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ment remain uncertain.
Methods: Thirty paired HCC and
(miR)-599 and serine/arginine ri

cted. circ_0006916, microRNA
(SRSF?2) abundances were examined via

colony ability, migration, i
8, colony formation, wou
interaction betweg
n analyses. The function of circ_ 0006916 on cell
enograft model.

expression was increased in HCC tissues and cell lines.
n reduced cell viability, colony formation, migration and invasion
st and apoptosis. miR-599 was targeted via circ_0006916, and miR-
sed the influence of circ_0006916 silence on HCC progression. SRSF2
ed via miR-599, and miR-599 overexpression suppressed cell viability, colony
peration and invasion and promoted cell cycle arrest and apoptosis via decreas-
SRSF2. circ_0006916 could regulate SRSF2 expression via miR-599. circ_0006916
own decreased HCC cell growth in the xenograft model.

Conclusion: circ_0006916 knockdown represses the progression of HCC via regulating
miR-599 and SRSF2.
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Introduction
Hepatocellular carcinoma (HCC) is a frequent medical problem ranked as a leading
cause of cancer death.' Great improvement has gained on understanding the risk,
prevention and management of HCC.? The surgical resection is a primary option for
HCC treatment, but about 70% of patients develop the recurrent cancer with poor
outcomes.” Thus, it’s necessary to find new strategies for the treatment of HCC.
The noncoding RNAs have important roles in the development, pathogenesis
and treatment of HCC.* Circular RNAs (circRNAs) are a group of highly
conserved and stable noncoding RNAs without 5" and 3’ ends, which are dysre-
gulated and exhibit multiple functions in HCC.> CircRNAs can communicate
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with mRNAs via sponging microRNAs (miRNAs) to
participate in the development of HCC.® For instance,
circRNA hsa circ_ 0056836 can promote HCC cell
migration, proliferation and invasion via regulating
miR-766-3p and Fos-related antigen 2 (FOSL2).
Moreover, hsa_circ_0000092 contributes to the prolifera-
tion, migration, invasion and angiogenesis of HCC cells
via modulating miR-338-3p and hematological and neu-
rological expressed 1 (HNI).® In addition, there are some
circRNAs playing an anti-cancer role in HCC, such as
hsa_circ 0070269 and circRNA-5692.>'° Homer scaf-
folding protein 1 (HOMERI) is an important gene sig-
nificantly associated with the poor survival of
HCC patients."" The circRNA hsa circ 0006916
(circ_0006916), derived from HOMERI, can repress
cell proliferation and promote apoptosis in lung cancer
cells.'? Additionally, emerging evidence suggests that
circ_ 0006916 knockdown mitigates methamphetamine
(METH)-induced neuronal damage.'® More importantly,
a previous report shows that circ_0006916 expression is
enhanced in HCC tissues when compared to non-tumor
tissues.'* Furthermore, circ_0006916 can promote HCC
cell proliferation, migration and invasion via modulati
miR-1322/C-X-C motif chemokine ligand 6 (CXCL
axis.!”> Nevertheless, the mechanism addressed b
work of circ_0006916 is expected to be

miRNAs with ~23 nucleotides co

HCC development.'® miR-5
a tumor suppressor via re
and metastasis of hu
carcinoma and gast
miR-599 could target

tumorigenic potent via regulating cancer-associated
splice variants in HCC.?' The bioinformatic analysis pre-
dicts that circ 0006916 and SRSF2 can bind to miR-599.
Hence, we hypothesize that circ 0006916 may target
SRSF2 via regulating miR-599 to participate in HCC
development.

In this research, we detected circ_0006916 expression
in HCC tissues and cell lines. Moreover, we assessed the

function of circ 0006916 on HCC development in vitro

and in vivo. Additionally, we analyzed the interaction
network of circ_0006916/miR-599/SRSF2.

Patients and Methods

Patients and Tissue Collection

Thirty HCC patients who underwent surgery were enrolled
from the First Affiliated Hospital of Henan University.
They all did not receive any other therapy before surgery.
HCC tumor tissues and adjacent normal liver tissues were
harvested and maintained at —80°C. All patients provided

the written informed consent. This g

Declaration.

Cell Culture

ran Island, NY, USA) and 1%
cin (Beyotime, Shanghai, China). The
ine (THLE-2 cells) was provided via

Itured in BEGM (Lonza/Clonetics Corporation,
le, MD, USA) without gentamycin/amphoteri-
in and epinephrine, but with additional 5 ng/mL epider-
al growth factor, 70 ng/mL phosphoethanolamine, and
10% fetal bovine serum. All cells were incubated at 37°C
and 5% CO,.

