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Abstract. – OBJECTIVE: CircRNAs serve an 
essential role in regulating the development 
and progression of various tumors. The aim of 
this study was to examine the role and mecha-
nism of circ_0009910 in hepatocellular carcino-
ma (HCC). 

MATERIALS AND METHODS: RT-qPCR was 
used to detect the expression of circ_0009910 
and miR-335-5p in tissues and cell lines of HCC. 
The proliferation, migration, and invasion of HCC 
cells were examined using 5-ethynyl-2-deoxy-
uridine (EdU), colony formation, and Transwell 
assay, respectively. Dual-luciferase reporter 
gene assay was performed to verify the inter-
action between miR-335-5p and circ_0009910 or 
ROCK1. Western blot was applied to detect the 
protein levels. Furthermore, the antitumor effect 
of circ_0009910 knockdown was examined by es-
tablishing xenograft tumor model of HCC in vivo. 

RESULTS: Circ_0009910 was upregulated in HCC 
tissues and cell lines. Knockdown of circ_0009910 
significantly inhibited the proliferation, migration, 
and invasion of HepG2 cells and suppressed tu-
mor growth and metastasis in vivo. Moreover, 
circ_0009910 directly targeted miR-335-5p, as well 
as for ROCK1 was a direct target gene of miR-335-
5p. Mechanically, simultaneous over-expression 
of miR-335-5p and circ_0009910 or ROCK1 could 
restore the biological behaviors of HepG2 cells, 
which were inhibited by miR-335-5p. 

CONCLUSIONS: Circ_0009910-silenced sup-
pressed the growth and metastasis of HCC cells 
through upregulating the inhibitory effect of 
miR-335-5p on ROCK1.
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Introduction

Hepatocellular carcinoma (HCC), accounting 
for 70-80% of primary liver cancer, is one the 
most common causes of death worldwide because 

of its occult incidence, high malignant degrees, 
strong invasion ability and poor prognosis1,2. In 
addition, the lack of early diagnosis and treat-
ment, as well as the lack of effective therapeutic 
method in advanced stage are responsible for the 
high mortality of HCC3. Therefore, to explore the 
molecular mechanism of the development of HCC 
and search for effective molecular diagnostic bio-
markers is extremely important to improve the 
survival rate of HCC patients.

The incidence and progression of tumors is a 
complicated pathological process with the partic-
ipation of multi-factors and multi-mechanisms4. 
Circular RNAs (circRNAs) are newly discovered 
endogenous non-coding RNAs featuring struc-
tural stability, high abundance, and tissues-spe-
cific expression5. So far, accumulating evidence 
have proved that circRNAs serve an important 
role involved in the development and progression 
of multiple tumors6,7. Current studies confirmed 
that circRNAs were aberrantly expressed in tu-
mor tissues and cell lines8, and as a novel ther-
apeutic target of multiple tumors including leu-
kemic9, ovarian cancer10, gastric cancer8, HCC11 
and lung cancer12. Moreover, circRNAs can be 
involved in many pathophysiological processes 
of tumors, including cell proliferation, migra-
tion, invasion, epithelial-mesenchymal transi-
tion (EMT), and apoptosis13,14. In fact, upregu-
lation of circ cRAPGEF515, circPLEKHM310, or 
knockdown of circ_000527616, circ UBAP2 sig-
nificantly inhibited the growth and metastasis of 
cancer cells. Furthermore, the role of circRNAs 
targets miRNA to regulate the biological behav-
iors of human cancer cells through mediating 
downstream gene has been reported broadly17. 
Zhu et al18 found that circRNA PVT1 promoted 
the progression of human HCC though downreg-
ulating inhibitory effect of miR-203 on HOXD3 
expression. An et al19 reported that knockdown of 
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circRNA ZMYM2 suppressed cell proliferation 
and invasion of pancreatic cancer by targeting 
miR-335-5p to decrease the expression of JMJ-
D2C. Kai et al20 showed that circRNA HIPK3 
promoted gallbladder cancer cell growth and 
invasion via regulating miR-124/rho-associated 
protein kinase 1 (ROCK1) axis. These results 
indicated that circRNAs/miRNAs/mRNA axis 
may play an important role in regulating biologi-
cal behavior of cancer cell to mediate cancer pro-
gression. Interestingly, Qiu et al21 demonstrated 
that the expression of circ_0009910 was over-
expressed in HCC tumor tissues and cell lines, 
while the role and mechanism of circ_0009910 
in HCC are unknown. Therefore, we aimed to 
uncover the underlying mechanisms of the in-
volvement of circ_0009910/miR-335-5p/ROCK1 
axis in the regulation of tumor growth and me-
tastasis of HCC. Collectively, our findings may 
provide a new therapeutic biomarker for HCC 
treatment in clinic.

