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Background: Many studies have confirmed that circular RNAs (circRNAs) play a key role
in the biological progression of cancers. However, the function of a novel circRNA,
circ_0046599, in hepatocellular carcinoma (HCC) progression has not been explored.
Methods: Quantitative real-time polymerase chain reaction (QRT-PCR) was performed to
measure the expression of circ_0046599, microRNA (miR)-1258 and Ribophorin II (RPN2).
Subcellular fractionation location assay was used to localize circ_0046599 in HCC cells. The
circular characteristic of circ_0046599 was verified using Ribonuclease R (RNase R) diges-
tion assay. Besides, cell counting kit 8 (CCKS) assay, colony formation assay, wound healing
assay and transwell assay were used to detect cell proliferation, migration and invasion,
respectively. The lactate production and glucose level were determined by Lactate and
Glucose Assay Kits. Furthermore, the protein levels of glycolysis, metastasis and prolifera-
tion-related marker proteins, as well as RPN2 were tested by Western blot (WB) analysis.
Moreover, dual-luciferase reporter assay and RNA immunoprecipitation (RIP) assay were
employed to confirm the interactions among circ 0046599, miR-1258 and RPN2. In addi-
tion, mice xenograft models were applied to observe the effect of circ_ 0046599 silencing on
HCC tumor growth in vivo.

Results: Circ 0046599 was highly expressed in HCC tissues and cells, and its knockdown
could suppress HCC cell proliferation, migration, invasion and glycolysis process. MiR-1258
could be targeted by circ 0046599, and its inhibitor could invert the suppressing effect of
circ_0046599 knockdown on HCC progression. Further, RPN2 was a target of miR-1258.
Overexpressed RPN2 could reverse the inhibiting effect of miR-1258 overexpression on HCC
progression. Also, knockdown of circ_0046599 could restrain HCC tumor growth in vivo.
Conclusion: Our results provided new evidence that circ_ 0046599 could promote the
progression of HCC by increasing RPN2 expression via sponging miR-1258.
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Introduction

Hepatocellular carcinoma (HCC) is a common histological subtype of liver cancer,
accounting for 90% of primary liver cancer.'> Genetic factors, hepatitis and obesity
are considered to be major risk factors for HCC.>* The treatment of HCC includes
surgical treatment, medical treatment, radiotherapy and so on.>® However, due to
the high recurrence rate and metastasis rate of HCC, the prognosis of HCC is still
poor.”® Therefore, it is necessary to study the pathogenesis of HCC to explore
feasible therapeutic options for HCC.

submit your manuscript

Dove n

http:

in O

Cancer Management and Research 2020:12 6849-6860 6849
© 2020 Fang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
FarT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati glli /by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Fang et al

Dove

Circular RNAs (circRNAs) are a class of non-coding
RNAs with a special circular structure that function like
microRNA (miRNA) sponges.”'” In recent years, the research
on the function of circRNA has reached a white-hot stage.
Researchers have found that circRNA plays an important role
in the progression of many types of cancer, including
HCC."'? More importantly, the hypothesis that circRNA
can act as a competitive endogenous RNA (ceRNA) to sponge
miRNA provides a reliable way to elucidate the molecular
mechanism of circRNA."*'* For example, circABCB10 could
promote HMG20A expression to enhance the proliferation
and invasion of HCC by sponging miR-670-3p."> Also,
circ_0001955 could accelerate the tumorigenesis of HCC via
regulating the miR-516a-5p/TRAF6-MAPK11 network.'®
Therefore, circRNA may be an important biomarker for can-
cer therapy and may provide an important basis for elucidating
the pathogenesis of cancers.

In our research, we screened the differentially expressed
circRNA in HCC tumor tissues and hepar normal tissues based
on the GSE97332 database, and discovered that circ 0046599
was remarkably higher expressed in HCC tumor tissues.
However, there have no studies on the function of
circ_ 0046599 in HCC at present. Therefore, the purpose of
this study is to explore the role of circ_0046599 in the pro-
gression of HCC, and further analyze the potential molecular
mechanism to provide a new biomarker for HCC treatment.