Quantitative Reverse Transcription
Polymerase Chain Reaction (qQRT-PCR)

The RNA was extracted using Trizol reagent (Thermo
Fisher) following the instructions as previously
reported.”> The RNA with OD260/280 ratio at 1.8~2.0
was used for cDNA generation using the specific reverse
transcription kit (Fulengen, Guangzhou, China). Next, the
qRT-PCR was performed using the mixture of the gener-
ated cDNA, SYBR (Solarbio, Beijing, China) and specific
primers (Genscript, Nanjing, China) on an Applied
Biosystems 7500 system (Thermo Fisher). The primers
were listed as: circ_ 0006916 (sense, 5-TCAACGGG
ACAGATGATGAA-3'; antisense, 5'-TGTGTTTGGGTCA
ATTTGGA-3"), HOMERI (sense, 5'-GGCTGCACCTTTA
AATTCCC-3'; antisense, 5'-TCCATGTCGCTTCAAGTC
CA-3"), SRSF2 (sense, 5'-CGGTCTCCAGATCTCGTTC
G-3'; antisense, 5-GGTGAGTAACCTCCGAGCAG-3'),
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and miR-599 (sense, 5-GTTGTGTCAGTTTATCAAAC
-3'; antisense, 5-CTCCATATCGCACTTTAATCTCTAA
CT-3'). U6 (sense, 5'-AATTGGAACGATACAGAGAAG
ATTAGC-3'; antisense, 5'-TATGGAACGCTTCACGAAT
TTG-3"), or GAPDH (sense, 5'-GAATGGGCAGCCGTT
AGGAA-3'; antisense, 5'-AAAAGCATCACCCGGAGG
AG-3") was used as a reference. Relative RNA abundance
was calculated by 2" method.”

Detection of circRNA Stability

RNase R (a 3' to 5’ exonuclease) and Actinomycin D (a
transcription inhibitor) were applied to analyze the stabi-
lity of circ_0006916 as previous reports.”**> For RNase
R assay, the extracted RNA was treated with 3 U/ug of
RNase R (GeneSeed, Guangzhou, China) for 30 min at
37°C, and then the abundances of circ_0006916 and the
linear HOMERI! were detected via qRT-PCR. For
Actinomycin D assay, cells were stimulated via 2 ug/mL
of Actinomycin D (Amyjet, Wuhan, China) for 24 h, and
then the RNA was isolated for the detection of
circ_ 0006916 and the linear HOMERI1 expression. The
untreated group was regarded as the mock group.

Vector and Oligonucleotide Constru
and Cell Transfection

-3 A NC, 5'-UUCUC
miR-599 inhibitor (5'-
G GACAWAAC-3'), and negative con-

(Shanghai, Chifgp: Huh7 and SNU-387 cells were trans-
fected with the constructed vectors or oligonucleotides by
Lipofectamine 3000 (Thermo Fisher) for 24 h.

Cell Counting Kit-8 (CCKS8)

Cell viability was analyzed via CCK8. 1 x 10* Huh7 and
SNU-387 cells were added into 96-well plates, and grown
for 72 h. Next, 10 pL of CCKS8 solution (Glpbio,
Montclair, CA, USA) was added, and incubated with

cells for 2 h. The absorbance was examined through
a microplate reader (Bio-Rad, Hercules, CA, USA) with
a wavelength of 450 nm. Relative cell viability was nor-
malized to the control group.

Colony Formation Analysis

1 x 10°> Huh7 and SNU-387 cells were seeded into the
6-well plates, and then cultured for 10 days. Subsequently,
cells were fixed and dyed with 0.5% crystal violet
(Beyotime). The colony formation was captured and the
numbers were counted.

Wound Healing And

The mobility of Huh7 assessed via

11 analysis using transwell chamber (BD,
in Lakes, NJ, USA). 5 x 10° Huh7 and SNU-387

cells in serum-free medium were added into the upper

chamber precoated with 100 pL of Matrigel (Solarbio)
for invasion assay, and 1 x 10° cells in non-serum medium
were added to the upper chambers without Matrigel for
migration assay. 600 pL of medium with 10% serum was
added into the lower chambers. Following culture for 24 h,
cells were dyed with 0.5% crystal violet, followed by
observation under a microscope (magnification x%100)
with 3 randomly selected fields.