Materials and Methods

Clinical Samples
The HCC tissues and their paired normal tis-

sues were collected from patients (n=28) at the 
Liaoning Cancer Hospital and Institute from 
2014 to 2016; none of the patients received che-
motherapy or radiotherapy prior to surgery. The 
clinical specimens were immediately frozen at 
-80°C refrigerator after resection and prepared 
for further experiments. Besides, all the patients 
have signed the informed consent and the approv-
al was also obtained from the Ethics Committee 
of the Liaoning Cancer Hospital & Institute. All 
the involved clinical experiments were conducted 
in accordance with the principle of “Declaration 
of Helsinki”.

Cell Culture
The human HCC cell lines (HepG2, HCCLM3, 

MHCC97L, and Hep3B), human normal liver cell 
line L02 and HEK-293 cells were purchased from 
Shanghai Institutes for Biological Sciences of the 
Chinese Academy of Sciences (Shanghai, China). 
The cells were cultured in the Dulbecco’s Mod-
ified Eagle’s Medium (DMEM; Thermo Fisher 
Scientific, Waltham, MA, USA) containing 10% 
fetal bovine serum (FBS; Thermo Fisher Scien-
tific) in the incubator with humidified atmosphere 
containing 5% CO2 at 37°C.

Transfection
The pcDNA-circ_0009910, circ_0009910 shR-

NA, miR-335-5p mimic, pcDNA-ROCK1 and 
scrambled negative control RNA were designed 
and constructed by Shanghai GenePharma Co., 
Ltd (Shanghai, China). All the above vectors were 
transfected into the HepG2 cells using the Lipo-
fectamine 3000 kit purchased from Invitrogen 
(Thermo Fisher Scientific) according to the manu-
facturer’s instruction.

RT-qPCR
The total RNA of tissues and cell lines was extract-

ed using TRIzol reagent purchased from Life Technol-
ogies (Camarillo, CA, USA). After that, the TaqMan 
Reverse Transcription Reagents (Applied Biosystems, 
Foster City, CA, USA) were employed to reversely 
transcribed the total RNA to complementary DNA 
(cDNA). The SYBR Green PCR Master Mix (TaKa-
Ra, Otsu, Shiga, Japan) was next used to quantify the 
expression levels of targeted genes at transcriptional 
levels. The relative mRNA and miRNA levels were 
normalized to β-actin and U6. The sequences of the 
involved primers were designed according to the pre-
vious studies21, 22 and listed in Table I.

Western Blot
The polyvinylidene difluoride (PVDF) mem-

branes were incubated overnight at 4°C with the 
primary antibodies ROCK1 (1:1500, Cell Signal-
ing Technology, Danvers, MA, USA) and β-actin 
(1:1000, Cell Signaling Technology). The horserad-
ish peroxidase (HRP)-coupled secondary antibody 
(1:2000, Cell Signaling Technology) was incubated 
with the membranes for 1 h at room temperature. 
The ECL western blot detection kit (Bio-Rad, Her-
cules, CA, USA) was employed to detect the op-
tical density of the protein bands to evaluate the 
expression levels of the protein proteins.

Table I. Name and sequences of the primers.

F: Forward primer; R: Reverse primer.

Name Primer sequences

circ_0009910 F: 5’-CAGGTTCTGGACGTCAAAGG-3’
 R: 5’-TCACCTCAGCCATGTGTCTC-3’
miR-335-5p F: 5’-TCAAGAGCAATAACGAAAAATGT-3’
 R: 5’-GCTGTCAACGATACGCTACGT-3’
ROCK1 F: 5’-AACATGCTGCTGGATAAATCTGG-3’
 R: 5’-TGTATCACATCGTACCATGCCT-3’
U6 F: 5’-GGTCGGGCAGGAAAGAGGGC-3’
 R: 5’-GCTAATCTTCTCTGTATCGTTCC-3’
b-actin F: 5’-AGAAAATCTGGCACCACACC-3’
 R: 5’-CAGAGGCGTACAGGGATAGC-3’
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5-Ethynyl-2-Deoxyuridine (EdU) Staining
HepG2 cells were inoculated into 96-well 

plates with 1×104 cells per well and cultured in 
a 37°C incubator with 5% CO2 for 1 h to adhere 
cells. After that, cells were incubated with 10 μM 
EdU for 2 h according to the manufacturer’ s in-
structions. After enzymatic digestion and collec-
tion of cells, the percentage of EdU-positive cells 
was calculated and photographed with a scam-
ming microscope (Olympus, Tokyo, Japan).

Colony Formation Assay
The HCC cell lines were transfected with dif-

ferent vectors. The cells were cultured under the 
standard conditions and collected until the cell 
confluency reached about 70-80%. After that, 
the cells were diluted and seeded into the 6-well 
plates at the density of 1000 cells per well for 14 
days. The cells were then stained with crystal vi-
olet (Beyotime, Shanghai, China) for 45 min. The 
colony number was counted by using an inverted 
microscope produced by Thermo Fisher Scientific 
(Waltham, MA, USA).

