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Introduction

Gastric cancer (GC) is a leading cause of tumor-associated morbidity and mortality
worldwide. China is one of the countries with the highest incidence of GC.'
Although the diagnosis and therapy of GC have gradually improved, GC patients
have a poor prognosis due to tumor metastasis and recurrence. One important

) reason is the lack of effective diagnostic markers and molecular targets.
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RNA binding proteins (RBPs) involved in tumorigenesis.®
And Some circRNA code for proteins eg circZFN609.
Studies have shown that circRNAs can be implicated in the
progression of gastric cancer, lung cancer, colorectal cancer,
glioblastoma and esophageal squamous cell carcinoma as
competing endogenous RNAs (ceRNAs). However, the
by which circRNAs
miRNAs with regulatory roles are still largely unknown.

underlying mechanisms adsorb

We examined the expression profile of circRNAs in
GC with a microarray and found a significantly overex-
pressed circRNA called circHIPK3 (circRNA 1D:
hsa_circRNA _100782). circHIPK3 is derived from exon
2 of the HIPK3 gene. circHIPK3 has been identified as a
critical regulator in cancers. In our study, we determined
that circHIPK3 was upregulated in GC and correlated with
clinical stage and grade of GC. Moreover, we discovered
that circHIPK3 knockdown suppressed GC cell prolifera-
tion and migration. Mechanistically, we found that
circHIPK3, as a ceRNA for miR-107, promoted tumori-
genesis possibly via the circHIPK3/miR-107/BDNF sig-
naling pathway in GC.

Materials and Methods

Patients and Sample Collection
A total of 30 GC tissues and paired adjacent normal tissue:

were immediately frozen in li
According to the tumor-nod.

The normal human Wastric epithelial cell line GES-1 and
GC cell lines (SGC-7901, MKN45, MGC-803, AGS, and
BGC-823) were purchased from Shanghai Institutes for
Biological Sciences (Shanghai, China). GES-1 and SGC-
7901 cells were cultured in DMEM (Gibco, Grand Island,
NY) supplemented with 10% heat-inactivated fetal bovine
serum (FBS) (Gibco), 100 U/mL penicillin, and 100 pg/mL
streptomycin (HyClone). MKN45, MGC-803, AGS, and
BGC-823 cells were cultured in RPMI-1640 (Gibco)

containing 10% FBS with 100 units/mL penicillin and 100
mg/mL streptomycin. Cells were grown in a humidified
atmosphere of 5% CO, at 37°C.

Total RNA Extraction, Reverse

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

Total RNA was extracted from GC tissues and GC cells using
TRIzol reagent (Invitrogen, Karlsruhe, Germany) according to

the manufacturer’s instructions. For circRANA total RNA was

ntrol with the following primers:
CCAAAAGGGTCAT-3' and Reverse,
CGATACCAA-3'. We used the follow-
siRNA-1 for circHIPK3 sense,
UACAGGUAUGGCCUCTT-3"; antisense, 5'GAG
CAUACCUGUAGUACTT-3' and siRNA-2 for circHI
K3 sense, S’GGUACUACAGGUAUGGCCUTT-3"; anti-
nse. 5'-UCCCAAUCAACAUUUCGGTT-3". The primers
were synthesized by Primer Bank.

circRNA Microarray Analysis

Three GC tissues and paired nontumor tissues were used
for microarray analysis. The microarray experiment was
performed by Kangcheng Bio-tech Inc(Shanghai, China).

Actinomycin D and RNase R Treatment
Total RNA (2 pg) was incubated for 40 min at 37°C with 3
U/ug of RNase R. An RNeasy MinElute cleaning Kit
(Qiagen) was used to purify the resulting RNA.

Fluorescence in situ Hybridization (FISH)
The RNA fluorescence in situ hybridization assay was
performed by using a Fluorescent In Situ Hybridization
Kit (RiboBio, Guangzhou, China) according to the manu-
facturer’s instructions. Cy3-labeled circHIPK3 probes
were designed and synthesized by RiboBio, and the cells
were visualized by confocal microscopy.
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CCK-8 Assay

The Cell Counting Kit-8 (Dojindo Chemical Laboratory,
Kumamoto, Japan) assay was used to assess GC cell pro-
liferative ability according to the manufacturer’s instruc-
tions. A total of 5x10° cells were seeded into 96-well
plates and cultured for 24 h. Then, 10 pL of CCK-8
solution was added to each well, and the plate was incu-
bated at 37°C for 2 h. Then, the OD450 was obtained at a
wavelength of 450 nm using a microplate reader.

