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Introduction: Aberrant circular RNA (circRNA) expression has been extensively discov-
ered for its involvement in both the initiation and progression of various cancers. Through 
screening circRNA profile, we identified a novel circRNA has_circ_0001806, which is 
termed as circCSPP1 in liver cancer. In the present study, we aim to investigate the role of 
circCSPP1 in the progression of liver cancer.
Methods: Fluorescence in situ hybridization (FISH) was used to detect the location of 
circCSPP1. Function studies including MTT, colony formation assay, transwell assay and 
flow cytometry were carried out to detect the malignant behaviour of circCSPP1 on liver 
cancer cells. Luciferase assay and RNA pull down were used to detect the interaction 
between miR-1182 and circCSPP1 as well as RAB15. Quantitative realtime (qPCR) and 
Western blot were performed to evaluate the RNA and protein expression, respectively.
Results: CircCSPP1 knockdown inhibited the proliferation, migration and invasion while 
promoted apoptosis of liver cancer cells. Mechanically, we predicted and verified the target 
miR of circCSPP1 which is miR-1182. miR-1182 was capable of reversing the effect of 
circCSPP1 on liver cancer cells. Moreover, miR-1182 was found to also target RAB15 to 
participate in the regulation of cell phenotype.
Discussion: Taken together, circCSPP1 promoted progression of liver cancer cells via 
sponging miR-1182 which may serve as a novel prognostic and therapeutic target for liver 
cancer.
Keywords: circRNA, circCSPP1, liver cancer, miR-1182, RAB15

Introduction
Liver cancer has become the third leading cause of cancer-associated mortality 
worldwide.1 The main therapeutic methods for liver cancer include radical resection 
and chemotherapy. The treatment of liver cancer has made significant progress in 
the past few years. However, the prognosis of liver cancer remains poor.2,3 The 
current 5-year survival rate of liver cancer is estimated to be <25% due to the 
frequent recurrence and metastasis.4 Therefore, it is urgent to extend our under-
standing of the molecular mechanisms underlying liver cancer development.

Circular RNAs (circRNAs) are a class of non-coding RNAs characterized by 
a covalently closed loop without 5ʹ to 3ʹ polyadenylated tails. These molecules are 
formed by back-splicing events.5 Currently, circRNAs have been shown to be 
highly conserved and are expressed with high stability across different species.6 

circRNAs are differentially expressed in various types of cancer, including 
prostate,7 breast8 and hepatocellular9 cancer. In addition, they are also involved in 
several physiological and pathophysiological processes, such as adsorption of 
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microRNAs (miRNAs/miRs), regulation of alternative 
splicing, protein-RNA interaction and DNA and transcrip-
tion factor expression, and ultimately, alteration of the cell 
phenotype.10,11

miRNAs are small endogenous non-coding RNAs, 
which can regulate fundamental cell processes by binding 
to the specific 3ʹuntranslated regions of target genes.12 

This binding can inhibit protein translation or induce 
degradation of target mRNAs. circRNAs mainly sponge 
miRNAs to influence gene expression and biological 
functions.13,14

In the present study, the circRNA circCSPP1 was identi-
fied as an upregulated circRNA in liver cancer tissues and 
cell lines. Loss- and gain-of-function studies were performed 
to determine the function of circCSPP1 in liver tumorigen-
esis. The data predicted and verified the target miRNA of 
circCSPP1, which was miR-1182, and further elucidated its 
underlying mechanism in liver cancer. In summary, circ- 
CSPP1 functioned as an oncogene in liver cancer and may 
be a potential therapeutic target for this disease.

