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Introduction

Hepatocellular carcinoma (HCC) is a common malignant, ranking third in the death
rate caused by cancer.! HCC is featured with metastasis, which in resistant to
standard clinical therapies.”> The 5-year survival rate is disappointing, which is
under 10%.> Therefore, it is needed to elucidate the pathology of HCC develop-
ment, which would prolong the life of HCC patients.

Recently, circular RNA (circRNA) has been attracting more and more attention,
due to its regulating functions in various biological processes, including caner
progression.* circRNAs are a subclass of non-coding RNAs, which was initially
identified as unimportant “noise”.> However, recent studies have gradually con-
firmed the dysregulation of circRNAs in a lot of diseases and the important roles
they played in multiple physiological processes, including caner progression.® For
example, circ-CEP128 sponged miR-145-5p to upregulate SOX11, thereby enhan-
cing bladder cancer.” CircFOXO3 aggravated prostate cancer development via
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sequestering miR-29-3p.® Circ-LDLRAD3 knockdown
inhibited pancreatic cancer by interacting with miR-137-
3p and modulating PTN.? In this study, we found that
circular RNA ZNF609 (circZNF609) was upregulated
and induced oncogenic phenotypes in HCC. A common
way for circRNAs to function is to sponge miRNAs,
thereby upregulating downstream target genes.'’
CircZNF609 is located in human chromosome 15. 64q.
CircZNF609 is derived from ZNF609 gene sequences.
ZNF609 belongs to zinc finger family, which participates
in regulation of gene expression in DNA, RNA and pro-
tein levels.'" CircZNF609 was first reported to be essen-
tial in the development of the central nervous system.
Recent studies revealed that circZNF609 is highly
expressed not only in neurons, but also in various types
of cancer cells, such as breast cancer,’> colorectal
cancer,' prostate cancer,'® and renal carcinoma.'’
Nevertheless, the function of circZNF609 in HCC was
still unclear. Thus, we designed experiments to investigate
the expression files of circZNF609 in HCC, and the
effects on HCC cell proliferation, apoptosis and metasta-
sis. To further elucidate the possible mechanisms, infor-

matic tools and rescue experiments were carried out.

RAP2C pathway.

Methods

Patient Samples
The study was approv

y the Ethics mittee of

Cell Culture and Transfection

Chinese Academy of Sciences Cell Bank (Shanghai,
China) provided human normal liver cell line (LO2)
AND HCC cell lines (LM3, Hep-3B, Huh7 and HepG2).
Cells were maintained in Roswell Park Memorial Institute
(RPMI) with 10% FBS. Si-
circFNZ609, circ-FNZ609 overexpression plasmids (circ-
ZNF609 OE), miR-324-3p mimics and miR-324-3p

1640 medium plus

inhibitor were transfected into cells using Lipo2000
(Invitrogen, USA), in line with the protocol.

RNA lIsolation and qRT-PCR

Trizol (Invitrogen, USA) was utilized to isolate total RNA
from tissues or cells, according to the manufacturer’s instru-
ments. RNA was then reverse transcribed into cDNA using
MMLV (Promega, Nanjing, China) to be the templates of
RT-qPCR. RT-gPCR was performed with KAPA SYBR
Fast Istep Uni (KAPABIOSYSTEMS, Beijing, China).
GAPDH and U6 were used as i gl controls for
mRNA/circRNA and miRNA, resp

—AACt method.

CCK-8 Assay

anjing, China). 2*10° cells were collected with
PBS and centrifuged at 1000rpm at 4°C for 5 min. 100 pL
¥inding Buffer was added to suspend cells. Thereafter, 5
pL Annexin V-FITC and 5 pL PI Staining Solution were
added and incubated for 10 min in dark at room tempera-
ture. 400 uL Binding Buffer was added and the absorbance
at 450 nm was detected on a flow cytometry (FACScan,
BD Biosciences).

Scratch Test

Transfected cells were placed into 6-well plates and incu-
bated to 80% density. Scratches were made by a 100uL
pipette tip. Images were photographed by IX71 inverted
microscope (Olympus, Japan) at 0 h and 24 h for analysis
of cell migration ability.

Transwell Assay

Cell invasion assay was performed with transwell cham-
bers (Costar Technology, Beijing, China). Cells were
placed into the upper chamber coated with matrigel and
incubated in FBS-free medium. The bottom chamber was
added with medium plus with 10% FBS. After 24 h, 4%
paraformaldehyde and 0.5% crystal violet were added to
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fix and stain cells. Invaded cells were photographed by
IX71 inverted microscope (Olympus, Japan).