Materials and Methods

Clinical Tissues

Our study was approved by the Ethics Committee of Jiangxi
Affiliated to Nanchang
University and was conducted in accordance with the
Declaration of Helsinki. A total of 38 patients with HCC
who were treated in Jiangxi Provincial People’s Hospital
Affiliated to Nanchang University from March 2010 to
December 2013 were recruited. After the operation, 38

Provincial People’s Hospital

paired HCC tissues and adjacent normal tissues were col-
lected and frozen in liquid nitrogen. Patients were followed
up from the date of surgery until the end of the study
(December 2018) or the date of death. For this study, all
patients signed written informed consent.

Cell Culture and Transfection

HCC cell lines (HCCLM3 and Huh7) and human liver epithe-
lial cell line (THLE-2) were purchased from Procell Life
Science & Technology Co., Ltd. (Wuhan, China). HCCLM3
and Huh7 cells were grown in Dulbecco’s modified Eagle

medium (DMEM; Invitrogen, Carlsbad, CA, USA), and
THLE-2 cells were cultured in BEGM Bullet Kit (Lonza,
Walkersville, MD, USA). In addition, all the media should
be supplemented with 10% fetal bovine serum (FBS;
Hyclone, Logan, UT, USA) and 1% penicillin/streptomycin
(Invitrogen). All cells were incubated at 37°C with 5% CO,.

Circ_0046599 small interference RNA and overexpres-
sion plasmid (si-circ_0046599#1/#2 and circ_0046599) or
negative controls (si-NC and circ-NC), miR-1258 mimic
and inhibitor (miR-1258 and anti-miR-1258) or negative
controls (NC and anti-NC), Ribophorin II (RPN2) over-
expression plasmid (RPN2) and negative control (vector)
were synthesized by GenePharma (Shanghai, China).
Lentiviral short hairpin RNA against circ_0046599 (sh-
circ_0046599) and negative control (sh-NC) were obtained
from RiboBio (Guangzhou, China). Lipofectamine 3000
(Invitrogen) was used to transfect the above plasmids and
oligonucleotides into cells.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Total RNA was extracted using TransZol (Transgen Biotech,
Beijing, China) and reverse-transcribed into ¢cDNA using
First-Strand c¢DNA  Synthesis SuperMix (Transgen
Biotech). Finally, SYBR Green (Solarbio, Beijing, China)
was employed to perform qRT-PCR on PCR system. The
qRT-PCR results were analyzed with the 22" method, and
relative expression was normalized using glyceraldehyde
3-phosphate dehydrogenase (GAPDH) or U6. All primer
sequences were listed as below: circ 0046599, F 5'-
CTCCACCGAACGATACACACGTT-3', R 5-CTCACCC
GCTGGGGCATC-3; miR-1258, F 5-CTGCGAGTCCC
TGGAGTTAG-3', R 5'-CGGTCCCCTAACTACCCATT-3';
RPN2, F 5-AGGAAGTGGTGTTTGTTGCC-3', R 5-ACA
GTCGAGGGAGCTTCTTC-3; GAPDH, F 5-TCAAGAA
GGTGGTGAAGCAG-3', R 5-GAGGGGAGATTCAGT
GTGGT-3'; U6, F 5'-CTCGCTTCGGCAGCACATATACT
-3, R 5-ACGCTTCACGAATTTGCGTGTC-3".

Subcellular Fractionation Location Assay
The cytoplasm and nucleus RNAs of HCCLM3 and Huh7
cells were isolated by Cytoplasmic & Nuclear RNA
Purification Kit (Norgen, Thorold, ON, Canada).
Afterward, the expression levels of circ 0046599, GAPDH
and U6 in the cytoplasm and nucleus of cells were examined
by qRT-PCR. GAPDH and U6 were used as the cytoplasm
control and nucleus control, respectively.
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Ribonuclease R (RNase R) Digestion

Assay

After extracted RNA from HCCLM3 and Huh?7 cells, 3 U/pg
RNase R (Epicentre, Madison, W1, USA) was added into 5 pg
RNA for incubation 15 min at 37°C. Then, qRT-PCR was
performed to assess the expression of circ 0046599 and
GAPDH with or without RNase R digestion. GAPDH was
served as the representative linear RNA.

Cell Counting Kit 8 (CCK8) Assay

HCCLM3 and Huh7 cells (1 x 10%) were seeded in 96-well
plates. At the indicated time point, CCK8 solution (Beyotime,
Shanghai, China) was added into cells and incubated for 4
h. The absorbance at 450 nm was recorded by a microplate

reader to evaluate cell viability.