Transwell Migration and Invasion Assay
The HepG2 cells were transfected with differ-

ent vectors and collected until the cell confluency 
reached about 70-80%. 2×104 cells were paced on 
the surface of the Transwell upper chamber. For 
invasion assay, Matrigel (BD Biosciences, Frank-
lin Lakes, NJ, USA) was coated the upper surface 
of polycarbonate filters. After 24 h, the invaded 
and migrated cells were fixed with 4% parafor-
maldehyde and rinsed three times with PBS, then 
stained with 0.1% crystal violet for 10 min and 
rinsed three times with PBS. Next, a random se-
lection of 5 fields of vision for cell count, observa-
tion and photography, was carried out.

Dual-Luciferase Reporter Gene System
The circ_0009910 or ROCK1 fragments con-

taining miR-335-5p binding sites were synthe-
sized to generate wild-type (WT)-circ_0009910 
or WT-ROCK1 and mutant to produce mutant 
(MUT)-circ_0009910 or MUT-ROCK1. The 
WT-circ_0009910 or WT-ROCK1 and MUT-
circ_0009910 or MUT-ROCK1 fragments were 
subcloned into the Renilla luciferase gene pGL3-Lu-
ciferase reporter vectors (Promega, Madison, 
WI, USA) to generated pGL3-WT (circ_0009910 
or ROCK1) and pGL3-MUT (circ_0009910 or 
ROCK1) vectors, respectively. Besides, the miR-
335-5p mimic and miR-NC were designed and syn-
thesized by Shanghai GenePharma Co., Ltd (Shang-

hai, China). The above vectors were co-transfected 
into the HEK-293T cells for 24 h at 37°C. After that, 
the cells were lysed using the Dual-luciferase As-
say Kit (Promega), and the luciferase activities were 
examined by luminescence plate reader (Molecular 
Devices Inc., San Jose, CA, USA).

Animal Model
All animal experiments were performed in ac-

cordance with the Laboratory Animal Care guide-
lines of Animal Ethics Committee of Liaoning 
Cancer Hospital & Institute. HepG2 cells were 
pre-transfected with circ_0009910 shRNA for 24 
h. Afterward, 200 μL cells (1×107) were injected 
subcutaneously into the flanks of 6-week-old fe-
male nude mice (8 mice per group) and allowed to 
form tumors. Tumors length and width were mea-
sured every three days. After 4 weeks incubation, 
the tumor tissues were collected for further experi-
ments, such as the immunohistochemistry staining 
was performed to detect the expression of Ki-67 
(1:1500, Abcam, Cambridge, MA, USA), E-cadher-
in (1:1000, Abcam), and Vimentin (1:1500, Abcam) 
according to the previous studies23.

Statistical Analysis
The data in this study are presented as mean 

± standard deviation (SD) of 3 or 8 individual 
experiments and analyzed by one-way ANOVA 
test, and the difference between two groups was 
determined using the Student t-test, which was 
considered statistically significantly when p<0.01 
or p<0.001. The Pearson Correlation analysis was 
performed using the GraphPad Prism (Version 
8.0; La Jolla, CA, USA).

Results

Circ_0009910 Was Upregulated 
in Tissues and Cell Lines of HCC

Previous studies confirmed that circRNAs 
play an important role involved in the progres-
sion of multiples tumors including HCC24. In this 
study, we detected the expression of circ_0009910 
in tissues and cell lines of HCC. As shown in Fig-
ure 1A, the expression level of circ_0009910 in 
HCC tissues was higher than the adjacent tissues 
(p<0.001). Moreover, circ_0009910 was signifi-
cantly overexpressed in HCC cells compared with 
the human normal liver cell line L02 (p<0.001, 
Figure 1B), especially the HepG2 cells (p<0.01). 
Taken together, circ_0009910 was markedly over-
expressed in HCC tissues and cell lines.



H.-W. Li, J. Liu

1728

Knockdown of Circ_0009910 
Suppressed the Proliferation, 
Invasion and Migration of HCC Cells

To explore the effect of circ_0009910 on the 
biological behavior of HCC cells in vitro, we 
transfected with circ_0009910 shRNA or con-
trol into HepG2 cells and determined its expres-
sion using RT-qPCR (p<0.001, Figure 2A). EdU 
assay and colony formation results showed that 
knockdown of circ_0009910 significantly inhib-
ited cell proliferation compared with the sh-NC 
group (both p<0.01, Figure 2B, C). Moreover, 
the results of Transwell showed that knockdown 
of circ_0009910 decreased the migration and in-
vasion capacity of HepG2 cells (both p<0.001, 
Figure 2D, E). Taken together, knockdown of 
circ_0009910 significantly inhibited cell prolifer-
ation and metastasis of HCC cells.

