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Introduction
Hepatocellular carcinoma (HCC) is the most common form among cancers derived
from liver, and ranks as the third most lethiferous cancer in the world.! HCC is
mainly resulted from infection by hepatitis B virus or chronic hepatitis C virus, or
alcoholic cirrhosis.? Usual treatment approaches for HCC including surgical resec-
tion liver transplantation, chemotherapy and radiotherapy make a difference, while
metastasis and recurrence still block the treatment of HCC.>* Therefore, identifying
novel biomarkers for diagnosis and metastasis is of great significance.

With covalently closed structure, circular RNAs (circRNAs) are a novel category
of non-coding RNAs, which were generated from splicing errors.” Accumulating
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evidence has delineated that circRNAs possess powerful
and complicated functions in varied cellular processes,
involved in disease development, including cancer.®’
Numerous circRNAs were manifested to affect HCC pro-
gression by acting as oncogenic stimuli, like circMAST],
circMAN2B2 and hsa_circ_0091581;* ' or suppressors,
circ-ABCB10, circRNA-0072309 and circ-
0003418.""""* Derived from low density lipoprotein recep-
tor (LDLR), circ LDLR (ID: hsa circ 0003892 in
circBase; chr19:11,230,767-11,238,761) was
reported to be upregulated in HCC tissues in contrast to

such as

Position:

non-tumor liver tissues, evidenced by searching circRNA
expression profiles, GSE94508 and GSE97332.'* However,
the role of circ LDLR in HCC development remains to be
investigated.

MicroRNAs (miRNAs) are a class of endogenous non-
coding RNAs, only ~22 nucleotides long, playing vital
MiRNAs
could affect the development and progression of multiple

regulatory functions in various organisms.'’

human diseases, including HCC.'®'” Former literature has
summarized the dual roles of miR-7 in cancers, function-
ing as oncogene or tumor suppressor.18 In HCC, miR-7
was identified as an anti-tumor factor, causing HCC cell

behaviors have not been illuminated.
Ring finger protein 38 (RNF38), a

but suppress colorectal
s estimated to be

: parichment of circ LDLR in
HCC tissues d%@Kcells was determined. Furthermore, its
functional impac malignant behaviors of HCC cells

was investigated, as well as the molecular basis.

Materials and Methods

Patients and Clinical Samples

Fifty cases of HCC tissues and paired normal tissues were
postoperatively acquired from Fourth Hospital of Hebei
Medical University. None of them had taken a cure prior to
surgery operation. All the HCC tissue samples were

collected with written informed consent in accordance
with the Declaration of Helsinki and with the approval of
the Ethical Committee of Fourth Hospital of Hebei
Medical University (IRB No.2019SJZ08).

Cell Culture and Transfection
Culture of human Liver Epithelial-2 (THLE-2, CRL-2706;
American Type Culture Collection, Manassas, VA, USA),
HCC cell lines Hep3B (HB-8064) and Huh7 (CL-0120;
Procell, Wuhan, China) was implemented in Dulbecco’s
Modified Eagle Medium (HyClone gn, UT, USA)
10% i
(HyClone) and 1% penicillin,
Shanghai, China) at 37°
C0O,/95% air.

Small interferin

supplemented with

iR-7 overexpression or interfer-
) or miR-7 inhibitor (anti-miR

tor pcDNA-RNF38 (RNF38) was intro-
cells, with pcDNA as negative control.
gliconucleotides and plasmids were all designed
d synthesized by Genechem (Shanghai, China), and the
ansfection assay was conducted using Lipofectamine
000 (Solarbio, China)
specifications.

Beijing, referring to the

Quantitative Real-Time PCR (qRT-PCR)

