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Objective: Many aberrantly expressed circular RNAs (circRNAs) play important roles in 
the development and progression of hepatocellular carcinoma (HCC). However, the exact 
function of circ_0001175 in HCC cells is unknown. Our study aimed to investigate the 
expression characteristics of circ_0001175 in HCC and its effects on the proliferation, 
migration and invasion of HCC cells, and to explore the potential mechanism.
Materials and Methods: Quantitative real-time polymerase chain reaction (qRT-PCR) and 
Western blot were carried out to detect circ_0001175, microRNA-130a-5p (miR-130a-5p) 
and sorting nexin 5 (SNX5) expressions in HCC tissues and cells; cell counting kit-8 (CCK- 
8), BrdU and Transwell assays were conducted to detect the proliferation, migration and 
invasion of HCC cells. A lung metastasis model in nude mice was used to examine the effect 
of circ_0001175 on the metastasis of HCC cells in vivo. Bioinformatics prediction, luciferase 
reporter gene experiment, Ago2-RIP experiment and RNA pull-down assay were adopted to 
identify the binding relationships among circ_0001175, miR-130a-5p and SNX5.
Results: Circ_0001175 and SNX5 expressions were up-regulated in HCC tissues and cell 
lines, while miR-130a-5p expression was down-regulated. Abnormal expressions of 
circ_0001175, miR-130a-5p and SNX5 were associated with poor clinicopathological fea-
tures of HCC patients; circ_0001175 facilitated HCC cell proliferation, migration and 
invasion in vitro and promoted lung metastasis in vivo; miR-130a-5p inhibited the above 
malignant biological behaviors of HCC cells, and it could reverse the function of 
circ_0001175. SNX5 was identified as a target gene of miR-130a-5p, and circ_0001175 
could sponge miR-130a-5p and up-regulate the expression of SNX5 in HCC cells.
Conclusion: Circ_0001175 is highly expressed in HCC and facilitates HCC progression 
through regulating miR-130a-5p/SNX5 axis.
Keywords: circ_0001175, miR-130a-5p, HCC, proliferation, metastasis

Introduction
According to the GLOBOCAN database, liver cancer is the sixth most common and 
the fourth most deadly cancer, causing about 840,000 new cases and 780,000 deaths 
per year worldwide.1 Hepatocellular carcinoma (HCC) accounts for 90% of primary 
liver cancer.2 Surgery can relatively effectively treat patients with HCC in early 
stage.3,4 However, the symptoms of HCC patients in early stage are not obvious, 
and the first diagnosis of most HCC patients is in advanced stage.5 Without 
effective therapy strategies, the prognosis of patients with advanced HCC is 
extremely poor, and the five-year survival rate is less than 10%.6,7 Therefore, 
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finding new therapeutic targets is vital for improving the 
prognosis of HCC patients.

Circular RNAs (circRNAs) are closed-loop RNAs 
formed by reverse splicing of pre-mRNA.8 It is reported 
that the dysregulation of circRNAs is significantly asso-
ciated with the carcinogenesis and progression of liver 
cancer.9–12 For example, circ_0000885 expression is up- 
regulated in HCC and circ_0000885 enhances HCC cell 
proliferation.11 Circ_0015756 is highly expressed in HCC 
and facilitates HCC cell proliferation and metastasis 
through regulating miR-7/FAK axis.12 Circ_0001175 is 
generated from the YTH N6-methyladenosine RNA-binding 
protein 1 (YTHDF1) transcript  (Supplementary 
Figure 1A). YTHDF1 is reported to be up-regulated in 
HCC tissues and its high expression is associated with 
the unfavorable prognosis of HCC patients.13 However, 
the role of circ_0001175 in HCC is still obscure.

MicroRNAs (miRNAs) are endogenous small RNAs 
with a length of approximately 22 nucleotides, which 
directly bind to the 3ʹ-UTR of mRNA and repress 
translation.14 Many miRNAs are associated with the 
pathogenesis of HCC.15–18 For example, miR-144 is 
lowly expressed in HCC and it inhibits HCC progression 
by regulating CLK3 and Wnt/β-catenin signaling.17 MiR- 
223 reverses the chemoresistance of HCC cells by regulat-
ing autophagy.18 MiR-122, regulated by HNF1A, HNF3A 
and HNF3B, can inhibit the migration and invasion of 
HCC cells.19 MiR-130a-5p represses the growth and 
metastasis of glioma by down-regulating HMGB2 
expression.20 Additionally, it is reported that low miR- 
130a-5p expression is correlated with poor prognosis of 
HCC patients.21 However, the function of miR-130a-5p in 
HCC and its regulatory mechanisms have not been fully 
elucidated.

