveness in both 
HCC cell lines was significantly increased by 
miR-92a overexpression and suppressed by miR-
92a knockdown, as shown in transwell assays 
(Figure 2E and F).

E-cadherin is a Direct Target of 
MiR-92a in HCC Cells 

To further characterize the molecular mech-
anisms behind the oncogenic role of miR-92a 
in HCC cells, a bioinformatics analysis was 
performed using the starBase v3.0, miRTarBase, 
and TargetScan databases, which predicted that 
E-cadherin and CHCHD10 may be biological 
targets of miR-92a (Figure 3A). E-cadherin was 
selected for further study because E-cadherin 
was associated with poor prognosis of HCC 
and higher propensity for EMT. The predicted 
binding sites of miR-92a in the E-cadherin se-
quence are shown in Figure 3B. To determine 

whether E-cadherin is a direct target of miR-92a 
in HCC cells, a Luciferase reporter gene assay 
was performed. The results showed that miR-
92a overexpression significantly inhibited the 
Luciferase activity of the wild-type E-cadherin 
3’UTR, while the activity of the mutant E-cad-
herin 3’UTR remained unchanged (Figure 3C). 
Next, qRT-PCR and Western blot analyses con-
firmed that overexpression of miR-92a signifi-
cantly inhibited the expression of E-cadherin at 
the protein level in Hep3B cells. In good agree-
ment with this finding, knockdown of miR-92a 
promoted the expression of MMP2, vimentin, 
MMP9, N-cadherin, and CLDN4 at the protein 
level in Hep3B cells (Figure 3D and E).

CircPTK2 Positively Regulates 
E-cadherin Expression by Sponging 
MiR-92a in HCC Cells

We next explored the underlying mechanism 
by which miR-92a regulates HCC progression. 
Increasing evidence suggests that circRNAs can 
act as ceRNAs to competitively bind microRNAs. 
To examine whether miR-92a has a similar mech-
anism in HCC, we used the starBase online tool 
to explore the association between miR-92a and 
circRNAs. To analyze whether circPTK2 acts as 
a ceRNA to mediate the regulation of miR-92a, 
we performed a Dual-Luciferase reporter assay in 
293T cells. The Luciferase activity of wild-type 
circPTK2 (circPTK2 wild) was reduced by the 
miR-92a mimic. However, the Luciferase activity 
of mutant circPTK2 (circPTK2 mut) was nearly 
unchanged (Figure 4A and B). Furthermore, the 

Figure 1. miR-92a is upregulated in HCC tissues and cell lines. A, Relative expression levels of miRNA-92a in HCC 
tissues (n=375) and in adjacent healthy tissues (n=50). B, Relative expression of miRNA-92a from 6 paired HCC tissues and 
adjacent healthy tissues, measured using qRT-PCR; miRNA-92a expression was significantly upregulated in HCC tissues 
compared to adjacent healthy tissues. C, The expression of miRNA-92a was upregulated in HCC cells, including MHCC-
97L, Huh7, Bel-7402, Hep3B, HepG2, and SMMC-7721 cells, compared to the nonmalignant LO2 hepatocytes. *p <0.05; 
**p<0.01.
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overexpression of circPTK2 significantly reduced 
miR-92a expression (Figure 4C) but increased 
the mRNA expression (Figure 4D) and protein 

expression (Figure 4E) of E-cadherin in Hep3B 
cells and MHCC-97L cells. In summary, our 
results showed that circPTK2 upregulated the 

Figure 2. MiRNA-92a affects the proliferative and invasive capacity of HCC cell lines in vitro. A, and B, miR-92a mimic and 
miR-92a inhibitor were transfected into Hep3B and MHCC-97L cell lines, and the expression of miR-92a was analyzed via 
qRT-PCR. C, and D, After transfection with miR-92a mimic or miR-92a inhibitor, the cell viability of Hep3B and MHCC-97L 
cells was determined using CCK-8 assays. E, and F, The invasive activity of cells transfected with miR-92a mimic or inhibitor 
was evaluated by the transwell assay in Hep3B and MHCC-97L cells (200×). *p <0.05; **p < 0.01; ***p< 0.001; ****p< 0.0001.
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Figure 3. A, In silico analysis was performed using the starBase v3.0, miRTarBase, and TargetScan databases, and joint 
data analysis predicted that two mRNAs (E-cadherin and CHCHD10) may be biological targets of miR-92a. B, The putative 
miR-92a-binding sequence within the 3’UTR of E-cadherin mRNA. C, Reporter plasmids containing either the wild-type 
3’UTR or a mutated 3’UTR of the E-cadherin gene were co-transfected into 293T cells with an miR-92a-encoding plasmid, 
and Luciferase activity was measured. WT, wild type; MUT, mutant. D, qRT-PCR analysis of relative mRNA levels in Hep3B 
cells overexpressing miR-92a. E, Western blot analysis of relative protein expression in Hep3B cells transfected with miR-92a 
mimic or inhibitor. Cells transfected with a control mimic (MI NC) or inhibitor (IN NC) plasmids were used as a control. *p 
<0.05; **p < 0.01; ***p < 0.001.
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Figure 4. CircPTK2 directly binds to miR-92a in HCC cells. A, Potential binding sites of circPTK2 and miR-92a. B, Dual-
Luciferase reporter gene assay in 293T cells cotransfected with wild type/mutant circPTK2 and miR-92a mimic/negative 
control. C, Expression level of miR-92a in Hep3B cells transfected with vector and circPTK2 overexpression plasmid via 
qRT-PCR. D, Expression of E-cadherin in Hep3B cells transfected with empty vector or circPTK2 overexpression plasmid 
was measured via qRT-PCR. E, Western blot analysis of E-cadherin expression in Hep3B cells transfected with empty vector 
or circPTK2 overexpression plasmid. F, Effect of vector, circPTK2 overexpression, and miR-92a-3p mimic on the invasion of 
Hep3B and MHCC-97L cells (200×). *p <0.05; **p < 0.01; ***p < 0.001.
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expression of E-cadherin in liver cancer cells by 
acting as a ceRNA to inhibit the expression of 
miR-92a.

