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Abstract
Circular RNAs (circRNAs) have been identified in diverse cancers for their role in 
regulating multiple cellular processes by antagonizing microRNAs (miRNAs or miRs). 
However, the role of circRNA hsa_circ_0000092 in hepatocellular carcinoma (HCC) 
still remains enigmatic. Therefore, we aimed to investigate the specific mechanism of 
hsa_circ_0000092 in HCC. Differentially expressed circRNAs associated to HCC were 
initially analysed. The expression of hsa_circ_0000092, miR-338-3p and HN1 in HCC 
tissues and cell lines was examined. Next, the interaction among hsa_circ_0000092, 
miR-338-3p and HN1 was determined by dual-luciferase reporter, RNA pull-down 
and northern blot assays. Subsequently, a series of mimic, inhibitor or siRNA plas-
mids were delivered into HCC cells to validate the effects of hsa_circ_0000092, miR-
338-3p and HN1 in controlling cell proliferation, migration, invasion and angiogenesis 
in vitro. Furthermore, the role of hsa_circ_0000092 in tumour growth of HCC in vivo 
was assessed with hsa_circ_0000092 depleted with siRNA. The hsa_circ_0000092/
miR-338-3p/HN1 axis was predicted to participate in the development of HCC. 
hsa_circ_0000092 and HN1 were highly expressed while miR-338-3p was poorly ex-
pressed in HCC tissues and cell lines. hsa_circ_0000092 could competitively bind to 
miR-338-3p to up-regulate HN1 expression. Moreover, depleted hsa_circ_0000092 
or elevated miR-338-3p was shown to suppress HCC cell proliferation, migration, 
invasion and angiogenesis in vitro via down-regulation of HN1. Furthermore, silenc-
ing hsa_circ_0000092 was demonstrated to suppress tumour growth in HCC in vivo. 
The results of this study suggested that hsa_circ_0000092 impaired miR-338-3p-
mediated HN1 inhibition to aggravate the development of HCC, indicating that hsa_
circ_0000092 is a potential candidate marker and therapeutic target for HCC.
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1  | INTRODUC TION

Hepatocellular carcinoma (HCC), also known as primary liver cancer, 
ranks fifth among the most prevalent cancers in males and seventh 
in females around the world1 and is associated with a high mortality 
rate, especially in China.2 HCC is primarily caused by hepatitis B and 
hepatitis C infections as well as other numerous risk factors, such as 
drinking, smoking, exposure to aflatoxin and obesity.3 HCC therapies 
include surgical options, radiological therapies, molecule-targeted and 
systemic chemical therapies4,5; however, the treatment of HCC still 
remains a big challenge due to liver dysfunction and poor chemosensi-
tivity.6 In addition, despite improvements in surveillance, patients with 
HCC still suffer from a poor survival rate since patients with HCC are 
always diagnosed at an advanced stage, which is caused by rapid pro-
liferation and metastasis of HCC tumour cells.7 Thus, finding a possible 
molecular target of cell biological functions in HCC might be of highest 
clinical significance in finding a novel treatment for the disease.

Recent evidence has identified aberrant expression of circular RNAs 
(circRNAs) in HCC and that circRNAs are closely associated with the 
development of HCC.8 Various circRNAs are reported to regulate sev-
eral biological processes associated with the progression of HCC and 
may serve as prognostic indicators or therapeutic targets of HCC.9 hsa-
circ-0001649, for instance, has been highlighted as an intriguing target 
for HCC due to its involvement in the metastasis and tumorigenesis of 
HCC.10 Also, in our study, hsa_circ_0000092 was predicted to be dif-
ferentially expressed in HCC and plays a role in the progression of HCC. 
Moreover, circRNAs regulate cancers, including HCC, by acting as com-
peting endogenous RNAs (ceRNAs), which serve as microRNA (miRNA 
or miR) sponges.11 miR-338-3p, the antisense of miR-338 gene on chro-
mosome 17, appears to be poorly expressed in liver cancer cells, and its 
overexpression inhibits cell migration and proliferation in liver cancer.12 
Down-regulation of miR-338-3p is also found in HCC where it also acts 
as a tumour suppressor of HCC.13 An online prediction website RNA22 
(https​://cm.jeffe​rson.edu/rna22/​) predicted that miR-338-3p could 
target haematopoietic- and neurologic-expressed sequence 1 (HN1) in 
HCC. HN1, initially found in mouse embryonic tissues,14 participates in 
many cellular processes in various diseases.15 For instance, HN1 cor-
relates with a poor prognosis of patients with HCC and its knockdown 
is capable of curtailing cell growth and migration potentials partly by 
down-regulation of c-Met.16 Based on the above findings, we suggested 
that the hsa_circ_0000092/miR-338-3p/HN1 axis might be involved in 
the development of HCC. To verify this, we performed a series of in 
vitro and in vivo experiments to elucidate the underlying mechanisms 
by which the hsa_circ_0000092/miR-338-3p/HN1 axis regulates the 
progression of HCC.

2  | MATERIAL S AND METHODS

2.1 | Ethics statement

This study protocol was approved by the Ethics Committee and the 
Experimental Animal Ethics Committee affiliated with the Affiliated 

Hospital of Youjiang Medical University for Nationalities. Written in-
formed consent was obtained from all participants or their relatives 
prior to enrolment. All experimental methods abided by the Declaration 
of Helsinki. The animal experiments strictly adhered to the principle of 
minimizing the pain, suffering and discomfort of experimental animals.

2.2 | Patient enrolment

A total of 40 patients with HCC (28 males and 12 females) treated 
at the Affiliated Hospital of Youjiang Medical University for 
Nationalities from June 2015 to January 2018 were selected for 
this study. Among these patients, 11 were classified as stage I, 15 as 
stage II and 14 as stage III. Patients participating in the study had not 
received any anti-tumour treatment prior to the surgery.

2.3 | Cell culture

Human HCC cell lines (Hep3B, LM3, MHCC97L, SK-hep1 and HepG2), 
normal human liver cell line (THLE-2) and human umbilical vein endothe-
lial cells (HUVECs), purchased from American Type Culture Collection 
(ATCC), were inoculated into the Roswell Park Memorial Institute (RPMI) 
1640 medium (11875093, Gibco-BRL, Invitrogen Corporation) supple-
mented with 10% foetal bovine serum (FBS; 10100147, Gibco-BRL) and 
penicillin/streptomycin (100 units per mL of medium; 15140122, Gibco-
BRL, Invitrogen Corporation) at 37°C with 5% CO2.

2.4 | Cell stimulation

Based on the instructions of the manufactures, 1  ×  106  cells were 
treated with plasmids of 50  nmol/L of miR-338-3p mimic, miR-
338-3p inhibitor or the corresponding negative control (NC) (Shanghai 
Sangon Biotechnology Co., Ltd.) in 1 μL Lipofectamine™ 2000 reagent 
(11668019, Invitrogen). Small interfering RNAs (siRNAs) from the Sigma 
Mission RNAi shRNA vector library (Sigma-Aldrich Chemical Company) 
were used to suppress the expression of hsa_circ_0000092 and HN1. 
siRNA delivery was performed in accordance with the instructions of 
Lipofectamine™ RNA iMAX reagent (13778030, Invitrogen).

