
RESEARCH ARTICLE

Circular RNA circRNA-0039459 promotes the migration, invasion, and 
proliferation of liver cancer cells through the adsorption of miR-432
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ABSTRACT
This study aimed to investigate the molecular mechanism of circular RNA circ-0039459 and its 
effects on the apoptosis, proliferation, invasion, and migration of hepatocellular carcinoma cells. 
The expression of circ-0039459, miR-432, and synoviolin 1 (SYVN1) mRNA was determined using 
real-time quantitative reverse transcription PCR. Cell proliferation was detected by cell counting 
kit-8 assay, and the apoptosis rate was detected using flow cytometry. Cell migration and invasion 
were detected using Transwell assay. The expression of E-cadherin, N-cadherin, and vimentin was 
detected using western blot. The targeting relationship between circ-0039459 and miR-432 as 
well as that between miR-432 and SYVN1 were detected using the dual-luciferase reporter and 
RNA pull-down assays. We found that circ-0039459 and SYVN1 mRNA were highly expressed, 
whereas miR-432 was lowly expressed in hepatocellular carcinoma cells and tissues. After treat-
ment with ribonuclease R or actinomycin D, the expression of linear RNA was reduced, whereas 
that of circular RNA was not significantly changed. circ-0039459 knockdown or miR-432 over-
expression can inhibit cell proliferation, invasion, and migration and the expression of N-cadherin 
and vimentin proteins in carcinoma cells as well as promote apoptosis and increase the E-cadherin 
level. circ-0039459 targeted and regulated miR-432, which targeted and regulated SYVN1. The 
decreased miR-432 expression reversed the effects of circ-0039459 knockout in cancer cells. 
Furthermore, SYVN1 overexpression reversed the effect of miR-432 overexpression in hepatoma 
cells. Hence, circ-0039459 can affect the proliferation, apoptosis, migration, and invasion of 
hepatocellular carcinoma cells through the adsorption of miR-432, thereby regulating the expres-
sion of SYVN1.
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Highlights

● Circ_0039459 is highly expressed in HCC.
● Knockdown of circ_0039459 inhibits HCC 

cell metastasis and promotes apoptosis.
● Circ_0039459 is a sponge of miR-432, which 

targets SYVN1
● Circ_0039459 regulates biological behaviors 

via the miR-432/SYVN1 axis.

Introduction

Liver cancer is the sixth most common malignancy 
worldwide and ranks second among all cancer- 
related deaths. In East Asia, the incidence of liver 
cancer is the highest, followed by Southeast Asia 
and Africa [1,2]. Although the early diagnosis of 
liver cancer has progressed in recent years, many 
patients are already in the advanced stage at the 
time of diagnosis, and their cancer is often accom-
panied by distant metastases, which restricts treat-
ment strategies and causes the incidence to rise 
[3]. The key to improving treatment efficiency is 
to find new molecular markers related to liver 
cancer and discover their mechanism of action.

Circular RNA (circRNA) is an endogenous non- 
coding RNA produced by the reverse splicing of 
introns, exons, or intergenic regions. Extensive 
research has shown that circRNA is involved in 
the development of various diseases [4]. 
Furthermore, circRNA has a more stable structure 
than linear RNA; hence, it is better suited as 
a molecular marker of disease [5]. CircRNA plays 
an important role in regulating cancer cell prolif-
eration, apoptosis, migration, invasion, blood ves-
sel production, and many signaling pathways. In 
addition, circRNA plays a biological role by reg-
ulating gene expression. It can directly regulate 
gene expression and indirectly regulate down-
stream gene expression through regulating micro-
gene regulatory elements, such as microRNAs 
(miRNAs) and RNA-binding proteins [6,7].

miRNA can regulate the expression of the target 
gene by degrading its transcript or inhibiting its 
translation by complementary binding with the 3’- 
untranslated regions (UTR) of the target gene 
mRNA. [8] miRNA can regulate the proliferation, 
migration, apoptosis, differentiation, and other cell 
biological processes of tumor cells [9]. Studies have 
reported that miR-432 can inhibit the growth of 

liver cancer [10], osteosarcoma [11], glioblastoma 
multiforme [12], and other tumors. Synoviolin 1 
(SYVN1), an E3 ubiquitin ligase involved in endo-
plasmic reticulum-related degradation, can regulate 
endoplasmic reticulum stress, chronic inflamma-
tion, blood vessel growth, oxidative stress, cell 
apoptosis, and other physiological processes 
[13,14]. A study has indicated that SYVN1 is related 
to the growth and metastasis of liver cancer [15]. 
However, the relationship between circ-0039459, 
miR-432 and SYVN1 remains unknown.

