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hibited cell viability, migration, invasion and colony formation,
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' 0091579 and miR-940 knockdown reversed the suppressive effect of
79 silence on HCC development. miR-940 targeted TACRI to repress HCC
circ_0091579 could regulate TACRI expression by mediating miR-940. Down-
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usion: Knockdown of circ_0091579 repressed HCC development by mediating miR-
940/TACRI axis, indicating a new pathogenesis of HCC.
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Introduction
Hepatocellular carcinoma (HCC) accounts for up to 90% of liver malignancy with
high incidence and mortality in the world.! With significant insight into the patho-
genesis of HCC, the diagnosis and treatment of HCC have gained great advance.””
Nevertheless, the outcome and effective therapy strategies are poor in HCC at
advanced stage. Therefore, it is urgent to explore new target for HCC treatment.
Circular RNAs (circRNAs) are a type of highly expressed RNAs formed by
a closed-loop structure without the 5’ caps and 3 tail, which play important roles in
human cancers.* CircRNAs have multi-functions in the pathogenesis, development
and treatment of HCC.” Moreover, circRNAs usually take part in the development

and treatment of HCC by mediating the competing endogenous RNA (ceRNA)
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(circRNA-microRNA (miRNA)-mRNA).®
Previous studies have provided insight into multiple
circRNAs in HCC. For example, hsa_circ 0001955, hsa_-
circ_0056836 and hsa_circ_0000092 have been reported
to facilitate HCC development;’~® while some circRNAs

network

play the tumor-suppressive role in HCC, such as hsa_ -
circ_5692, hsa_circ_ 0070269 and hsa_circ_0003418.'°7'2
A previous study reports that hsa circ 0091579
(circ_0091579), a dysregulated circRNA derived from
glypican 3 (GPC3) gene, is implicated in the detection,
prognosis and treatment of HCC.'?> However, the mechan-
ism that circ 0091579 participates in the regulation of
HCC development remains largely unknown.

miRNAs are single-stranded RNAs (~20 nucleotides)
which exhibit important clinical values in liver disorders,
including HCC.'"*'> The former evidences indicate that
miR-940 could play an anti-cancer role in HCC via inhi-
biting cell growth, migration and invasion.'®'” The tachy-
kinin-1 receptor (TACRI) has been suggested to be an
oncogene in many malignancies, including HCC.'®2°
The bioinformatics analysis using CircInteractome”' and
TargatScan®® predicts that miR-940 could bind with
circ_0091579 and TACRI. However, it is not clear whether
miR-940 and TACRI are associated with circ 00915
mediated HCC development.

In this research, we detected the expig
circ_ 0091579 and investigated the
circ_0091579 on HCC development in
Additionally, we explored the c¢
circ_0091579/miR-940/TACRI in

collection. All Mmients signed the written informed con-

sents, and they proW@sd the approval that the tissues could
be stored and used for research. This work was in accor-
dance with the Declaration of Helsinki. This research was
approved via the ethics committee of the First Hospital of

Jilin University.

Cell Culture and Transfection
HCC cell lines SNU-387 and Huh7 cells, and liver epithe-
lial cell line THLE-2 cells were provided via Procell

(Wuhan, China) and grown in RPMI-1640 medium
10% fetal
Tianhang Biotechnology, Huzhou, China) and 1% penicil-
lin/streptomycin (Thermo Fisher, Waltham, MA, USA) in
5% CO, at 37°C.

TACRI1 overexpression vector (pc-TACR1) was gener-

(Procell) plus bovine serum (Zhejiang

ated by cloning TACRI sequence into pcDNA3.1 vector in
our laboratory, and the pcDNA3.1 vector (Thermo Fisher)
acted as negative control (pc-NC). siRNA for
circ_ 0091579  (si-circ_0091579-1, 5-GCACAUUAAC
CAGAGGCCUUU-3'; si-circ 0091 -CAUUAAC
CAGAGGCCUUUGAA-3"), neg

940  mimic
negative  control
ACGUGACACG

ctors or these oligonucleotides
sfected into SNU-387 and Huh7 cells
2000 (Thermo Fisher) for 24 h.