Methods and Materials
Patients and Specimens
The cohort study was conducted on samples collected 
between January 2017 and January 2018. Patients with 
a confirmed diagnosis of liver cancer were included. 
Patients who had received previous chemotherapy, radio-
therapy or biological medication were excluded from the 
study. A total of 55 pairs of liver cancer and normal tissues 
were obtained from Cangzhou Central Hospital. The dis-
tance between tumor and adjacent tissue was 2–3 cm. The 
tissues were frozen in liquid nitrogen immediately after 
excision and subsequently stored at −80°C. All experimen-
tal procedures were approved by the Ethics Committee of 
Cangzhou Central Hospital and were performed in accor-
dance with the Declaration of Helsinki of the World 
Medical Association. Written informed consent was 
obtained from each patient.

Cell Culture
The liver cancer cell lines (HepG2, Huh7, MHCC97L, LM3, 
Hep3B) and the human liver epithelial-2 cell (THLE-2) were 
purchased from the Chinese Academy of Sciences 
(Shanghai, China). The cells were cultured in RPMI-1640 
medium (Invitrogen, Thermo Fisher Scientific, Inc., MA, 
USA) containing 10% fetal bovine serum (FBS; Gibco, 
Thermo Fisher Scientific, Inc., Australia), 100 U/mL 

penicillin and 100 mg/mL streptomycin (Gibco, Thermo 
Fisher Scientific, Inc., MA, USA). All cell lines were incu-
bated in a humidified atmosphere of 5% CO2 at 37°C.

Cell Transfection
miR-1182 mimic and mimic control were synthesized by 
Shanghai GenePharma Co., Ltd. (Shanghai, China). 
circCSPP1 overexpressing vector, RAB15 overexpressing 
vector, control vector, small interfering (si)RNA for 
circCSPP1, control siRNA and short hairpin RNA 
(shRNA) targeting circCSPP1 were synthesized by 
Hanbio Biotechnology Co., Ltd. (Beijing, China). The 
cells were resuspended and seeded on six-well plates at 
a density of 8×105 cells and cultured in RPMI-1640 with-
out FBS at 37°C for 12 h prior to transfection. The 
sequences for the siRNA and mimics were as follows:

miR-1182 mimic (forward: 5ʹGAGGGUCUUGGGA 
GGGAUGUGAC3ʹ, reverse: 5ʹ CAGUGUAGGGAGGGU 
UCUGGGAG3ʹ); mimic control (forward: 5ʹGCATATTGCA 
TGCCTTAAG3ʹ, reverse: 5ʹ CTTAAGGCATGCAATA 
TGC3ʹ); si-nc (forward: 5ʹAATTCAAAAAGCAAT 
GCATTTCAACCT3ʹ, reverse: 5ʹCCGGAGGTTGAAAT 
GCATTGCTTTTTG3ʹ); si-circCSPPA (forward: 5ʹCCCAG 
TGCTCCAGACAATGAA3ʹ, reverse: 5ʹTTCATTGTCTGG 
AGCACTGGG3ʹ)

Cell Counting Kit (CCK)-8
Following transfection, the cells were collected and re- 
suspended in culture medium, followed by seeding into 96- 
well plates at a density of 1x104 cells/well. The cells were 
subsequently treated with 15 μL CCK-8 solution for an 
additional 2 h at 37°C. The absorbance was detected at 480 
nm using a microplate reader (BioRad Laboratories, Inc., 
CA, USA). Each experiment was performed at least 3 times.

Transwell Experiment
Following transfection, 1x105 cells were suspended in 200 
μL RPMI-1640 medium and were seeded on the upper 
Transwell chamber (Corning, Inc., NY, USA). Following 
24 h of incubation at 37°C, the cells were fixed on the 
surfaces of lower chambers in 20% methanol followed by 
staining with 1% crystal violet (Bicobio, Tianjin, China). 
Finally, the cell colonies were imaged and counted.

Colony Formation Assay
Following transfection, the cells were seeded in 12-well 
plates at a density of 100 cells/well. The cells were incu-
bated for 2 weeks, fixed in 10% formaldehyde and stained 
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with 1% crystal violet (Beyotime Institute of 
Biotechnology, Shanghai, China). The images were photo-
graphed using a microscope (Leica Microsystems GmbH, 
Germany) and the colonies that consisted of >50 cells 
were counted.