We used the R software to analyze the 
GSE155949 dataset from the Gene Expression 
Omnibus (GEO) database. Next, we screened the 
differentially expressed circRNAs in liver cancer 
and found that circ-0039459 showed the most sig-
nificant difference. Therefore, we chose circ- 
0039459 as the research object and aimed to dis-
cover the regulatory circ-0039459 on liver cancer 
and the downstream regulatory mechanism. We 
considered that circ_0039459 regulates biological 
behaviors including proliferation, migration, inva-
sion, and apoptosis by modulating miR-432/ 
SYVN1 axis. This study will provide a new 
approach for liver cancer treatment.

Materials and methods

Sample collection

Samples of cancer and paracancerous tissues were 
collected from 57 patients with liver cancer under-
going resection in Cangzhou People’s Hospital, 
including 40 males and 17 females aged 29 to 
79 years old with an average age of 53.9 years. 
No patient underwent chemotherapy or radiother-
apy before surgery, and all patients agreed to par-
ticipate in the study, and written informed consent 
was collected from each patient. The study was 
approved by the Ethics Committee of Cangzhou 
People’s Hospital (No.[2021]04–26-04).

Main reagents

The normal liver epithelial cell line THLE-3 and 
hepatocellular carcinoma cell line Hep3B, and 
Huh7 were obtained from ATCC (Manassas, VA, 
USA); Dulbecco’s Modified Eagle Medium 
(DMEM) and fetal calf serum, from Gibco 
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(Grand Island, NY, USA); LipofectamineTM 2000 
kit, TRIzol reagent, RNA reverse transcription kit, 
and PCR, from Invitrogen (Carlsbad, CA, USA); 
and PCR primers and bicinchoninic acid (BCA) 
protein detection kit, from Shanghai Shenggong 
Bioengineering Co., Ltd., (Shanghai, China). In 
addition, CCK-8 reagent was purchased from 
Sigma-Aldrich (St. Louis, MO, USA); crystal violet 
stain, from Zhongshan Golden Bridge 
Biotechnology Co., Ltd. (Beijing, China); Annexin 
V-Fluorescein Isothiocyanate (FITC)/Propidium 
Iodide (PI) Apoptosis Kit, from the Shanghai 
Meiji Biomedical Technology Co., Ltd. (Shanghai, 
China); Matrigel, from Sigma-Aldrich (St. Louis, 
MO, USA); and Transwell chamber; from the 
Shanghai Yanhui Biotechnology Co., Ltd., 
(Shanghai, China). E-cadherin, N-cadherin, and 
vimentin antibodies were acquired from the 
Santa Cruz Co., (Santa Cruz, CA, USA). pmiR- 
GLO luciferase reporter vector: Promega 
Corporation (Madison, WI, USA), dual-luciferase 
activity detection kits were obtained from the 
Shanghai Biyuntian Biotechnology Co., Ltd 
(Shanghai, China). Streptavidin magnetic beads 
were purchased from New England Biolabs 
(Beverly, MA, USA).

Cell culture and transfection

The THLE-3, Hep3B, and Huh7 cells were cul-
tured in DMEM containing 10% fetal bovine 
serum in a 37°C, 5% CO2 saturated humidity 
incubator. Hep3B and Huh7 cells were collected 
in the logarithmic growth phase, and the 
LipofectamineTM 2000 kit instructions were fol-
lowed to compare circ-0039459 small interfering 
RNAs (si-circ-0039459 1#: TTTGACTTGAC 
TTGCCGCGCT, si-circ-0039459 2#: AACAGCT 
TTGACTTGACTTGC). In addition, the SYVN1 
overexpression plasmid (oe-SYVN1) and negative 
control (oe-nc) were transfected into the Hep3B 
and Huh7 cells.