olymerase Chain Reaction (qRT-PCR)
issues or cells were incubated in Trizol reagent
hermo Fisher) and then total RNA was extracted
using the acid guanidinium thiocyanate—phenol—chloro-
form extraction method.>® The reverse transcription was
conducted using the specific reverse transcription kit
(Thermo Fisher), and the generated cDNA was mixed
with SYBR (Solarbio, Beijing, China) and specific pri-
mers (Genscript, Nanjing, China), followed via qRT-
PCR. The primers were shown as: circ_0091579 (sense,
5'-TGAGCCAGTGGTCAGTCAAA-3'; antisense, 5'-GT
GGAGTCAGGCTTGGGTAG-3"), GPC3 (sense, 5'-CC
ATGCCAAGAACTACACCA-3; antisense, 5'-GC
CCTTCATTTTCAGCTCAT-3"), miR-940 (sense, 5'-GT
ATAAAGGGCCCCCGCT-3"; antisense, 5-AGGGTCC
GAGGTATTCGCACT-3"), U6 (sense, 5'-CTCGCTTC
GGCAGCACA-3"; antisense, AACGCTTCACGAATTT
GCGT), and GAPDH (sense, 5'-TGAATGGGCAGC
CGTTAGG-3; antisense, 5'-TGGACTCCACGA
CGTACTCA-3"). U6 or GAPDH acted as reference con-
trol. Relative expression of circ_0091579, GPC3 or miR-
940 was calculated via the 2 **“" method.**
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RNase R Treatment and Structure of

circ_0091579

RNase R could digest the linear RNAs but not the
circRNAs. To test the stability of circRNAs, the isolated
RNA was incubated with 3 U/ug RNase R (Geneseed,
Guangzhou, China) for 30 min. Then, the levels of
circ_0091579 and GPC3 were detected via qRT-PCR.

the structure of circ 0091579 was
explored via the cancer-specific circRNA database
(http://gb.whu.edu.cn/CSCD).*

Furthermore,

Cell Viability
Cell viability was examined via 3-(4,5-dimethyl-2-thiazo-
lyl)-2,5-diphenyl-2-H -tetrazolium bromide (MTT) analysis.
1 x 10* SNU-387 and Huh7 cells were added into 96-well
plates and incubated for 48 h. Next, the MTT solution
(Solarbio) was placed into each well with a final concentra-
tion of 0.5 mg/mL, and cells were cultured for 4 h. Then,
the medium was removed and 100 pL of dimethyl sulfoxide
(DMSO; Beyotime, Shanghai, China) was added. The
absorbance at 570 nm was determined with a microplate
reader (Molecular Devices, Sunnyvale, CA, USA). Cell
viability was normalized to the control group.

Transwell Analysis
Transwell analysis was carried out to anal CWliliti
cell migration and invasion. For invasig #
chamber (BD, Franklin Lakes, NJ, 0.

ber was not coated with
Huh7 cells in non-seru

medium plus 10%

crystal vig Bt
(Nikoy @

ion assay, 500 SNU-387 and Huh7 cells
were added into the 6-well plates. After culture for 10
days, the cells were fixed with methanol (Aladdin,
Shanghai, China) and stained with 0.5% crystal violet.
The colonies were observed and counted.

Flow Cytometry
Cell cycle distribution and apoptosis were measured via flow
cytometry. For cell cycle detection, 2 x 10° SNU-387 and

Huh7 cells were maintained in 6-well plates for 48 h, and
then fixed with 75% ethanol (Aladdin), followed by incubat-
ing with 50 pg/mL propidium iodide (PI; Solarbio) and
RNase (Thermo Fisher). The cell cycle distribution was
tested using a flow cytometer (Agilent, Hangzhou, China).