Total RNA derived from clinical specimens or cells was
extracted using TRIzol Reagent (Beyotime, Shanghai,
China), then subjected to reverse transcription into comple-
mentary DNA (cDNA) with BeyoRT™ [II M-MLV reverse
transcriptase (Beyotime) or TagMan miRNA Reverse
Transcription Kit (Applied Biosystems, Foster City, CA,
USA). Following gPCR was carried out using SYBR
Master Mix (Applied Biosystems) or miRNA-specific
TagMan MiRNA Assay Kit (Applied Biosystems). Relative
expression of genes was assessed using 2 “*“" method,?
with glyceraldehyde-3-phosphate dehydrogenase (GAPDH,
for circ LDLR, LDLR and RNF38) or U6 (for miR-7) as
internal control. Sequences of qPCR primers were:
circ LDLR, 5-AGTAGCGTGAGGGCTCTGTC-3' (sense)
and 5-CAGCCAACAAGTTGACATCG-3' (anti-sense);
LDLR, 5-GAATCTACTGGTCTGACCTGTCC-3' (sense)
and 5'-GGTCCAGTAGATGTTGCTGTGG-3' (anti-sense);
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miR-7, 5-TGGAAGACTAGTGATTTTG-3' (sense) and
5-GAACATGTCTGCGTATCTC-3' (anti-sense); RNF38,
5-GGTGAGACTTCAGAGCCTGTTC-3' (sense) and 5'-
CGCTGTCTCTTAGGACTTGGAC-3' (anti-sense); GAPD
H, 5-GTCTCCTCTGACTTCAACAGCG-3' (sense) and 5'-
ACCACCCTGTTGCTGTAGCCAA-3" (anti-sense); U6,
5'-CTCGCTTCGGCAGCACAT-3' (sense) and 5-AACG
CTTCACGAATTTGCGT-3' (anti-sense).

RNase R Digestion and Actinomycin

D Treatment

Both RNase R digestion and Actinomycin D treatment
were applied to confirm the stability of circ LDLR in
HCC cells. For RNase R digestion assay, 10 pg total
RNA derived from Hep3B and Huh7 cells was incubated
with RNase R (3 U/ug; TaKaRa, Dalian, China) or not
(Mock) at 37°C for 1 h. For Actinomycin D treatment
assay, 2 mg/mL Actinomycin D (Amyjet, Wuhan, China)
was added to medium to incubate for O h, 4 h, 8 h, 16 h or
24 h. After disposition with RNase R or Actinomycin D,
RNA was purified and subjected for qRT-PCR assay to
determine the abundance of circ LDLR and LDLR.

Flow Cytometry

To determine cell cycle distribution, HCC cg

For apoptgsi
cyanate
Kit (B

apoptotic cells were monitored utilizing flow cytometer.

Colony Formation Assay

At 24 h post-transfection, Hep3B and Huh7 cells (~500)
were plated on 6-well plates and routinely cultured for 2
weeks. Afterwards, generated colonies (exceeding 50 cells)
were immobilized with methanol, dyed with crystal violet
(Beyotime), photographed and counted under a microscope

with Image J software. Colony formation rate = Number of
generated colonies/Number of seeded cells x 100%.

Methyl Thiazolyl Tetrazolium (MTT)

Assay

After transfection, Hep3B and Huh7 cells (5 x 10%) were
seeded into 96-well plates. At indicated time points (0 d, 1
d, 2 d and 3 d), 10 pL MTT reagent (0.5 mg/mL;
Beyotime) was pipetted into each well. After incubation

a Microplate
5, CA, USA).

resis (SDS-PAGE) and transferred onto
(Bio-Rad
es, Inc.). The membranes were subjected to

fluoride membranes
ge with 5% skim milk for 2 h, incubation with
primary antibody against Ki67 (sc-23,900; Santa Cruz
Biotechnology, Santa Cruz, CA, USA) E-cadherin (sc-
8426; Santa Cruz Biotechnology), N-cadherin (sc-8424;
Santa Cruz Biotechnology), vimentin (sc-6260; Santa
Cruz Biotechnology), RNF38 (sc-515,213; Santa Cruz
Biotechnology) or GAPDH (sc-47,724; Santa Cruz
Biotechnology) at 4°C overnight and interaction with sec-
ondary antibody (sc-516,102; Santa Cruz Biotechnology)
for 2 h. At last, protein blots were visualized using
a chemiluminescence kit (Santa Cruz Biotechnology).

