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EXPERIMENTAL STUDY

Hsa_circ_0097009 regulates proliferation, apoptosis, 
migration and invasion of hepatocellular carcinoma cells 
via miR-568/RNF38 axis
Ziliang WU*, Huakang LI*, Wei LIU, Rongkai HUANG, Bing LIN

Health Management Center, Hospital of Chengdu University of Traditional Chinese Medicine, Jinniu District, 
Chengdu, China. L1284516264@163.com

ABSTRACT
BACKGROUND: Circular RNAs (circRNAs), a class of non-coding RNAs, has been proved as an essential 
driver of hepatocellular carcinoma (HCC) progression. However, the aim of this study is to explore the role of 
hsa_circ_0097009 (circ_0097009) in HCC progression.
METHODS: Ki67 expression in HCC tissues was labeled and examined by IHC assay. Quantitative real-time 
PCR (qRT-PCR) was applied to assess the expression of circ_0097009, miR-568 and RING fi nger protein 
38 (RNF38). Western blot assay was conducted to analyze protein expression. HCC cell colony formation, 
proliferation, migration, invasion, angiogenesis ability and apoptosis were determined by colony formation 
assay, 5-ethynyl-29-deoxyuridine (EdU) assay, wound healing assay, trans well assay, angiogenesis assay 
and fl ow cytometry. The interaction between circ_0097009 and miR-568 as well as miR-568 and RNF38 was 
probed by dual-luciferase reporter and RNA immunoprecipitation (RIP) assays. 
RESULTS: We found that circ_0097009 and RNF38 expressions were markedly higher, but miR-568 
expression was signifi cantly lower in HCC. Circ_0097009 knockdown blocked HCC cell cloning, proliferation, 
migration, invasion, angiogenesis and facilitated apoptosis. MiR-568 was a target of circ_0097009 in HCC 
cells. MiR-568 interference could attenuate the circ_0097009 knockdown-induced inhibition on HCC cells 
progress. MiR-568 depressed cell clonal formation, proliferation, migration, invasion, angiogenesis and 
promotion of apoptosis, by targeting RNF38, and RNF38 overexpression reversed the suppression of miR-
568 in HCC cells. Also, circ_0097009 knockdown blocked tumor growth in vivo
CONCLUSION: Together, this study indicated that the oncogenic function of circ_0097009 in HCC, and 
circ_0097009/miR-568/RNF38 axis was expected to be a novel therapeutic option for HCC patients (Tab. 1, 
Fig. 7, Ref. 33). Text in PDF www.elis.sk
KEY WORDS: circ_0097009, miR-568, RNF38, hepatocellular carcinoma.

Health Management Center, Hospital of Chengdu University of Traditional 
Chinese Medicine, Chengdu, China
Address for correspondence: Bing LIN, Health Management Center, 
Hospital of Chengdu University of Traditional Chinese Medicine, No. 39, 
Shi-er-giao Road, Chengdu, 610072, Sichuan Province, P. R. China
*These authors contribute equally to this study.

Introduction

Hepatocellular carcinoma (HCC) is the third leading cause 
of cancer-related death worldwide, after lung cancer and gastric 
cancer (1). HCC treatment has evolved rapidly, but recurrence 
rate and prognostic outcome are not promising (2, 3), and 5-year 
survival rate is discouraging (4, 5). Therefore, it is imperative to 
dissect HCC internal molecular mechanism, which is expected to 
contribute to HCC patients’ treatment.