For cell apoptosis assay, 2 x 10° SNU-387 and Huh7
cells were placed into 6-well plates and incubated for 48
h. Then, the cells were harvested and incubated with
Annexin V-FITC binding buffer (Sigma, St. Louis, MO,
USA), followed via dying with Annexin V-FITC (Sigma)
ere detected with
esented as the
d PI*.

and propidium iodide (PI). Nex

es were separated via sodium

lamide gel electrophoresis and trans-

e blocked in 5% fat-free milk, and then inter-
ary antibody anti-TACR1 (ab131091, 1:1000
anti-GAPDH (ab9485, 1:5000 dilution), which
rovided via Abcam. Then, the membranes were inter-
acted with horseradish peroxidase-conjugated IgG (ab205718,
1:20000 dilution, Abcam). GAPDH served as a loading refer-
ence. Next, the membranes were incubated with ECL reagent
(Beyotime). The protein blots were tested via Image Pro Plus
software (Media Cybernetics, Rockville, MD, USA).

Dual-Luciferase Reporter Analysis

The complementary sequence of circ 0091579 and miR-
940 was searched by CircInteractome,”' and the sequence
of miR-940 and TACRI was analyzed by TargatScan.*
The wild-type luciferase reporter plasmids (WT-circ
0091579 and WT-TACRI1-3'UTR) were constructed by
cloning the wild-type sequence of circ_ 0091579 or TACR1
3'UTR into pGL3-control vectors (YouBio, Changsha,
China). The mutant-type luciferase reporter plasmids
(MUT-circ_0091579 and MUT-TACR1-3'"UTR) were gen-
erated via mutating the corresponding binding sites of
miR-940. SNU-387 and Huh7 cells were co-transfected
with these constructed vectors, Renilla luciferase vector,
and miR-940 mimic or miRNA NC for 24 h. Next, the
luciferase activity was examined via a dual-luciferase ana-
lysis kit (Genomeditech, Shanghai, China).
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Xenograft Model

The lentiviral vector carrying shRNA for circ 0091579 (sh-
circ_0091579) and its negative control (sh-NC) were produced
via GenePharma (Shanghai, China), and transfected into Huh7
cells. The stably transfected cells were selected. Twelve
BALB/c nude mice (male, 5-week-old) were purchased from
Shanghai SLAC Laboratory Animal Co., Ltd. (Shanghai,
China) and arbitrarily grouped into sh-circ 0091579 or sh-
NC group (n=6/group) after the corresponding subcutaneous
inoculation of the transfected Huh7 cells (4 x 10° cells/mouse).
The tumor size was examined once a week and calculated with
the formula: 0.5 x length x width.? Twenty-eight days after
inoculation, mice were killed, and all xenograft tumors were
collected for weight and detection of circ_ 0091579, miR-940
and TACRI expression. The animal experiments were per-
formed in line with guidelines of the National Institutes of
Health guide for the Care and Use of Laboratory animals
(NIH Publications No. 8023, revised 1978), and had procured
the permission of the Animal Ethical Committee of the First
Hospital of Jilin University.

Statistical Analysis
The experiments were conducted 3 times. The data w
shown as mean = SD. The difference was tested v
Student’s #-test or ANOVA with Dunnett’s
SPSS 19.0 (SPSS, Chicago, IL, USA). It
significant when P<0.05.

Results
circ_0091579 Level 4

in HCC tissues and

HCC and adjage

was exhibited in HCC
group. Furthermore,

a higher ¥
tissues  thargth i al
circ_0091579 1¢
Results showed thatgrc_0091579 level was evidently up-
regulated in SNU-387 and Huh7 cells compared with
THLE-2 cells (Figure 1B). In addition, after the treatment
of RNase R, circ_0091579 was more resistant to RNase
R than the linear form (GPC3) (Figure 1C and D).
Besides, the cancer-specific circRNA database analyzed
and described that circ 0091579 was located in the
GPC3 gene and formed via head-to-tail splicing of
GPC3 exons 5-9 (Figure 1E). These results indicated

was also detected in HCC cell lines.

that the aberrant circ_0091579 might be associated with
HCC development.