5-Ethynyl-20-Deoxyuridine (EdU)
Incorporation Assay

The EdU assay was performed with a Cell-Light EQU DNA
Cell Proliferation Kit (RiboBio, Guangzhou, China)
according to the manufacturer’s protocol. After incubation
with 50 mM EdU for 2 h, BGC-823 and MKN45 cells were
fixed in 4% paraformaldehyde and stained with Apollo Dye
Solution for proliferating cells, followed by staining with
Hoechst 33342. Then, the EdU-positive cells were imaged
and counted under a DMI3000B microscope (Leica,
Wetzlar, Germany) in five randomly selected fields.

Transwell Migration Assay
A total of 5x10* BGC-823 and MKN45 cells were
pended in 300 pL serum-free DMEM and segded int
upper chambers of transwell plates (8 um g4 i
USA) after transfection for 48 h. The @

tained 700 uL DMEM with 10%

were removed. Cells that h:
membrane were fixed wi

?lls were lysed with RIPA extrac-
eyotime) supplemented with a protease
inhibitor cockta¥Roche). Cell protein lysates were sepa-
rated by 10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and incubated with the pri-
mary antibodies anti-B-actin and anti-BDNF, which were

purchased from Abcam (Hong Kong, China).

RNA Immunoprecipitation (RIP)
For RNA immunoprecipitation, we used the EZMagna RIP
Kit (Millipore, Billerica, MA, USA) according to the

manufacturer’s protocol. GC cells were lysed in complete
RIP lysis buffer, and the cell extract was incubated with
magnetic beads conjugated with anti-Ago2 or control anti—
IgG antibody (Millipore) for 6 h at 4°C. The beads were
washed with wash buffer and then incubated with 0.1%
SDS/0.5 mg/mL Proteinase K for 30 min at 55°C to remove
proteins. Finally, immunoprecipitated RNA was subjected to
gRT-PCR analysis.

Xenograft Study
Male BALB/c nude mice(Four:

al data were analyzed using GraphPad Prism 6.0
Pad Software, La Jolla, CA). The differences in levels
of circHIPK3 between gastric cancer tissues and paired adja-
cent nontumorous tissues were assessed using the #test for
paired data. The correlations between circHIPK3 levels and
clinicopathological factors were further analyzed by one-way
analysis of variance (ANOVA). A receiver operating char-
acteristic (ROC) curve was established to evaluate the diag-
nostic value of circHIPK3. For all results, P<0.05 was
considered statistically significant.

Results
circRNA Expression Profiles in Gastric
Cancer Tissues and Paired Normal Gastric

Tissues

Hierarchical clustering of all expressed circRNAs revealed the
circRNA expression profiles in GC and paired adjacent normal
tissue samples (Figure 1A). The scatter and volcano plots
showed the variation of circRNA expression between GC
and paired adjacent normal tissue samples (Figure 1B and C).
In total, 61 differentially expressed circRNAs with fold-
changes greater than 1.5 were identified. Of these, 23
circRNAs were upregulated and 38 were downregulated. A
clustered heatmap showed upregulation and downregulation of
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Figure | Expression profile of circRNAs in GC tissue, as determined by microarray analysis. (A) The result of hierarchical clustering shows a distinguishable circRNA expression
profiling among samples. Each column represents the expression profile of a tissue sample, and each row corresponds to a circRNA. circRNA microarray expression profiles from three
sets of matched GC tissue samples (C3—C5) and adjacent normal tissues samples (N3-N5). circRNAs in red indicate overexpression; those in green indicate reduced expression. (B) The
scatter plot was used for assessing the variation in circRNA expression between GC and adjacent normal tissues samples. The values of x and y axes in the scatter plot were the
normalized signal values of the samples (log2 scaled). The green lines are fold-change lines. The circRNAs above the top green line and below the bottom green line indicated more than
1.5-fold change of circRNAs between the two compared samples. (C) Volcano plot analysis based on circRNA expression levels. The vertical green lines correspond to |.5-fold increased
or decreased expression, and the horizontal green line represents P<0.05. Therefore, the red points in the plot represent differentially expressed circRNAs with statistical significance.
(D) Heat plots of circRNA in GC and adjacent normal tissues. Each column represents the expression profile of a tissue sample, and each row corresponds to a circRNA.“Red” indicates
higher expression level, and “green” indicates lower expression level.
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circRNAs (Figure 1D). These dysregulated circRNAs may
play an important role in tumorigenesis and development. To
verify the microarray results, qPCR was performed. In accor-
dance with the microarray results, circHIPK3 was not the most
differentially expressed circRNA, but the qRT-PCR results
showed that circHIPK3 was relatively stable. Subsequently,
circHIPK3 was selected for further study.