Western Blot Analysis
The total protein was extracted and the concentration of the 
collected protein was determined in a Nanodrop 2000 system 
(Thermo Fisher Scientific, Inc., USA). SDS-PAGE was per-
formed and 40 μg protein was loaded for electrophoresis, 
followed by transfer to a PVDF membrane. The blots were 
subsequently blocked in 5% skimmed milk at room tempera-
ture for 2 h, incubated with the primary antibody (1:1000) 
overnight at 4°C followed by further incubation with the 
secondary antibody (1:1000) at room temperature for an 
additional 2 h. Subsequently, the blots were visualized 
using an ECL chemiluminescence kit and the gray value of 
each band was analyzed with QuantityOne software.

RNA-Fluorescence in situ Hybridization
Hybridization of Alexa Fluor 555-labeled circCSPP1 was 
performed according to the manufacturer’s protocol 
(Shanghai GenePharma Co., Ltd., Shanghai, China). 
FISH assay was performed using a fluorescence in situ 
hybridization kit according to the manufacturer’s instruc-
tions (Guangzhou RiboBio Co., Ltd., Guangzhou, China). 
DAPI was used to stain the cell nucleus. The subcellular 
distribution of circCSPP1 was observed with a confocal 
laser scanning microscope (Olympus FV1000, Olympus 
Corporation, Japan).

RNA Pull-Down Assay
The biotinylated probe of miR-1182 and the control probe 
were obtained from Hanbio Biotechnology Co., Ltd. 
(Shanghai, China). The streptavidin-coated beads were 
initially coated with the probe. The cells were lysed to 
extract the total protein. Following pretreatment with mag-
netic beads, RNA and beads were mixed. Following wash-
ing for 5 times, the RNA in the pull-down complex was 
extracted using the TRIzol® reagent and analyzed by 
qPCR.

Dual Luciferase Reporter Gene Assay
The luciferase assay was performed using the dual- 
luciferase reporting system psiCHECKTM (Thermo 
Fisher Scientific, Inc.). CircCSPP1 or RAB15 wild-type 
(WT) and its mutant sequence (mut) were cloned into 

plasmid psiCHECK2. 293T cells (4x104 cells/well) were 
cultured overnight in 24-well plates. The psiCHECK2 and 
the Renilla luciferase expression plasmids were transfected 
into 293T cells using Lipofectamine 2000®. Following 24 
h of cell incubation, luciferase activity was measured by 
the Luciferase reporter gene assay system (Promega 
Corporation).

Xenograft Model
HepG2 and Huh7 cells were collected and resuspended in 
RPMI-1640medium. A total of 3 × 106 HepG2 cells (100 
μL) were injected into the posterior flank of 24 mice 
subcutaneously. The length (L) and width (W) of the 
tumors were monitored every 3 days. Following a 35-day 
period of growth, significant differences were identified 
with regard to the tumor volume between the two groups. 
All the mice were euthanized by intraperitoneal injection 
of an overdose of pentobarbital sodium (160 mg/kg). 
Subsequently, the tumors were removed and weighed. 
All animal procedures were approved by the Animal 
Research Committee of Cangzhou Central Hospital 
(approval no. CZCH-20190858). People’s Republic of 
China National Standard (GB/T35892-2018) was followed 
for the welfare of the laboratory animals.