Real-time quantitative reverse transcription PCR 
(qRT-PCR)

Total RNA from liver cancer tissues or cells was 
extracted using the TRIzol method. The concen-
tration and purity were determined, and an RNA 

reverse transcription kit was used to transcribe 
RNA to cDNA. Finally, using cDNA as the tem-
plate and U6 as the internal reference for PCR 
amplification, the relative quantitative analysis of 
the expression of circ-0039459, miR-432, and 
SYVN1 was performed on ABI 7500 real-time 
PCR system using the 2−ΔΔCt method. The 
sequences of the primers were listed as follows 
circ_0039459: F 5′-CTGACCGTGACCGTTTG 
CTA-3′, R 5′-ATCCATGGCGAGCTGAAGAG-3′, 
miR-432: F 5′-CGACGCGTACTCAAACACTT 
CGGACATGG-3′, R 5′-CCCAAGCTTCAAAGA 
GCAACAGAGAGTAGCA-3′, SYVN1: F 5′-CTT 
CGTCAGCCACGCTTATC-3′, R 5′-CCACGGAG 
TGCAGCACATAC-3′, U6 F 5′-ATTGGAACGAT 
ACAGAGAAGATT-3′, R 5′-GGAACGCTTCACG 
AATTTG-3′, GAPDH F 5′-AACGTGTCAGTGG 
TGGACCTG-3′, R 5′-AGTGGGTGTCGCTGTTG 
AAGT-3′.

Cell counting kit-8 (CCK-8) assay

Hep3B and Huh7 cells were inoculated in a 96-well 
plate, and 100 μL of CCK-8 working solution was 
added at 12, 24, 48, and 72 h [9]. The cells were then 
incubated for 1 h at 37°C and under 5% CO2 and 
measurements were taken using a microplate reader. 
The optical density value of the well at 490 nm 
indicated the cell proliferation level.

Flow cytometry to detect the cell apoptosis rate

Flow cytometry was conducted as previously 
described [9]. Hep3B and Huh7 cells were seeded 
into a 6-well plate and were cultured in DMEM 
and digested using trypsin. Next, the cells were 
washed with phosphate-buffered saline (PBS) and 
centrifuged. The cells were collected, and 500 μL of 
binding buffer was added, followed by 5 μL each of 
annexin V-FITC and PI. Finally, the solution was 
mixed well and placed in the flow cytometer 
for 1 h.

Transwell assay

Transwell assay was performed as previously 
described [10]. Hep3B and Huh7 cells were seeded 
and cultured at 37°C. In the migration experiment, 
the 100 μL cell suspension was added to the 
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Transwell chamber, and 500 μL of DMEM con-
taining fetal calf serum was added to the lower 
Transwell chamber. The cells were cultured at 
37°C in a 5% CO2 incubator for 48 h and then 
removed and wiped with a cotton swab. Next, they 
were stained with crystal violet for 15 min and 
washed with PBS. The cells were then observed 
through a filter membrane under an inverted 
microscope, and the number of migrated cells 
was determined by counting five fields and taking 
the average. In the invasion experiment, the upper 
Transwell chamber was coated with 100 μL of 
Matrigel (dilution ratio 1:8) diluted with DMEM. 
The remaining steps were the same as those for the 
migration experiment.

Western blotting

The culture medium of the Hep3B and Huh7 cells 
cultured for 48 h was discarded, RIPA lysate was 
added to extract the total cell protein, and sodium 
dodecyl sulfate (SDS)-polyacrylamide gel electro-
phoresis was used to separate the protein. The 
separated protein gel was then transferred to 
a polyvinylidene fluoride (PVDF) membrane at 
25°C. After using 5% skim milk for blocking, pri-
mary antibody diluent was added (E-cadherin 
1:2000, N-cadherin 1:2000, and vimentin 1:2000). 
After washing with PBS, the gel was incubated at 
room temperature with secondary antibody dilu-
tion solution (1:5000) for 1 h and washed again 
with PBS. Finally, electrochemiluminescence was 
added dropwise, and the gel was exposed to X-ray 
film in a dark room, which was then developed 
and fixed. GAPDH was selected as the internal 
reference, and ImageJ image analysis software 
was used to determine the integrated absorbance 
of the protein band.