Circ_0009910 Is Targeted by miR-335-5p
Previous studies confirmed that circRNAs 

regulated the development and progression of 
tumor through targeting miRNA25. In this study, 
bioinformatics tools (http://starbase.sysu.edu.
cn/) were applied to analyze the potential in-
teraction between circ_0009910 and miRNAs. 
The result showed that miR-335-5p was selected 
to the potential target of circ_0009910, and the 
potential binding site between miR-335-5p and 
circ_0009910 was shown in Figure 3A. Mean-
while, previous studies have been showed that 
miR-335-5p was correlated with the progression 
of multiple tumors26. As expected, RT-qPCR 

showed that miR-335-5p was lowly expressed in 
the HCC tumor tissues compared with the adjacent 
tissues (p<0.001, Figure 3B). Similarly, Spear-
man’s correlation analysis revealed a remarkably 
negative correlation between the expression of 
circ_0009910 and miR-335-5p in HCC tumor tis-
sues (r=-0.594, p<0.001, Figure 3C). Moreover, 
the dual-luciferase reporter gene analysis results 
showed that overexpression of miR-335-5p de-
creased the luciferase activity of the WT reporter 
compared with the NC group (p<0.01, Figure 3D), 
but had no effect on the luciferase activity of the 
MUT report vector. Furthermore, knockdown of 
circ_0009910 significantly enhanced the expres-
sion of miR-335-5p in HepG2 cells (p<0.001, Fig-
ure 3E). The above results showed that the target 
gene of circ_0009910 was miR-335-5p, and nega-
tively regulated the expression of miR-335-5p.

ROCK1 Was a Target Gene of MiR-335-5p
Furthermore, we discovered that miR-335-5p 

may target at ROCK1 directly from the starBase 
database (Figure 4A). To further confirm that, the 
luciferase activity in ROCK1-WT+ miR-335-5p 
mimics group was lower than ROCK1-WT+miR-
NC group (p<0.01, Figure 4B), while there was no 
significant difference between miR-335-5p mim-
ics+ ROCK1-MUT group and NC+ ROCK1-MUT 
group. Moreover, upregulation of miR-335-5p sig-
nificantly decreased the level of ROCK1 protein 
compared with the NC group (p<0.01, Figure 4C). 
Taken together, our data suggested that ROCK1 
was the direct target gene of miR-335-5p.

Figure 1. The expression of circ_0009910 in tissues and cell lines of hepatocellular carcinoma (HCC). A, RT-qPCR was used 
to detect the expression level of circ_0009910 in HCC tissues and paired adjacent tissues; B, RT-qPCR was applied to measure 
the expression of circ_0009910 in HCC cell lines and human normal liver cell line L02. Data were presented as mean ± stan-
dard error of the mean. ***p<0.001, compared with the adjacent tissues; #p<0.05, ##p<0.01, ###p<0.001, compared with the L02 
cells; Dp<0.05, DDp<0.01, compared with the HepG2 cells.

A B
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Silencing of Circ_0009910 Inhibited 
Cell Proliferation, Invasion and Migration 
in HCC Cells Via Targeting miR-335-5p to 
Decrease the Expression of ROCK1

To further examined whether circ_0009910 
regulated the malignant biological behavior 
through miR-335-5p/ROCK1 axis. RT-qPCR 
analysis results showed that the expression of 

miR-335-5p in HepG2 cell was significantly in-
creased after transfecting with miR-335-5p mim-
ic (p<0.001, Figure 5A), while co-transfected 
pcDNA-circ_0009910 could abolish this effect 
(p<0.001). Moreover, EdU and colony formation 
assay revealed that overexpression of miR-335-5p 
significantly suppressed HepG2 cell proliferation 
compared with the control group (both p<0.001, 

Figure 2.  The effect of circ_0009910 knockdown on the proliferation, migration and invasion of HepG2 cells. A, The expression of 
circ_0009910 in HEpaG2 cells transfected with sh-circ_0009910 and control was measured using RT-qPCR; B and D,  The prolifer-
ation ability of HepG2 cells was detected using EdU assay; C and E, Colony formation experiment was used to evaluate the number 
of colony formation of HepG2 cells; F and G, Transwell assay was performed to examine the migration and invasion capacity of 
HepG2 cells. Data were presented as mean ± standard error of the mean. **p<0.01, ***p<0.001, compared with the sh-NC group.
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Figure 5B-E). Furthermore, Transwell assay re-
sults showed that upregulation of miR-335-5p 
decreased the number of migrated and invad-
ed HepG2 cells (both p<0.001, Figure 5F-I). Of 

note, HepG2 cells co-transfected with miR-335-
5p mimic+pcDNA-ROCK1 or miR-335-5p mim-
ic+pcDNA-circ_0009910 repressed the inhibi-
tory effect of miR-335-5p on the proliferation, 

Figure 4. ROCK1 was a target gene of miR-335-5p. A, Binding sites of miR-335-5p on ROCK1 were predicted; B, Luciferase 
reporter assays was applied to verify the interaction between miR-335-5p and circ_0009910; C, Western blot was performed 
to detect the protein level of ROCK1 in HepG2 cell transfected with miR-335-5p mimic and control. Data were presented as 
mean ± standard error of the mean. **p<0.01, ***p<0.001, compared with the NC group.