Results
circCSPP1 is Highly Expressed in HSC 
Tissues and Cells
To identify the dysregulated circRNAs, the GSE97332 and 
GSE94508 datasets were analyzed in the GEO database 
using the GEO2R tool. hsa_circ_0001806 expression was 
dysregulated in both datasets (Figure 1A). It is well known 
that circRNAs are more stable due to their looped struc-
ture. First, sanger sequence was performed to check the 
exist of circCSPP1. As Figure 1B showed, the sequencing 
confirmed the existence of circCSPP1. To confirm the 
stability of circCSPP1, RNase R was employed in the 
experiments. The results indicated that, following RNase 
R treatment, the levels of the linear forms of CSPP1 were 
notably decreased, while no significant changes were 
observed in the levels of circCSPP1, which indicated the 
optimal stability of circCSPP1 (Figure 1C). Furthermore, 
liver cancer cells were treated with actinomycin D to 
inhibit transcription. The half-lives of circCSPP1 and lin-
ear CSPP1 were subsequently evaluated. The results indi-
cated that circCSPP1 had a longer half-life than linear 
CSPP1 (Figure 1D). In addition, specific probes were 
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designed to carry out FISH analysis. Figure 1E revealed 
that circCSPP1 was located mainly in the cytoplasm. 
Then, the expression levels of circCSPP1 in the cancer 
tissues or the paired normal tissues were assessed using 
qPCR. The 55 cases were divided into two groups: a low 
circCSPP1 group (n=31) and a high circCSPP1 group 
n=24). The correlation of clinical parameters from these 
55 cases was analyzed and shown in Table 1. It was found 
that circCSPP1 expression was correlated with histological 
grade and tumor size (Table 1). The results demonstrated 
that circCSPP1 expression was markedly upregulated in 
liver cancer tissues and cells compared with that in normal 
tissues and in human liver epithelial-2 cells (Figure 1F 
and G).

Knockdown of circCSPP1 Inhibits the 
Proliferation and Migration of Liver 
Cancer Cells
Due to the altered expression of circCSPP1 in liver 
cancer tissues and cell lines, it was hypothesized that 

circCSPP1 played a critical role in the progression of 
liver cancer. Loss of function studies were carried out 
using siRNA of circCSPP1. qPCR analysis verified the 
efficiency of the siRNA knockdown for circCSPP1 
(Figure 2A and B). MTT results indicated that knock-
down of circCSPP1 expression inhibited the prolifera-
tion of liver cancer cells (Figure 2C and D). Colony 
formation assay demonstrated that circCSPP1 knock-
down attenuated the colony formation ability of liver 
cancer cells (Figure 2E). Flow cytometry was subse-
quently performed to evaluate the induction of apopto-
sis and the cell cycle distribution of liver cancer cells. 
The data indicated that circCSPP1 knockdown induced 
a significant increase in cell apoptosis (Figure 2F) and 
a concomitant G0/G1 arrest of liver cancer cells 
(Figure 2G and H). In addition, transwell assays were 
performed to evaluate the migratory and invasive abil-
ities of liver cancer cells. The results indicated that 
circCSPP1 knockdown reduced the number of migrat-
ing (Figure 3A–C) and invading cells (Figure 3D–F).

Figure 1 circCSPP1 expression is upregulated in liver cancer. (A) Bioinformatics analysis based on two datasets from the GEO database was carried out. Venn analysis was 
performed to identify the dysregulated genes in both datasets. (B) Sanger sequence was performed to confirm the existence of circCSPP1. (C) To identify the presence of 
circCSPP1, the levels of linear CSPP1 mRNA and circCSPP1 were evaluated following treatment of the samples with RNase R (n=3). (D) RT-qPCR analysis of CSPP1mRNA 
and circCSPP1 in cardiomyocytes following treatment with actinomycin D for 0, 6, 12 and 24 h, respectively (n=3). (E) FISH experiments were performed to detect the 
location of circCSPP1 (n=3). qPCR was performed to evaluate the expression levels of circNELL2 in liver cancer (F) tissues (n=55) and (G) cell lines (n=3) including HepG2, 
Huh7, 97L, LM3, and Hep3B. **p<0.01 vs mock, mRNA, normal or THLE-2 groups.
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circCSPP1 Exerts Its Effects by Sponging 
miR-1182
It is well known that circRNAs sponge miRNAs in order 
to regulate expression of downstream genes, which parti-
cipate in several cell physiological processes. In the cur-
rent study, bioinformatics analysis was performed using 
the specific software Circinteractome to predict the poten-
tial miRNA targets of circCSPP1. The cells were trans-
fected with different types of miRNA mimics. Luciferase 
activity was assessed. Control mimics was transfected into 
the scramble mimic cell group. It was found that miR- 
1182 and miR-486-3p inhibited luciferase activity (Figure 
4A) in the cells. Figure 4B demonstrates that miR-1182 
expression was downregulated in liver cancer cells. In 
addition, RNA pull-down assay indicated that miR-1182 
interacted with circCSPP1 directly (Figure 4C and D). The 
complementary base sequences between circCSPP1 and 
miR-1182 are shown in Figure 4E. The qPCR results 
indicated that the miR-1182 mimic notably promoted the 
expression levels of miR-1182 (Figure 4F). The luciferase 
activity assay was conducted to verify the binding of 
circCSPP1 and miR-1182. The data indicated that miR- 
1182 decreased the luciferase activity levels of the wild- 
type reporter for circCSPP1, whereas this effect was not 
observed with the mutant-type reporter plasmid, which 
confirmed that miR-1182 was a sponge target of 
circCSPP1 (Figure 4G).