2.5 | Fluorescence in situ hybridization (FISH)

The subcellular localization of hsa_circ_0000092 was detected 
using FISH according to the instructions of Ribo™ lncRNA FISH 
Probe Mix (Red) (Guangzhou RiboBio Co., Ltd.). In brief, the cultured 
HCC cells in a 6-well plate were fixed with 4% paraformaldehyde 
solution (1 mL) upon reaching 80% confluence, followed by treat-
ment with protease K (2 μg/mL). Afterwards, the cells were pre-hy-
bridized with 250 μL solution for 1 hour and then hybridized with 
250  μL solution containing hsa_circ_0000092 probe (300 ng/mL). 
The nucleus was stained with 4′,6′-diamidino-2-phenylindole diluted 
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by phosphate-buffered saline containing 0.1% Tween-20 (PBST) for 
5  minutes and photographed in 5 randomly selected visual fields 
under a fluorescence microscope (Olympus Optical Co., Ltd).

2.6 | Dual-luciferase reporter assay

The full-length of hsa_circ_0000092 and the 3′untrasnlated region 
(3′UTR) of HN1 mRNA as well as the mutated sequence of their in-
dependent binding sites of miR-338-3p (hsa_circ_0000092-mutant 
[mut], hsa_circ_0000092-wild-type [wt], HN1-mut and HN1-wt) were 
cloned into the psiCheck2 plasmid as the luciferase reporter gene. NC 
mimic and miR-338-3p mimic were cotransfected with luciferase re-
port vectors into LM3 and SK-hep1 cells, respectively. Luciferase ac-
tivity was measured in the presence of miR-338-3p mimic using the 
dual-luciferase detection kits (Promega). The firefly luciferase activ-
ity was measured using the Dual-luciferase Reporter Assay System 
(Promega) with renilla luciferase activity as the internal control.

2.7 | Reverse transcription quantitative polymerase 
chain reaction (RT-qPCR)

Total RNA was regularly extracted from tissues or cell lines according 
to the instructions of the TRIzol reagent (15596-018). The primers of 
hsa_circ_0000092, miR-338-3p and HN1 (Table 1) were designed using 
Primer 5.0 software and synthesized by Sangon Biotech Co., Ltd. RT-
qPCR was performed using the TaqMan probe method according to the 
protocols of the kits (MBI). The reaction was detected using the quanti-
tative PCR reaction system (Bio-Rad iQ5; Bio-Rad). U6 was used as the 
internal control for miR-338-3p and glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) for hsa_circ_0000092 and HN1. The relative ex-
pression of the target gene was calculated based on the 2−ΔΔCt method.

2.8 | Western blot analysis

Western blot analysis was performed as described previously17 with 
the following antibodies: HN1 (ab247137, rabbit antibody, 1:2500, 
Abcam Inc), GAPDH (ab9485, rabbit antibody, 1:2000, Abcam 
Inc) and secondary goat anti-rabbit immunoglobulin G (ab6721, 
1:20  000, Abcam Inc). The grey value of protein expression was 
measured using the NIH software Image J.

2.9 | RNA pull-down assay

The biological coupling probe specifically binding to hsa_
circ_0000092 was designed. Approximately 1  ×  107 cells were 
washed with pre-cooled PBS, lysed and allowed to stand at room tem-
perature with the addition of biological coupling probe for 2 hours. 
After that, cells were treated with streptavidin-coated magnetic 
beads (Life Technologies) for 4 hours to isolate the biotin-conjugated 

RNA probe. The beads were washed with lysis buffer, and RNA was 
extracted using the TRIzol method, and target RNAs were analysed 
using RT-qPCR.18

A total of 2 × 106 cells were treated with 50 μmol/L biotin-coupled 
miRNA in 50% lysis buffer. After 24 hours, cells were washed with PBS 
and lysed. Washed streptavidin-coated magnetic beads (50 μL) were 
blocked for 2 hours and added into the reaction tubes to pull down the 
miRNA. The tubes were then incubated at a low speed for 4 hours, and 
the beads were washed with lysis buffer for 5 times, after which the 
miRNA was extracted using TRIzol LS (Thermo Fisher Scientific). The 
extracted RNA was analysed by RT-qPCR and agarose gel.18

2.10 | Northern blot analysis

RNA was extracted using the RNA extraction kit (R0026, Beyotime 
Biotechnology Co.) under RNase-free conditions and subjected to 
formaldehyde denaturing gel electrophoresis, followed by ethid-
ium bromide staining. The gel was illuminated using the ultraviolet 
projector (ZF-90, Shanghai Jihui scientific analysis instrument Co. 
Ltd.). The remaining gel was subsequently immersed in 0.05 mol/L 
NaOH/1.5  mol/L NaCl to partially hydrolyse the RNA, followed 
by immersion in 0.5 mol/L Tris·C1 (pH  =  7.4)/1.5 mol/L NaCl and 
then 20× silica sodium carbonate. RNA-specific probe was used for 
mRNA hybridization, and the membrane was washed to remove the 
non-specific binding hybridization. After developing or visualization, 
the hybridization signal was analysed and the intensity of the signals 
was compared to assess the expression of RNA.

TA B L E  1  Primer sequences for reverse transcription 
quantitative polymerase chain reaction

Gene Sequences

hsa_circ_0000092 F: 5′-TAGCAGTTCCCCAATCCTTG-3′

R: 5′-CACAAATTCCCATCATTCCC-3′

miR-338-3p F: 5′-TTAGTG TACCAGCCAT-3′

R: 5′-GAATGCGGGAGCGAA-3′

miR-188-3p F: 5′-ATTATTGGCTCCCACATGCAGGG-3′

R: 5′-ATCCAGTGCAGGGTCCGAGG-3′

miR-513a-5p F: 5′-AGGAGCTCGAGACCATCCTG-3′

R: 5′-TAGAGTTTAAACATTTTTA-3′

miR-587 F: 5′-CCAGGCAAGAGAGAGTTGCTG-3′

R: 5′-AGTCACAGGTGCAGACACATT-3′

HN1 F: 5′-ATAGCTCCCGAGTTTTGCG-3′

R: 5′-TTGGCCCAAGAAGCTTGA-3′

U6 F: 5′-AGCCCGCACTCAGAACATC-3′

R: 5′-GCCACCAAGACAATCATCC-3′

GAPDH F: 5′-CGCTCTCTGCTCCTCCTGTTC-3′

R: 5′-ATCCGTTGACTCCGACCTTCAC-3′

Abbreviations: F, forward; GAPDH, glyceraldehyde-3-phosphate 
dehydrogenase; HN1, haematopoietic- and neurologic-expressed 
sequence 1; miR, microRNA; R, reverse.
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2.11 | 5-Ethynyl-2'-deoxyuridine (EdU) assay

EdU assay was conducted in strict accordance with the protocols 
of the Cell-Light EdU DNA Cell Proliferation Kit (R11056.5, RiboBio 
company). Cells (2 × 104) were inoculated into a 6-well plate and cul-
tured for 48 hours, after which the cells continued to be cultured 
for 2 hours with the medium replaced by 50 μmol/L EdU-mixed me-
dium. After fixing by 4% paraformaldehyde solution, cells were in-
cubated with 0.5% Triton X-100 penetrant, followed by the addition 
of 500 μL 1× Apollo®. After being washed with 0.5% Triton X-100 
penetrant, the cells were resuspended in PBS and observed under a 
fluorescence microscope.19

2.12 | Colony formation assay

The monolayer cells at logarithmic growth phase were trypsinized 
and suspended in RPMI 1640 medium containing 10% foetal bo-
vine serum. A total of 200 cells were inoculated into the culture 
dish with 10 mL pre-heated culture liquid and cultured at 37°C 
with 5% CO2 and saturated humidity for 2-3 weeks. With the re-
moval of supernatant, the cells were rinsed twice with PBS and 
fixed with 5  mL methanol for 15  minutes. Next, the cells were 
stained with Giemsa staining liquid for 10-30  minutes, washed 
with tap water to remove the staining liquid and then air-dried. 
The number of colonies with more than 10 cells was counted 
under a low magnification microscope to calculate the colony for-
mation rate.