Dual-luciferase reporter assay

Bioinformatics analysis showed that the 3′- 
untranslated region (3′UTR) of circ-0039459 and 
SYVN1 mRNA had possible complementary 
nucleotide sequences to miR-432. The wild-type 
(circ-0039459-wt) and mutant (circ-0039459-mut) 
circ-0039459 pmiR-GLO luciferase reporter vector 
as well as the synthetic wild-type (SYVN1-wt-3′ 
UTR) and mutant (SYVN1-mut-3′UTR) SYVN1 

3′-UTR luciferase reporter vector were co- 
transfected with negative control (nc mimic) or 
miR-432 mimic (mimic) into Huh7 and Hep3B 
cells. Afterward, these cells were cultured for 
48 h at 37°C and 5% CO2.

RNA pull-down assay

RNA pull-down assay was performed as previously 
described [10]. After 48 h of transfection, the cells 
were collected, washed with PBS, and incubated 
with cell lysis buffer, M-280 streptavidin magnetic 
beads pre-coated with RNase-free, and yeast tRNA 
for 3 h at 4°C. Next, the cells were washed with 
cold lysis buffer, followed by washing three times 
with low-salt buffer and once with a high-salt 
buffer. Finally, the bound RNA was purified with 
TRIzol, and the expression levels of circ-0039459 
and SYVN1 mRNA were detected by qRT-PCR.

Statistical analysis

Data were analyzed using the SPSS26.0 statistical 
software to obtain measurements and counts 
(mean ± standard deviation; total number, %) 
and comparisons between cohorts were made 
using the student’s t test. In addition, comparisons 
between multiple groups were made using the 
one-way analysis of variance. The difference was 
statistically significant when P < 0.05.

Results

In the current study, we explore the role of 
circ_0039459 in liver cancer and the underlying 
mechanisms. We detected the biological behaviors 
including cell proliferation, apoptosis, migration, 
invasion, and EMT. We found circ_0039459 was 
upregulated in liver cancer tissues and cells, which 
knockdown inhibited cell metastasis and facilitates 
apoptosis via regulating the miR-432/SYVN1 axis.

Levels of circ-0039459 in liver cancer tissue and 
cells

Using R software to analyze the differentially 
expressed circRNAs of liver cancer from the GEO 
dataset GSE155949, the seven circRNAs with the 
most noticeable differences were selected, and qRT- 
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PCR analysis showed that their expression levels in 
Hep3B and Huh7 cells were higher than those in the 
normal liver epithelial cells THLE-3. The expression 
of circ-0039459 was the most apparent. In addition, 
the circ-0039459 level in cancer tissues was higher 
than that in adjacent tissues. After ribonuclease R or 
actinomycin D treatment, the linear RNA level 
reduced significantly, whereas the circRNA level 
did not significantly change, as shown in Figure 1.

Effect of interference with the expression of 
circ-0039459 on apoptosis, migration, invasion, 
proliferation, and epithelial-mesenchymal 
transition (EMT) in liver cancer cells
CCK-8 assay showed that interference with the 
expression of circ-0039459 significantly inhibited 
the proliferation of Huh7 and Hep3B cells. 
Furthermore, flow cytometry showed that interfer-
ence with the circ-0039459 levels significantly pro-
moted cell apoptosis. The Transwell assay showed 
that interference with the expression of circ-0039459 
significantly inhibited the migration and invasion of 
Hep3B and Huh7 cells. Moreover, western blot ana-
lysis showed that the expression of circ-0039459 
significantly inhibits that of E-cadherin and vimen-
tin in Hep3B and Huh7 cells and promotes 
N-cadherin expression, as shown in Figure 2.

Targeting relationship between circ-0039459 and 
miR-432

Bioinformatics analysis showed that circ-0039459 
has potential binding sites for miR-432. The dual- 
luciferase reporter assay for miR-432 mimic co- 
transfected with circ-0039459-wt luciferase reporter 
showed that the relative luciferase activity of the 
cells was significantly reduced. In contrast, the cells 
having miR-432 mimic co-transfected with circ- 
0039459-mut luciferase reporter vector showed no 
significant change in relative luciferase activity. 
Furthermore, the RNA pull-down experiment 
showed that miR-432 and circ-0039459 could speci-
fically bind. The qRT-PCR analysis showed that 
interference with circ-0039459 expression could 
change the miR-432 expression; miR- 432 levels in 
Hep3B and Huh7 cells were significantly lower than 
those in THLE-3. Moreover, in liver cancer, the 
miR-432 expression in cancer tissues is lower than 
that in adjacent tissues, as shown in Figure 3.