Flow Cytometry
Cell cycle distribution and apoptosis were investigated via
flow cytometry. For cell cycle detection, Huh7 and SNU-
387 cells were incubated in 12-well plates for 72 h, and
then cells were fixed with 70% ethanol, and interacted
with 1 mg/mL of RNase and 50 pg/mL of propidium
iodide (PI) for 30 min. 1 x 10* Huh7 and SNU-387 cells
were examined via a flow cytometer (Agilent, Hangzhou,
China), and the proportion of cells at GO/GI1, S or G2/M
phase was tested via ModFit software (Verity Software
House, Topsham, ME, USA).

Cell apoptosis was tested with Annexin V-FITC apop-
tosis kit (Thermo Fisher). 2 x 10° Huh7 and SNU-387
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cells were added in 6-well plates and cultured for
72 h. Next, cells were incubated with Annexin V-FITC
binding buffer, and then dyed with Annexin V-FITC and
PI, followed via the detection with a flow cytometer. The
apoptotic rate was displayed as a percentage of cells in the
upper and lower right quadrants.

Dual-Luciferase Reporter and RNA

Immunoprecipitation (RIP) Analyses
The of circ_ 0006916 were
Circlnteractome

targets predicted via

(http://circinteractome.nia.nih.gov/),%¢

and the targets of miR-599 were predicted by starBase
(http://starbase.sysu.edu.cn/).?” The dual-luciferase repor-

ter and RIP analyses were carried out to explore the target
correlation of miR-599 and circ 0006916 or SRSF2. In
brief, the wild-type (circ_0006916 WT or SRSF2-3'UTR
WT) or mutant luciferase reporter vectors (circ_0006916
MUT or SRSF2-3'UTR MUT) were generated via insert-
ing the corresponding sequence containing wild-type or
mutant miR-599 complementary sites in luciferase gene
downstream in PGL3-Control vectors (Promega, Madison,
WI, USA) via endonuclease site Xba I. These constructed
vectors, control vectors and miR-599 mimic or miR
NC were transfected into Huh7 and SNU-387 cells
24 h. The luciferase activity was measured via a dual
luciferase analysis kit (Promega) and G
Luminometer (Promega).

RIP analysis was conducted wit

. 1gG was
ut functioned as

Western
Cells or tissues lysed in RIPA buffer (Solarbio) for
the collection of tot® protein, and the protein concentra-
tion was examined via a BCA kit (Solarbio). The protein
samples (30 pg) were loaded on SDS-PAGE and trans-
(Bio-Rad).

Five percent bovine serum albumin (Solarbio) was used

ferred to  nitrocellulose  membranes
to block the membranes. Next, the membranes were incu-
bated with Abcam antibody (Cambridge, MA, USA)
against SRSF2 (ab28428, 1:3000 dilution) overnight and

the IgG conjugated via HRP (ab205718, 1:10,000 dilution)

for 2 h. GAPDH (ab22555, 1:5000 dilution) functioned as
a loading reference. Following exposing to ECL reagent
(Abcam), the visualized blots were tested via Image Lab
software (Bio-Rad).

Xenograft Experiment

The lentiviral vectors carried shRNA for circ 0006916
(sh-circ_0006916) or negative control (sh-NC) were gen-
erated via GenePharma, and transfected into SNU-387
cells. Male BALB/c nude mice (5-week-old) were pro-

vided via Charles River (Beijing,
divided into sh-circ 0006916 ag

gud arbitrarily

is experiment was approved via the
al Committee of the First Affiliated
Henan University, and performed in line with
e National Institutes of Health.

tatistical Analysis

Four replicates were conducted in vitro, and the experi-
ment was repeated 3 times, unless otherwise indicated.
The data were reported as mean + SD, and compared via
Student’s ¢-test or ANOVA with Tukey’s test via GraphPad
Prism 7 (GraphPad Inc., La Jolla, CA, USA). The linear
correlation of gene expression in HCC tissues was
assessed via Pearson test. The difference was considered
as significant at P<0.05.

Results
circ_0006916 Expression is Enhanced in

HCC

To detect the expression change of circ_ 0006916 in HCC,
30 paired tumor and normal tissues were collected. As
exhibited in Figure 1A, circ 0006916 abundance was
higher in HCC tissues than normal samples. Furthermore,
circ_0006916 level was evidently elevated in HCC cell
lines (Huh7 and SNU-387 cells) compared with normal
liver cell line (THLE-2 cells) (Figure 1B). To test the
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levels in Huh7 and SNU-387 cells were measured after treatment of Actj

treatment of RNase R or Actinomycig
Figure 1C-F, circ 0006916 was
R and Actinomycin D than
results indicated that circ