2.13 | Scratch test

Cells were inoculated into a 6-well plate at a density of 2.5 × 104 cells/
cm2. After 24 hours of culture, the culture medium was removed and 
scratches were made. The wound healing of cells at the same loca-
tion was observed at 0 hour and 48 hours. Three duplicated wells 
were set, and the migration ability of the HCC cells was expressed 
as the relative scratch width: relative scratch width =  (the number 
of cells in the scratch zone at 48 hours − the number of cells in the 
scratch zone at 0 hour)/the number of cells in the scratch zone at 
0 hour × 100%.

2.14 | Transwell assay

The Transwell chambers were put into 24-well plates, and the api-
cal chamber of the basement membrane was coated with Matrigel 
diluent (1:8, 40111ES08, Shanghai Yeasen Biotechnology Co., Ltd.). 
A total of 200 μL cell suspension was added to Matrigel-coated api-
cal chamber and 600 μL RPMI 1640 medium containing 20% FBS 
was added to the basolateral chamber. The cells in the internal api-
cal chamber were stained with 0.5% methanol-prepared crystal 

violet solution for 15 minutes. After that, the cells were observed 
under an inverted microscope (XDS-800D, Shanghai Caikon Optical 
Instrument Co., Ltd.) in 5 randomly selected visual fields and images 
were captured (200×). The transmembrane cells were counted, and 
three duplicate wells were set.

2.15 | Vessel-like tube formation in vitro

Culture medium of HCC cells in each group was added to the culture 
medium of HUVECs, and then, cells were incubated at 37°C with 5% 
CO2. After 9-10 hours of incubation, the tube formation rate was de-
termined using an inverted microscope (100×) to count the number 
of tubes in randomly selected visual fields.

2.16 | Matrigel plug assay in vivo for detection of 
angiogenesis

HCC cells manipulated with si-hsa_circ_0000092, miR-338-3p 
mimic, or combined si-hsa_circ_0000092 and miR-338-3p inhibi-
tor were co-cultured with HUVECs and then were inoculated into 
the mice. Mice inoculated with HUVEC suspension were used as 
control. After 3  days of inoculation, the mice were injected with 
500  μL Matrigel supplemented with vascular endothelial growth 
factor (VEGF, 250 ng/mL) in the abdomen, followed by 10 days of 
culture. After that, the mice were killed and the Matrigel was taken 
out. Next, the Matrigel was fixed overnight in 100 mL/L formalin 
solution containing PBS prepared using 25  mL/L glutaraldehyde, 
paraffin-embedded, and sliced into sections for Masson staining. 
Afterwards, the Matrigel was observed under an inverted micro-
scope in 5 randomly selected visual fields and the number of vessels 
was counted.

2.17 | In situ hybridization (ISH)

The expression of miR-338-3p in HCC and adjacent normal tissues 
was analysed using the digoxin-labelled miR-338-3p probe based 
on ISH (Shanghai Outdo Biotech Co., Ltd.). The hybridization was 
visualized and observed under an optical microscope or an electron 
microscope.

2.18 | Immunohistochemistry (IHC)

Tissue samples were sliced into 5-μm sections and incubated over-
night at 4°C with the addition of the following primary antibod-
ies: rabbit polyclonal antibody against HN1 (ab126705, 1:200), 
mouse antibody against proliferating cell nuclear antigen (PCNA, 
ab29, 1:10 000), rabbit polyclonal antibody against matrix metal-
loproteinase 2 (MMP2) (ab37150, 2-4  µg/mL), rabbit polyclonal 
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antibody against MMP9 (ab38898, 1:1000) and rabbit monoclonal 
antibody against VEGF (ab32152, 1:250). These antibodies were all 
purchased from Abcam Inc. Further, the sections were incubated 
with biotin-labelled secondary goat anti-rabbit immunoglobulin G 
(IgG) at 37°C for 20 minutes, developed using diaminobenzidine 
and counterstained using haematoxylin. The number of positive 
cells in 5 randomly selected visual fields was counted under a 
microscope.

2.19 | Xenograft tumours in nude mice

A total of 30 male athymic BALB/c nude mice (aged 4-6 weeks old and 
weighing 18-24 g) purchased from Hunan SJA Laboratory Animal Co., 
Ltd. were reared under specific pathogen-free conditions. LM3 cells 
stably transfected with NC or si-hsa_circ_0000092 were made into 
cell suspension and then inoculated subcutaneously into the nude 
mice at a density of 1 × 106 cells/mL. Tumour volume was monitored 
once a week. The length (a) and width (b) of the transplanted tumour 
were measured with a vernier calliper every week. The tumour vol-
ume (V) was calculated using the formula: V =  (a × b2)/2. The nude 
mice were then killed at the 5th week, and the tumour tissues were 
resected.

2.20 | Statistical analysis

All data were processed using the SPSS 21.0 statistical software (IBM 
Corp. Armonk, NY, USA). The measurement data were expressed as 
mean ± standard deviation. The data conforming to normal distribu-
tion and homogeneity of variance between two groups were analysed 
using unpaired t test, and the data among multiple groups were ana-
lysed using one-way analysis of variance (ANOVA), followed by Tukey's 
post hoc test. Data at different time-points were analysed using re-
peated measures ANOVA, followed by Tukey's post hoc test. A value 
of P < .05 was considered to be indicative of statistical significance.

3  | RESULTS

3.1 | In silico analysis predicting the differentially 
expressed genes and their molecular interactions in 
HCC

The GSE94508 dataset obtained from National Center for 
Biotechnology Information (NCBI) showed hsa_circ_0000092 was 
highly expressed in human HCC tissues with |log2FC| > 1.5 and adj.P. 
Value (P value after correction) < .05 as the threshold. The Circular RNA 
Interactome (https​://circi​ntera​ctome.nia.nih.gov/index.html) further 
predicted that hsa_circ_0000092 might regulate the development of 
HCC. In addition, RT-qPCR confirmed the differential expression of 
hsa-miR-188-3p, hsa-miR-338-3p, hsa-miR-513a-5p and hsa-miR-587 
between HCC and adjacent normal tissues and miR-338-3p was also 

predicted to interact with hsa_circ_0000092 regulating the progression 
of HCC (Figure 1A). Additionally, the starbase (http://starb​ase.sysu.edu.
cn/index.php) and targetscan (http://www.targe​tscan.org/vert_71/) 
databases were used to predict the target gene of miR-338-3p, which 
was intersected with the up-regulated genes in the GSE45267 dataset 
(Figure 1B). The results showed that only HN1 might be a target gene 
of miR-338-3p and its expression was elevated in the GSE45267 data-
set (Figure 1C). Furthermore, the TCGA database (http://ualcan.path.
uab.edu/index.html) was applied to analyse the potential regulatory 
genes in the development of HCC, which displayed that HN1 expres-
sion was increased in HCC and was correlated with the prognosis of 
HCC (Figure 1D,E). These results showed the possible involvement of 
hsa_circ_0000092, miR-338-3p and HN1 in the progression of HCC.