The sorting nexin family (SNXs) are proteins that con-
tain the SNX-PX domain.22 They regulate the structure and 
function of endoplasmic reticulum and Golgi apparatus, and 
modulate membrane cycling and endocytosis.23 Sorting 
nexin 5 (SNX5), belonging to SNX family, has key regula-
tory functions in cancer biology. Besides, SNX5 is highly 
expressed in thyroid cancer, and it promotes cancer 
progression.24 In HCC, SNX5 high expression is signifi-
cantly related to vascular invasion, intrahepatic metastasis 
and the adverse prognosis of the patients; its overexpression 
also enhances HCC cell proliferation and metastasis.25 

However, the mechanism that triggers the dysregulation of 
SNX5 in HCC is unclear.

As mentioned above, miR-130a-5p expression is 
down-regulated in HCC and miR-130a-5p functions as a 
tumor suppressor;21 meanwhile, our bioinformatics analy-
sis indicated that miR-130a-5p was a potential target of 
circ_0001175. This relationship suggests that 
circ_0001175 can probably function as an oncogenic 
circRNA in HCC. This study verified that circ_0001175 
expression was up-regulated in HCC. Moreover, 
circ_0001175 high expression was closely linked to 
increased TNM stage and low differentiation of tumor 
tissues. Additionally, it was demonstrated that 
circ_0001175 enhanced the proliferation and metastasis 
of HCC cells via regulating miR-130a-5p/SNX5 axis.

Materials and Methods
Samples Collection
HCC tissue samples and adjacent tissue samples were 
collected from the HCC patients who received surgery in 
Guangdong Second Provincial General Hospital (October 
2017 to March 2018). None of the patients had received 
chemotherapy or interventional therapy before the surgery. 
All patients provided written informed consent, and the 
collection and use of human tissues were approved by the 
Research Ethics Committee of Guangdong Second 
Provincial General Hospital (2018-PWK-032). This study 
was performed based on the principles outlined in the 
Declaration of Helsinki.

Cell Culture
Normal liver cells (L02 cells) and HCC cell lines (SMMC- 
7721, Bel-7402, Huh-7, HepG2 and Hep3B cells) were 
available from the American Type Culture Collection 
(ATCC, Rockville, MD, USA) or China Center for Type 
Culture Collection (CCTCC, Wuhan, China). All cells 
were cultured in Dulbecco’s Modified Eagle’s Medium 
(DMEM, HyClone, Logan, UT, USA) containing 10% 
fetal bovine serum (FBS, HyClone, Logan, UT, USA), 
100 U/mL penicillin and 0.1 mg/mL streptomycin 
(Hyclone, Logan, UT, USA) at 37°C in 5% CO2. When 
the cell confluence reached 70% to 80%, they were tryp-
sinized with 0.25% trypsin (Thermo Fisher Scientific, 
Shanghai, China) and subcultured.

Cell Transfection
The pCD5-ciR-circ_0001175 plasmid, pCD5-ciR-control 
plasmid, circ-0001175 siRNA, negative control siRNA 
(siNC), miR-130a-5p mimics, mimics control, miR-130a- 
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5p inhibitors and inhibitors control were available from 
Ribobio (Guangzhou, China). Transfection was performed 
with FuGENE® HD Transfection Reagent (Roche, 
Shanghai, China) according to the manufacturer’s instruc-
tion. After 24 h of transfection, total RNA was extracted 
from cells and quantitative real-time polymerase chain 
reaction (qRT-PCR) was used to detect the transfection 
efficiency.

qRT-PCR
Total RNA was extracted from HCC tissues and cells by 
TRIzol regent (Invitrogen, Carlsbad, CA, USA) and then 
reversely transcribed into cDNA. The cDNA was then 
used as the template, and qRT-PCR was performed using 
SYBR Premix Ex Taq™ Kit (Takara, Dalian, China). 
MiRNA expression was determined using TaqMan 
MicroRNA Assay Kit (Applied Biosystems, Foster City, 
CA, USA). After that, the relative expressions of 
circ_0001175, miR-130a-5p and SNX5 mRNA were calcu-
lated using the 2−ΔΔCT method. The internal references for 
miRNA and mRNA/circRNA were U6 and GAPDH, 
respectively. All primer sequences were purchased from 
Genecopoeia (Guangzhou, China), and the details of pri-
mer sequences are shown in Table 1.