Transwell Assay

Transwell chamber (8 pm size; BD Biosciences, San Jose,
CA, USA) enveloped with or without Matrigel (BD
Biosciences) was used for cell invasion or migration detec-
tion, respectively. After transfection, Hep3B and Huh7
cells re-suspended in serum-free medium were plated
onto the upper chambers. While, complete medium was
placed into the lower ones. At 48 h post-incubation, cells
invaded or migrated through the polycarbonic membrane
were fixed in methanol, dyed with crystal violet, photo-
graphed and counted under a microscope (100 X).
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Dual-Luciferase Reporter Assay

Bioinformatic analysis for the molecular target genes of
circ LDLR and miR-7 was
Circinteractome  (https://circinteractome.nia.nih.gov) and
Starbase 3.0 (http://starbase.sysu.edu.cn/index.php). Wide-
type luciferase reporters (circ LDLR-wt and RNF38-wt)
were constructed by inserting partial sequences of
circ LDLR or RNF38 3'UTR into psiCHECK-2 luciferase
reporter vector (Promega, Southampton, UK). After mutating

conducted by feat of

complementary sites using Quick Change Site-Directed
Mutagenesis kit (Agilent, Santa Clara, CA, USA), mutant-
type luciferase reporters (circ LDLR-mut and RNF38-mut)
were established. Afterwards, each luciferase reporter and
miR-NC or miR-7 were co-transfected into Hep3B and
Huh?7 cells, followed by determination of luciferase density
using Dual-Luciferase Reporter Assay System (Promega)
based on recommended instructions.

Xenograft Assay in Nude Mice

Prior to conduct experiments in nude mice, we got
approval from the Ethics Committee of Fourth Hospital
of Hebei Medical University. Animal studies were per-
formed in compliance with the ARRIVE guidelines
the Basel Declaration. All animals received humane ca
according to the National Institutes of Health (USA
guidelines. Small hairpin RNA (shRNA N ti
circ LDLR (sh-circ LDLR; Genechem) y @
duced into Hep3B cells, with sh-NC )

tive control. Five weeks old nud

ed every 5 d and com-
width? x length.

All experiments in this project were independently carried
out for at least 3 times. Data were processed utilizing
SPSS 20.0 statistical software (SPSS, Chicago, IL, USA)
and exhibited as mean + standard deviation. For difference
analysis, Student’s #-test or one-way analysis of variance
was applied. Pearson correlation analysis was hired to
determine the correlation among expression of
circ LDLR, miR-7 and RNF38 in 50 cases of HCC

tissues. What’s more, a P value less than 0.05 was defined
to be statistically significant.

Results
Circ_LDLR Was Obviously Upregulated
in HCC Tissues and Cells

At first, the expression of circ LDLR in HCC tissues and
matched normal tissues were detected by qRT-PCR assay, the
results revealed that circ LDLR was upregulated in HCC

tissues relative to normal tissues (Figus Additionally,

own that circ LDLR was obviously upregulated
HCC tissues and cells, we then conducted loss-of-
unction assays to investigate its role in HCC develop-
ent. Si-circ LDLR was introduced into Hep3B and
Huh7 cells to silence circ LDLR, the knockdown effi-
ciency was exhibited in Figure 2A and B. But the LDLR
expression was unchanged. Obviously, our data showed
that circ LDLR knockdown decreased HCC cells in
S phase, while increased cells in G0/G1 phase (Figure
2C and D). Circ LDLR knockdown also reduced the col-
ony formation ability (Figure 2E) and cell viability (Figure
2F and G) of HCC cells, as demonstrated by colony for-
mation and MTT assays. Results of Western blot assay
manifested that circ LDLR knockdown triggered the
downregulation of Ki67 in HCC cells (Figure 2H). As
shown in Figure 2I-L, depletion of circ LDLR efficiently
repressed HCC cell metastasis, reflected by the declined
number of migrated and invaded cells, upregulation of
E-cadherin and downregulation of N-cadherin vimentin.
Moreover, more apoptotic Hep3B and Huh7 cells were
observed in si-circ LDLR group (Figure 2M). Taken
together, circ LDLR knockdown suppressed proliferation
and metastasis of HCC cells.
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echanism by which circ LDLR
ellular behaviors of HCC cells, the miRNAs
with circ LDLR were estimated via
And miR-7 was identified to be
a candidate, the binding sites between circ LDLR and miR-
7 were exhibited in Figure 3A. Following dual-luciferase

impacting
directly interal
Circinteractome.