Circular RNAs (circRNAs), a type of non-coding RNAs 
(ncRNAs), are the latest research hotspot for a variety of cancers, 
including HCC (6‒8). The closed-loop structure of circRNAs 
makes them more stable and conservative (9). With the develop-

ment of high-throughput sequencing technology, a large number 
of circRNAs have been discovered (10, 11). Previous studies have 
uncovered the important regulatory roles of circRNAs in HCC pro-
gression. Wang et al indicated that hsa_circ_0003141 downregula-
tion repressed UBAP2 expression, inhibited the growth and pro-

Name Primers (5’-3’)

circ_0097009 Forward TCAAAGGACTCCACTGATGGAT
Reverse GTCCCACTGTAAGCACAGGC

miR-568 Forward GCCGAG ATGTATAAATGTAT
Reverse ATCCAGTGCAGGGTCCGAGG

RNF38 Forward GTGGAAACAAAGGGGGTTCG
Reverse CTGAATGAGAGAGGCGCTGT

SLC5A8 Forward CCTGTTCGCTTTGGGCATTT
Reverse ATCCAGCCATCAGACCAACAA

U6 Forward CTCGCTTCGGCAGCACATA
Reverse CGAATTTGCGTGTCATCCT

GAPDH Forward AAGGCTGTGGGCAAGGTCATC
Reverse GCGTCAAAGGTGGAGGAGTGG

Tab. 1. Primer sequences used for qRT-PCR.
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liferation of HCC cells (12). Guo et al reported that circ_0015756 
aggravated HCC progression by sponging miR-610 (13). This 
study aims to reveal the potential mechanism of circ_0097009 
in HCC.

MicroRNAs (miRNAs) have been reported to act as tumor 
suppressors or carcinogenic molecules in HCC cells, regulating 
HCC occurrence (14). A previous study suggested that miR-26a 
was considered an antitumor factor that leads to the inhibition of 
HCC cell proliferation (15). In this study, we explored the inter-
action between miR-568 and circ_0097009 and further analyzed 
their functional association in regulating HCC cell behaviors.

Ring fi nger protein 38 (RNF38), a member of the ubiquitin 
ligase family with RING domain, was involved in the pathological 
process of several diseases, including HCC (16‒19). Previous stud-
ies have claimed that RNF38 could be targeted by miR-7 (20). The 
interaction between miR-568 and RNF38 has never been reported.

In brief, we evaluated circ_0097009 function in HCC develop-
ment, both in vivo and in vitro. In addition, we identifi ed the regu-
latory mechanisms of the circ_0097009/miR-568/RNF38 axis, and 
these fi ndings may shed a little light on HCC interaction network.

Materials and methods

Patient samples and cell lines
35 pairs of HCC tissues and normal tissues were acquired from 

HCC patients treated at the Hospital of Chengdu University of Tra-

ditional Chinese Medicine. Written informed consent was obtained 
from each patient included in the study and the study protocol 
conforms to the ethical guidelines of the 1975 Declaration of Hel-
sinki as refl ected in a priori approval by the Ethics Committee of 
Hospital of Chengdu University of Traditional Chinese Medicine.

Human immortalized liver cell lines (THLE-2) and HCC cell 
lines (Huh7 and SNU-387) were got from the American Type 
Culture Collection Center (ATCC, Manassas, VA, USA) and cul-
tured in Dulbecco’s modifi ed Eagle’s medium (DMEM) medium 
(Gibco, Carlsbad, CA, USA) containing 10% fetal bovine serum 
(FBS; Gibco) at 37°C with 5% CO2.

Cell transfection
Small interfering (si)RNA of circ_0097009 (si-circ_0097009), 

siRNA negative control (si-NC), short hairpin (sh)RNA of 
circ_0097009 (sh-circ_0097009), shRNA NC (sh-NC), miR-568 
mimic, miRNA NC, miR-568 inhibitor, inhibitor NC, RNF38 ex-
pressing plasmid in pcDNA vector (pc-RNF38), and pc-NC were 
purchased by GenePharma (Shanghai, China). Lipofectamine 
3000 Reagent (Thermo Fisher Scientifi c, Waltham, MA, USA) 
was transfected according to manufacturer’s directions.