Colony Formation Assay

HCCLM3 and Huh7 cells (110 per well) were seeded into
6-well plates and incubated for 2 weeks. Cells were then
fixed with paraformaldehyde and stained with crystal vio-
let. The microscope was used to count the number of

colonies (> 50 cells).

Wound Healing Assay

HCCLM3 and Huh7 cells (5 x 10%) were seeded in 6-well
plates. After 24 h, 20 pL pipette tip was used to evenly
draw 5 straight lines in the petri dish. Then, the cells were
washed with phosphate buffer solution (PBS) and added
with serum-free medium. After that, the cells were photo-
graphed under a microscope, and the wound area was
calculated. After incubated for 24 h, the wound area was
calculated again to evaluate the migration ability of cells.

Transwell Assay

Cell invasion was detected by the transwell chambers
(Corning Inc., Corning, NY, USA). Serum-free medium
was added into the upper chamber, while serum medium
was filled into the lower chamber. HCCLM3 and Huh7
cells were seeded on the upper chamber, which was pre-
coated with a Matrigel (Corning Inc.). All cells were
cultured at 37°C for 24 h. After that, the lower chamber
cells were with paraformaldehyde and stained with crystal
violet. Then, the number of invaded cells was counted
with a microscope.

Lactate Production and Glucose Level

Measurement

The cell medium was collected 48 h after transfection.
After centrifugation, the medium supernatant was col-
lected in the centrifuge tube, and then the lactate produc-
tion and glucose level were measured by Lactate Assay
Kit and Glucose Assay Kit (BioVision, Milpitas, CA,
USA) according to the manufacturer’s agreement.

Western Blot (VWB) Analysis

Protein was extracted using RIPA buffer (Beyotime), and
then protein samples were electrophoresed on 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) gel and transferred to a polyvinylidene fluoride
(PVDF) membrane (Millipore, Billerica, MA, USA).
Next, the membrane was blocked with 5% nonfat milk
and incubated with primary antibody and secondary anti-
body. The protein signals were analyzed using enhanced
chemiluminescent (ECL) substrate (Solarbio). All antibody
was obtained from Abcepta (San Diego, CA, USA) and
listed as below: hexokinase 2 (HK2, 1:1000, AP8140a),
matrix metalloproteinase 2 (MMP2, 1:1000, AP53416),
MMP9 (1:250, AM1975b), RPN2 (1:1000, AP2410a), pro-
liferating cell nuclear antigen (PCNA, 1:2000, AM8545b),
GAPDH (1:500, AP50811), anti-rabbit (1:2000, ASR1038)
or anti-mouse (1:2000, ASR2846).

Dual-Luciferase Reporter Assay

The sequences of wild-type (wt) or mutant-type (mut)
circ_0046595 and RPN2 3'UTR (circ_0046599-wt/mut and
RPN2-wt/mut) were inserted into the pGL3 promoter vector
(GenePharma). HCCLM3 and Huh?7 cells were seeded in 24-
well plates, and the above vectors and miR-1258 mimic or
NC were co-transfected into cells. After 48 h, the ratio of
firefly luciferase activity to Renilla luciferase activity was
determined by Dual-Lucy Assay Kit (Solarbio) to count the
relative luciferase activity.

RNA Immunoprecipitation (RIP) Assay
HCCLMS3 and Huh7 cells were lysed in RIP lysis buffer
(Sigma-Aldrich. Louis, MO, USA). Antibodies against
immunoglobulin G (Anti-IgG) or argonaute 2 (Anti-Ago2)
conjugated with magnetic beads (Sigma-Aldrich) were incu-
bated with cell lysates overnight at 4°C. Then, qRT-PCR
was used to measure the enrichment of circ 0046599, miR-
1258 and RPN2 in Anti-Ago2 or Anti-IgG.
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Mice Xenograft Models

All animal assays were approved by the Animal Research
Committee of Jiangxi Provincial People’s Hospital Affiliated
to Nanchang University and performed according to the Guide
for the Care and Use of Laboratory Animals. Male BALB/c
nude mice were bought from Sebiona (Guangzhou, China)
and randomly divided into 2 groups (N = 3 per group). Huh7
cells (1 x 107) stably transfected with sh-circ_0046599 or sh-
NC were subcutaneously injected into the right flank of mice.
Tumor volume was calculated by detecting the tumor every
week. Five weeks later, the mice were euthanized by isoflur-
ane inhalation followed by cervical dislocation at the endpoint
stage. The tumor was removed for further testing.