A

B C

Figure 3. circ_0009910 can be a direct target of miR-335-5p. A, Binding sites of miR-335-5p on circ_0009910 were predicted; 
B and C, RT-qPCR was used to examine the expression of miR-335-5p in HCC tissues and cell lines, D, Luciferase reporter 
assays was applied to verify the interaction between miR-335-5p and circ_0009910; E, RT-qPCR was performed to detect the 
expression of miR-335-5p in HepG2 cell transfected with sh-circ_0009910 and control. Data were presented as mean ± stan-
dard error of the mean. ***p<0.001, compared with the adjacent tissues; DDp<0.01, compared with the L02 cells; ###p<0.001, 
compared with the sh-NC group.
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Figure 5. The effect of 
c i rc_0009910/miR-335-5p/
ROCK1 axis on the biological 
behavior of HepG2 cells. A, The 
expression of circ_0009910 in 
HepG2 cells transfected with 
miR-335-5p mimic, miR-335-5p 
mimic+pcDNA-circ_0009910 
and control; B and D, The pro-
liferation ability of HepG2 cells 
was detected using EdU assay; C 
and E, Colony formation exper-
iment was used to evaluate the 
number of colony formation of 
HepG2 cells; F-I, The Transwell 
assay was performed to examine 
the migration and invasion ca-
pacity of HepG2 cells. Data were 
presented as mean ± standard 
error of the mean. ***p<0.001, 
compared with the control 
group; ###p<0.001, compared 
with the miR-335-5p group. 
MiR-335-5p: miR-335-5p mimic; 
miR-mimic+circ: miR-335-5p 
mimic+pcDNA-circ_0009910; 
miR-mimic+ROCK1: miR-335-
5p mimic+ROCK1.
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migration and invasion of HCC cells (p<0.001). 
However, there was no significant difference be-
tween the control group and the miR-335-5p mim-
ic+pcDNA-ROCK1 group or miR-335-5p mim-
ic+pcDNA-circ_0009910 group. Taken together, 
overexpression of miR-335-5p by circ_0009910 
inhibition suppressed the malignant biological 
behavior of HCC cells through targeting ROCK1.

Circ_0009910 Knockdown Inhibited 
HCC Tumorigenesis In Vivo

We further examined the role of circ_0009910 
in tumor growth and metastasis of HCC in vivo. As 
shown in Figure 6A, knockdown of circ_0009910 
remarkably decreased the tumor growth (p<0.01) 
and tumor weight (p<0.001) compared with the 
control group. Moreover, immunohistochemical 
staining showed that the expression of Vimentin 

and Ki-67, a proliferative marker, was decreased 
in tumor tissues after circ_0009910 knock-
down (Figure 6C) but enhanced the expression 
of E-cadherin. Furthermore, RT-qPCR analysis 
results showed that the expression of miR-335-
5p was enhanced in tumor tissues when inhibi-
tion of circ_0009910 (p<0.001, Figure 6D), as 
well as decreased the mRNA level of ROCK1 (p 
<0.001, Figure 6E). In conclusion, knockdown of 
circ_0009910 suppresses the tumor growth and 
metastasis of HCC in vivo.

Discussion

HCC is the main type of primary hepatic 
carcinoma and one of the most popular malig-
nancies around the world. Though various treat-

Figure 6. The effect of circ_0009910 knockdown on tumor proliferation and metastasis of HCC in vivo. A, The tumor volume 
curve of nude mice; B, The tumor weight in sh-circ_0009910 group and control group was measured; C, The expression of 
Ki-67, Vimentin and E-cadherin was detected in tumor tissues by immunohistochemistry staining. Scale bar=20 μM; D and 
E, RT-qPCR was used to measure the expression of miR-335-5p and ROCK1 in tumor tissues. Data were presented as mean ± 
standard error of the mean. **p<0.01, ***p<0.001, compared with the control group.
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ment strategies, HCC is still the second leading 
cause of cancer-associated mortality worldwide, 
especially in China, where the morbidity and 
mortality rates of HCC are particularly high27. 
However, the reliable biomarkers for tumorigen-
esis and effective treatment methods of HCC are 
limited. In the present study, we demonstrated 
that circ_0009910/miR-335-5p/ROCK1 axis play 
a vital role in the development and progression 
of HCC. Inhibition of circ_0009910 significant-
ly inhibited cell proliferation, migration and 
invasion of HCC. Mechanically, circ_0009910 
knockdown exhibits anti-proliferation and an-
ti-metastasis activities through upregulating the 
inhibitory effect of miR-335-5p on the expres-
sion of ROCK1 in HCC.