Immunohistochemistry (IHC) assay
The protein level of Ki67 in xenograft tumor tissues was ana-

lyzed by IHC assay using a Histostain-Plus IHC kit (NeoBiosci-
ence, Guangzhou, China) according to the operating instructions.

A B C
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Fig. 1. Circ_0097009 was upregulated in HCC. A. Ki67 analysis of HCC tissues and normal tissues. B. Relative expression level of circ_0097009 
was analyzed by qRT-PCR in HCC tissues (n=35). C. Circ_0097009 expression under different staging. D. Relative expression level of circ_0097009 
in HCC cells (Huh7 and SNU-387). E, F. Relative RNA expression of circ_0097009 and SLC5A8 after RNase R treatment. * p < 0.05.



Bratisl Med J 2023; 124 (3)

228 – 238

230

Western blot assay
Cells were disrupted with cell lysis buffer (Beyotime, Shang-

hai, China). Protein samples were boiled and were loaded onto 
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). Subsequently, the protein bands were transferred onto 
the polyvinylidene fl uoride (PVDF) membrane. The membrane 
was blocked with 5 % skimmed milk and was incubated with the 
primary antibodies overnight, including anti-B cell leukemia/
lymphoma 2 (anti-Bcl-2; AF6139; 1:5000; affi nity), anti-Bcl-2 

associated X, apoptosis regulator (anti-Bax; AF0120; 1 : 8000; af-
fi  nity, Jiangsu, China), anti-RNF38 (PA5-42335; 1 : 3000; Thermo 
Fisher Scientifi c), and anti-glyceraldehyde-3-phosphate dehy-
drogenase (anti-GAPDH; MA5-15738-D680; 1 : 20000; Thermo 
Fisher Scientifi c). The next day, the membrane was incubated 
with the secondary antibody (Thermo Fisher Scientifi c) for 2 h.
 The protein signals were visualized using an enhanced che-
miluminescence (ECL)-PLUS/Kit (GE Healthcare, Piscataway, 
NJ, USA).

A B
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Fig. 2. Depletion of circ_0097009 inhibited HCC progression. HCC cells (Huh7 and SNU-387) were transfected with si-NC or si-circ_0097009. 
A. Relative expression of circ_0097009 in HCC cells. B. Colony formation assay for the colony formation ability of HCC cells. C. EdU assay 
for HCC cell proliferation. D, E. Transwell assay for number of migrated and invaded cells in HCC cells. F. Relative angiogenesis rate of HCC 
cells. G. Flow cytometry for apoptosis rate in HCC cells. H, I. Western blot assay for the protein levels of Bax and Bcl-2 in HCC cells. *p < 0.05.
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Fig. 2.

Quantitative real-time polymerase chain reaction (qRT-PCR) 
and RNase R digestion

Total RNA was derived from HCC samples using TRIzol 
reagent (Beyotime). Reverse transcription was conducted using 
PrimeScript RT Reagent Kit (Takara, Dalian, China) or a miScript 
Reverse Transcription Kit (Qiagen, Valencia, CA, USA). QRT-PCR 
was performed using PrimeScript RT kit (Takara) and SYBR Mas-
ter Mix (Applied Biosystems, Foster City, USA) while the data 
were calculated with 2-∆∆Ct method. MiRNA expression was nor-
malized to U6, while the expression of circRNA and mRNA was 
normalized to GAPDH. To assess circ_0097009 stability, RNA was 
randomly divided into 2 groups. The experimental group was added 
with RNase R (Applied Biological Materials, Vancouver, Canada) 
and incubated for 20 min at 37 °C, and un-treated group acted as 
the control. Then circ_0097009 expression was determined. All 
primer sequences are shown in Table 1.

Colony formation assay
Transfected Huh7 and SNU-387 cells (1000 cells/well) were 

seeded on 6-well plates and cultured for 14 days. HCC cells were 
fi xed with methanol (EpiZyme, Shanghai, China) and colored 
with crystal violet (EpiZyme). Under the microscope (Olympus, 
Tokyo, Japan), the colonies larger than 100 μm in diameter were 
captured and counted by Image J.