Cell Counting Kit-8 (CCK-8) Assay
Huh-7 and SMMC-7721 cells in the logarithmic growth 
phase were collected. Cell suspension was prepared and 
the cell density was modulated to 1×104 cells/mL. The 
cells were then inoculated into 96-well plates (100 μL of 
cell suspension/well), and 10 μL of CCK-8 solution 

(Beyotime, Shanghai, China) was supplemented into each 
well after 1, 2, and 3 d, respectively. On each day, after 
CCK-8 solution was added, the cells were incubated for 4 
h. Subsequently, a microplate reader was employed to 
detect the optical density (OD value) of each well at a 
wavelength of 450 nm.

BrdU Experiment
Huh-7 and SMMC-7721 cells in the logarithmic growth 
phase were harvested to prepare the single-cell suspension, 
and the cells were then inoculated into a 24-well plate 
(1×105 cells/well) before BrdU staining reagent 
(Beyotime, Shanghai, China) was added. After the incuba-
tion for 12 h, the cells were fixed with 4% paraformalde-
hyde, incubated with anti-BrdU antibody (Beyotime, 
Shanghai, China) and then were stained with the DAPI 
staining solution (Beyotime, Shanghai, China) to label the 
nuclei. The BrdU positive cells and the DAPI positive 
cells in three visual fields were counted under a fluores-
cence microscope (Olympus, Tokyo, China). Cell prolif-
eration rate=number of BrdU-positive cells/number of 
DAPI-positive cells.

Transwell Experiment
24-well plates supplemented with Transwell chambers (8 
μm pore size, BD Biosciences, CA, USA) were used in 
Transwell assay. In migration assay, 600 μL of medium 
containing 20% FBS was added to each well of the 24- 
well plate, and 200 μL of cell suspension (containing 
1×105 cells) was added to each Transwell chamber. 
Thirty-six hour later, the medium was discarded, and the 

Table 1 Sequences Used for RT-qPCR

circ_0001175 F: CACGTGCCCTTGTAGAGGAT
R: TCTGCCAAAATAGATGCTTTGT

circ_0061146 F:CTGGACGACATTGGGTTTTT
R:GAGGCGTCGACTCCAATG

miR-130a-5p F: ACACTCCAGCTGGGGCTCTTT TCACATTGT
R:CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGTAGCAC

SNX5 F: TGCACACAAAGACCACACTG
R: CCCTTCACCTTCTCCCAGTT

U6 F: CTCGCTTCGGCAGCACA
R: AACGCTTCACGAATTTGCGT

GAPDH F: TGTTCGTCATGGGTGTGAAC

R: ATGGCATGGACTGTGGTCAT

Abbreviations: F, forward; R, reverse; RT-qPCR, quantitative real-time polymerase chain reaction.
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Transwell chambers were taken out. A wet cotton swab 
was used to gently wipe off the cells that did not pass 
through the membrane. The migrated cells were fixed with 
methanol for 30 s, then stained with crystal violet solution 
for 1 min and washed with PBS. After the membrane was 
dried, the number of cells in three random visual fields 
was counted under a microscope (×200). In the invasion 
assay, the membranes of Transwell chambers were pre- 
coated with a layer of Matrigel (BD Biosciences, CA, 
USA), and the other procedures were the same as the 
migration assay.

Western Blot
Huh-7 and SMMC-7721 cells were harvested and washed 
three times with PBS. Then, RIPA lysis buffer (containing 
1% PMSF) (Beyotime, Shanghai, China) was added, and 
the cells were lysed by sonication in ice water. The protein 
concentration was determined by Bradford method. After 
the proteins were denatured, an equal amount of protein 
was taken from each group for 10% SDS-PAGE, and the 
protein on the gel was then transferred onto the PVDF 
membrane (Millipore, Billerica, MA, USA). After that, the 
membrane was blocked with 5% skimmed milk at room 
temperature for 1 h. Next, the primary antibodies, includ-
ing anti-SNX5 antibody (Abcam, ab241295, 1:500), anti- 
E-cadherin antibody (Abcam, ab40772, 1:1000) and anti- 
N-cadherin antibody (Abcam, ab76011, 1:1000), were 
added, and the PVDF membranes were incubated at 4°C 
overnight. After the membranes were washed with TBST, 
the secondary antibody (Beyotime, Shanghai, China, 
A0208, 1:2500) was added to incubate the membranes 
for 1 h at room temperature. After that, the membrane 
was washed with TBST. The development of the protein 
bands was performed using electrochemical luminescence 
(ECL) kit (Beyotime, Shanghai, China). GAPDH was used 
as the endogenous control.