3.2 | miR-338-3p is poorly expressed while hsa_
circ_0000092 and HN1 are highly expressed in HCC 
tissues and cell lines

RT-qPCR results revealed that the expression of hsa_circ_0000092 
and HN1 was higher while that of miR-338-3p was lower in HCC tis-
sues than in adjacent normal tissues (Figure 2A). IHC detected higher 
positive expression of HN1 in HCC tissues compared with adjacent 
normal tissues (Figure 2B). Additionally, RT-qPCR was carried out 
to measure the expression of hsa_circ_0000092 and miR-338-3p 
in Hep3B, LM3, MHCC97L, SK-hep1, HepG2 and THLE-2 cell lines. 

TA B L E  2  Correlation between hsa_circ_0000092 expression 
and clinicopathological characteristics of patients with HCC

Clinicopathological 
characteristics

Expression

Total χ2 P valueLow High

Age (y)       0.476 .490

≤60 15 13 28    

>60 5 7 12    

Histological grade       1.600 .260

Low 8 12 20    

High 12 8 20    

Sex       0.476 .490

Female 7 5 12    

Male 13 15 28    

TNM stage       21.541 .001

Ι/II 20 6 26    

III/IV 0 14 14    

N stage       0.102 .749

N0 8 9 17    

N1/N2/N3 12 11 23    

M       0.100 .752

M0 11 10 21    

M1 9 10 19    

Abbreviations: NCC, hepatocellular carcinoma; TNM, tumour node 
metastasis.

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE94508
https://circinteractome.nia.nih.gov/index.html
http://starbase.sysu.edu.cn/index.php
http://starbase.sysu.edu.cn/index.php
http://www.targetscan.org/vert_71/
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE45267
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE45267
http://ualcan.path.uab.edu/index.html
http://ualcan.path.uab.edu/index.html
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The results indicated that hsa_circ_0000092 expression was higher 
while miR-338-3p expression was lower in LM3 and SK-hep1 cells 
than the remaining cells (P <  .05) (Figure 2C). Therefore, LM3 cells 

were selected for subsequent experiments. We found miR-338-3p 
expression was increased, and HN1 expression was decreased in 
LM3 cells in response to si-hsa_circ_0000092 treatment (Figure 2D). 

F I G U R E  1  circRNA, miRNA and mRNA expression profiles in HCC. A, A heat map of the top 10 differentially expressed circRNAs in 
GSE94508 and expression of hsa-miR-188-3p, hsa-miR-338-3p, hsa-miR-513a-5p and hsa-miR-587 in HCC and adjacent normal tissues. B, 
Intersection of up-regulated genes in GSE45267 and the predicted results from the starbase and targetscan databases. C, A heat map of the 
top 10 differentially expressed genes in GSE45267. D, Expression of HN1 in HCC tissues retrieved from the TCGA database. E, A survival 
curve of HN1 in HCC. The data (mean ± standard deviation) between two groups were compared using unpaired t test. *P < .05, vs adjacent 
normal tissues. The experiment was repeated three times
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Pearson's correlation analysis showed that hsa_circ_0000092 nega-
tively correlated with miR-338-3p and positively correlated with 
HN1 (Figure 2E,F). Further analysis of the relationship between the 
expression of hsa_circ_0000092, miR-338-3p and HN1 with the 

clinicopathological characteristics of patients with HCC showed 
that hsa_circ_0000092 expression was positively correlated with 
tumour node metastasis (TNM) stage and metastasis, but was irre-
lated with other characteristics (age, histological grade and gender) 

F I G U R E  2  HCC tissues and cells exhibit up-regulated hsa_circ_0000092 and HN1 but down-regulated miR-338-3p. A, Expression of 
hsa_circ_0000092, miR-338-3p and HN1 in HCC and adjacent normal tissues measured by RT-qPCR. B, The positive expression of HN1 in 
HCC and adjacent normal tissues determined by IHC (original magnification ×200). C, Expression of hsa_circ_0000092 and miR-338-3p in 
cell lines (Hep3B, LM3, MHCC97L, SK-hep1, HepG2 and THLE-2), as measured by RT-qPCR. D, Expression of hsa_circ_0000092, miR-338-
3p and HN1 in LM3 cells treated with NC or si-hsa_circ_0000092 determined by RT-qPCR. E, Correlation between hsa_circ_0000092 
and miR-338-3p expression analysed using Pearson's correlation analysis. F, Correlation between hsa_circ_0000092 and HN1 expression 
analysed using Pearson's correlation analysis. G, Analysis of the relationship between the expression of hsa_circ_0000092, miR-338-3p, 
HN1 and the clinicopathological characteristics of patients with HCC. In panel A and B, *P < .05, vs adjacent normal tissues; the data 
(mean ± standard deviation) between two groups were analysed using paired t test. n = 40. In panel C, *P < .05, vs THLE-2 cells; data 
among multiple groups were analysed using one-way ANOVA, followed by Tukey's post hoc test; n = 40. In panel D, *P < .05, vs LM3 
cells treated with NC; data between two groups were analysed using unpaired t test; In panel G, *P < .05, vs stage I. The experiment was 
repeated three times
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(Table 2). Moreover, the higher TNM stage reflected higher expres-
sion of hsa_circ_0000092 and HN1, yet lower miR-338-3p ex-
pression (Figure 2G). Overall, HCC tissues and cell lines displayed 
elevated expression of hsa_circ_0000092 and HN1 but reduced ex-
pression of miR-338-3p.

3.3 | hsa_circ_0000092 binds to miR-338-3p

The online prediction software RNA22 (https​://cm.jeffe​rson.edu/
rna22/​) was used for bioinformatic analysis, and the results indicated 
that the hsa_circ_0000092 sequence contained a fragment that was 
complementary to miR-338-3p (Figure 3A). The interaction between 
hsa_circ_0000092 and miR-338-3p was further verified in LM3 and 
SK-hep1 cells. First, we conducted the dual-luciferase report assay 
and found that miR-338-3p mimic significantly reduced the luciferase 
activity of hsa_circ_0000092-wt (Figure 3B; Figure S1A). In addition, 
the results of FISH showed that hsa_circ_0000092 was mainly lo-
calized in the cytoplasm (Figure 3C; Figure S1B). Furthermore, RNA 
pull-down assay showed that miR-338-3p-biotin could promote the 
enrichment of hsa_circ_0000092 (Figure 3D; Figure S1C). These re-
sults indicated that hsa_circ_0000092 could competitively bind to 
miR-338-3p.