EdU assay
EdU method was assayed for HCC cell proliferative capa-

city. HCC cells (1×105) were cultured in 96-well plates. After the 

culture was completed, half of the medium was replaced with 20 
μM EdU solution. HCC cells were incubated for 12 h in darkness, 
then the medium was removed, HCC cells were fi xed and perme-
ated, and fi nally EdU detection was performed.

Wound healing assay and transwell assay
Regarding wound healing assay, transfected HCC cells (5×105) 

were spread in 6-well plates, grown overnight, and scribed verti-
cally. Cells were washed and cell images were taken at 0 h and 24 h.

For invasion assay, Huh7 and SNU-387 cells (1×105) in serum-
free culture medium were moved to the upper chamber (Corning, 
Tewksbury, MA, USA), DMEM medium (600 μL, containing 10 % 
FBS) was added to the lower chamber, incubated at 37 °C for 48 
h. Cells penetrating the polycarbonate membrane were fi xed with 
4 % paraformaldehyde (EpiZyme) for 20 min and stained with 
0.5 % crystal violet (EpiZyme) for 15 min. The number of invaded 
cells was counted under a microscope (Olympus, Tokyo, Japan).

Flow cytometry (FCM)
HCC apoptosis rate was calculated by FCM. Annexin V-fl uo-

rescein isothiocyanate (FITC) apoptosis kit (Thermo Fisher Scien-
tifi c) was applied. After transfection for 72 h, apoptotic HCC cells 
were assessed using FCM after staining with Annexin V-FITC and 
propidium iodide (PI) in the dark at indoor temperature for 20 min.

Dual-luciferase reporter assay
Target miRNAs of circ_0097009 and target genes of miR-568 

were forecasted by CircInteractome and Starbase. Wild sequences 
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and mutant sequences of circ_0097009 or RNF38-3’UTR were 
inserted into pmirGLO expression vectors (Promega, Madison, 
WI, USA), namely WT-circ_0097009 and MUT-circ_0097009, 
WT-RNF38-3’UTR and MUT-RNF38-3’UTR. After that, the re-
combinant plasmid with miR-568 mimic or miRNA NC were co-
transfected into HCC cells, and dual-luciferase reporter system 
(Promega) was applied to detect luciferase activity.

RIP assay
The Magna RIP kit (Sigma, St. Louis, MO, USA) was utilized 

and IgG was taken as the negative control in this study. Transfected 
Huh7 and SNU-387 cells (1×107) were lysed and incubated with 
anti-Ago2 or anti-IgG magnetic beads for 4 h. RNA enrichment 
in precipitated complex was analyzed by qRT-PCR.

Tumor-forming analysis in vivo
Our research was approved by the Animal Welfare and Re-

search Ethics Committee of Hospital of Chengdu University of 
Traditional Chinese Medicine. All animal experiments complied 
with the ARRIVE guidelines and were carried out in accordance 
with the National Institutes of Health guide for the care and use of 
Laboratory animals (NIH Publications No. 8023, revised 1978). 
SNU-387 cells were transfected with lentivirus vector carrying 
sh-circ_0097009 or negative control (sh-NC). 6-week-old male 

BALB/c nude mice were obtained from Beijing Laboratory Ani-
mal Center (Beijing, China). Mice were randomly assigned and 
injected with SNU-387 cells (5×106 cells), subcutaneously. HCC 
tumor volume was monitored every 7 days. Four weeks later, mice 
were euthanized and HCC tumors were collected and weighed. 
Finally, the expressions of circ_0097009, miR-568 and RNF38 
were monitored by qRT-PCR and western blot.