Luciferase Reporter Assay
The luciferase reporter vectors of circ_0001175 wild type 
(WT)/mutant (MUT) or SNX5 WT/MUT were transfected 
into 293T cells together with miR-130a-5p mimic or con-
trol miRNA. The medium was removed after 48 h of 
culture. Subsequently, PBS was used to wash the cells, 
and then the washing solution was discarded. Next, lysis 
buffer was employed to lyse the cells. The cells were 
oscillated on a shaker at room temperature for 5 min and 
then centrifuged for 5 min, and the supernatant was har-
vested for luciferase activity measurement. According to 

the instruction of dual-luciferase reporter assay system 
(Promega, Madison, WI, USA), the luciferase activities 
of the samples were determined.

RNA Immunoprecipitation (RIP)
RIP assay was performed with Magna RIP RNA-binding 
protein immunoprecipitation kit (Millipore, Bedford, MA, 
USA). Approximately 1×107 cells were harvested and 
resuspended with RIP lysis buffer supplemented with pro-
tease and RNase inhibitors. Then, the cell lysate was 
incubated with anti-Ago2 antibody (Abcam, Cambridge, 
MA, USA) or negative control mouse immunoglobulin G 
(IgG; Millipore, Shanghai, China) at 4°C overnight. Next, 
proteinase K was used to remove the proteins, and immu-
noprecipitated RNA was extracted using the RNeasy 
MinElute Cleanup kit (Qiagen, Hilden, Germany) and 
then reversely transcribed using the GoScript™ Reverse 
Transcription System (Promega, Madison, WI, USA). 
Ultimately, the enrichment of circ_0001175 and miR- 
130a-5p was detected by qRT-PCR.

RNA Pull-Down Assay
Huh-7 and SMMC-7721 cells were lysed using RIPA lysis 
buffer (Biossci, Wuhan, China) and then incubated with 
biotinylated normal control circRNA (NC), biotinylated 
wild type circ_0001175 (WT) or biotinylated 
circ_0001175 mutant (MUT) (GenePharma, Shanghai, 
China) for 1 h at room temperature. Following that, 
Dynabeads® M-280 streptavidin (Invitrogen, Carlsbad, 
CA, USA) was used to isolate biotin-labeled RNA, and 
qRT-PCR was utilized for detecting the enrichment of 
miR-130a-5p.

Lung Metastasis Model in vivo
BALB/c nude mice (male, 4–5 weeks old) were purchased 
from the Guangzhou Experimental Animal Centre 
(Guangzhou, China). The mice were randomly divided 
into two groups (control group and circ_0001175 over-
expression group, n=5 per group). Huh-7 cells (1×107 

cells/per mouse) were injected into each mouse via tail 
vein. Three weeks later, the mice were euthanized, and the 
lungs were fixed in formalin and embedded in paraffin. 
Then, hematoxylin/eosin staining was performed for 
pathological examination of lung nodules of the mice. 
The number of pulmonary metastatic nodules in each sec-
tion was counted in five randomly selected visual fields 
under the microscope (Olympus, Tokyo, China).
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Immunohistochemical (IHC) Staining
HCC tissues were cut into sections (thickness: 3 μm). The 
sections were deparaffinized with xylene and then 
hydrated. The sections were then heated in citrate buffer 
at 100°C for 1 min for antigen retrieval, and endogenous 
peroxidases were inactivated in 3% hydrogen peroxide for 
10 min at 37°C. The sections were then incubated with 
primary anti-SNX5 antibody (ab250218, 1:100, Abcam, 
Shanghai, China) at 4°C overnight, followed by the incu-
bation with secondary antibody (A0277, 1:1000, 
Beyotime, Shanghai, China) for 60 min at 37°C. Finally, 
3,3-diaminobenzidine tetrahydrochloride was used to 
develop the color, and each section was scored by two 
independent pathologists. IHC score was calculated based 
on staining intensity score (0, no staining; 1, weak stain-
ing; 2, moderate staining; and 3, intense staining) and the 
proportion score (0, no staining; 1, 1–25% of the tumor 
cells were stained; 2, 26–50%; 3, 51–75%; and 4, more 
than 75% of the tumor cells were stained). IHC score = 

staining intensity score × proportion score. IHC score was 
used to evaluate the expression of SNX5: 0 points, nega-
tive; 1–6 points, weakly positive; 8–12 points, strongly 
positive.