Knockdown of circ_0091579 Inhibits

HCC Development in vitro

To study the role of circ 0091579 in HCC development
in vitro, circ_0091579 abundance was knocked down in
SNU-387 and Huh7 cells via transfection of si-circ_0091579-
1 or si-circ 0091579-2 (Figure 2A). Meanwhile, GPC3
expression was not changed (Figure 2B). The si-circ
0091579 (si-circ_0091579-1) with thg higher inhibi-

further experiments. The
circ_0091579 knockdown

cell apoptosis (Figure 2G). These data indicated
91579 knockdown suppressed HCC development
n SNU-387 and Huh7 cells.

iR-940 Knockdown Reverses the

Function of circ_0091579 Silence in HCC

Development

By detecting the level of circ_0091579 in nuclear and cyto-
plasmic fractions, we found that circ 0091579 was mainly
expressed in cytoplasm (Figure 3A), suggesting
circ_ 0091579 could serve as a ceRNA. The targets of
circ_0091579 were explored using Circlnteractome, and the
binding sequences of circ 0091579 and miR-940 are dis-
played in Figure 3B. To validate the interaction between
circ_0091579 and miR-940, we constructed the WT-circ
0091579 and MUT-circ_0091579 and transfected them
into SNU-387 and Huh7 cells. The data of dual-luciferase
reporter analysis displayed that miR-940 overexpression
decreased more than 70% luciferase activity of WT-circ
0091579 in the two cell lines, while it did not alter the
luciferase activity of MUT-circ 0091579 (Figure 3C).
Moreover, miR-940 abundance was evidently reduced in
HCC tissues and cell lines (SNU-387 and Huh7 cells)
(Figure 3D and E). To analyze whether miR-940 was
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0091579 was analyzed via cancer-specific circRNA database. *P<0.05.

after treatment of RNase R in SNU-387 and Huh?7 cells. (E)

associated with circ_0091579-meda

expression was
ockdown, which was wea-

( V O

@ Plated supXession of cell viability, migra-
o@Mid coloMy®rormation, cell cycle arrest at GO/

Gl phase, a omotion of apoptosis in SNU-387 and Huh7

(Figure @QH-L). These that

circ_ 0091579 regulated HCC development by mediating
miR-940.

tion, inva

cells results indicated

miR-940 Targets TACRI to Suppress

HCC Development in vitro
Next,
TargetScan, and the binding sequences of miR-940 and
TACRI are displayed in Figure 4A. To identify the

the targets of miR-940 were searched using

Exonic CircRNA

in HCC and adjacent normal tissues (n=30) via qRT-PCR. (B) circ_0091579
GRT-PCR. (C and D) circ_0091579 and GPC3 mRNA levels were examined

relationship of miR-940 and TACRI, we constructed the
WT-TACRI1-3'UTR and MUT-TACRI1-3'UTR and trans-
fected them into SNU-387 and Huh7 cells. The results
showed that miR-940 overexpression led to more than
67% reduction in luciferase activity of WT-TACRI1
-3'UTR, but it did not change the luciferase activity of
MUT-TACRI1-3'UTR (Figure 4B). Additionally, TACR1
protein expression was significantly elevated in HCC tis-
sues and cells (Figure 4C and D). To explore the function
of miR-940 and whether it required 7ACRI, SNU-387 and
Huh7 cells were transfected with miRNA NC, miR-940
mimic, miR-940 mimic + pc-TACR1 or pc-NC. The trans-
fection efficacy of miR-940 mimic and pc-TACR1 was
validated in Figure 4E and F. Moreover, TACR1 protein
expression was evidently declined via miR-940 overex-
pression, which was restored by the introduction of pc-
TACRI1 (Figure 4G). Besides, overexpression of miR-940
evidently suppressed cell viability, migration, invasion and
colony formation, induced cell cycle arrest at GO/G1
phase, and triggered cell apoptosis in SNU-387 and
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Figure 2 The influence of circ_0091579 on HCC development in vitro. (A and B) The levels of circ
transfected with si-circ_0091579-1, si-circ_0091579-2 or si-NC. Cell viability (C), migration and invasion
were detected in SNU-387 and Huh7 cells transfected with si-circ_0091579-1 (si-circ_0091579) i

Huh7 cells (Figure 4H-L). However, these events were
mitigated by the restoration of TACR1. These data s
gested that miR-940 regulated HCC development via ta!
geting TACRI.