circHIPK3 Was Determined to Be
Significantly Upregulated in Gastric Cancer

Tissues and Cell Lines

Among the screened upregulated circRNAs, circHIPK3
expression was high and stable, as shown by qRT-PCR
results. Therefore, circHIPK3 was selected as a target for
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investigating its relationship with gastric cancer. To further
test the expression level of the dysregulated circHIPK3,
gqRT-PCR was used to measure its expression in 30 paired
primary cancerous and adjacent noncancerous tissues from
GC patients. The results indicated that circHIPK3 expres-
sion was significantly upregulated compared with the cor-
responding noncancerous tissues (Figure 2A). circHIPK3
expression was also examined by qRT-PCR in five human
gastric cancer cell lines and the nontumorigenic gastric
epithelial cell line GES-1. This experiment showed that
the levels of circHIPK3 in the gnan gastric cancer
GC-803 and
ES-1 human
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Figure 2 The expression levels of circHIPK3 expression in GC tissues and cells lines. (A) The expression levels of circHIPK3 expression in tumor and adjacent normal tissues in
30 GC patients. (B) circHIPK3 was up-regulated in GC cell lines. The expression of circHIPK3 was dramatically higher in BGC-823 and MKN4S5 cell lines than in other cell lines.
(C) qRT-PCR analysis of circHIPK3 and HIPK3 mRNA after treatment with RNase R in GC cells. circHIPK3 was resistant to RNase R treatment. ***P < 0.001. (D) ROC curve of
circHIPK3: The area under the ROC was 0.743 (95% confidence interval = 0.615-0.872; P = 0.001).
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Table |
Nontumor Samples Was Analyzed

A Pathological Feature of 30 Primary GC and

Clinicopathological Factor n MeantSEM P value
Age(Year)
260 ) 4.136%1.221 0.739
<60 ) 4.761%1.398
Gender
Female 10 5.566%1.969 0.397
Male 20 3.890+0.972
Diameter in cm
25 12 5.079+1.434 0.582
<5 18 4.028+1.209
Differentiation
Low/middle 25 4.735+1.080 0.493
High 5 3.015+0.849
Lymphatic Metastasis
Yes 17 5.407+1.167 0.237
No 13 3.195+1.432
TNM Stage
[+l 12 2.081+0.492 0.032
N+v 18 6.027+1.380

Note: P<0.05 represents statistical significance.

After treatment with RNase R, the linear transcripts
HIPK3 were degraded, while the circular transcripts o
circHIPK3 were resistant to RNase
(Figure 2C), indicating that circHIPK3 i

continuous variables.

larger, the diagnostic

n levels in 30 paired

ore samples should be

Correlation Between circHIPK3
Expression and Clinical Characteristics of
GC Patients

The expression of circHIPK3 was detected in 30 pairs of
primary GC and adjacent nontumor tissues using qRT-PCR.
circHIPK3 was highly overexpressed in GC samples. We
next evaluated the association between circHIPK3 and clin-

ical and pathological parameters. The circHIPK3 level was

related to TNM stage (P=0.032, Table 1). However, we
found no association between circHIPK3 expression levels
and other clinicopathological factors, such as age, gender,
diameter, differentiation, and lymphatic metastasis.