Statistical Analysis
All data were statistically analyzed using SPSS 22.0 
(SPSS Inc., Chicago, IL, USA). The results were 
expressed as mean ± standard deviation. Differences 
between two or more groups were analyzed by Student’s 
t-test or one-way ANOVA. P < 0.05 signified statistical 
significance.

Results
Circ_0001175 Expression Was Up- 
Regulated in HCC Tissues and Cell Lines
First of all, we tried to detect the circular structure of 
circ_0001175. RNase R assay indicated that 
circ_0001175 in Huh-7 cells was more resistant to 

Figure 1 Circ_0001175 was highly expressed in HCC tissues and cell lines. (A and B) The expression level of circ0001175 in 45 pairs of HCC tissues/adjacent tissues and 
different cell lines was detected by qRT-PCR. (C and D) Relationship between circ0001175 expression level and TNM stage and tumor differentiation of HCC patients. **P < 
0.01 and ***P < 0.001.
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RNAase R, compared with linear GAPDH mRNA and 
YTHDF1 mRNA (Supplementary Figure 1B). Next, we 
examined the specificity of siRNA and primers for 
circ_0001175 used in this work. As shown, siRNA target-
ing circ_0001175 specifically repressed the expression of 
circ_0001175, but did not impede the expressions of 
YTHDF1 and circ_0061146 (another circRNA generated 
from YTHDF1 transcript, Supplementary Figure 1C). 
Next, we used qRT-PCR to detect circ_0001175 expres-
sion in HCC tissues and cell lines. The results showed that 
compared with adjacent tissues, circ_0001175 expression 
was remarkably up-regulated in HCC tissues (Figure 1A). 
Circ_0001175 expression in HCC cell lines was also sig-
nificantly up-regulated compared with that in normal liver 
cells (Figure 1B). Additionally, it was found that the high 
expression of circ_0001175 was associated with the high 
TNM stage of HCC patients and the low differentiation of 
tumor tissues (Figure 1C and D).

Circ_0001175 Significantly Enhanced the 
Proliferation, Migration, Invasion and 
Lung Metastasis of HCC Cells
Among the 5 HCC cell lines, circ_0001175 had the lowest 
expression in Huh-7 cells and the highest expression in 
SMMC-7721 cells. Therefore, we transfected the 
circ_0001175 overexpression plasmid into Huh-7 cells 
and the circ_0001175 siRNA into SMMC-7721 cells. 
qRT-PCR showed that the transfection was successful 
(Figure 2A). Through CCK-8 and BrdU assays, it was 
found that in comparison with the control group, the cell 
proliferation of the Huh-7 cells in circ_0001175 overex-
pression group was markedly increased while the cell 
proliferation of the SMMC-7721 cells in circ_0001175 
knockdown group was markedly reduced (Figure 2B and 
C). Transwell experiment manifested that circ_0001175 
overexpression enhanced the migration and invasion of 

Figure 2 Circ_0001175 promoted HCC cell proliferation, migration and invasion (A). Circ_0001175 was overexpressed in Huh-7 cells, and it was knocked down in SMMC- 
7721 cells. qRT-PCR was used to validate the transfection efficiency. (B and C) CCK-8 and BrdU assays were used to detect the function of circ_0001175 in regulating the 
proliferation of HCC cells. (D) The function of circ_0001175 in regulating HCC cell migration and invasion was examined using Transwell assay. *P < 0.05, **P < 0.01 and 
***P < 0.001.
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Huh-7 cells while circ_0001175 knockdown inhibited the 
migration and invasion of SMMC-7721 cells (Figure 2D). 
Then, we detected the expressions of N-cadherin and 
E-cadherin by Western blot, the results of which unmasked 
that overexpression of circ_0001175 increased the expres-
sion of N-cadherin and inhibited the expression of 
E-cadherin in Huh-7 cells; knockdown of circ_0001175 
functioned oppositely in SMMC-7721 cells 
(Supplementary Figure 1D). Additionally, a lung metasta-
sis model in nude mice was used to evaluate the metastasis 
of HCC cells in vivo, and it showed that overexpression of 
circ_0001175 enhanced the pulmonary metastasis of Huh- 
7 cells in vivo (Supplementary Figure 1E). The above 
experiments implied that circ_0001175 facilitated the pro-
liferation, migration, invasion, epithelial–mesenchymal 
transition (EMT) and metastasis of HCC cells.