circ_0091579 Regulates TAC
Expression by miR-940

To test whether and how cir

sion was investigated.
TACR1 protein exp
circ_0091579 knockdo
which was revgfloe@ki
940 knockdg

evidently reduced via
and Huh7 cells,

circ_0091579nockdown Decreases

Xenograft Tumor Growth

To explore the function of circ_ 0091579 in HCC development
in vivo, Huh7 cells with stable transfection of sh-circ_0091579
or sh-NC were applied to the establishment of xenograft model,
and classified as sh-circ 0091579 or sh-NC group. After cell
injection for 28 days, the volume and weight of the formed
tumor were evidently reduced in sh-circ 0091579 group com-
pared with sh-NC group (Figure 6A and B). Furthermore, the

si-circ_0091579

Huh7 SNU-387

si-NC  si-circ_0091579 . si-NC
PACARE S | AR o - :l-clrc_nnslsﬁ
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T
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%

3
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3

o o

sh-circ_0091579 group, but miR-940 expression
as enhanced. These data indicated that circ_0091579 knock-
wn reduced HCC cell xenograft tumor growth.

Discussion
HCC is a major type of liver cancer worldwide.?® The biolo-
gical function of circRNA in HCC development is being
a cutting edge.”” Furthermore, the circRNA/miRNA/mRNA
regulatory networks have key roles in the progression of
HCC.?® In this research, we tested the function of
circ_0091579 on HCC development and found the tumor-
suppressive role of circ_ 0091579 knockdown in HCC.
Moreover, this study aimed to explore a novel ceRNA mechan-
ism addressed via circ_0091579. Here we were the first to
identify the ceRNA crosstalk of circ 0091579/miR-940/
TACRI in HCC cells.

Zhang et al analyzed 20 dysregulated circRNAs using
a circRNA microarray, and detected their expression in HCC
via qQRT-PCR." They found that circ_0091579 was a highly
expressed circRNA in HCC. However, the role and mechanism
of circ_0091579 in HCC are largely unclear. Niu et al sug-
gested that circ_ 0091579 could promote HCC development
via increasing cell viability, colony formation and migration.”’
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Figure 3 The effect of miR-940 on circ_0091579-mediated HCC develop
sites of circ_0091579 and miR-940, and the construction of WT—circ_OO

90091579. Here we found that miR-
940 level wat@educed in HCC tissues and cells, which was
also in agreem®@ with the previous study.>’ The former
evidences suggested that miR-940 could inhibit HCC cell
growth, migration and invasion.'®'” Similarly, we also
found that miR-940 overexpression repressed HCC develop-
ment by decreasing cell viability, colony formation, migra-
tion and invasion, inducing cycle arrest at GO/G1 phase, and
promoting apoptosis, which was also consistent with that in
many other cancers, such as tongue squamous cell carci-

noma, glioma and esophageal squamous cell carcinoma.**"

I si-NC

B si-circ_0091579

Ml si-circ_0091579+inhibitor NC

Wl si-circ_0091579+miR-940 inhibitor
3
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B si-circ_0091579+inhibitor NC
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D) miR-940 expression was measured in HCC and normal tissues (n=30). (E)

distribution (J), colony formation (K) and apoptosis (L) were examined in SNU-387 and
ibitor or inhibitor NC. *P<0.05.

** However, it was opposite to that in endometrial

carcinoma.” We hypothesized it might be caused by the
alteration of tumor microenvironment. Our study indicated
the anti-cancer role of miR-940 in HCC development.
Furthermore, we found that circ 0091579 could mediate
HCC development via regulating miR-940.

Next, we validated the interaction between miR-940 and
TACRI. A previous study suggested that ZACR/! functioned
In our study, TACRI

expression was enhanced in HCC, indicating the potential

as an oncogene in HCC development.?°

carcinogenic role of 7Z4CR/ in HCC. Moreover, we identified
the oncogenic role of TACR/ in HCC by reversing the anti-
cancer function of miR-940, which was also similar to that in
validated that
circ_0091579 could regulate TACRI1 expression via compe-
titively binding with miR-940, implying that circ 0091579
might target TACR1 by mediating miR-940 to be involved in
HCC development in vitro. In xenograft model with nude

neuroblastoma.!” Besides, our results

mice as hosts, the tumors are formed via the injection of
cancer cells, which could be used to assess the pathogenesis
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