Statistical Analysis

GraphPad Prism 6.0 software (GraphPad Software Inc., La
Jolla, CA, USA) was used for data analysis. The results were
presented by the mean + standard deviation. Student’s #-test
or one-way analyses of variance followed by Tukey’s test
were performed for assessing the significance between 2
groups or among multiple groups, respectively. Correlation
analysis was performed using Pearson correlation coefficient
analysis. P < 0.05 was considered as significant.

Results
Circ_0046599 Was Highly Expressed in

HCC Tissues and Cells

The expression of circ_0046599 was first detected by qRT-
PCR, and the results revealed that circ 0046599 was
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upregulated in HCC tissues compared to adjacent normal
tissues (Figure 1A). Then, in GSE97332 database, we found
that circ_0046599 had elevated expression in HCC tumor
tissues compared with that in hepar normal tissues
(Figure 1B). Kaplan-Meier analysis showed that HCC
patients with high circ_0046599 expression had lower over-
all survival than those with low circ 0046599 expression
(Figure 1C). Additionally, we also measured circ_0046599
expression in HCC cell lines and discovered that
circ_0046599 expression was higher in HCC cell lines
(HCCLM3 and Huh7) than that in THLE-2 cells (Figure
1D). Subcellular fractionation location assay results sug-
gested that circ_0046599 was mainly distributed in the
cytoplasm of HCCLM3 and Huh7 cells (Figure 1E). To
confirm the circular characteristic of circ_0046599, we
treated with RNase R in extracted RNA and then detected
the expression of circ_0046599 and GAPDH in HCCLM3
and Huh7 cells. The results showed that RNase R could
degrade linear RNA (GAPDH) rather than circRNA
(circ_0046599) (Figure 1F). Therefore, our results con-
firmed that the circ 0046599 was a circRNA and might
have a vital function in HCC.

Silenced Circ_0046599 Restrained the
Proliferation, Migration, Invasion and

Glycolysis Process of HCC Cells

For exploring the function of circ_ 0046599 in HCC, we
transfected with the siRNA of circ 0046599 in HCC cells.
The downregulated circ 0046599 after transfected with si-
circ_0046599#1/#2 indicated that the transfection efficiency

C

—— circ_0046599"9" (19)
= circ_0046599"°" (19)
P=0.0035

Overall survival

20 40 60 80
months after surgery

F

Huh7

HCCLM3
3 RNaseR-
[ RNase R+

circ_0046599 linear mRNA

[ RNaseR-
[ RNase R+

1 s

circ_0046599 linear mMRNA

Relative level

Relative level
°

Figure | The expression of circ_0046599 was increased in HCC. (A) QRT-PCR results showed that circ_0046599 was upregulated in HCC tissues (HCC) compared with
adjacent normal tissues (Normal). (B) GSE97332 database analyzed that circ_0046599 was highly expressed in HCC tumor tissues compared to hepar normal tissues. (C)
Kaplan-Meier analysis suggested that the overall survival of HCC patients was associated with circ_0046599 expression. (D) QRT-PCR results indicated that circ_0046599
expression was elevated in HCC cell lines (HCCLM3 and Huh7) compared to THLE-2 cells. (E) Subcellular fractionation location assay showed that circ_0046599 was
mainly distributed in the cytoplasm of HCCLM3 and Huh7 cells. (F) RNase R digestion assay revealed that circ_0046599 was resistant to the digestion of RNase R in

HCCLM3 and Huh cells. **P < 0.001.
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Figure 2 Effects of circ_0046599 knockdown on HCC progression. (A) The transfection efficiency of si-circ_0046599#|/#2 was confirmed by qRT-PCR. The proliferation
of HCCLM3 and Huh cells was measured by CCK8 assay (B) and colony formation assay (C). (D) Wound healing assay was used to detect the migration of HCCLM3 and
Huh cells. (E) The invasion of HCCLM3 and Huh cells was determined by transwell assay. The lactate production (F) and glucose level (G) of HCCLM3 and Huh cells were
tested by corresponding Assay Kits. (H and 1) WB analysis was performed to assess the protein levels of HK2, MMP2 and MMP9 in HCCLM3 and Huh cells. ***P < 0.001.