CircRNAs, as novel potential biomarkers for 
cancer28, were aberrantly expressed in tumor tis-
sues, cell lines and plasma exosomes29,30. Xu et 
al31 found that circRNAs were abnormally ex-
pressed in colorectal cancer though the second-
ary sequencing. Similarly, Qiu et al21 also found 
that 560 circRNAs were differentially expressed 
in HCC tissues and circ_0009910 was one of the 
most upregulated circRNAs. Of note, circRNAs 
are closely related to the development and pro-
gression of various tumors trough regulating ma-
lignant biological behavior of cancer cells. For 
example, circ_0000144 was upregulated in gas-
tric cancer tissues and cell lines, and knockdown 
of circ_0000144 inhibited cell proliferation8. 
Downregulation of circRNA cRAPGEF5 was 
correlated positively with poor overall survival 
and aggressive clinical characteristics, and over-
expression of circRNA cRAPGEF5 suppressed 
the growth and metastasis of renal cell carcino-
ma15. In line with previous studies, we explored 
the role of circ_0009910 in the proliferation and 
metastasis of HCC for the first time. As expected, 
we found that circ-0009910 was overexpressed 
in HCC tissues and cell lines and silencing of 
circ_0009910 markedly inhibited HCC cell pro-
liferation, migration and invasion. It has been 
already demonstrated that circRNA regulates 
cancer cell proliferation and metastasis by bind-
ing miRNAs to mediate mRNA degradation and 
post-transcriptional translation inhibition. Guan 
et al32 reported that circ_0016788 promoted the 
proliferation, invasion and decreased apoptosis of 
HCC cell through targeting miR-486 to enhance 
CDK4 expression. In the present study, our data 
showed that circ_000910 knockdown suppressed 
tumor growth and metastasis by regulating miR-
335-5p/ROCK1 axis in HCC.

As a new type of regulatory factor, miRNAs 
play an important role in biological and patho-
logical process in many human solid cancer33. 
Currently, several researches indicated that miR-
335-5p, as tumor suppressor gene34, was related 
to the occurrence and development of multiple 
tumors including non-small cell lung cancer35, 
colorectal cancer36, and HCC37. Moreover, miR-
335-5p may serve as a candidate miRNA bio-
marker in HBV-related HCC38, and hepatic stel-
late cell derived exosome miR-335-5p as a novel 
therapeutic strategy in HCC39. Further studies 
found that miR-335-5p targets downstream gene 
to regulate cancer cell biological behavior, such 
as miR-335-5p overexpression significantly inhib-
ited the proliferation, migration and invasion of 
colorectal cancer cells by targeting LDHB40. Du 
et al35 demonstrated that miR-335-5p inhibits cell 
proliferation and the process of epithelial-mes-
enchymal transition in non-small cell lung can-
cer by targeting ROCK1. Similarly, our studies 
revealed that miR-335-5p suppressed HCC cell 
proliferation, migration and invasion by targeting 
ROCK1. In addition, ROCK1 reported a positive 
correlation with high invasiveness of cancer cells; 
for example, the upregulation of ROCK1 promot-
ed cell migration and invasion of non-small cell 
lung cancer41, melanoma42, and pancreatic adeno-
carcinoma43. The above results suggested that the 
inhibition of ROCK may be an effective treatment 
method of HCC clinical.

Conclusions

Based on the above data, this study found that 
knockdown of circ_0009910 suppressed cell pro-
liferation and metastasis of HCC by upregulating 
the inhibitory effect of miR-335-5p on ROCK1. 
Our work will provide new therapeutic target for 
diagnosis and prognosis in HCC.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1) Ayoub WS, SteggerdA J, yAng Jd, Kuo A, SundA-
rAm V, Lu SC. Current status of hepatocellular 
carcinoma detection: screening strategies and 
novel biomarkers. Ther Adv Med Oncol 2019; 11: 
1758835919869120.



H.-W. Li, J. Liu

1734

  2) Kroh A, uSChner d, LodeWiCK t, eiCKhoff rm, SChon-
ing W, uLmer ft, neumAnn uP, binneboSeL m. Impact 
of body composition on survival and morbidity 
after liver resection in hepatocellular carcinoma 
patients. Hepatobiliary Pancreat Dis Int 2019; 18: 
28-37.

  3) ogunWobi oo, hArriChArrAn t, huAmAn J, gA-
LuzA A, odumuWAgun o, tAn y, mA gX, nguyen 
mt. Mechanisms of hepatocellular carcinoma 
progression. World J Gastroenterol 2019; 25: 
2279-2293.

  4) LAi Q, VitALe A, mAnziA tm, foSChi fg, LeVi SAndri 
gb, gAmbAto m, meLAndro f, ruSSo fP, mieLe L, Vi-
gAno L, burrA P, giAnnini eg; Associazione Italiana 
per lo Studio del Fegato (AISF) HCC Special In-
terest Group. Platelets and hepatocellular cancer: 
bridging the bench to the clinics. Cancers (Basel) 
2019; 11. pii: E1568.

  5) zhAng hd, JiAng Lh, Sun dW, hou JC, Ji zL. 
CircRNA: a novel type of biomarker for cancer. 
Breast Cancer 2018; 25: 1-7.

  6) yin y, Long J, he Q, Li y, LiAo y, he P, zhu W. 
Emerging roles of circRNA in formation and pro-
gression of cancer. J Cancer 2019; 10: 5015-
5021.

  7) Luo z, mAo X, Cui W. Circular RNA expression 
and circPTPRM promotes proliferation and mi-
gration in hepatocellular carcinoma. Med Oncol 
2019; 36: 86.

  8) Wei J, WAng J, gAo X, Qi f. Identification of 
differentially expressed circRNAs and a novel 
hsa_circ_0000144 that promote tumor growth 
in gastric cancer. Cancer Cell Int 2019; 19: 
268.