Dual-Luciferase Reporter Experiment

The wild type (wt) or mutant (mut) fragments of circZNF609
and PAP2C were subcloned into pGL3 Luciferase Reporter
Vectors (Promega, Beijing, China). The plasmids were then
co-transfected with miR-324-3p mimics or its negative con-
trols (miR-NC mimics). After 48 hours, Dual-luciferase
Reporter Assay System (Promega, Beijing, China) was
applied to assess the luciferase reporter activities.

RNA Immunoprecipitation (RIP)
RIP  was EZ-Magna
Immunoprecipitation Kit (Merck-millipore,

RNA
Germany)

carried out using
according to the manufacturer’s instruments. In brief, cell
lysates were incubated with beads supplemented with
Ago2 or IgG antibodies at 4 for 12 hours. The beads
were washed and purified for Western blot and qPCR.

Western Blot
RIPA buffer plus (Solabio, Beijing, China) with protease
inhibitor (Promega, Beijing, China) was utilized for total

ion (RNA ISH)

CC tissues was detected by
ed paratfin-embedded (FFPE) tissue sec-
pubated with biotin-labeled circZNF609
rs at 40 °C. Then DAB substrate was
used to detect the probes. Promega (Wuhan, China) pro-

tions were
probes for 18 hW¥

vided the Biotin-labeled probes with sequence as follow:
5'-CTGCACTTCCATCATACTGACCAC-3'.

Immunohistochemistry Assay (IHC)
Tissues were sliced into 4-um sections. Primary antibodies
were prepared for incubation overnight: rabbit polyclonal
antibody against PAP2C (SAB1303858, 1:500, Sigma).

Tumor Xenografts

Female BALB/c nude mice were (about 6-week-old)
purchased from Shanghai Laboratory Animal Center.
Mice were divided into two groups randomly, with 6
mice/group. For experimental group,
injected with HepG2 cells (2*10°) which stably expres-
sing sh-circZNF609; for control group, mice were
injected with HepG2 cells (2*10°) which stably
(sh-NC).  The
recorded weekly. The tumor

mice were

expressing  sh-negative  control

tumor volume was

volumes were measured by g ier caliper every

three days and calculated
tumor volume = (length x weeks later,

mice were sacrific e collected

for following study was

authorized by

cessed by Prism Graphpad 7 and pre-
an+SD of three independent experiments.
es between two groups were analyzed by
nt’s ¢-test,
groups were analyzed by one-way analysis of variance

while differences among multiple
(ANOVA). Correlation was determined using Pearson
analysis. P<0.05 was considered to be statistically
significant.

Results
CircZNF609 Expressions in HCC Tissues

and Cells

To explore the role of circZNF609 in HCC progression,
gPCR was performed to determine the expression profile
of circZNF609 in tumor tissues and matched nearby
normal tissues in HCC patients. Results revealed that
the expression levels of circZNF609 in tumor tissues
were markedly higher than those in normal ones
(Figure 1A, P=0.004). ISH was further carried out to
show the expression of circZNF609 in HCC tissues and
normal tissues (Figure 1B), which was consistent with
gPCR results. Also, in vitro we found that circZNF609
was upregulated in HCC cell lines, in comparison with
that in normal liver cells (Figure 1C). Additionally, high
circZNF609 expression was associated with shorter
overall survival clinical

(Figure 1D) and poorer
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Figure | CircZNF609 was overexpressed in HCC.
Notes: (A) Expression files of circZNF609 in HCC patient tissue samples and matched nearby . S was performed to assess the circZNF609
expressions in tissues. (C) Expression of circZNF609 in normal liver cell line (LO2) and H cell lines (Hep3B, Huh7, LM3 and HepG2). (D) Survival curves of HCC
patients associated with circZNF609 expressions. **P<0.05.

outcomes (Table 1). All these primary exploration

Sile

results indicated that circZNF609 might exerted on ent in vitro

he oncogenic role of circZNF609 in HCC, si-
ircZNF609 was transfected into HCC cells to perform
ss-of-function experiments. Evident knockdown effi-

genic roles in HCC.

Table | The Association Between CircZNF603

Clinicopathological Characteristics of HCC Pa¥ ciency of si-circZNF609 was showed in Figure 2A.

Characteristics N | EWSAT i After si-circZNF609 transfection, cell viability was
Total 45 Hig monitored weekly, and results demonstrated that cells
in circZNF609 knockdown group exerted lower viabi-

Age lity, compared with those in control group (Figure 2B).
550 % 8 0.589 Consistently, silencing of circZNF609 aggravated cell
<50 | apoptosis, in comparison with control  group

(Figure 2C). As metastasis is a characteristic feature of
Tumor stage .
cancer cells, wound healing assay and transwell assay

T2 8 0.029% : o o
T3.T4 were carried out to detect the abilities of cell migration
and invasion. As results shown in Figure 2D-E,
Lymph-nod . .
ymph-node metas circZNF609 knockdown downregulated HCC cell migra-
Yes 21 17 4 0.042*

N tion and invasion. These data confirmed the tumor pro-
o 24 | 16 8
moter role of circZNF609.