Inhibition of miR-432 expression reverses the effect 
of interference of circ-0039459 expression on the 
proliferation, apoptosis, migration, invasion, and 
EMT of liver cancer cells
qRT-PCR was used to verify successful transfection 
and interference. The circ-0039459 expression 

Figure 1. Circ-0039,459 levels in liver tumor cells and tissues. A) Differentially expressed circRNA of liver cancer from the GEO dataset 
GSE155949. B) Levels of seven circRNAs in THLE-3, Huh7, and Hep3B cells were detected using qRT-PCR. C) circ-0039459 levels in 
liver cancer and paracancerous tissues were detected using qRT-PCR. D) Expression of linear RNA and circRNA after ribonuclease 
R treatment was detected using qRT-PCR. E) Expression of linear RNA and circRNA after actinomycin D treatment was detected using 
qRT-PCR. **P < 0.01.
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significantly inhibited Hep3B and Huh7 cell migra-
tion, proliferation, and invasion; N-cadherin and 
vimentin expression significantly promoted cell 
apoptosis; and E-cadherin expression inhibited the 
miR-432 expression and reversed the interference 
with circ-0039459 expression. Figure 4 shows the 
effects of hepatocellular carcinoma cell apoptosis, 
proliferation, migration, and invasion as well as 
E-cadherin, N-cadherin, and vimentin expression.

Targeting relationship between miR-432 and 
SYVN1

Bioinformatics analysis showed that miR-432 has 
a potential binding site with the 3′UTR of SYVN1 
mRNA. The dual-luciferase reporter assay for miR- 
432 mimic co-transfected with SYVN1-wt-3′UTR 
luciferase reporter vector showed that the luciferase 
activity in the cells was reduced. In contrast, the cells 
having miR-432 mimic co-transfected with SYVN1- 

mut-3′UTR luciferase reporter showed no significant 
change in relative luciferase activity. Furthermore, the 
RNA pull-down assay showed that miR-432 and 
SYVN1 could specifically bind, and qRT-PCR showed 
that it interfered with circ-0039459 expression. The si- 
circ_0039459 can inhibit SYVN1 mRNA, and inhibit-
ing the miR-432 expression can reverse the inhibitory 
effect of interference with circ-0039459 expression on 
SYVN1 mRNA. The expression of SYVN1 mRNA in 
Hep3B and Huh7 cells was significantly higher than 
that in THLE-3. Furthermore, the expression of 
SYVN1 in liver cancer tissues was significantly higher 
than that in adjacent tissues, as shown in Figure 5.

SYVN1 overexpression reverses the effects of 
miR-432 overexpression on the apoptosis, 
migration, invasion, proliferation, and EMT of liver 
cancer cells
Hep3B and Huh7 cells were transfected with oe- 
SYVN1 and oe-nc, and qRT-PCR was used to 

Figure 2. Effects of regulating circ-0039459 expression on apoptosis, migration, proliferation, invasion, and EMT of hepatocellular 
carcinoma cells. A) circ-0039459 expression after si-circ-0039459 1#, si-circ-0039459 2#, and si-nc transfection into Hep3B and Huh7 
cells was detected using qRT-PCR. B) Effects of interference with circ-0039459 expression detected using CCK-8 assay. C) Effects of 
interference with circ-0039459 expression were detected using flow cytometry. D) and E) Influence of interference with circ-0039459 
expression on migration and invasion of liver cancer cells was detected using Transwell assay. F), G), H), and I) Effects of interference 
with circ-0039459 expression on E-cadherin, N-cadherin, and vimentin proteins in hepatocellular carcinoma cells were detected 
using qRT-PCR and western blot. *P < 0.05, **P < 0.01.
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verify the successful transfection. miR-432 over-
expression inhibited the migration, proliferation, 
and invasion of Hep3B and Huh7 cells, and 