Statistical analysis
SPSS software 24.0 (Chicago, IL, USA) was employed for 

collation analysis. Data were computed using the mean ± standard 
deviation (SD) of at least 3 independent trials. Student’s t-test or 
one-way analysis of variance (ANOVA) followed by Tukey’s test 
was used to compare the differences in two groups or multiple 
groups. P < 0.05 was considered as signifi cant difference.

Ethics approval and consent to participate
This study complied with Helsinki Declaration and passed the 

review of the Ethics Committee of Hospital of Chengdu University 
of Traditional Chinese Medicine.

Our research was approved by the Animal Welfare and Re-
search Ethics Committee of Hospital of Chengdu University of 
Traditional Chinese Medicine.
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Fig. 3. MiR-568 was a target of circ_0097009. A. CircInteractome was utilized to predict the target miRNAs of circ_0097009. B. Relative ex-
pression of miR-568 in HCC cells treated with miRNA NC and miR-568 mimic using qRT-PCR. C, D. Luciferase activity of HCC cells co-
transfected with WT-circ_0097009 or MUT-circ_0097009 and miRNA NC or miR-568 mimic were determined. E, F. Relative RNA enrichment 
of circ_0097009 and miR-568 by RIP assay. G, H. Relative expression level of miR-568 was performed in HCC tissues and cells. I. Relative 
expression level of miR-568 in HCC cells transfected si-circ_0097009. * p < 0.05.
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Results

Circ_0097009 was expressed at high levels in HCC tissues and 
cells

We fi rst marked Ki67 in normal tissues and HCC tissues across 
IHC assay and found the expression level of Ki67 in HCC tissues 
was higher than in normal tissues (Fig. 1A). Next, we found that 
circ_0097009 was expressed at high levels in HCC tissues (n = 
35) (Fig. 1B). Circ_0097009 expression level in stage III (n=16) 
was obviously higher than that in stage II (n = 19) (Fig. 1C). 
Circ_0097009 expression was higher in HCC cells (Huh7 and 
SNU-387) than in THLE-2 cells (Fig. 1D). In addition, RNase R 
assay was performed, and our date suggested that circ_0097009 
had a greater stability than linear solute carrier family 5 mem-

ber 8 (SLC5A8) in HCC cells (Figs 1E and 1F). The abnormal 
up-regulation of circ_0097009 might imply its important role in 
HCC progression.

Depletion of circ_0097009 impeded HCC cell proliferation and 
metastasis

To evaluate the potential role of circ_0097009 in HCC cells, 
we knocked down circ_0097009 expression by RNA interfer-
ence, and circ_0097009 expression was greatly declined in HCC 
cells with si-circ_0097009 (Fig. 2A). Then, loss-of-function as-
says about circ_0097009 were carried out in HCC cells. As seen 
in Figures 2B and 2C, both the number of colonies and cell pro-
liferation capacity of HCC cells were all notably downregulated 
upon circ_0097009 knockdown. Knockdown of circ_0097009 

H
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Fig. 4. Interference of miR-568 reversed the circ_0097009 knockdown-induced inhibition of HCC progression. HCC cells (Huh7 and SNU-
387) were transfected with si-NC, si-circ_0097009, si-circ_0097009+inhibitor NC or si-circ_0097009+miR-568 inhibitor. A. Relative expression 
level of miR-568 was performed in HCC cells transfected with miR-568 mimic. B. Colony formation assay for the colony formation ability of 
HCC cells. C. EdU assay for HCC cell proliferation. D, E. Transwell assay for number of migrated and invaded cells in HCC cells. F. Relative 
angiogenesis rate of HCC cells. G. Flow cytometry for apoptosis rate in HCC cells. H, I. Western blot assay for the protein levels of Bax and 
Bcl-2 in HCC cells. * p < 0.05.
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signifi cantly inhibited HCC cell migration, invasion and angio-
genesis rate (Figs 2D‒2F). And HCC cell apoptosis rate was ele-
vated by si-circ_0097009 (Fig. 2G). Western blot results verifi ed 
that circ_0097009 knockdown accelerated Bax expression and 
restricted Bcl-2 expression (Figs 2H and 2I). These data showed 
that circ_0097009 knockdown suppressed the proliferation, mi-
gration, invasion, and angiogenesis and induced the apoptosis of 
HCC cells.