3.4 | hsa_circ_0000092 stimulates cell proliferation, 
migration, invasion and angiogenesis in HCC by 
binding to miR-338-3p

In order to demonstrate that it was the circular form rather than 
linear form of hsa_circ_0000092 that mediated the expression of 
miR-338-3p, the expression of circ_0000092 and linear_0000092 
in LM3 cells was measured using RT-qPCR. The results showed 
that si-hsa_circ_0000092 treatment decreased the expression of 
circ_0000092 but showed no significant influence on the expression 
of linear_0000092 (Figure 4A), suggesting that siRNA exerted inhibi-
tory effects on circ_0000092 expression in HCC. As shown by EdU 
assay, either si-hsa_circ_0000092 or miR-338-3p mimic reduced 
LM3 cell viability; however, the cell viability was elevated in response 
to dual treatment of si-hsa_circ_0000092 and miR-338-3p inhibitor 
relative to treatment of si-hsa_circ_0000092 alone (Figure 4B).

The subsequent results of colony formation assay, scratch test 
and Transwell assay revealed that the LM3 cells transfected with 
either si-hsa_circ_0000092 or miR-338-3p mimic exhibited de-
creased colony formation rate, migration and invasion abilities in 
contrast to the LM3 cells transfected with NC. Compared with si-
hsa_circ_0000092 treatment, co-treatment of si-hsa_circ_0000092 

F I G U R E  3  hsa_circ_0000092 competitively binds to miR-338-3p in LM3 cells. A, Binding sites between hsa_circ_0000092 and miR-
338-3p analysed using the online prediction software. B, Interaction between hsa_circ_0000092 and miR-338-3p in LM3 cells verified 
by dual-luciferase reporter assay. C, Localization of hsa_circ_0000092 in LM3 cells verified by FISH assay (Original magnification ×400). 
D, Enrichment of hsa_circ_0000092 detected using RNA pull-down assay. *P < .05, vs treatment of NC mimic or NC-biotin. The data 
(mean ± standard deviation) between two groups were analysed using unpaired t test, and data among multiple groups were analysed using 
one-way ANOVA, followed by Tukey's post hoc test. The experiment was repeated three times
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and miR-338-3p inhibitor increased colony formation rate, enhanced 
migration and invasion abilities (Figure 4C-E).

Furthermore, the culture medium of LM3 cell lines transfected 
with NC, si-hsa_circ_0000092, miR-338-3p mimic, miR-338-3p in-
hibitor, or combined si-hsa_circ_0000092 and miR-338-3p inhibi-
tor was delivered into the culture medium of HUVECs to co-culture 
with vascular endothelial cells to conduct vessel-like tube forma-
tion in vitro. The results indicated that either si-hsa_circ_0000092 
or miR-338-3p mimic treatment attenuated tube formation ability. 
The tube formation ability was enhanced by combined treatment of 
si-hsa_circ_0000092 and miR-338-3p inhibitor relative to the treat-
ment of si-hsa_circ_0000092 alone (Figure 4F). Additionally, the 
above-mentioned experiments were repeated in SK-hep1 cells and 
the results obtained were consistent with that from LM3 cells (Figure 
S2). Therefore, hsa_circ_0000092 promoted proliferation, invasion, 
migration and angiogenesis abilities of HCC cells by down-regulating 
miR-338-3p.

3.5 | hsa_circ_0000092 up-regulates the 
expression of HN1 by binding to miR-338-3p

The online prediction software, RNA22 (https​://cm.jeffe​rson.edu/
rna22/​), identified a binding site between miR-338-3p and HN1 
(Figure 5A). The results of dual-luciferase reporter assay confirmed 
that the luciferase activity of HN1-3′UTR-wt was reduced in LM3 
and SK-hep1 cells following transfection with miR-338-3p mimic 
while the luciferase activity of HN1-3′UTR-mut was not affected 
(Figure 5B; Figure S3A). Moreover, RT-qPCR and Western blot analy-
sis were conducted to measure the mRNA and protein expression 
of HN1 in LM3 and SK-hep1 cell lines transfected with NC, si-hsa_
circ_0000092, miR-338-3p mimic, or combined si-hsa_circ_0000092 
and miR-338-3p inhibitor, respectively. Compared with NC treatment, 
treatment with miR-338-3p mimic or si-hsa_circ_0000092 reduced 
the expression of HN1. In comparison to si-hsa_circ_0000092 treat-
ment, the expression of HN1 was increased following co-treatment 

F I G U R E  4  hsa_circ_0000092 promotes LM3 cell proliferation, invasion, migration and angiogenesis by binding to miR-338-3p. A, 
Expression of circ_0000092 and linear_0000092 in LM3 cells in response to NC treatment and si-hsa_circ_0000092 treatment, as 
determined by RT-qPCR. B, Representative views of EdU staining (original magnification ×200) and DNA synthesis of LM3 cells treated with 
NC, miR-338-3p mimic, si-hsa_circ_0000092, or combined si-hsa_circ_0000092 and miR-338-3p inhibitor, as determined using EdU assay. 
C, Colony formation rate of LM3 cells treated with NC, miR-338-3p mimic, si-hsa_circ_0000092, or combined si-hsa_circ_0000092 and 
miR-338-3p inhibitor, as determined by colony formation assay. D, Migration ability of LM3 cells treated with NC, miR-338-3p mimic, si-
hsa_circ_0000092, or combined si-hsa_circ_0000092 and miR-338-3p inhibitor, as measured by scratch test. E, Invasion ability of LM3 cells 
treated with NC, miR-338-3p mimic, si-hsa_circ_0000092, or combined si-hsa_circ_0000092 and miR-338-3p inhibitor, as detected using 
Transwell assay (original magnification ×200). F, Representative views of blood vessels (original magnification ×100) and angiogenesis ability 
of LM3 cells treated with NC, miR-338-3p mimic, si-hsa_circ_0000092, or combined si-hsa_circ_0000092 and miR-338-3p inhibitor, as 
detected using vessel-like tube formation in vitro. The data (mean ± standard deviation) among multiple groups were analysed using one-way 
ANOVA, followed by Tukey's post hoc test. *P < .05, vs LM3 cells treated with NC; #P < .05, vs LM3 cells treated with si-hsa_circ_0000092. 
The experiment was repeated three times
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of si-hsa_circ_0000092 and miR-338-3p inhibitor (Figure 5C,D; 
Figure S3B,C). Taken together, hsa_circ_0000092 competitively 
binds to miR-338-3p to elevate the expression of HN1 in HCC cells.