reporter assay was performed to validate the potential relation-
ship. Apparently, luciferase density in Hep3B and Huh7 cells
co-transfected with circ LDLR-wt and miR-7 was lower than
that in cells co-transfected with circ LDLR-wt and miR-NC;
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But, luciferase activity in cells co-transfected with
circ LDLR-mut and miR-NC or miR-7 was changeless
(Figure 3B and C), indicating direct binding of circ LDLR
and miR-7. Moreover, miR-7 expression was upregulated by
circ LDLR knockdown (Figure 3D). Then, expression of
miR-7 in HCC tissues and cells was examined by qRT-PCR
assay. As depicted in Figure 3E and G, miR-7 expression was
significantly declined in HCC tissues and cells in comparison
to corresponding control. We also found that miR-7 expression
was inversely correlated with that of circ LDLR in HCC
tissues (Figure 3F). These data suggested that circ LDLR

acted as sponge of miR-7 in HCC cells.
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Figure 2 Depletion of circ_LDLR inhibited HCC cell proliferation and metastasis. Hep3B and Huh7 cells were transfected with si-NC or si-circ_LDLR. (A, B) QRT-PCR
assay for the relative expression of circ_LDLR and LDLR in transfected cells. (C, D) Flow cytometry for distribution of transfected cells in GO/GI, S and G2/M phases. (E)
Colony formation assay for the colony formation ability of transfected cells. (F, G) MTT assay for the cell viability of transfected cells. (H) Western blot assay for the protein
level of Ki67 in transfected cells. (I, J) Transwell assay for number of migrated and invaded cells in transfected cells. (K, L) Western blot assay for the protein levels of
E-cadherin N-cadherin and vimentin in transfected cells. (M) Flow cytometry for apoptotic cells in transfected cells. *P < 0.05.
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Interference of miR-7 Almost Reversed
the circ_LDLR Knockdown-Induced
Inhibition of HCC Cell Proliferation and

Metastasis
Given the targeting relationship between circ_ LD
miR-7, the functional effects of the two on the X

level of miR-7 in Hep3B and
inhibitor reduced this upregu
Following

rescue experi

circ LDLR K
metastasis.

down in HCC cell proliferation and

RNF38 Was a Direct Binding Target of

miR-7 in HCC Cells

Through predicting target of miRNA by Starbase3.0, 3'-
UTR of RNF38 was considered as a putative target of
miR-7, the binding position is shown in Figure 5A.
Furthermore, dual-luciferase reporter assay revealed

Relative circ_LDLR expressio)

The®verexpression efficiency of miR-7 mimic and the
interference efficiency of miR-7 inhibitor in HCC cells
were exhibited in Figure 5D, which were determined by
gRT-PCR assay. Moreover, we found that miR-7 over-
expression efficiently decreased mRNA and protein
expression levels of RNF38 in Hep3B and Huh7 cells,
while miR-7 inhibitor triggered reverse results (Figure
5E and F). As exhibited in Figure 5G, RNF38 mRNA
expression was increased in HCC tissues versus adjacent
normal tissues. Pearson correlation analysis disclosed
a negative correlation between expression of RNF38
mRNA and miR-7 (Figure SH), and a positive correla-
tion between the expression of RNF38 mRNA and
circ LDLR (Figure 5I) in HCC tissues. As expected,
RNF38 protein expression was upregulated in HCC tis-
sues in comparison with matched normal tissues (Figure
5J). Also, RNF38 expression was upregulated in Hep3B
and Huh7 cells relative to THLE-2 cells, at mRNA
(Figure 5K) and protein (Figure 5L) levels. Moreover,
we found that miR-7 inhibitor reversed the circ LDLR
knockdown-mediated downregulation of RNF38 in HCC
cells (Figure 5SM and N). Above results implied that
RNF38 was a direct target of miR-7 in HCC cells.
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Figure 4 Interference of miR-7 almost reversed the cir

transfected with si-NC, si-circ_LDLR, si-circ_LDLR+antj

and invaded cells in transfected cells. (J, K)
apoptotic cells in transfected cells. *P < 0.0!

and Metastasis
Next, the co-¢

ian weakened miR-7-induced
RNF38 in Hep3B and Huh7 cells.
resulted in lessened HCC cells in

S phase (Figure 6C and D), colony formation ability
(Figure 6E) and cell viability (Figure 6F and G), down-
regulation of Ki67 (Figure 6H), repressed HCC cell
metastasis (Figure 6I-L), as well as raised apoptotic
rate (Figure 6M) in HCC cells, which were all amelio-
rated by additional RNF38. Therefore, miR-7 repressed
HCC cell proliferation and metastasis by targeting
RNF38.