Circ_0097009 sponged miR-568 in HCC cells
CircInteractome forecasted that miR-568 has a hypothetical 

binding site with the circ_0097009 sequence, the binding site was 
exhibited in Figure 3A. In addition, miR-568 expression was up-
regulated by miR-568 mimic in HCC cells (Fig. 3B). Moreover, 
dual-luciferase reporter assay revealed that HCC cells co-trans-
fected with WT-circ_0097009 and miR-568 mimic had dramati-
cally lower luciferase activity than that in cells co-transfected with 

B C
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Fig. 5. RNF38 was a target gene of circ_0097009. A. Starbase was utilized to predict the target genes of miR-568. B, C. Luciferase activity of 
HCC cells co-transfected with WT-RNF38-3’UTR or MUT-RNF38-3’UTR and miRNA NC or miR-568 mimic were determined. D, E. Relative 
RNA enrichment of miR-568 and RNF38 by RIP assay. F-H. Relative expression level of RNF38 was performed in HCC tissues and cells. I. 
Relative expression level of RNF38 in HCC cells transfected with miR-568 mimic. J. Relative protein expression of RNF38 in HCC cells under 
different treatments. * p < 0.05.
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WT-circ_0097009 and miR-NC, yet, luciferase activity of cells 
co-transfected with MUT-circ_0097009 and miR-NC or miR-568 
mimic was changeless (Figs 3C and 3D), showing direct bind-
ing of circ_0097009 and miR-568. RIP data further verifi ed that 
circ_0097009 acted as sponge of miR-568 in HCC cells (Figs 3E 
and 3F). As depicted in Figures 3G and 3H, miR-568 expression 
was obviously reduced in HCC tissues and cells compared to cor-
responding control. And in HCC cells, miR-568 expression was 
raised by si-circ_0097009 (Fig. 3I). Taken together, miR-568 was 
a molecular target of circ_0097009 in HCC cells.

The effects of circ_0097009/miR-568 on HCC progression
Then, we carried out rescue experiments about circ_0097009 

and miR-568 in HCC cells. We found that miR-568 expression 
was greatly declined by miR-568 inhibitor (Fig. 4A). As depicted 
in Figures 4B and 4C, circ_0097009 knockdown apparently de-
creased the number of colonies and cell proliferation capacity of 
HCC cells, but miR-568 inhibitor relieved these effects. Wound 

healing assay and transwell assay uncovered that miR-568 in-
hibitor reversed the decreased migration and invasion of HCC 
cells induced by circ_0097009 knockdown (Figs 4D and 4E). 
Circ_0097009 knockdown caused the reduction of angiogenesis 
rate and the elevation of apoptotic rate of HCC cells; these effects 
were obviously recuperated by miR-568 inhibitor (Figs 4F and 4G).
Finally, western blot suggested that si-circ_0097009 resulted in 
higher Bax expression and lower Bcl-2 expression in HCC cells, 
and miR-568 inhibitor reversed these impacts (Figs 4H and 4I). 
These results demonstrated that circ_0097009 knockdown sup-
pressed HCC progression by up-regulating its target miR-568.