N-cadherin and vimentin expression significantly 
promoted cell apoptosis and E-cadherin expres-
sion. SYVN1 overexpression reverses miR-432 

Figure 3. Targeting relationship between circ-0039459 and miR-432. A) circ-0039459 and miR-432 potential binding sites. B) 
Targeting relationship between circ-0039459 and miR-432 was verified using dual-luciferase reporter assay. C) Targeting relationship 
between circ-0039459 and miR-432 was verified using an RNA pull-down experiment. D) The influence on miR-432 expression was 
detected using qRT-PCR. E) miR-39459 expression in THLE-3, Hep3B, and Huh7 cells was detected using qRT-PCR. F) miR-432 
expression in liver cancer and adjacent tissues was detected using qRT-PCR. **P < 0.01, ***P < 0.001.
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overexpression on the proliferation, migration, 
apoptosis, invasion of liver cancer cells and protein 
expression of E-cadherin, N-cadherin, and 
Vimentin, as shown in Figure 6.

Discussion

The majority of human RNA transcripts are non- 
coding RNAs, including circRNA, miRNA, and 
lncRNA, that do not encode proteins. Non- 
coding RNAs play an important role in regulating 
cell physiology and gene expression. CircRNA is 
closely related to the malignant biological behavior 
of cancer. For example, circRNA_0000285 can 
promote the proliferation and metastasis of cervi-
cal cancer cells by upregulating FUS [11], and 
circRNA_100876 can increase the growth of color-
ectal cancer cells by inhibiting the miR-516b 
expression [12]. Furthermore, circRNA_001937 
expression in skin squamous cell carcinoma is 
increased, and silencing its expression may inhibit 
the progression of this disease by regulating the 
miRNA-597-3p/FOSL2 pathway [16]. In the 

present study, preliminary bioinformatics analysis 
and qRT-PCR found high expression of circ- 
0039459 in liver cancer tissues and cells. To clarify 
the effect of circ-0039459 on liver cancer, we stu-
died its effects on the proliferation, apoptosis, 
migration, invasion, and EMT of liver cancer cell 
lines Hep3B and Huh7.

Tumors occurrence is related to progression 
and abnormal cell apoptosis, proliferation, migra-
tion, and invasion [13]. Tumor cells often have the 
characteristics of excessive migration, invasion, 
and proliferation as well as a decreased apoptosis 
rate. Furthermore, tumor metastasis is regulated 
by EMT. During the EMT process, epithelial cells 
gradually transform into mesenchymal cells that 
cause cell migration and invasion [14]. EMT is 
characterized by reduced E-cadherin and 
mesenchymal marker levels as well as increased 
N-cadherin and vimentin expression [15]. We 
found that interference with circ-0039459 expres-
sion can inhibit Hep3B and Huh7 cell prolifera-
tion, migration, and invasion as well as N-cadherin 
and vimentin expression and promote cell 

Figure 4. Inhibition of miR-432 expression reverses the effects of interference with circ-0039459 expression on the proliferation, 
apoptosis, migration, invasion, and EMT of liver cancer cells. A) miR-432 expression after the transfection of nc inhibitor, nc mimic, 
and mimic into Hep3B and Huh7 cells was detected using qRT-PCR. B) Proliferation level of hepatocellular carcinoma cells was 
detected using the CCK-8 assay. C) Apoptosis rate of hepatocellular carcinoma cells was detected using flow cytometry. D) and E) 
Migration and invasion levels of hepatocellular carcinoma cells were detected using the Transwell assay. F), G), H), and I) Expression 
levels of E-cadherin, N-cadherin, and vimentin proteins were detected using qRT-PCR and western blot. **P < 0.01, #P < 0.05, 
##P < 0.01.
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apoptosis and E-cadherin expression. This indi-
cates that interference with circ-0039459 expres-
sion can inhibit the progression of liver cancer.