3.6 | miR-338-3p negatively regulates HN1 to 
inhibit cell proliferation, migration, invasion and 
angiogenesis in HCC

To further explore the functional role of miR-338-3p in biological char-
acteristics with the involvement of HN1, EdU assay, colony formation 
assay, scratch test and Transwell assay were performed. The results 
obtained showed that cell viability, colony formation rate, migration 
and invasion abilities of LM3 cells were reduced in response to treat-
ment of si-HN1 compared with NC treatment. In contrast to si-HN1 
treatment, combined treatment with si-HN1 and miR-338-3p inhibi-
tor increased cell viability, colony formation rate, and migration and 
invasion abilities of LM3 cells (Figure 6A-D). Furthermore, culture me-
dium of LM3 cells treated with NC, si-HN1, or combined si-HN1 and 
miR-338-3p inhibitor was added to the culture medium of HUVECs to 

conduct vessel-like tube formation in vitro. The results suggested that 
the tube formation ability of si-HN1-treated LM3 cells was reduced 
compared with NC treatment, while tube formation ability was en-
hanced by the co-treatment of si-HN1 and miR-338-3p inhibitor when 
compared with si-HN1 treatment (Figure 6E). These findings provided 
evidence that miR-338-3p-mediated HN1 inhibition decreases the 
proliferation, migration, invasion and angiogenesis of HCC cells.

3.7 | hsa_circ_0000092 silencing hinders the 
progression of HCC in vivo

To assess the effects of hsa_circ_0000092 on tumour growth in 
vivo, LM3 cells treated with si-hsa_circ_0000092 were utilized 
to prepare a cell suspension, which was then subcutaneously in-
jected into nude mice. The results illustrated that the mice injected 
with cells expressing si-hsa_circ_0000092 had prolonged survival 
(Figure S4A). In addition, the expression of hsa_circ_0000092 
was measured using ISH assay, which showed that expression 
of hsa_circ_0000092 was down-regulated after treatment of 

F I G U R E  5  hsa_circ_0000092 up-regulates HN1 expression by competitively binding to miR-338-3p in LM3 cells. A, Binding sites 
between miR-338-3p and HN1 predicted using the online bioinformatic prediction software. B, Luciferase activity of LM3 cells following co-
treatment of miR-338-3p and HN1-3′UTR-wt or co-treatment of miR-338-3p and HN1-3′UTR-mut. C, mRNA expression of HN1 in LM3 cell 
lines transfected with NC, si-hsa_circ_0000092, miR-338-3p mimic, or combined si-hsa_circ_0000092 and miR-338-3p inhibitor, detected 
by RT-qPCR. D, Protein expression of HN1 in LM3 cell lines transfected with NC, si-hsa_circ_0000092, miR-338-3p mimic, or combined 
si-hsa_circ_0000092 and miR-338-3p inhibitor, determined by Western blot analysis. The data (mean ± standard deviation) between two 
groups were tested using unpaired t test, and data among multiple groups were analysed using one-way ANOVA and subjected to Tukey's 
post hoc test. *P < .05, vs LM3 cells treated with NC or NC mimic; #P < .05, vs LM3 cells treated with si-hsa_circ_0000092. The experiment 
was repeated three times
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si-hsa_circ_0000092 (Figure S4B). Moreover, the average tumour 
volume and weight were reduced in mice treated with si-hsa_
circ_0000092 (Figure S4C-E). Furthermore, IHC showed reduced 
positive expression of HN1, PCNA, MMP2, MMP9 and VEGF pro-
teins in response to the delivery of si-hsa_circ_0000092 express-
ing cells (Figure S4F). Based on these findings, we reasoned that 
depletion of hsa_circ_0000092 could suppress the development 
of HCC in vivo.

4  | DISCUSSION

Increasing evidence has shown that the circRNA-miR-mRNA axis is 
highly involved in the progression of HCC and can provide new in-
sights into the specific mechanisms of HCC progression as well as 
help to identify biomarkers and targets for HCC treatment.20,21 In 
this study, we utilized microarray analysis to screen the differentially 
expressed HCC-related circRNAs and predicted their underlying 
function in HCC development, finding that the hsa_circ_0000092/
miR-338-3p/HN1 axis was associated with HCC progression. Thus, 
in vitro and in vivo assays were performed to identify the potential 
effects of this axis on HCC. The results demonstrated that silencing 
hsa_circ_0000092 could down-regulate HN1 and inhibit HCC devel-
opment via up-regulation of miR-338-3p.

Our initial results showed that the expression of hsa_
circ_0000092 and HN1 was higher while that of miR-338-3p was 
lower in HCC tissues and cell lines. CircRNAs are covalently closed 

loop single RNAs, predominantly found in the cytoplasm and 
showing important functions in tissue development and epithe-
lial–mesenchymal transition (EMT).22 Consistent with our findings, 
hsa_circ_0128298 is also highly expressed in HCC tissues and is 
associated with the enhanced proliferation and metastasis of HCC 
cells, thus acting as a potential diagnostic and prognostic marker 
for patients with HCC.23 Similarly, Guan et al24 showed that HCC 
tissues and cells exhibited overexpressed hsa_circ_0016788 and 
that down-regulation of hsa_circ_0016788 repressed HCC devel-
opment; hence, hsa_circ_0016788 was proposed as an oncogene in 
HCC. HN1 is widely recognized as a gene encoding a protein that 
is extensively expressed in a variety of tissues.25,26 In line with our 
study, HN1 has been found to be markedly up-regulated in HCC tis-
sues relative to the adjacent normal tissues and its high expression 
has been significantly associated with a poor overall survival of pa-
tients with HCC.16 Also, HN1 could be used for prognosticating HCC 
due to its association with disease-specific survival of patients with 
HCC.27 However, the regulation of HN1 by circRNAs has not been 
reported. In the study, we found the bridge regulator between hsa_
circ_0000092 and HN1 that was miR-338-3p. In agreement with 
our findings, miR-338-3p has been revealed to be down-regulated in 
metastatic HCC tissues and cells and the expression of miR-338-3p 
is related to low metastasis-free survival, suggesting miR-338-3p 
could potentially serve as an underlying biomarker for the treatment 
of HCC patients with metastasis.28 Likewise, forced expression of 
miR-338-3p can inhibit HCC cell proliferation and colony formation 
while inducing cell cycle arrest, indicating that miR-338-3p exerts a 

F I G U R E  6  miR-338-3p overexpression represses the proliferation, migration, invasion and angiogenesis of HCC cells by targeting HN1. 
A, Representative views of EdU staining (original magnification ×200) and DNA synthesis of LM3 cells treated with NC, si-HN1, or combined 
si-HN1 and miR-338-3p inhibitor. B, Colony formation ability of LM3 cells treated with NC, si-HN1, or combined si-HN1 and miR-338-3p 
inhibitor, as measured by colony formation assay. C, Migration ability of LM3 cells treated with NC, si-HN1, or combined si-HN1 and miR-
338-3p inhibitor, as detected by scratch test. D, Invasion ability of LM3 cells treated with NC, si-HN1, or combined si-HN1 and miR-338-3p 
inhibitor, as detected by Transwell assay (original magnification ×200). E, Representative views of blood vessels (original magnification ×100) 
and angiogenesis ability of LM3 cells treated with NC, si-HN1, or combined si-HN1 and miR-338-3p inhibitor, as assessed by vessel-like tube 
formation in vitro. The data (mean ± standard deviation) among multiple groups were analysed using one-way ANOVA and subjected to Tukey's 
post hoc test. *P < .05, vs LM3 cells treated with NC; #P < .05, vs LM3 cells treated with si-HN1. The experiment was repeated three times
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tumour suppressive role in HCC development.29 Therefore, we rea-
soned the regulatory axis of hsa_circ_0000092/miR-338-3p/HN1 
was associated with HCC.