Circ_0001175 Specifically Regulated miR- 
130a-5p
StarBase database indicated that the sequence of 
circ_0001175 contained a possible binding site for miR- 
130a-5p (Figure 3A). Dual-luciferase reporter gene assay 
implied that compared to miR-NC, miR-130a-5p signifi-
cantly suppressed the relative luciferase activity of wild- 
type circ_0001175 reporter while it showed no remarkable 
effect on the mutant circ_0001175 reporter (Figure 3B). 
Subsequently, Ago2-RIP experiments and RNA pull-down 
assay were used to further verify the interaction between 
circ_0001175 and miR-130a-5p, and the results indicated 
the direct interaction between them (Figure 3C and D). 
Additionally, we used qRT-PCR to detect the effect of 
circ_0001175 on miR-130a-5p expression. It was revealed 
that circ_0001175 overexpression inhibited miR-130a-5p 

Figure 3 Circ_0001175 targeted and regulated miR-130a-5p. (A) Bioinformatics analysis was used to predict the binding site between circ_0001175 and miR-130a-5p. (B) 
The interaction between circ_0001175 and miR-130a-5p was detected using dual-luciferase reporter experiment. (C and D) The binding relationship of circ_0001175 and 
miR-130a-5p was detected by Ago2-RIP experiment and RNA pull-down assay. (E) After circ_0011175 was overexpressed or knocked down, the expression of miR-130a-5p 
in HCC cells was detected by qRT-PCR. (F) qRT-PCR was used to detect the expressions of circ_0001175 and miR-130a-5p in HCC samples, and the correlation was 
calculated. ***P < 0.001.
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expression in Huh-7 cells, and circ_0001175 knockdown 
promoted miR-130a-5p expression in SMMC-7721 cells 
(Figure 3E). Furthermore, after detecting circ_0001175 
and miR-130a-5p expressions in the cancer tissues of the 
45 HCC patients, we found that their expressions were 
negatively correlated (Figure 3F). The above data authen-
ticated that circ_0001175 directly targeted and negatively 
regulated miR-130a-5p.

MiR-130a-5p Inhibited Proliferation, 
Migration and Invasion of HCC Cells
qRT-PCR showed that miR-130a-5p expression was mark-
edly down-regulated in HCC tissues and cell lines 
(Figure 4A and B). Consistently, the data in StarBase 
database also indicated that miR-130a-5p expression in 

HCC samples was remarkably lower than in normal tissues 
(Figure 4C). Notably, the underexpression of miR-130a-5p 
was associated with a higher TNM stage and the poor 
differentiation of tumor tissues (Supplementary 
Figure 2A and B). Furthermore, miR-130a-5p mimics 
and miR-130a-5p inhibitors were transfected into 
SMMC-7721 cells and Huh-7 cells, respectively. qRT- 
PCR showed that the transfection was successful 
(Figure 4D). Through CCK-8, BrdU and Transwell assays, 
it was found that miR-130a-5p mimics significantly 
repressed the proliferation, migration and invasion of 
HCC cells; conversely, miR-130a-5p inhibitors promoted 
the above malignant biological behaviors (Figure 4E–G). 
The data revealed that miR-130a-5p was a tumor suppres-
sor in HCC.