of them was good (Figure 2A). Subsequently, we evaluated
the biological functions of HCC cells. CCK8 and colony
formation assays revealed that circ_0046599 knockdown
markedly suppressed the viabilities and colony formation
rates of HCCLM3 and Huh7 cells, which suggested that the
proliferation of HCC cells was inhibited by circ 0046599
silencing (Figure 2B and C). Besides, the results of wound
healing assay showed that the interference of circ_0046599
remarkably hindered the migratory rates of HCCLMS3
and Huh7 cells (Figure 2D). Also, the number of
invaded HCCLM3 and Huh7 cells was reduced by
circ_ 0046599 knockdown, as demonstrated by transwell

assay (Figure 2E). In addition, we also found that after
circ_0046599 silencing, the lactate production of HCCLM3
and Huh7 cells was decreased significantly, while glucose
level was increased significantly, indicating that the glycoly-
sis process of HCC cells was repressed by circ 0046599
silencing (Figure 2F and G). At the same time, we also
discovered that the protein expression levels of glycolysis
rate-limiting enzyme (HK2) and metastasis-related proteins
(MMP2 and MMP9) were obviously restrained by silenced
circ_0046599, which once again confirmed the above results
(Figure 2H and I). Hence, our results revealed that knock-
down of circ_0046599 could inhibit the progression of HCC.
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Circ_0046599 Directly Interacted with
miR-1258

To explore the potential molecular mechanism of
circ_0046599, we used the Circular RNA Interactome tool
to predict miRNAs that could interact with circ_0046599.
Through screening, we focused on miR-1258. QRT-PCR
indicated that miR-1258 was significantly lower expressed
in HCC tissues and cells (Figure 3A and B), and correlation
analysis showed a significant negative correlation between
miR-1258 and circ_0046599 expression in HCC tissues
30). circ_0046599-wt
circ_0046599-mut reporter vectors were constructed based

(Figure Subsequently, and
on the complementary sequences between miR-1258 and
circ_0046599 (Figure 3D). Dual-luciferase reporter assay
results showed that miR-1258 overexpression remarkably
reduced the luciferase activity of circ_0046599-wt reporter
rather than circ 0046599-mut reporter (Figure 3E).

Furthermore, the results of RIP assay uncovered that the
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expression levels of circ 0046599 and miR-1258 were
obviously enriched in Anti-Ago2 compared with that in
Anti-IgG (Figure 3F). Additionally, we also found that
miR-1258 expression was repressed by circ 0046599 over-
expression, while promoted by circ_0046599 knockdown in
HCCLM3 and Huh7 cells (Figure 3G). All data indicated
that circ_0046599 could serve as a sponge of miR-1258
in HCC.

Inhibition of miR-1258 Could Reverse the
Suppression Effect of Circ_0046599

Knockdown on HCC Progression

To investigate whether circ_ 0046599 regulated HCC progres-
sion by sponging miR-1258, we performed the rescue
experiments using co-transfected with si-circ 0046599#1
and anti-miR-1258 into HCCLM3 and Huh?7 cells. The detec-
tion results of miR-1258 expression suggested that miR-1258
inhibitor could invert the promotion effect of circ 0046599
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Figure 3 MiR-1258 could be targeted by circ_0046599 in HCC. QRT-PCR results revealed that miR-1258 was downregulated in HCC tissues (A) and cells (B) compared
with matched controls. (C) Pearson correlation coefficient analysis was employed to analyze the correlation between circ_0046599 and miR-1258. (D) The binding and
mutant sequences between circ_0046599 and miR-1258 were presented. The interaction between circ_0046599 and miR-1258 was verified by dual-luciferase reporter assay
(E) and RIP assay (F). (G) QRT-PCR was used to detect miR-1258 expression in HCCLM3 and Huh cells to evaluate the effect of circ_0046599 on miR-1258 expression.