The Effect of MiR-92a in HCC Cells is 
Abolished by CircPTK2

To understand the underlying effects of miR-92a 
on cell invasion mediated by circPTK2, transwell 
assays were performed. These studies revealed 
that circPTK2 suppressed invasion ability, which 
was induced by miR-92a. These observations in-
dicated that the effects of miR-92a on HCC cell 
invasion can be reversed by circPTK2 (Figure 4F).

Discussion

First, we found that miR-92a was upregulated 
in HCC cells and tissues. In addition, Luciferase 
reporter assays showed that circPTK2 and the 
E-cadherin 3ʹUTR have the same miR-92a re-
sponse elements and may therefore competitively 
bind to miR-92a. Indeed, further studies suggest-
ed that circPTK2 regulates E-cadherin levels by 
sponging to miR-92a expression.

Abnormal expression of miR-92a has been 
reported in many types of cancer, including lung 
cancer, colorectal cancer, and acute granulocyte 
lymphoma9,16-18. Wu et al19 have shown that the 
expression of miR-92a is significantly higher in 
CRC tissues compared with adjacent tissues and 
in patients’ plasma. Furthermore, upregulating 
miR-92a influences the metastatic potential of 
non-small-cell lung cancer through the PTEN/
PI3K/AKT axis20. We found that miR-92a was up-
regulated in HCC cells and significantly increased 
HCC cell proliferation and invasion. Recently, a 
significant body of evidence has revealed that a 
ceRNA regulatory network is involved in the de-
velopment of HCC21-24. Differentiation antagoniz-
ing non-protein coding RNA (lncRNA DANCR) 
acts as a ceRNA to inhibit miR-27a-3p by affect-
ing the ROCK1/LIMK1/COFILIN1 pathway in 
HCC cells24. Furthermore, circFBLIM1 directly 
targets miR-346 and acts as a competing endog-
enous RNA (ceRNA) to regulate FBLIM1 ex-
pression to exert regulatory functions in HCC23. 
Since circRNAs work by binding to miRNAs, we 
wanted to determine whether circRNAs could act 
as a sponge for miR-92a. Bioinformatics analysis 
predicted that miR-92a and circPTK2 shared 
similar binding sites. In addition, circPTK2 has 
been shown to repress the invasion of non-small 
cell lung cancer cells25. We thus investigated the 

effect of circPTK2 on HCC cell lines and found 
that overexpression of circPTK2 greatly inhibited 
HCC cell invasion. 

Epithelial-mesenchymal transition (EMT) is a 
crucial event in the progression of cancer me-
tastasis26-28. EMT triggers cellular mobility and 
induces the invasion of tumor cells29. The most 
prominent characteristic of an EMT event is de-
creased expression of epithelial markers such as 
E-cadherin and increased expression of mesenchy-
mal markers such as N-cadherin and vimentin30-33. 
We found that miR-92a targets the E-cadherin 
3’UTR and silence E-cadherins at the post-tran-
scriptional level. Results of qRT-PCR and Western 
blotting confirmed that miR-92a decreased the 
expression of E-cadherin and increased MMP2, 
vimentin, MMP9, N-cadherin, and CLDN4. The 
downregulation of E-cadherin, however, was res-
cued by circPTK2. In summary, we found that 
overexpression of miR-92a enhanced proliferation 
and invasion by targeting the E-cadherin 3′UTR 
in HCC cells. In addition, we demonstrated that 
circPTK2 played a role as a sponge of miR-92a in 
HCC cells. This study expands our understanding 
of the circPTK2/miR-92a/E-cadherin regulatory 
axis. The expression of miR-92a should be consid-
ered a potential biomarker and therapeutic target 
against HCC metastasis.

Conclusions

Our results suggested that miR-92a can en-
hance the proliferation and invasion of HCC cells 
by inhibiting E-cadherin; however, these effects 
can be blocked by circPTK2. 
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