Tumor size (cm)

>2.5 24 | 18 6 0.165 A

<5 2 | 12 7 circZNF609 Served as a Sponge of
Multiple lesions mIR-324_3P

Positive 25 | 16 9 0.718 In order to investigate the mechanism of circZNF609

Negative 20 | 15 5 regulated HCC, we predicted the miRNA targets with
Note: *P < 0.05 represents statistical differences. the help of CircBank (Table Sl) We identified
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609, and observed upregula-
4-3p (Figure 3C). Moreover, anti-Ago2
pstrated that TTN-ASI and miR-376a
were directly interacted in Ago2 complex (Figure 3D).
Additionally, miR-324-3p expression file in patient tis-
sues was examined by qPCR. As shown in Figure 3E,
miR-324-3p was lowly expressed in HCC tissues, in
comparison with that in matched nearby normal tissues.
Pearson analysis revealed that there existed a negative
correlation between circZNF609 and miR-324-3p

(Figure 3F).

HepG2  LM3

= si-NC
&8 si-circZNF609

it
L el 4

HepG2 LM3

CircZNF609 Upregulated RAP2C via
miR-342-3p

As it is known that the most common way for miRNA
to exert biological function is to repress target gene
expression by binding to its 3'UTR. We searched the
potential target genes of miR-324-3p with the help of
TargetScan. Among the potential targets, we focused on
RAP2C, which was reported to be involved in tumor-
igenesis previously. The predicted binding sites between
PAP2C and miR-324-3p were shown in Figure 4A.
Luciferase reporter experiment was performed, showing
that miR-324-3p mimics could repress the luciferase
reporter activity in RAP2C wild type (wt) group, but
not in mutant (mut) group, confirming the predicted
interacting sites (Figure 4B). Next, wondering whether
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circZNF609 coS@h regulate RAP2C via miR-324-3p, we
co-transfected B-324-3p  mimics  with/without
circZNF609 overexpression plasmids (circZNF609 OE),
and the mRNA and protein expressions of RAP2C were
determined by qPCR and Western blot. Results demon-
strated that RAP2C expressions were inhibited by miR-
324-3p mimics, while circZNF609 overexpression
reversed the inhibition both in mRNA and protein levels

(Figure 4C-D).

miR-324-3p Silencing or RAP2C
Knockdown Reversed the Si-circZNF609-
Induced Suppression on HCC

Development

To confirm that circZNF609 exhibit oncogenic effects on
HCC progression through modulating miR-324-3p/RAP2C
axis, miR-324-3p inhibitor or RAP2C overexpression plas-
mid (RAP2C OE) was co-transfected with si-circZNF609.
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Figure 4 RAP2C was targeted by miR-342-3p.

Notes: (A) TargetScan predicted binding sites between miR-342-3p and RAP2C; (B)
(mut), and luciferase reporter activity was measured. (C-D) MiR-342-3p mimics w
negative control, qPCR and Western blot were performed to test the RAP2C expressi

CCK-8 assay revealed that si-circZNF609 inhibited
cell viability, while miR-324-3p inhibitor g
reversed the inhibition (Figure 5A).
3p inhibitor or RAP2C OE cou

carried out to verify the in vitro
cells expressing sh-circZNF609 or sh-NC
stably were injected into mice. Tumor

results. Hep®
(negative contrS
sizes were monitored every week, and results showed that
circ-ZNF609  knockdown
(Figure 6A). After 5 weeks, mice were sacrificed and

repressed tumor growth
tumors were collected for weight measurement and sub-
sequent assays. Figure 6B displays that circ-ZNF609
depletion suppressed tumor weight. Figure 6C demon-
strates that in circ-ZNF609 knockdown mice, circ-

ZNF609 and PARP2 expressions were downregulated,

342-3p mimics
co-transfected

e co-transfected with RAP2C wild type (wt) or RAP2C mutant
circZNF609 overexpression plasmids (circZNF609 OE) or
miR-NC+NC OE; ##P<0.05, vs miR-342-3p mimics+NC OE.

miR-324-3p was upregulated. The protein expres-
sion levels of PARP2C were decreased in circZNF609-
depletion mice, compared with those in negative control
mice (Figure 6D). Further, Ki-67 (a marker of cell prolif-
eration) was expressed lowly in circ-ZNF609 knockdown
mice (Figure 6E).