**P < 0.01, ¥*P < 0.001.
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silencing on miR-1258 expression, indicating that the trans-
fections of si-circ_0046599#1 and anti-miR-1258 were suc-
cessful (Figure 4A). Then, the results of CCK8 and colony
formation assays confirmed that miR-1258 inhibitor could
reverse the inhibition effect of circ 0046599 knockdown on
the viabilities and colony formation rates of HCCLM3 and
Huh?7 cells (Figure 4B and C). Further, the suppression influ-
ence of silenced circ_0046599 on the migration and invasion
of HCCLM3 and Huh?7 cells also could be inverted by miR-
1258 inhibitor (Figure 4D and E). Moreover, through detect-
ing the lactate production and glucose level of HCCLM3 and
Huh7 cells, we found that the inhibitory effect of
circ_0046599 interference on the glycolysis process of HCC
cells also could be reversed by miR-1258 inhibitor (Figure 4F
and G). In addition, miR-1258 inhibitor could invert the
decreasing effect of circ 0046599 silencing on the protein
levels of HK2, MMP2 and MMP9 in HCCLM3 and Huh?7
cells (Figure 4H and I). These results confirmed that
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circ_0046599 regulated HCC progression by targeting miR-
1258.

MiR-1258 Directly Targeted RPN2 in

HCC

To perfect the hypothesis of the circRNA-miRNA-mRNA
regulatory network in HCC, the Targetscan tool was used to
predict the mRNAs that could bind to miR-1258 in
a complementary manner. It was found that RPN2 was
a target of miR-1258. By detecting the mRNA expression of
RPN2, we found that it was highly expressed in HCC tissues
compared with adjacent normal tissues (Figure 5A). The
protein level results of RPN2 in HCC tissues were consistent
with the mRNA results (Figure 5B). Meanwhile, we also
uncovered that RPN2 protein expression was upregulated in
HCC cells compared to THLE-2 cells (Figure 5C).
Additionally, correlation analysis results suggested that
RPN2 expression was significantly positively correlated with
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Figure 4 Circ_0046599 regulated HCC progression by sponging miR-1258. (A) The expression of miR-1258 was detected by qRT-PCR to confirm the transfection
efficiency of si-circ_0046599#| and anti-miR-1258. CCKS8 assay (B) and colony formation assay (C) were performed to assess the proliferation of HCCLM3 and Huh cells.
(D) The migration of HCCLM3 and Huh cells was determined by wound healing assay. (E) Transwell assay was employed to measure the invasion of HCCLM3 and Huh cells.
The glycolysis process of HCCLM3 and Huh cells was detected by testing the lactate production (F) and glucose level (G) using corresponding Assay Kits. (H and I) The
protein levels of HK2, MMP2 and MMP9 in HCCLM3 and Huh cells were evaluated by WB analysis. ***P < 0.001.
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circ_0046599 and negatively correlated with miR-1258 in
HCC (Figure 5D and E). Then, we built the RPN2-wt and
RPN2-mut reporter vectors to perform the dual-luciferase
reporter assay, and the results showed that the luciferase
activity of RPN2-wt reporter could be repressed by miR-
1258 mimic, while the luciferase activity of RPN2-mut had
not any changed in HCCLM3 and Huh?7 cells (Figure 5F and
G). Besides, RIP assay results revealed that the enrichment of
miR-1258 and RPN2 was markedly increased in Anti-Ago2
(Figure 5H). To further confirm the regulation of miR-1258
and circ 0046599 on RPN2 expression, we co-transfected
with miR-1258 mimic and circ_0046599 overexpression plas-
mids into HCCLM3 and Huh7 cells. Through measuring
RPN2 protein expression, we discovered that miR-1258 over-
expression could inhibit RPN2 expression, while the addition
of circ_ 0046599 could reverse this effect (Figure 5I).
Therefore, all data confirmed that circ 0046599 indirectly
regulated RPN2 expression by sponging miR-1258 in HCC.