circ_0006916 (s®circ_0006916). The knockdown efficacy
of si-circ_0006916 is confirmed in Figure 2A. Meanwhile,
the introduction of si-circ 0006916 did not affect the
abundance of the linear HOMERI (Figure 2B). The results
of CCKS8 and colony formation analyses displayed that
circ_ 0006916 silence markedly decreased cell viability
and colony ability (Figure 2C and D). Furthermore, the
data of wound healing and transwell analyses displayed
that circ 0006916 inhibited cell

silence obviously

OMER1 mRNA circ_0006916 HOMER1 mRNA

amples. (B) circ_0006916 abundance in Huh7, SNU-387 and
treatment of RNase R. (E and F) circ_0006916 and HOMER/

tion and invasion (Figure 2E-G). Additionally,
circ_0006916 interference caused cell cycle arrest at GO/
Gl phase, revealed by the increased proportion of cells at
G0/G1 phase and the reduced proportion of cells at
S phase (Figure 2H). Besides, circ_ 0006916 silence evi-
dently promoted cell apoptosis in Huh7 and SNU-387 cells
(Figure 2I). Taken together, circ 0006916 knockdown
repressed HCC cell progression.

miR-599 is Targeted via circ_0006916

To explore the regulatory network mediated via
circ_ 0006916, the targeted miRNA was searched. miR-599
was one predicted target of circ_0006916. To confirm this
prediction, we constructed the luciferase reporter vectors
circ_0006916 WT and circ_0006916 MUT, and the targeted
sequence is shown in Figure 3A. The data of dual-luciferase
reporter analysis showed that miR-599 addition evidently
decreased the luciferase activity of circ 0006916 WT, while
it did not alter the luciferase activity of circ 0006916 MUT
(Figure 3B and C). Furthermore, miR-599 expression was
lower in HCC tissues than normal tissues (n = 30) (Figure
3D). And miR-599 expression was negatively associated
with circ_0006916 level in HCC tissues (r = —0.6014, P =
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miR-599 KnoWgdown Reverses the
Influence of circ_0006916 Silence on

HCC Development in vitro

To explore whether miR-599 was required for
circ_0006916-mediated HCC development, Huh7 and
SNU-387 cells were transfected with si-NC, si-circ
0006916, si-circ_0006916 + inhibitor NC or miR-599
inhibitor. The efficacy of miR-599 inhibitor is identified
in Figure 4A. Moreover, miR-599 expression was

T o
10° 10°
Annexin FITC-A

evidently up-regulated via circ_ 0006916 knockdown,
which was weakened via transfection of miR-599 inhi-
bitor (Figure 4B). Moreover, miR-599 knockdown atte-
nuated silence of circ_0006916-mediated inhibition of
cell viability and colony ability (Figure 4C and D). In
addition, miR-599 knockdown reversed interference of
circ_0006916-mediated suppression of migration and
miR-599 down-
regulation mitigated knockdown of circ 0006916-

invasion (Figure 4E-G). Besides,

induced cycle arrest and apoptosis (Figure 4H-J).
These indicated that circ_ 0006916
repressed HCC cell progression via regulating miR-599.

results silence

SRSF2 is Targeted via miR-599

To further analyze the regulatory network involved in this
study, the target of miR-599 was searched. SRSF2 was
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a candidate target, and the luciferase reporter vectors SRSF2-
3'UTR WT and SRSF2-3'UTR MUT were constructed
(Figure 5A). The data of dual-luciferase reporter analysis
displayed that miR-599 overexpression remarkably reduced
the luciferase activity of SRSF2-3'UTR WT, while it showed

, and this effect was atte-
SF2 overexpression vector
Buggested that SRSF2 was targeted
via miR-599%

miR-599 Inhibits HCC Development via
Targeting SRSF2

To analyze the function of miR-599 and whether it
required SRSF2, Huh7 and SNU-387 cells were trans-
fected with miRNA NC, miR-599 mimic, miR-599
mimic + pc-NC or pc-SRSF2. Moreover, miR-599 over-
expression suppressed cell viability and colony ability in
Huh7 and SNU-387 cells, which was mitigated via SRSF2

a
3

w
S

Relative expression
s 8

0
circ_0006916

miR-599

th7 and SNU-387 cells after

). In addition, miR-599 up-
educed the abilities of migration and

leviated via SRSF2 overexpression
. Furthermore, miR-599 overexpression
cycle arrest at GO/G1 phase and apoptosis,