Circular RNA can act as competitive endogen-
ous RNAs (ceRNAs) that regulating miRNA 
expression [17, 18, 19]. miRNA can regulate cell 

biological processes of tumor cells including pro-
liferation, migration, apoptosis, and differentiation 
[7]. MiR-432 is commonly act as a tumor suppres-
sor. MiR-432 was the target of multiple circRNAs, 
such as circ-0021093, circ-100,984, and circ- 
0132817, to regulate the progression of cancers 

Figure 5. Targeting relationship between miR-432 and SYVN1. A) Potential binding site between miR-432 and SYVN1. B) Targeted 
relationship between miR-432 and SYVN1 was verified using a dual-luciferase reporter assay. C) Targeting relationship between miR- 
432 and SYVN1 was verified using an RNA pull-down experiment. D) The influence of interference with circ-0039459 and miR-432 
expression on the expression of SYVN1 mRNA was detected using qRT-PCR. E) Expression of SYVN1 mRNA in THLE-3, Hep3B, and 
Huh7 cells was detected using qRT-PCR. F) Expression of SYVN1 mRNA in liver cancer and adjacent tissues was detected using qRT- 
PCR. * * P < 0.01, # # P < 0.01.

11818 W. ZHOU AND F. YANG



[20–22]. However, the interaction between miR- 
432 and circ-0039349 remains unknown. In the 
present study, using bioinformatics analysis, 
a dual-luciferase reporter assay, and an RNA pull- 
down experiment, we found that circ-0039459 has 
a targeting relationship with miR-432, and qRT- 
PCR testing further showed that circ-0039459 can 
target and regulate miR-432 expression, resulting 
in its low expression in liver cancer tissues and 
cells. Further analysis found that miR-432 over-
expression can inhibit hepatocarcinoma cell pro-
liferation, migration, and invasion as well as 
N-cadherin and vimentin expression. It can also 
promote cell apoptosis and E-cadherin expression 
and reverse the interference with circ-0039459 
expression. The effects on the apoptosis, prolifera-
tion, migration, invasion, and EMT of liver tumor 
cells indicate that miR-432 can inhibit the 

malignant process of liver cancer, which is consis-
tent with the results of previous studies [23]. The 
findings suggested that circ-0039349 facilitates the 
progression of liver cancer by targeting miR-432.

MiRNAs regulates gene expression by base- 
pairing to the mRNA 3’-UTR [8]. Dysregulation 
of SYVN1 is associated with the biological beha-
viors of breast cancer [24], lung cancer [25], and 
colon cancer [26]. SYVN1 is involved in the pro-
gression of liver cancer [27]. The present study 
found that miR-432 has a targeting relationship 
with SYVN1, and circ-0039459 regulates the 
expression of SYVN1 through miR-432. SYVN1 
is highly expressed in liver cancer tissues and 
cells. Further analysis found that SYVN1 overex-
pression can reverse the effects of miR-432 over-
expression on apoptosis, migration, proliferation, 
invasion, and EMT of liver cancer cells, consistent 

Figure 6. Effect of SYVN1 overexpression reversing miR-432 overexpression on the proliferation, apoptosis, migration, invasion, and 
EMT of hepatocellular carcinoma cells. A) Expression of SYVN1 after oe-nc and oe-SYVN1 transfection into Hep3B and Huh7 cells was 
detected using qRT-PCR. B) Proliferation level of hepatocellular carcinoma cells was detected using the CCK-8 assay. C) Apoptosis 
rate of hepatocellular carcinoma cells was detected using flow cytometry. D) and E) Migration and invasion levels of hepatocellular 
carcinoma cells were detected using the Transwell assay. F), G), H), and I) Expression level of E-cadherin, N-cadherin, and vimentin 
was detected using qRT-PCR and western blot. * *P < 0.01, # # P < 0.01.
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with previous studies [28,29]. The findings indicat-
ing that miR-432 may exert a tumor suppressor 
effect by regulating SYVN1.

The limitation of this study was that we were 
unable to translate the results of in vitro study into 
in vivo study. We will conduct in vivo and even 
clinical studies on the role of circ_0039459 in liver 
cancer in our future work.

Conclusion

In summary, circ-0039459 plays a carcinogenic 
effect in liver cancer, and circ-0039459 targets 
miR-432 to regulate the expression of SYVN1, 
which may be the mechanism by which circ- 
0039459 affects the apoptosis, proliferation, inva-
sion, migration, and EMT process of liver tumor 
cells.
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