Overexpression of RPN2 Could Invert
the Inhibitory Effect of miR-1258 Mimic

on HCC Progression

To confirm that miR-1258 regulated HCC progression by
targeting RPN2, we co-transfected with miR-1258 mimic
and RPN2 overexpression plasmid into HCC cells. The detec-
tion results of RPN2 protein level indicated that overexpressed
RPN2 could reverse the decreasing effect of miR-1258 over-
expression on RPN2 expression in HCCLM3 and Huh?7 cells,
confirming the transfection efficiencies of miR-1258 mimic
and RPN2 overexpression plasmid were excellent (Figure 6A).
Subsequently, by measuring the viabilities and colony forma-
tion rates of HCCLM3 and Huh7 cells, we uncovered that
miR-1258 overexpression could restrain the proliferation of
HCC cells, whereas this effect could be inverted by RPN2
overexpression (Figure 6B and C). Furthermore, the results of
wound healing assay and transwell assay also indicated that
overexpressed RPN2 could reverse the suppression effect of
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Figure 5 MiR-1258 directly targeted RPN2 in HCC. (A) QRT-PCR results indicated that the mRNA expression of RPN2 was increased in HCC tissues (HCC) compared
with adjacent normal tissues (Normal). WB analysis results suggested that the protein expression levels of RPN2 were higher in HCC tissues (B) and cells (C) than that in
matched controls. Pearson correlation coefficient analysis was employed to analyze the correlation between RPN2 and circ_0046599 (D) or miR-1258 (E). (F) The binding
sites and mutant binding sites between RPN2 and miR-1258 were shown. Dual-luciferase reporter assay (G) and RIP assay (H) were performed to confirm the interaction
between RPN2 and miR-1258. (I) The RPN2 protein expression in HCCLM3 and Huh cells was measured by WB analysis to assess the effect of miR-1258 and circ_0046599

expression on RPN2 expression. ***P < 0.001.
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Figure 6 MiR-1258 regulated HCC progression by targeting RPN2. (A) The protein expression of RPN2 was determined by WB analysis to confirm the transfection
efficiency of miR-1258 mimic and RPN2 overexpression plasmid. CCK8 assay (B) and colony formation assay (C) were used to detect the proliferation of HCCLM3 and Huh
cells. (D) Wound healing assay was employed to test the migration of HCCLM3 and Huh cells. (E) Transwell assay was performed to assess the invasion of HCCLM3 and
Huh cells. The lactate production (F) and glucose level (G) of HCCLM3 and Huh cells were measured using corresponding Assay Kits. (H and I) The protein levels of HK2,
MMP2 and MMP9 were detected by WB analysis in HCCLM3 and Huh cells. ***P < 0.001.

miR-1258 mimic on the migration and invasion of HCCLM3
and Huh7 cells (Figure 6D and E). Besides, we also evaluated
the glycolysis process of HCC cells through detecting the
lactate production and glucose level of cells, and the results
suggested that miR-1258 overexpression could hinder the
lactate production and enhance the glucose level of
HCCLM3 and Huh7 cells, while the addition of RPN2 could
invert this influence (Figure 6F and G). Additionally, the
inhibition effect of miR-1258 overexpression on the protein
levels of HK2, MMP2 and MMP?9 also could be recovered by
overexpressed RPN2 in HCCLM3 and Huh?7 cells (Figure 6H
and I). Hence, we concluded that miR-1258 regulated the
progression of HCC by targeting RPN2.

Knockdown of Circ_0046599 Inhibited
the Growth of the Subcutaneous

Transplanted HCC Tumor in vivo
At the same time, we also built the mice xenograft model to
explore the effect of circ 0046599 silencing on HCC tumor

growth in vivo. Through monitoring the tumor volume, we
found that the tumor volume was significantly decreased
after circ_0046599 knockdown (Figure 7A). Moreover,
compared with the sh-NC group, the tumor weight in the sh-
circ_0046599 group was remarkably reduced (Figure 7B).
To confirm the success of circ 0046599 knockdown,
we detected the expression of circ 0046599 in the tumors,
and the results showed that circ 0046599 expression in the
sh-circ_0046599 group was obviously lower than that in the
sh-NC group (Figure 7C). Further, we also uncovered
that miR-1258 expression was upregulated in the sh-circ
0046599 group compared to the sh-NC group (Figure 7D).
In addition, WB analysis was used to detect the protein levels
of proliferation-related marker (PCNA), RPN2, HK2,
MMP2 and MMP9 in the tumors, and the results suggested
that compared to the sh-NC group, the RPN2 expression was
downregulated and the proliferation, metastasis and glycoly-
sis process also were inhibited in the sh-circ 0046599 group
(Figure 7E). Our data illuminated that circ 0046599
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Figure 7 Circ_0046599 knockdown reduced the tumor growth of HCC tumor in vivo. The tumor volume (A) and tumor weight (B) were inhibited in the sh-circ_0046599
group compared with that in the sh-NC group. (C) QRT-PCR was used to evaluate the transfection efficiency of sh-circ_0046599. (D) The expression of miR-1258 in the
tumors was detected by qRT-PCR. (E) The protein levels of PCNA, RPN2, HK2, MMP2 and MMP9 were measured by WB analysis in the tumors. **P < 0.01, **P < 0.001.

regulated the miR-1258/RPN2 axis to promote the tumor
growth of HCC.