MiR-568 aimed to RNF38 in HCC cells
The binding position between RNF38-3’UTR and miR-568 

was exhibited in Figure 5A via Starbase prediction. Dual-lucif-
erase reporter assay probed that luciferase activity of HCC cells 
co-transfected with WT-RNF38-3’UTR and miR-568 was clearly 
lower than that of cells co-transfected with WT-RNF38-3’UTR 

D E F G
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Fig. 6. Interference of RNF38 reversed the miR-568 mimic-induced inhibition of HCC progression. HCC cells (Huh7 and SNU-387) were trans-
fected with miRNA NC, miR-568 mimic, miR-568 mimic+pc-NC or miR-568 mimic+pc-RNF38. A. Relative expression level of RNF38 was 
performed in HCC cells transfected with pc-RNF38. B. Colony formation assay for the colony formation ability of HCC cells. C. EdU assay 
for HCC cell proliferation. D, E. Transwell assay for number of migrated and invaded cells in HCC cells. F. Relative angiogenesis rate of HCC 
cells. G. Flow cytometry for apoptosis rate in HCC cells. H, I. Western blot assay for the protein levels of Bax and Bcl-2 in HCC cells. * p < 0.05.
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Fig. 7. Knockdown of circ_0097009 suppressed HCC progression in vivo. Nude mice were implanted with HCC cells stably expressing sh-NC 
or sh-circ_0097009. A. Volume of HCC tumor. B. Weight of HCC tumor. C, D. Relative expression of circ_0097009 and miR-568 in HCC tumor. 
E, F. Relative protein expression of RNF38 and Ki67 in HCC tumor. *p < 0.05.

and miRNA NC, while luciferase activity of cells co-transfected 
with MUT- RNF38-3’UTR and miRNA NC or miR-568 mimic 
was unchanged (Figs 5B and 5C). Furthermore, RIP assay indi-
cated the direct binding of miR-568 and RNF38 (Figs 5D and 5E). 
We further surveyed the mRNA and protein expression levels of 
RNF38, the results suggested that RNF38 expression was higher 
in HCC tissues and cells in comparison with normal tissues and 
THLE-2, respectively (Figs 5F‒5H). Also, RNF38 protein expres-
sion was noticeably repressed by miR-568 in HCC cells (Fig. 5I). 
As shown in Fig. 5J, RNF38 protein expression was obviously 
reduced by si-circ_0097009 and was raised by co-transfection 
si-circ_0097009 with miR-568 inhibitor. Overall, RNF38 was a 
target of miR-568 in HCC cells.

The effects of miR-568/RNF38 on HCC progression
Next, we analyzed the effects of miR-568/RNF38 in HCC 

progression. RNF38 protein expression was greatly elevated by 
RNF38 overexpression (Fig. 6A). MiR-568 mimic weakened 
number of colonies and cell proliferation capacity, and RNF38 
overexpression reversed these impacts (Figs 6B and 6C). What’s 
more, RNF38 overexpression recuperated miR-568-induced down-
regulation of migration rate (Fig. 6D), invasion ability (Fig. 6E) 
and angiogenesis rate (Fig. 6F) in HCC cells. MiR-568 mimic re-
sulted in an increase of apoptotic rate in HCC cells, which were 
all counteracted by overexpression RNF38 (Fig. 6G). Finally, we 
performed western blot, and the result suggested that miR-568 

mimic resulted in higher Bax expression and lower Bcl-2 expres-
sion in HCC cells, while RNF38 overexpression reversed this 
impact (Figs 6H and 6I). These data revealed that miR-568 over-
expression suppressed HCC progression by reducing the expres-
sion of its target RNF38.

Circ_0097009 knockdown confi ned tumorigenesis on HCC in 
vivo

To further probe circ_0097009 oncogenic role in HCC pro-
gression, animal experiments in vivo were carried out. SNU-387 
cells stably expressing sh-NC or sh-circ_0097009 were inoculated 
into nude mice, and we tested HCC tumor size weekly and tested 
HCC tumor weight after 4 weeks. Circ_0097009 silencing greatly 
impeded HCC tumor volume (Fig. 7A) and weight compared with 
sh-NC (Fig. 7B). In sh-circ_0097009 group, circ_0097009 expres-
sion was downregulated (Fig. 7C) while miR-568 expression was 
upregulated (Fig. 7D). In addition, the protein expression of RNF38 
and Ki67 was suppressed by sh-circ_0097009 (Figs 7E and 7F). 
Taken together, circ_0097009 knockdown restrained xenograft 
tumor growth in vivo.