miR-1182 Targets RAB15 in Liver Cancer 
Cells
To elucidate the precise mechanism underlying the function 
of circCSPP1, the downstream targets of miR-1182 were 
investigated. Figure 5A indicates the complementary base 
sequences between RAB15 and miR-1182. Luciferase activ-
ity assay was conducted to verify the binding of RAB15 and 
miR-1182. miR-1182 decreased the luciferase activity of the 
WT reporter for RAB15 but not that of the MUT-type 
reporter, which confirmed miR-1182 as a sponge target of 
RAB15 (Figure 5B). Western blot analysis was used to 
evaluate the expression levels of RAB15 following miR- 
1182 overexpression and knockdown. The data indicated 
that miR-1182 significantly inhibited the expression levels 
of RAB15, while miR-1182 knockdown promoted RAB15 
expression (Figure 5C). Figure 5D demonstrated that 
RAB15 expression levels were upregulated in liver cancer 
cells. qPCR results indicated that miR-1182 reduced the 
expression levels of RAB15, while circCSPP1 overexpres-
sion reversed the effects of miR-1182, demonstrating the 
competing endogenous (ce)RNA association between 
RAB15 and circCSPP1 (Figure 5E). Pearson’s analysis indi-
cated a positive correlation between RAB15 and circCSPP1 
(Figure 5F).

RAB15 Reverses the Function of 
circCSPP1 Knockdown in Liver Cancer
As a ceRNA of circCSPP1, it was predicted that RAB15 may 
also be involved in the biological processes of liver cancer 
cells. Co-transfection of si-circCSPP1 and RAB15 overex-
pressing vector were performed. Transfection of the cells 
with the RAB15 overexpressing vector caused a significant 
elevation in the levels of RAB15. Co-transfection of the si- 
circCSPP1 and the RAB15 overexpressing vector into the 
cells notably increased the levels of RAB15 compared to 
those of the si-circCSPP1 single-transfection group (Figure 
6A). By using functional studies, it was observed that RAB15 
overexpression reversed the effect of circCSPP1 knockdown 
on cell proliferation (Figure 6B and C), colony formation 
(Figure 6D), migration (Figure 6E) and invasion (Figure 6F).

circCSPP1 Promotes the Growth of Liver 
Cancer Cells in vivo
Subsequently, an in vivo study was carried out to further 
investigate the biological effects of circCSPP1 in the pro-
gression of liver cancer. A stable HepG2 cell line was 
established following transfection of circCSPP1 knockdown 

Table 1 Clinicopathological Characteristics of HCC Patients 
(n=55)

Characteristics Cases circCSPP1 Expression P-value

Low 
N (%)

High 
N (%)