  9) huAng W, fAng K, Chen tQ, zeng zC, Sun ym, hAn 
C, Sun Ly, Chen zh, yAng QQ, PAn Q, Luo XQ, 
WAng Wt, Chen yQ. circRNA circAF4 functions as 
an oncogene to regulate MLL-AF4 fusion protein 
expression and inhibit MLL leukemia progression. 
J Hematol Oncol 2019; 12: 103.

 10) Zhang L, Zhou Q, Qiu Q, Hou L, Wu M, Li J, Li X, 
Lu B, Cheng X, Liu P, Lu W, Lu Y. CircPLEKHM3 
acts as a tumor suppressor through regulation 
of the miR-9/BRCA1/DNAJB6/KLF4/AKT1 axis in 
ovarian cancer. Mol Cancer 2019; 18: 144.

 11) Su X, Su J, he h, zhAn y, Liu h. Hsa_circ_0070269 
inhibits hepatocellular carcinoma progression 
through modulating miR-182/NPTX1 axis. Biomed 
Pharmacother 2019; 120: 109497.

 12) yAn b, zhAng W, mAo XW, JiAng Ly. Circular RNA 
ciRS-7 correlates with advance disease and poor 
prognosis, and its down-regulation inhibits cells 
proliferation while induces cells apoptosis in non-
small cell lung cancer. Eur Rev Med Pharmacol 
Sci 2018; 22: 8712-8721.

 13) Shen t, Cheng X, Liu X, XiA C, zhAng h, PAn d, 
zhAng X, Li y. Circ_0026344 restrains metastasis 
of human colorectal cancer cells via miR-183. 
Artif Cells Nanomed Biotechnol 2019; 47: 4038-
4045.

 14) zhou Lh, yAng yC, zhAng ry, WAng P, PAng mh, 
LiAng LQ. CircRNA_0023642 promotes migration 
and invasion of gastric cancer cells by regulating 
EMT. Eur Rev Med Pharmacol Sci 2018; 22: 
2297-2303.

 15) Chen Q, Liu t, bAo y, zhAo t, WAng J, WAng h, 
WAng A, gAn X, Wu z, WAng L. CircRNA cRAP-
GEF5 inhibits the growth and metastasis of renal 
cell carcinoma via the miR-27a-3p/TXNIP path-
way. Cancer Lett 2019; 469: 68-77.

 16) feng y, yAng y, zhAo X, fAn y, zhou L, rong J, yu 
y. Circular RNA circ0005276 promotes the prolif-
eration and migration of prostate cancer cells by 
interacting with FUS to transcriptionally activate 
XIAP. Cell Death Dis 2019; 10: 792.

 17) zhAn W, LiAo X, Chen z, Li L, tiAn t, yu L, WAng 
W, hu Q. Circular RNA hsa_circRNA_103809 
promoted hepatocellular carcinoma development 
by regulating miR-377-3p/FGFR1/ERK axis. J 
Cell Physiol 2019 Jul 17. doi: 10.1002/jcp.29092. 
[Epub ahead of print]

 18) zhu y, Liu y, XiAo b, CAi h, Liu m, mA L, yin h, 
WAng f. The circular RNA PVT1/miR-203/HOXD3 
pathway promotes the progression of human he-
patocellular carcinoma. Biol Open 2019; 8: pii: 
bio043687.

 19) An y, CAi h, zhAng y, Liu S, duAn y, Sun d, Chen X, 
he X. circZMYM2 Competed endogenously with 
miR-335-5p to regulate JMJD2C in pancreatic 
cancer. Cell Physiol Biochem 2018; 51: 2224-2236.

 20) KAi d, yAnniAn L, yitiAn C, dinghAo g, Xin z, Wu J. 
Circular RNA HIPK3 promotes gallbladder cancer 
cell growth by sponging microRNA-124. Biochem 
Biophys Res Commun 2018; 503: 863-869.

 21) Qiu L, WAng t, ge Q, Xu h, Wu y, tAng Q, Chen 
K. Circular RNA signature in hepatocellular car-
cinoma. J Cancer 2019; 10: 3361-3372.

 22) tAng h, du W, JiAng y, Li h, bo h, Song S. Upregulat-
ed expression of ROCK1 promotes cell proliferation 
by functioning as a target of miR-335-5p in non-
small cell lung cancer. J Cell Physiol 2019 May 29. 
doi: 10.1002/jcp.28886. [Epub ahead of print]

 23) Chen X, Xiong d, ye L, WAng K, huAng L, mei S, Wu 
J, Chen S, LAi X, zheng L, WAng m. Up-regulated 
lncRNA XIST contributes to progression of cervi-
cal cancer via regulating miR-140-5p and ORC1. 
Cancer Cell Int 2019; 19: 45.

 24) Chen Q, Chen z, CAo S, guo b, Chen y, feng z, 
WAng J, guo g, Chen X, huAng X. Role of cir-
cRNAs_100395 in proliferation and metastases of 
liver cancer. Med Sci Monit 2019; 25: 6181-6192.