Figure 4 MiR-130a-5p inhibited the proliferation, migration and invasion of HCC cells. (A and B) qRT-PCR was used to detect the expression level of miR-130a-5p in HCC 
tissues and cell lines. (C) StarBase database was used to analyze the expression level of miR-130a-5p in liver hepatocellular carcinoma (LIHC) samples. (D) qRT-PCR was 
used to detect the transfection efficiency of miR-130a-5p mimics and miR-130a-5p inhibitors. (E and F) CCK-8 and BrdU assays were used to detect the function of miR- 
130a-5p in regulating the proliferation of HCC cells. (G). Transwell assay was used to detect the migration and invasion of HCC cells. *P < 0.05, **P < 0.01 and ***P < 0.001.
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Circ_0001175 Facilitated the 
Proliferation, Migration and Invasion of 
HCC Cells by Adsorbing miR-130a-5p
To investigate whether circ_0001175 played a role in HCC 
cells through regulating miR-130a-5p, we co-transfected 
circ_0001175 overexpression plasmid+miR-130a-5p mimics 
into Huh-7 cells, and circ_0001175 siRNA+miR-130a-5p 
inhibitors were co-transfected into SMMC-7721 cells. qRT- 
PCR showed successful transfection (Figure 5A). Through 
CCK-8, BrdU and Transwell assays, it was found that miR- 
130a-5p mimics could partially weaken the promotion of 
HCC cell proliferation, migration and invasion induced by 
circ_0001175 overexpression; miR-130a-5p inhibitors could 
partly reverse the inhibitory effect of circ_0001175 knock-
down on these malignant biological behaviors of HCC cell 
(Figure 5B–D). The above findings implied that 
circ_0001175 facilitated the proliferation, migration and 
invasion of HCC cells by adsorbing miR-130a-5p.

MiR-130a-5p Targeted SNX5
SNX5was predicted as one of the downstream targets of 
miR-130a-5p through the TargetScan database 
(Figure 6A). Subsequently, we verified the binding rela-
tionship through dual-luciferase reporter gene experiment: 
the data revealed that compared to miR-NC, miR-130a-5p 

significantly inhibited the relative luciferase activity of 
wild-type SNX5 reporter, but it had no remarkable effect 
on the relative luciferase activity of SNX5 MUT reporter 
(Figure 6B). Additionally, circ_0001175 overexpression or 
inhibiting miR-130a-5p expression promoted the expres-
sion of SNX5 in HCC cells while circ_0001175 knock-
down or miR-130a-5p overexpression worked oppositely 
(Figure 6C and D). Furthermore, qRT-PCR was performed 
to detect SNX5 expression in HCC tissues, and the data 
revealed that SNX5 expression mRNA was remarkably 
higher than that in adjacent tissues (Figure 6E). 
Additionally, high expression of SNX5 mRNA was asso-
ciated with higher TNM stage and poor differentiation of 
tumor tissues (Supplementary Figure 2C and D). In addi-
tion, the results of IHC indicated that SNX5 protein was 
overexpressed in HCC tumor tissues (Supplementary 
Figure 2E). Moreover, we used Pearson’s correlation ana-
lysis to analyze the correlation between the expressions of 
miR-130a-5p and SNX5 mRNA in HCC samples, the 
findings of which showed that miR-130a-5p expression 
was negatively correlated with SNX5 expression 
(Figure 6F). The above data indicated that miR-130a-5p 
directly targeted and negatively regulated SNX5 expression 
and SNX5 expression could be positively regulated by 
circ_0001175.

Figure 5 Circ_0001175 promoted proliferation, migration and invasion of HCC cells by adsorbing miR-130a-5p. (A) Huh-7 cells were co-transfected with circ_0001175 
overexpression plasmid+miR-130a-5p mimics, and SMCC-7721 cells were co-transfected with circ_0001175 siRNA+miR-130a-5p inhibitors. qRT-PCR was then used to 
detect expression of miR-130a-5p after co-transfection was performed in HCC cells. (B- D) CCK-8, BrdU and Transwell assays were used to detect the proliferation, 
migration and invasion of HCC cells after transfection. *P < 0.05, **P < 0.01 and ***P < 0.001. In (B) #P < 0.01, vs circ_0001175 overexpression group or knockdown group.
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Discussion
Previous research demonstrates that circRNAs can regu-
late the progression of HCC through various mechanisms.-
26–28 For example, circ-DB expression is up-regulated in 
HCC patients with higher body fat ratios, and circ-DB 
inhibits miR-34a, activates the USP7/Ciclin A2 signaling 
pathway, accelerates tumor growth and reduces DNA 
damage;29 Twist1 promotes vimentin expression by 
increasing circ-10720 expression, thereby promoting 
EMT in HCC;30 circ-ADD3 promotes EZH2 degradation 
through CDK1-mediated ubiquitination, thereby inhibiting 
the metastasis of HCC cells.31 In this research, for the first 
time, we found that circ_0001175 was highly expressed in 
HCC tissues and cells, and its high expression was remark-
ably associated with increased TNM stage and low differ-
entiation of tumor tissues. Functional experiments in vitro 
and in vivo demonstrated that circ_0001175 overexpres-
sion promoted the proliferation and metastasis of HCC 

cells. These data indicated that circ_0001175 played an 
oncogenic role in HCC.