Age (years) 31 24 0.9270

<50 34 19 15

≥50 21 12 9

Gender 0.7215

Male 29 17 12
Female 26 14 12

Histological 
grade

0.0036

I/II 26 20 6

III 29 11 18

Tumor size 0.0001

<5 cm 32 26 6
≥5 cm 23 5 18
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and control vectors. Tumor growth inhibition was induced 
by circCSPP1 knockdown (Figure 7A–D). The weight of the 
tumors was reduced by si-circCSPP1 (Figure 7E and F). The 
maximum tumor diameter and volume allowed in these 
studies is 20 mm and 1500 mm3, respectively. The maximum 
tumor diameter and volume observed in the present study 
was 17.5 mm and 1432 mm3, respectively. Furthermore, as 
circCSPP1 regulated the migration and invasion ability of 
liver cancer cells. We established tumor metastasis model. 
The results showed that circCSPP1 knockdown could reduce 
the number of metastatic nodules (Figure 7G).

Discussion
circRNAs have been shown to play crucial roles in certain 
cellular functions, such as proliferation, apoptosis, differen-
tiation and metabolism.15 In the present study, a novel 
circRNA was identified, which was denoted by circCSPP1. 
The data demonstrated that circCSPP1 originated from exons 
3 to 9 of CSPP1 and formed a loop structure via connecting 
the 3ʹ and 5ʹ splice sites. The stability of circCSPP1 was 

confirmed by its stable expression under RNase R digestion. 
To the best of our knowledge, this is the first study of 
circCSPP1 that focused on its altered expression and biolo-
gical effects. The upregulated expression and the stability of 
circCSPP1 render it a potential biomarker and a diagnostic 
and therapeutic target. However, HepG2 used as a liver 
cancer cell are challenged now, this is a limitation of the 
present study. We will study the effect of circCSPP1 on the 
other liver cancer cell lines in our future work.

Various miRNAs have been shown to participate in 
the biological processes of liver cancer. miR-497, −320, 
−613, −215 and −145 are associated with decreased pro-
liferation, migration and invasion of human liver cancer 
cells via targeting vascular endothelial growth factor A, 
specificity protein 1, liver cancer tumor suppressor gene 1 
and ADAM19.16–21 Among them, miR-1182 which 
belongs to the miR-1182 family has been extensively 
studied and shown to play critical roles in cellular differ-
entiation and development. Several studies have sug-
gested the oncogenic or anti-cancer effect of miR-1182 

Figure 2 Knockdown of circCSPP1 inhibits the proliferation of liver cancer cells. (A and B) qPCR was performed to evaluate the expression levels of circCSPP1 following 
siRNA transfection into HepG2 and Huh7 cells (n=3). (C and D) The MTT assay was used to detect the proliferation of liver cancer cells following transfection (n=6). (E) 
The transwell assay was performed to evaluate the invasion ability of liver cancer cells. Flow cytometry was used to assess cell apoptosis (F) and the cell cycle distribution 
(G and H) of liver cancer cells (n=6). The arrows point to where the peaks are in panels (G and H). *p<0.05 vs si-nc group, **p<0.01 vs si-nc group.
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in different types of cancer including ovarian cancer,22 

myeloid leukemia,23 colorectal cancer,24 non-small cell 
lung cancer25 and gastric cancer.26 However, to the best 
of our knowledge, miR-1182 has not been studied in liver 
cancer to date. Moreover, its wide expression in human 

organs, notably during early ocular development, has 
attracted considerable attention.27 miR-1182 has been 
shown to target hsa_circ_007624828 as well as 
circRNA8073,29 and participates in the regulation of 
cell apoptosis and proliferation.

Figure 4 circCSPP1 binds to miR-1182 in liver cancer cells. (A) qPCR was used to detect the expression levels of miRs, which were predicted as potential targets of 
circCSPP1 (n=3). (B) qPCR was used to detect the expression levels of miR-1182 in liver cancer cell lines (n=3). (C and D) RNA pull-down assay was performed to detect 
the interaction between circCSPP1 and miR-1182 (n=3). (E) Wild-type and mutant sequences of circCSPP1 targeted by miR-1182. (F and G) Luciferase activity assay was 
carried out to verify that miR-1182 targets circCSPP1 directly in liver cancer cells (n=3). **p<0.01 vs miR control, biotin-nc, scramble mimic or THLE-2 group.