 25) zhAo zJ, Shen J. Circular RNA participates in the 
carcinogenesis and the malignant behavior of 
cancer. RNA Biol 2017; 14: 514-521.

 26) Luo LJ, WAng dd, WAng J, yAng f, tAng Jh. 
Diverse roles of miR-335 in development and 
progression of cancers. Tumour Biol 2016 Oct 8. 
[Epub ahead of print]

 27) zhu Xd, Sun hC. Emerging agents and regimens 
for hepatocellular carcinoma. J Hematol Oncol 
2019; 12: 110.

 28) meng S, zhou h, feng z, Xu z, tAng y, Li P, Wu 
m. CircRNA: functions and properties of a novel 
potential biomarker for cancer. Mol Cancer 2017; 
16: 94.

 29) JiAng yL, ShAng mm, dong Sz, ChAng yC. Abnor-
mally expressed circular RNAs as novel non-in-
vasive biomarkers for hepatocellular carcinoma: a 
meta-analysis. World J Gastrointest Oncol 2019; 
11: 909-924.



Circ_0009910 contributes to tumorigenesis in HCC

1735

 30) Chen f, huAng C, Wu Q, JiAng L, Chen S, Chen 
L. Circular RNAs expression profiles in plasma 
exosomes from early-stage lung adenocarcino-
ma and the potential biomarkers. J Cell Bio-
chem 2019 Oct 23. doi: 10.1002/jcb.29475. [Epub 
ahead of print]

 31) Xu h, WAng C, Song h, Xu y, Ji g. RNA-Seq pro-
filing of circular RNAs in human colorectal Cancer 
liver metastasis and the potential biomarkers. Mol 
Cancer 2019; 18: 8.

 32) guAn z, tAn J, gAo W, Li X, yAng y, Li X, Li y, 
WAng Q. Circular RNA hsa_circ_0016788 reg-
ulates hepatocellular carcinoma tumorigenesis 
through miR-486/CDK4 pathway. J Cell Physiol 
2018; 234: 500-508.

 33) nAgy A, LAnCzKy A, menyhArt o, gyorffy b. Valida-
tion of miRNA prognostic power in hepatocellular 
carcinoma using expression data of independent 
datasets. Sci Rep 2018; 8: 9227.

 34) Liu zf, LiAng zQ, Li L, zhou yb, WAng zb, gu Wf, tu 
Ly, zhAo J. MiR-335 functions as a tumor suppressor 
and regulates survivin expression in osteosarcoma. 
Eur Rev Med Pharmacol Sci 2016; 20: 1251-1257.

 35) du W, tAng h, Lei z, zhu J, zeng y, Liu z, huAng JA. 
miR-335-5p inhibits TGF-beta1-induced epitheli-
al-mesenchymal transition in non-small cell lung 
cancer via ROCK1. Respir Res 2019; 20: 225.

 36) WAng L, zhAo y, Xu m, zhou f, yAn J. Serum 
miR-1301-3p, miR-335-5p, miR-28-5p, and their 
target B7-H3 may serve as novel biomarkers for 
colorectal cancer. J BUON 2019; 24: 1120-1127.

 37) yAng X, Song h, zi z, Kou J, Chen S, dAi y, WAng 
J, yuAn L, gAo K. Circ_0005075 promotes hepato-
cellular carcinoma progression by suppression of 
microRNA-335. J Cell Physiol 2019; 234: 21937-
21946.

 38) WAng g, dong f, Xu z, ShArmA S, hu X, Chen d, 
zhAng L, zhAng J, dong Q. MicroRNA profile in 
HBV-induced infection and hepatocellular carci-
noma. BMC Cancer 2017; 17: 805.

 39) WAng f, Li L, PionteK K, SAKAguChi m, SeLAru fm. 
Exosome miR-335 as a novel therapeutic strate-
gy in hepatocellular carcinoma. Hepatology 2018; 
67: 940-954.

 40) zhAng d, yAng n. MiR-335-5p inhibits cell prolifer-
ation, migration and invasion in colorectal cancer 
through downregulating LDHB. J BUON 2019; 24: 
1128-1136.

 41) hu C, zhou h, Liu y, huAng J, Liu W, zhAng Q, tAng 
Q, Sheng f, Li g, zhAng r. ROCK1 promotes mi-
gration and invasion of nonsmallcell lung cancer 
cells through the PTEN/PI3K/FAK pathway. Int J 
Oncol 2019; 55: 833-844.

 42) Liu P, du r, yu X. LncRNA HAND2-AS1 over-
expression inhibits cancer cell proliferation in 
melanoma by downregulating ROCK1. Oncol Lett 
2019; 18: 1005-1010.

 43) Jin X, ye L, Lin m, gu b, WAng J, he y, Li W. 
lncRNA-CCHE1 is involved in migration and in-
vasion but not in proliferation of pancreatic ad-
enocarcinoma cells possibly by interacting with 
ROCK1. Oncol Lett 2019; 18: 1218-1224.