MiRNAs participate in a variety of physiological and 
pathological processes.32–34 Reportedly, multiple miRNAs 
regulate the malignant biological behaviors of cancer cells, 
including proliferation, migration, apoptosis, autophagy, 
drug resistance and angiogenesis in diverse cancers, HCC 
included.16,35,36 MiR-130a-5p is identified as a tumor sup-
pressor in several cancers, and it can inhibit the expres-
sions of a variety of oncogenes. For example, miR-130a- 
5p down-regulates ZEB1 expression, thereby inhibiting 
proliferation and EMT of cancer cells in esophageal squa-
mous cell carcinoma.37 In gastric cancer, miR-130a-5p 
targets CB1R and suppresses Wnt/β-catenin signaling path-
way, thereby inhibiting the growth and metastasis of can-
cer cells.38 In the work, we found that miR-130a-5p 
expression was down-regulated in HCC samples and cell 
lines. As expected, it was demonstrated that miR-130a-5p 

Figure 6 MiR-130a-5p specifically regulated SNX5. (A). Bioinformatics analysis was used to predict the binding sequence between the 3ʹUTR of SNX5 and miR-130a-5p. (B) 
The dual-luciferase reporter gene assay was used to verify the binding site between SNX5 and miR-130a-5p. (C and D) Western blot was used to detect the effects of 
circ_0001175 or miR-130a-5p on the expression level of SNX5 protein. (E and F) qRT-PCR was used to detect the expression of SNX5 in HCC patients, and its correlation 
with miR-130a-5p expression was analyzed. ***P < 0.001.
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repressed the proliferation, migration and invasion of HCC 
cells. Collectively, we proved that miR-130a-5p was a 
tumor suppressor of HCC.

Accumulating evidence shows that the circRNA-miRNA 
regulatory axis has important regulatory roles in HCC: in this 
mechanism, circRNA can function as a molecular sponge to 
decoy miRNAs and increase the expression level of mRNA, 
thus regulating gene expression.39,40 For example, 
circ_0001955 promotes the tumorigenesis of HCC by 
down-regulating miR-516a-5p expression and up-regulating 
TRAF6 and MAPK11 expressions;40 circ_0091579 facilitates 
the proliferation and metastasis of HCC cells by down-reg-
ulating miR-490-3p expression.41 In the present research, it 
was revealed that circ_0001175 directly adsorbed miR-130a- 
5p and repressed its expression; additionally, rescue experi-
ments showed that the biological functions of circ_0001175 
were dependent on miR-130a-5p. Our data suggested that 
circ_0001175 contributed to the dysregulation of miR-130a- 
5p and miR-130a-5p was an important downstream molecule 
of circ_0001175 in HCC pathogenesis.

SNX5expression is up-regulated in head and neck squa-
mous cell carcinoma expression, and SNX5 inhibits FBW7- 
mediated oncoprotein ubiquitination, promoting the cancer 
progression.22 In HCC, SNX5 is also proved to be onco-
genic. A recent study reports that SNX5 enhances HCC 
cell proliferation, migration and invasion by inhibiting 
EGF-mediated EGFR endocytosis and activating the 
EGFR-ERK1/2 pathway; importantly, its high expression 

implies poor prognosis of HCC patients.25 In the research, 
consistently, it was demonstrated that SNX5 expression 
was up-regulated in HCC samples, and SNX5 was vali-
dated as a target gene of miR-130a-5p and could be 
positively regulated by circ_0001175. Our work gave a 
possible explanation to clarify the mechanism of SNX5 
dysregulation in HCC.

Taken together, this research reveals that circ_0001175 
expression is up-regulated in HCC and circ_0001175 pro-
motes HCC progression, and its high expression is signifi-
cantly associated with adverse pathological parameters. 
Further mechanism investigation indicates that 
circ_0001175 regulates miR-130a-5p/SNX5 axis 
(Figure 7). Our work offers potential biomarkers and ther-
apy targets for the diagnosis and treatment of HCC.
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