CircRNAs could act as sponges or ceRNAs of miRNAs, regulat-
ing the expression of miRs and participating in the development of 
diseases.30,31 Partly in line with our findings, hsa_circ_0000673, 
which is overexpressed in HCC tissues, could serve as a sponge of 
miR-767-3p to down-regulate miR-767-3p expression and deple-
tion of hsa_circ_0000673 could hinder the progression of HCC.32 
Moreover, a growing number of studies suggest that lncRNAs regu-
late expression of mRNAs by competitively binding to miRNAs and 
thus contributing to the development of diseases.33 Circ-PDE8A 
up-regulates the expression of MACC1 and then accelerates pancre-
atic ductal adenocarcinoma progression by functioning as a ceRNA 
of miR-338.34 In addition, silencing of hsa_circ_000984 down-reg-
ulates the expression of CDK4 by competitively binding with miR-
106b, thus hindering cellular processes in vitro and tumour growth 
in vivo in colorectal cancer.35 Emerging evidence demonstrates that 
miRNAs play a crucial role in the initiation and progression of cancer 
through their regulatory roles in cell growth, invasion and metas-
tasis by inhibiting the expression of their targets.36,37 miR-338-3p 
has been revealed to bind to the smoothened gene to further in-
hibit cell invasion in liver cancer cells, suggesting that miR-338-3p is 
an underlying biomarker for the management of liver cancer.12 Our 
current study revealed that miR-338-3p could curb HCC cell prolif-
eration, migration, invasion and angiogenesis by inhibiting its target 
HN1. On the basis of the aforementioned, our studies reveal a previ-
ously unrecognized hsa_circ_0000092/miR-338-3p/HN1 signalling 
axis in HCC.

Taken together, depletion of hsa_circ_0000092 decreases the 
expression of HN1 and consequently hinders the progression and 
development of HCC via up-regulation of miR-338-3p (Figure S5). 
Our study intriguingly highlights the potential of hsa_circ_0000092, 
HN1 and miR-338-3p as novel therapeutic targets for the treatment 
of patients with HCC and may contribute to deeper exploration of 
the specific mechanisms of circRNA-miR-mRNA network in cancers. 
In our future study, we will combine the silencing hsa_circ_0000092 
and HN1, and overexpressing miR-338-3p with traditional chemo-
therapy drugs to elucidate the synergetic effects on HCC retarda-
tion and to provide a basis for further research of related inhibitors.

ACKNOWLEDG EMENTS
We acknowledge and appreciate our colleagues for their valuable 
efforts and comments on this paper.

CONFLIC T OF INTERE S T
None.

AUTHOR CONTRIBUTION
Jianchu Wang, Wenchuan Li, Yuan Lu and Xianjian Wu designed 
the study. Xidai Long, Chunying Luo and Huamei Wei collated the 
data, carried out data analyses and produced the initial draft of the 

manuscript. Jian Pu contributed to drafting the manuscript. All au-
thors have read and approved the final submitted manuscript.

DATA AVAIL ABILIT Y S TATEMENT
The datasets generated and/or analysed during the current study 
are available from the corresponding author on reasonable request.

ORCID
Huamei Wei   https://orcid.org/0000-0002-4168-2154 

R E FE R E N C E S
	 1.	 Bosetti C, Turati F, La Vecchia C. Hepatocellular carcinoma epide-

miology. Best Pract Res Clin Gastroenterol. 2014;28:753-770.
	 2.	 Chen C, Wang G. Mechanisms of hepatocellular carcinoma and 

challenges and opportunities for molecular targeted therapy. World 
J Hepatol. 2015;7:1964-1970.

	 3.	 Baecker A, Liu X, La Vecchia C, Zhang Z-F. Worldwide incidence of 
hepatocellular carcinoma cases attributable to major risk factors. 
Eur J Cancer Prev. 2018;27:205-212.

	 4.	 Hartke J, Johnson M, Ghabril M. The diagnosis and treatment of 
hepatocellular carcinoma. Semin Diagn Pathol. 2017;34:153-159.

	 5.	 Attwa MH, El-Etreby SA. Guide for diagnosis and treatment of he-
patocellular carcinoma. World J Hepatol. 2015;7:1632-1651.

	 6.	 Cidon EU. Systemic treatment of hepatocellular carcinoma: past, 
present and future. World J Hepatol. 2017;9:797-807.

	 7.	 Grandhi MS, Kim AK, Ronnekleiv-Kelly SM, Kamel IR, Ghasebeh 
MA, Pawlik TM. Hepatocellular carcinoma: from diagnosis to treat-
ment. Surg Oncol. 2016;25:74-85.

	 8.	 Hu J, Li P, Song Y, et al. Progress and prospects of circular RNAs in 
hepatocellular carcinoma: novel insights into their function. J Cell 
Physiol. 2018;233:4408-4422.

	 9.	 Fu L, Jiang Z, Li T, Hu Y, Guo J. Circular RNAs in hepatocel-
lular carcinoma: functions and implications. Cancer Med. 
2018;7(7):3101-3109.

	10.	 Qin M, Liu G, Huo X, et al. Hsa_circ_0001649: a circular RNA and 
potential novel biomarker for hepatocellular carcinoma. Cancer 
Biomark. 2016;16:161-169.

	11.	 Xiong DD, Dang YW, Lin P, et al. A circRNA-miRNA-mRNA network 
identification for exploring underlying pathogenesis and therapy 
strategy of hepatocellular carcinoma. J Transl Med. 2018;16:220.

	12.	 Huang XH, Chen JS, Wang Q, et al. miR-338-3p suppresses in-
vasion of liver cancer cell by targeting smoothened. J Pathol. 
2011;225:463-472.

	13.	 Zhang T, Liu W, Zeng XC, et al. Down-regulation of microR-
NA-338-3p promoted angiogenesis in hepatocellular carcinoma. 
Biomed Pharmacother. 2016;84:583-591.

	14.	 Varisli L, Gonen-Korkmaz C, Debelec-Butuner B, et al. Ubiquitously 
expressed hematological and neurological expressed 1 downregu-
lates Akt-mediated GSK3beta signaling, and its knockdown results 
in deregulated G2/M transition in prostate cells. DNA Cell Biol. 
2011;30:419-429.

	15.	 Li L, Zeng TT, Zhang BZ, Li Y, Zhu YH, Guan XY. Overexpression of 
HN1L promotes cell malignant proliferation in non-small cell lung 
cancer. Cancer Biol Ther. 2017;18:904-915.

	16.	 Chen JJ, Sun X, Mao QQ, et al. Increased expression of hematolog-
ical and neurological expressed 1 (HN1) is associated with a poor 
prognosis of hepatocellular carcinoma and its knockdown inhib-
its cell growth and migration partly by down-regulation of c-Met. 
Kaohsiung J Med Sci. 2019. https​://doi.org/10.1002/kjm2.12156​

	17.	 Tsai AC, Pan SL, Liao CH, et al. Moscatilin, a bibenzyl deriva-
tive from the India orchid Dendrobrium loddigesii, suppresses 

https://orcid.org/0000-0002-4168-2154
https://orcid.org/0000-0002-4168-2154
https://doi.org/10.1002/kjm2.12156


     |  13 of 13PU et al.

tumor angiogenesis and growth in vitro and in vivo. Cancer Lett. 
2010;292:163-170.