Discussion

It is a well-established fact that HCC aggressive characteris-
tic has caused tens of thousands of patients’ death (21). Its patho-
genesis is tightly linked to circRNAs (22). In HCC, we examined 
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circ_0097009 aberrant expression and revealed the regulation of 
the circ_0097009/miR-568/RNF38 axis.

Accumulating evidence have suggested the important regu-
latory roles of circRNAs in HCC progression (23‒26). For in-
stance, Ding et al found that circ_0001955 facilitated the prolif-
eration, migration, and invasion abilities of HCC cells by targeting 
miR-145-5p/NRAS signaling (23). Huang et al demonstrated 
that circ_104348 contributed to HCC progression by targeting 
miR-187-3p/RTKN2 axis and activating Wnt/β-catenin signal-
ing (24). However, the role of circ_0097009 in HCC progression 
remains largely unknown. Here, we found an abnormal increase 
in circ_0097009 expression in HCC tissues and cells. Regarding 
functional experiments, the results showed that circ_0097009 
knockdown restrained HCC occurrence by blocking colony forma-
tion ability, proliferation ability, migration, invasion and promot-
ing apoptosis of HCC cells. Our xenograft assay also illustrated 
that circ_0097009 interference suppressed tumor growth in vivo. 
These data demonstrated that circ_0097009 played an oncogenic 
role in HCC development.

CircRNAs can serve as molecular sponges for miRNAs to re-
gulate cell biological behaviors (27, 28). To explore a novel axis of 
interaction in HCC, we performed functional-recovery experiments 
and identifi ed miR-568 as a circ_0097009 target, which was con-
fi rmed by dual-luciferase reporter assay and RIP assay. A previous 
study reported that LINC00680 elevated the stemness behaviors 
and chemo-resistance of HCC cells by sponging miR-568 and 
up-regulating AKT3 (29), suggesting the tumor suppressor role of 
miR-568 in HCC. Consistently, we found that miR-568 overexpres-
sion restrained the proliferation, migration, invasion, and angio-
genesis and facilitated the apoptosis of HCC cells. The data of res-
cue experiments revealed that circ_0097009 knockdown-induced 
anti-tumor effects in HCC cells were reversed by silencing miR-
568, suggesting that circ_0097009 knockdown suppressed HCC 
progression by up-regulating the anti-tumor molecule miR-568.

Previous studies have reported that miRNAs can bind to the 
3’UTR of mRNAs, thus leading to the degradation or translational 
suppression of mRNAs (30, 31). We confi rmed the interaction 
between RNF38 and miR-568 in HCC cells. RNF38 has been 
identifi ed as an oncogene in multiple malignancies (18, 32, 33). 
For instance, Wu et al reported that RNF38 elevated the cisplatin 
resistance of non-small cell lung cancer cells (33). In HCC, Jia 
et al suggested that RNF38, targeted by miR-7, could reinforce 
HCC cell proliferation and metastasis (20), suggesting the onco-
genic role of RNF38 in HCC. We found that the anti-tumor effects 
mediated by miR-568 in HCC cells could be largely overturned 
by the overexpression of RNF38, suggesting that miR-568 ham-
pered HCC development by down-regulating RNF38. The onco-
genic role of RNF38 was consistent with the previous study (20). 
Circ_0097009 could up-regulate RNF38 expression by sponging 
miR-568 in HCC cells.

Conclusion

We validated the oncogenic role of circ_0097009 in HCC and 
the molecular mechanism of circ_0097009/miR-568/RNF38 axis. 

Circ_0097009 silencing suppressed HCC development by target-
ing miR-568/RNF38 axis. These fi ndings bestow a hope for HCC 
patients’ treatment.
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