circ_0006916 Knockdown Decreases

SRSF2 Expression via miR-599

To explore how and whether circ 0006916 could regulate
SRSF2, Huh7 and SNU-387 cells were transfected with si-
NG, si-circ_0006916, si-circ_0006916 + pc-NC or pc-SRSF2.
As displayed in Figure 7A, SRSF2 abundance was evidently
decreased via circ_0006916 knockdown, which was restored
via transfection of SRSF2 overexpression vector. Moreover,
Huh7 and SNU-387 cells were transfected with si-NC, si-circ
0006916, si-circ_0006916 + inhibitor NC or miR-599 inhi-
bitor. Results showed that miR-599 knockdown mitigated the
suppressive effect of circ_0006916 silence on SRSF2 expres-
sion in Huh7 and SNU-387 cells (Figure 7B). These results
showed that circ_0006916 could regulate SRSF2 expression
via modulating miR-599.

circ_0006916 Silence Decreases

Xenograft Tumor Growth
To explore the function of circ 0006916 in HCC develop-
ment in vivo, SNU-387 cells with stable transfection of sh-
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These results indicated circ_ 0006916 down-regulation
inhibited HCC development in vivo.

Discussion
HCC is the major liver cancer with high incidence and
the overall survival of HCC
patients is lower than 18%.%

mortality.”® Moreover,
CircRNAs are implicated
in the progression of liver diseases including HCC via
regulating various cell events.’® A previous study sug-

gested that circ 0006916 played an important role in
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Moreover, we were the first ti
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ciated with
in HCC.

In this research, w
elevated in HC

expressed in
circ_0006916,
ments, and found th3

0 explore the potential role of
serformed the loss-of-function experi-
circ_0006916 interference restrained
HCC development via reducing cell viability, colony ability,
migration and invasion and increasing cycle arrest and apop-
tosis, which was also like that in a previous report."
Nevertheless, the role of circ_ 0006916 in HCC was opposite
to that in lung cancer as a previous report.'> We hypothesized
that the differences of circ_ 0006916 expression and function
between the two cancers might be caused via the different
tumor microenvironment. Furthermore, to explore the

Huh? SNU-387

el was detected in Huh7 and SNU-387 cells with transfection of si-NC, si-
uh7 and SNU-387 cells with transfection of si-NC, si-circ_0006916,

function of circ_0006916 in vivo, we established the xenograft
model, and validated the anti-HCC role of circ 0006916
interference.

The regulatory network of circRNA/miRNA/mRNA
is a major mechanism for circRNA in a competing endo-
genous RNA (ceRNA) manner.’’ A previous study has
confirmed the circ 0006916/miR-1322/CXCL6 regula-
tory network in HCC."®> Our study wanted to explore an
additional network. Here we used dual-luciferase reporter
and RIP analyses to identify miR-599 was targeted via
circ_0006916. The decreased miR-599 was detected in
HCC tissues and cells, indicating the decreased miR-599
might be associated with the malignancy of HCC.
Moreover, we found that miR-599 overexpression using
the miR-599 mimic repressed HCC development via
decreasing cell viability, colony formation, migration
and invasion. These results implied that miR-599 played
a suppressive role in HCC, which was like that in
a previous report.'® This is also consistent with the role
of miR-599 in other cancers, including esophageal
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Figure 8 The impact of circ_0006916 on HCC cell growth in vivo. (A) Tumor volume
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carcinoma, gastric cancer, breast cancer, glioma a
plastic thyroid cancer.**° In addition, we found
miR-599  knockdown attenuated the
circ_0006916 silence on HCC develop
circ_0006916 could regulate HCC dg
trolling miR-599.

Next, we identified miR-59

_ cxpression attenuated the suppres-
3iR-599 on HCC development. In addition,
our results sh®ed that circ 0006916 could regulate
SRSF2 via competitively binding to miR-599. Hence, we
concluded that circ_ 0006916 could regulate HCC devel-
opment via modulating miR-599/SRSF?2 axis.

sive effect ON

In conclusion, circ_0006916 silence repressed HCC
development, possibly via regulating miR-599 and
SRSF2. This research proposed a novel insight into the
pathogenesis of HCC, and indicated circ_0006916 could

be used as a target for the treatment of HCC.

sh-NC sh-circ_0006916

umor weight was examined. (C-E) circ_0006916,

circ_0006916 abundance is elevated in hepatocellular

arcinoma.

2. circ_0006916 knockdown restrains cell viability, col-
ony formation, migration and invasion.

3. circ_0006916 knockdown facilitates cell apoptosis.

4. circ_0006916 could modulate SRSF2 via sponging
miR-599.

5. circ_0006916 knockdown decreases xenograft tumor

growth.
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