	18.	 Yang C, Yuan W, Yang X, et al. Circular RNA circ-ITCH inhibits blad-
der cancer progression by sponging miR-17/miR-224 and regulating 
p21, PTEN expression. Mol Cancer. 2018;17:19.

	19.	 Su X, Wang H, Ge W, et al. An in vivo method to identify microRNA 
targets not predicted by computation algorithms: p21 targeting by 
miR-92a in cancer. Cancer Res. 2015;75:2875-2885.

	20.	 Lin X, Chen Y. Identification of potentially functional CircRNA-
miRNA-mRNA regulatory network in hepatocellular carcinoma 
by integrated microarray analysis. Med Sci Monit Basic Res. 
2018;24:70-78.

	21.	 Ren S, Xin Z, Xu Y, Xu J, Wang G. Construction and analysis of cir-
cular RNA molecular regulatory networks in liver cancer. Cell Cycle. 
2017;16:2204-2211.

	22.	 Zheng Q, Bao C, Guo W, et al. Circular RNA profiling reveals an 
abundant circHIPK3 that regulates cell growth by sponging multiple 
miRNAs. Nat Commun. 2016;7:11215.

	23.	 Chen D, Zhang C, Lin J, Song X, Wang H. Screening differential 
circular RNA expression profiles reveal that hsa_circ_0128298 is a 
biomarker in the diagnosis and prognosis of hepatocellular carci-
noma. Cancer Manag Res. 2018;10:1275-1283.

	24.	 Guan Z, Tan J, Gao W, et al. Circular RNA hsa_circ_0016788 reg-
ulates hepatocellular carcinoma tumorigenesis through miR-486/
CDK4 pathway. J Cell Physiol. 2018;234:500-508.

	25.	 Laughlin KM, Luo D, Liu C, et al. Hematopoietic- and neurologic-ex-
pressed sequence 1 (Hn1) depletion in B16.F10 melanoma cells 
promotes a differentiated phenotype that includes increased mela-
nogenesis and cell cycle arrest. Differentiation. 2009;78:35-44.

	26.	 Laughlin KM, Luo D, Liu C, et al. Hematopoietic- and neurologic-ex-
pressed sequence 1 expression in the murine GL261 and high-grade 
human gliomas. Pathol Oncol Res. 2009;15:437-444.

	27.	 Nault JC, De Reynies A, Villanueva A, et al. A hepatocellular carci-
noma 5-gene score associated with survival of patients after liver 
resection. Gastroenterology. 2013;145:176-187.

	28.	 Chen JS, Liang LL, Xu HX, et al. miR-338-3p inhibits epithelial-mes-
enchymal transition and metastasis in hepatocellular carcinoma 
cells. Oncotarget. 2017;8:71418-71429.

	29.	 Wang G, Sun Y, He Y, Ji C, Hu B, Sun Y. MicroRNA-338-3p inhib-
its cell proliferation in hepatocellular carcinoma by target forkhead 
box P4 (FOXP4). Int J Clin Exp Pathol. 2015;8:337-344.

	30.	 Hansen TB, Jensen TI, Clausen BH, et al. Natural RNA circles func-
tion as efficient microRNA sponges. Nature. 2013;495:384-388.

	31.	 Kulcheski FR, Christoff AP, Margis R. Circular RNAs are miRNA 
sponges and can be used as a new class of biomarker. J Biotechnol. 
2016;238:42-51.

	32.	 Jiang W, Wen D, Gong L, Wang Y, Liu Z, Yin F. Circular RNA hsa_
circ_0000673 promotes hepatocellular carcinoma malignance by 
decreasing miR-767-3p targeting SET. Biochem Biophys Res Commun. 
2018;500:211-216.

	33.	 Tan JY, Sirey T, Honti F, et al. Extensive microRNA-mediated cross-
talk between lncRNAs and mRNAs in mouse embryonic stem cells. 
Genome Res. 2015;25:655-666.

	34.	 Li Z, Yanfang W, Li J, et al. Tumor-released exosomal circular RNA 
PDE8A promotes invasive growth via the miR-338/MACC1/MET 
pathway in pancreatic cancer. Cancer Lett. 2018;432:237-250.

	35.	 Xu XW, Zheng BA, Hu ZM, et al. Circular RNA hsa_circ_000984 
promotes colon cancer growth and metastasis by sponging miR-
106b. Oncotarget. 2017;8:91674-91683.

	36.	 Markopoulos GS, Roupakia E, Tokamani M, et al. A step-by-step 
microRNA guide to cancer development and metastasis. Cell Oncol 
(Dordr). 2017;40:303-339.

	37.	 Liu Y, Li Y, Wang R, et al. MiR-130a-3p regulates cell migration and 
invasion via inhibition of Smad4 in gemcitabine resistant hepatoma 
cells. J Exp Clin Cancer Res. 2016;35:19.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.      

How to cite this article: Pu J, Wang J, Li W, et al. hsa_
circ_0000092 promotes hepatocellular carcinoma 
progression through up-regulating HN1 expression by 
binding to microRNA-338-3p. J Cell Mol Med. 
2024;28:e15010. https​://doi.org/10.1111/jcmm.15010​

https://doi.org/10.1111/jcmm.15010

	hsa_circ_0000092 promotes hepatocellular carcinoma progression through up-regulating HN1 expression by binding to microRNA-338-3p
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Ethics statement
	2.2|Patient enrolment
	2.3|Cell culture
	2.4|Cell stimulation
	2.5|Fluorescence in situ hybridization (FISH)
	2.6|Dual-luciferase reporter assay
	2.7|Reverse transcription quantitative polymerase chain reaction (RT-qPCR)
	2.8|Western blot analysis
	2.9|RNA pull-down assay
	2.10|Northern blot analysis
	2.11|5-Ethynyl-2'-deoxyuridine (EdU) assay
	2.12|Colony formation assay
	2.13|Scratch test
	2.14|Transwell assay
	2.15|Vessel-like tube formation in vitro
	2.16|Matrigel plug assay in vivo for detection of angiogenesis
	2.17|In situ hybridization (ISH)
	2.18|Immunohistochemistry (IHC)
	2.19|Xenograft tumours in nude mice
	2.20|Statistical analysis

	3|RESULTS
	3.1|In silico analysis predicting the differentially expressed genes and their molecular interactions in HCC
	3.2|miR-338-3p is poorly expressed while hsa_circ_0000092 and HN1 are highly expressed in HCC tissues and cell lines
	3.3|hsa_circ_0000092 binds to miR-338-3p
	3.4|hsa_circ_0000092 stimulates cell proliferation, migration, invasion and angiogenesis in HCC by binding to miR-338-3p
	3.5|hsa_circ_0000092 up-regulates the expression of HN1 by binding to miR-338-3p
	3.6|miR-338-3p negatively regulates HN1 to inhibit cell proliferation, migration, invasion and angiogenesis in HCC
	3.7|hsa_circ_0000092 silencing hinders the progression of HCC in vivo

	4|DISCUSSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTION
	DATA AVAILABILITY STATEMENT

	REFERENCES