Figure 3 Knockdown of circCSPP1 inhibits the migration and invasion of liver cancer cells. (A–F) The transwell assay was performed to evaluate cell migration and invasion 
of liver cancer cells (n=6). **p<0.01 vs si-nc control group.
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In the present study, miR-1182 was shown to be the target 
miRNA of circCSPP1, whose expression was downregulated 
in liver cancer tissues and cells. Moreover, functional studies 
revealed for the first time the anti-cancer effects of miR-1182 
in liver cancer. Of note, miR-1182 overexpression reversed 
the effect of circCSPP1, which further verified the associa-
tion between these two target RNA molecules. In order to 
further elucidate the underlying mechanism, the target gene 
of miR-1182 was predicted. The analysis verified RAB15 as 
a potential target gene. RAB15 expression is closely asso-
ciated with the susceptibility of cells to DNA damage- 
induced cell death. This feature may be involved in the 
regulation of the liver cancer cell phenotype. In future 

studies, the effects of RAB15 on DNA damage and the 
associated molecular mechanism involving circCSPP1 and 
miR-1182 will be investigated.

Insulin-resistant livers may coordinate impaired hepa-
tic metabolic function and increase the risk of liver cancer. 
miR-833b and miR-205 have been reported as the poten-
tial cooperative modulators of liver function.30 These find-
ings indicated the role of miR-1182 in liver metabolism, 
which correlated with the progression of liver cancer. This 
research content is worth studying. In addition, the func-
tion of circCSPP1 in HepG2 and Huh7 cells was explored. 
HLF or HLE hepatoma cell lines exhibit an aggressive 
malignant phenotype and rapid progression. HLF or HLE 

Figure 5 miR-1182 targets RAB15 in liver cancer cells. (A) Binding region of RAB15 with miR-1182 as predicted by bioinformatics analysis. (B) Luciferase reporter assay 
was performed to confirm the interaction between miR-1182 and RAB15 in liver cancer cells (n=3). (C) Western blot analysis was used to evaluate the expression levels of 
RAB15 following miR-1182 overexpression or knockdown (n=3). (D and E) qPCR was used to evaluate the expression levels of RAB15 in liver cancer cells (n=3). (F) 
Pearson’s correlation analysis was performed to assess the correlation between circCSPP1 and RAB15. *p<0.05 vs THLE-2 groups, **p<0.01 vs THLE-2 group.
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cell lines will be investigated in future studies to provide 
further support for the current conclusions. This is one of 
the limitations of the present study. The mechanism under-
lying the effects of circCSPP1 in liver cancer will be 
further assessed in future studies.

In conclusion, the findings of the present study 
revealed that circCSPP1 promoted the malignant behavior 
of liver cancer by sponging miR-1182, suggesting its 
potential as a diagnostic or therapeutic target in liver 
cancer.

Figure 7 circCSPP1 knockdown inhibits the growth of liver cancer. (A and B) Images of the tumors in the sh-nc and sh-CSPP1 groups (C and D) (n=6). Growth curves of 
the tumors. (E and F) Assessment of tumor weights. (G) Tumor metastasis model was established to investigate the effect of circCSPP1 on the tumor metastasis. **P < 0.01 
vs sh-nc group.

Figure 6 RAB15 overexpression reverses the effects of circCSPP1 in liver cancer cells. The cells in the control group were transfected with si-nc and control vector. (A) 
qPCR was performed to evaluate the mRNA expression levels of RAB15 (n=3). (B and C) The MTT assay was performed to assess the proliferation of liver cancer cells 
(n=6). (D) The colony formation assay was carried out to evaluate the proliferation of liver cancer cells (n=6). (E and F) The transwell assay was performed to assess the 
invasion of liver cancer cells following transfection (n=6). *p<0.05.
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