Discussion

With the deepening of research, it has been implied that
circRNAs act as an essential regulatory role in regulating
gene transcription and expression, and the abnormal expres-
sion of circRNAs may be closely related to many cancer
developments.'” Many studies have demonstrated that
circRNA has the potential to function as a key target for
HCC treatment, prognosis and diagnosis, such as hsa-circ
-0046600, hsa_circ 0000517 and hsa_circ_0027089.'%2°
Although many circRNA functions have been demonstrated,
a large number of circRNA functions in cancer have not yet
been fully elucidated. Here, we focused on investigating the
role of circ_0046599 in the progression of HCC. We uncov-
ered that circ_0046599 was remarkably upregulated in HCC.
Meanwhile, subsequent experiments indicated that downre-
gulation of circ_0046599 could restrain the proliferation,

migration, invasion and glycolysis process of HCC cells.
Also, the in vivo experiments implied that circ 0046599
knockdown reduced the tumor growth of HCC through inhi-
biting the proliferation, metastasis and glycolysis process of
HCC tumors. All these findings confirmed that circ_0046599
might function as an oncogene in HCC.

Subsequently, bioinformatics analysis was performed to
elucidate the molecular mechanism of circ_0046599. Dual-
luciferase reporter assay and RIP assay results revealed that
circ_0046599 could sponge miR-1258 to regulate RPN2
expression. Previous studies had demonstrated that miR-
1258 was poorly expressed in many cancers and might act
as a tumor suppressor to involve in the regulation of cancer
progression. Peng et al reported that miR-1258 could hinder
the proliferation, metastasis and accelerate the apoptosis of
cervical cancer.”' Also, the results of Hwang et al confirmed
that miR-1258 could suppress colorectal cancer cell prolif-
eration and migration via targeting CKS1B.** More impor-
tantly, Zou et al showed that miR-1258 had decreased
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expression in HCC, and its overexpression could repress the
proliferation and invasion of HCC.>* Therefore, there was
a reason to believe that miR-1258 might play a negative role
in HCC progression. In our study, we discovered that miR-
1258 was lowly expressed in HCC, which was consistent
with the results of Zou et al.>* In addition, miR-1258 expres-
sion was regulated by circ_0046599 in vitro and in vivo. The
reversal effect of miR-1258 inhibitor on circ 0046599 silen-
cing also suggested that miR-1258 could be sponged by
circ_0046599 and could participate in the regulation of
circ_0046599 on HCC progression.

RPN2 is an important membrane glycoprotein that med-
iates rough endoplasmic reticulum translocation and maintains
endoplasmic reticulum specificity.* Moreover, many studies
have found that the expression of RPN2 is associated with the
malignant phenotype of many cancers.*>® For example, Ding
et al suggested that RPN2 expression was increased in glioma,
and it could be involved in glioma progression regulated by
the cireNFIX/miR-378¢ axis.?” Besides, Li et al found that
esophageal cancer cell proliferation and metastasis could be
suppressed by RPN2 knockdown.”® In HCC, Huang et al
confirmed that RPN2 was a vital regulator to promote the
malignant progression of HCC.?® Our study presented that
RPN2 was highly expressed in HCC. Additionally, we also
uncovered that miR-1258 regulated HCC cell proliferation,
metastasis and glycolysis process by targeting RPN2. Our data
confirmed that RPN2 could be targeted by miR-1258 to
involve in the regulation of HCC progression. Furthermore,
our results also indicated that circ 0046599 promoted RPN2
expression via targeting miR-1258. The introduction of the
circ_0046599/miR-1258/RPN2 axis helped us to better under-
stand the function of circ 0046599 in HCC.

In summary, our data concluded that circ_0046599 could
serve as a ceRNA for miR-1258 to facilitate the proliferation,
migration, invasion and glycolysis process of HCC through
increasing RPN2 expression. Our results illustrated the role
of circ_0046599 in the progression of HCC, suggesting that
circ_0046599 might be a new potential therapeutic target
of HCC.
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