GAPDH

Hep3B

Huh7

ibition of HCC cell proliferation and metastasis. Hep3B and Huh7 cells were
iR-7. (A) QRT-PCR assay for the relative expression of miR-7 in transfected cells.

and EZIM phases. (D) Colony formation assay for the colony formation ability of transfected cells. (E,
assay for the protein level of Kié7 in transfected cells. (H, I) Transwell assay for number of migrated

Knockdown of circ_LDLR Suppressed

Tumorigenesis in HCC Xenografts in vivo
Animal experiments in vivo were performed to further
explore the role of circ LDLR in HCC progression.
Hep3B cells stably expressing sh-NC or sh-circ LDLR
were inoculated into nude mice to establish xenograft
tumor model. Compared to sh-NC, circ LDLR knockdown
efficiently blocked the size (Figure 7A, Supplementary
Figure 1) and weight (Figure 7B) of HCC tumors. In addi-
tion, circ LDLR (Figure 7C) and RNF38 (Figure 7E and F)
were downregulated, while miR-7 (Figure 7D) was upregu-
lated in generated tumors of sh-circ LDLR group versus sh-
NC group. Moreover, circ LDLR depletion hampered EMT
process in vivo. Thus, we concluded that circ LDLR knock-
down suppressed tumor growth in vivo.
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Discussion cells; its promoted role in HCC cell proliferation, metastasis
There exists a well-established fact that circRNAs are closely ~ and tumorigenicity was elucidated, as well as the regulatory
associated with the pathogenesis of HCC, and serve as diag-  axis, circ. LDLR/miR-7/RNF38, in HCC progression.

nostic biomarkers and therapeutic targets.? In this project, the Through overlapping two circRNA expression profiles
dysregulation of circ LDLR was detected in HCC tissues and ~ (GSE94508 and GSE97332), Qiu et al observed the
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upregulation of circ LDLR (hsa_circ 0003892 in HCC cells in vitro, as well as tumor growth in vivo,
circBase) in HCC tissues when compared to healthy suggesting the oncogenic role of circ LDLR in HCC.

tissues.'* From our data, circ LDLR was upregulated in Mechanically, circRNAs could exert their own roles by
HCC tissues and cells. Besides, depletion of circ LDLR  serving as ceRNAs, so as to regulate HCC development.?’
was substantiated to repress proliferation and metastasis of  Here, miR-7 was predicted to be a target of circ LDLR,
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carches corroborated that miR-7 could
inhibit HCC prO®ression by targeting KLF-4,"” PIK3CD,
mTOR, and p70S6K** or CCNEL.* Likewise, the anti-
HCC activity of miR-7 was also detected in our study.

Previous

Subsequently, Starbase3.0 was utilized to search the down-
stream target gene of miR-7, and RNF38 was identified as
a candidate, which was then confirmed by dual-luciferase
reporter assay.

Currently, only a few reports described the functional
role of RNF38 in human malignancies. In non-small cell
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were implanted with Hep3B cells stably expressing sh-NC or sh-circ
@RT-PCR assay for the expression of circ_LDLR (C) and miR-7 (D) in xenograft
evels of RNF38 in xenograft tumor. (G) Western blot assay for the protein

lung cancer, RNF38 could induce proliferation and
metastasis of tumor cells.’’ And RNF38 was a poor
prognosis indicator of gastric cancer patients, and
could contribute to cell growth.”? Inversely, RNF38
upregulation hindered growth of colorectal cancer cells
by destabilizing LDB1.>* RNF38 was upregulated in
HCC, and introduction of RNF38 conferred HCC cell
by activating TGF-p
signaling.”® In the present study, we also detected upre-
gulation of RNF38 in HCC tissues and cells; and
enforced expression of RNF38 largely relieved miR-

mobility and proliferation

7-induced inhibited HCC proliferation and metastasis,
suggesting the involvement of RNF38 in circ LDLR/
miR-7/RNF38 axis in HCC progression.

In conclusion, circ. LDLR was up-regulated in HCC
tissues and cells. Additionally, we were the first to
validate that circ LDLR exerted its oncogenic role in
HCC, at least partly, by modulating miR-7/RNF38 axis.
Our findings afforded a promising treatment target
of HCC.
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