Discussion

Emergency reports have revealed that circRNAs were
involved in multiple biological processes, and participate
in diverse diseases, including cancer.'® There reported
different circRNAs that played as anti-tumor or tumor-
promoting roles in HCC progression, thus providing new
potential therapeutic targets for HCC treating. For exam-
ple, circ-CDRI1, ¢irc0067934 and circ100338 were
reported highly expressed in HCC patients and promoted
cancer progression.'’ '’ CircZNF609, a newly discovered
circRNA homologous to ZNF609 mRNA, was revealed
exhibiting cancer-promoting effects on the progressions of
a series of cancers. For instance, Jin et al elucidated that
knockdown of circZNF609 restrained tumorigenesis,
migration and invasion.”’ Wang et al discovered the upre-
gulation of circZNF609 in breast cancer and identified it as
an oncogene in promoting breast cancer progression.'? In
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our study, we first found that circ
pressed in HCC patient tissue

strated that depletion
viability, migratio

! owever, the results demonstrated
that there wat
apoptosis, migrd

o obvious difference in HCC cell viability,
bn and invasion induced by circZNF609
overexpression. We suspected that the reason might be that
circZNF609 is highly expressed in HCC cells, thus when
we continue to overexpress it, there is no significant
change in cell phenotypes.

CircRNA can exert functions through different ways.
Acting as ceRNAs to sponge miRNAs, thereby modulating
downstream target genes is one of the most common
ways.”! CircZNF609 has also been reported to regulate

ROPP B shne
@ » ¢ ® § shcircZNF609

A O ©®
o © o
S o 9

N
o
[=d

Tumor weight (g)
o

sh-NC

sh-circZNF609

cancer modulating miRNA/mRNA

pathway.'® For example, circZNF609 sequestered miR-

progression  via

134-5p to upregulating BTG-2 to elevate proliferation of
glioma cells.?? CircZNF609 enhanced gastric cancer migra-
tion and invasion through modulating CDK6 via sponging
miR-483-3p.> In this study, we predicted miRNA targets of
circZNF609 by CircBank informatic tool. Among the
potential targets, we chose miR-342-3p for further study
due to its anti-tumor features reported previously. For
example, Li et al reported that miR-342-3p yielded cervical
cancer cell colony ability and metastasis via downregulat-
ing FOXM1.%* Cheng et al elucidated that miR-342-3p was
sponged by IncRNA SNHG7 thereby elevating ID4 to
aggravate pancreatic cancer progression.”> Wang et al also
showed that IncRNA H19 regulated miR-342-3p and
FOXM1.%® Gao et al demonstrated the downregulation of
miR-342-3p in HCC and depicted its
significance.”” Further, we predicted target genes of miR-

prognostic

342-3p by TargetScan tool. Among the potential target
genes, we were interested in RAP2C for its reported onco-
genic roles in many cancer types. For instance, RAP2C
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inhibited osteosarcoma cell apoptosis and enhanced metas-
tasis in vitro.”® RAP2C was upregulated in breast cancer,
and regulated MAPK signaling to promote tumorigenesis.>’
In colorectal cancer, RAP2C was suppressed by miR-105
overexpression, thus driving cancer development.*® In our
study, we performed luciferase activity assays to confirm
that miR-342-3p was sponged by circZNF609, and RAP2C
was targeted by miR-342-3p. Moreover, miR-342-3p was
co-transfected with/without circZNF609, and found that
RAP2C  was
circZNF609 could reserve this suppression. These results
suggested that circZNF609 could upregulate RAP2C via
sponging miR-342-3p. Further, we investigated whether
miR-342-3p and RAP2C could influence the phenotypes
on HCC cells induced by circZNF609. We co-transfected
si-circZNF609 with miR-342-3p inhibitor or RAP2C over-
expression plasmids (RAP2C OE), and found that the
effects on cell viability, migration and invasion induced
by si-circZNF609 were attenuated by miR-342-3p inhibitor
or RAP2C OE. These data revealed that circZNF609 regu-
lated HCC cell progression via modulating miR-342-3p/
RAP2C axis. Additionally, mouse models with
circZNF609 knockdown (sh-circZNF609 group) and their
negative control models (sh-NC group) were establishe

suppressed by miR-342-3p, while

carry out in vivo experiments. Results showed that t
tumors in sh-circZNF609 mice grew smaller gagmli

mice, while miR-342-3p expressed
sh-NC mice.

Conclusion
CircZNF609 was hi
cells, and driven
RAP2C via spog
new potentig
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