Identification and Characterization of

circHIPK3 in GC Cells
circHIPK3 is located in chrll: 33307958-33309057 and is
generated from exon 2 of the HIPK3 gene. Sanger sequen-

cing confirmed the splice junction of circHIPK3 (Figure 3A).

A, which specifically targeted
ction site of circHIPK3. Compared to
control (NC) siRNA cells, the expres-

ion assays, we determined that knockdown of circHIPK3
eatly impaired the proliferation ability of MGC-823 and
KN45 cells, while ectopic expression of circHIPK3 pro-
moted cell proliferation (Figure 4B-D). Transwell assays
demonstrated that cell migration capacity was decreased
by si-circHIPK3 (Figure 4E).

circHIPK3 Serves as a miRNA Sponge for
miR-107

Given that circRNAs can act as a miRNA sponge and
circHIPK3 is stable in the cytoplasm, we determined whether
circHIPK3 may also bind to miRNAs as a sponge and regulate
the miRNA targets via a competitive endogenous RNA
(ceRNA) mechanism. To identify the miRNAs that bind to
circHIPK3, we performed a circRNA-miRNA interaction
network prediction on the CircInteractome database. The 5
highest-ranking candidate miRNAs (hsa-miR-17-3p, hsa-
miR-30d-3p, hsa-miR-107, hsa-miR-103a-3p, hsa-miR-338-
3p) and 378 corresponding target mRNAs were predicted to
interact with circHIPK3 in this study (Figure 5A). We screened
miRNAs that may have binding sites targeting the circHIPK3
sequence based on the circBase (www.circbase.org) database
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Figure 3 (A) Sanger sequence showing the back-splice junci
separation assay. (C) The majority of circHIPK3 was pre

transcripts that bind to Ago2 in BGC-823 and MKN45 cells.
Endogenous circHIPK3 was efficiently pulled down by anti-
Ago?2 (Figure 5D).

miR-107 Exerts Its Role by Regulating
BDNF Expression in GC

A review of the literature found that miR-107 suppresses
GC development through the downregulation of brain-

splice junction

GT AT GGCCT CACAAGTCTT GGTCTACCCACCAACATA

| |

| y'\

he majority of circHIPK3 was present in the cytoplasm according to the nuclear mass
rding to FISH.

derived neurotrophic factor (BDNF).!” We predicted that
circHIPK3 exerts its functions via the miR-107/BDNF
axis. Western blotting showed that si-circHIPK3 reduced
the protein levels of BDNF and that coectopic expression
of miR-107 and circHIPK3 increased the levels of BDNF
in GC cells (Figure 6). These results confirm that miR-107
is sponged by circHIPK3, which subsequently upregulates
BDNF protein expression. Taken together, these data indi-
cated that miR-107 could directly downregulate BDNF
and regulate its downstream signaling.

circHIPK3 Promotes GC Tumorigenesis
in vivo and Acts as a Potential
Therapeutic Target

To investigate the biological function of circHIPK3 in vivo,
we established a xenograft tumor model in nude mice. BGC-
823 cells transfected with si-circHIPK3 or a control siRNA
were subcutaneously injected into nude mice. Tumor volume
was measured every week for 6 weeks. The mice were killed
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by anesthesia and xenografts were removed for further ana-  them are fairly stable a
lyses (Figure 7). In accordance with the in vitro results, have been reportedgto
circHIPK3 depletion suppressed BGC-823 xenograft growth
in vivo.

Discussion
circRNAs, a recently discovered RNA type, were thought to
be only a byproduct of splicing errors. Due to the advance- ~ cir ferentially expressed between GC and

ments in high-throughput sequencing, many circRNAs ha sues. Of these, 23 circRNAs were upre-

-o- Si-NC
- Si-CircHIPK3

°
N
7]
S 200- *
£ *hk
=}
- * %k
0 T T T T T T
25 30 35 40 45 50
Day

Figure 7 circHIPK3 promotes GC tumorigenesis in vivo and is a potential therapeutic target. (A) circHIPK3 knockdown markedly repressed tumor growth in nude mice.
(B) Si-CircHIPK3 significantly reduced tumor size compared with si-NC. (C) Si-CircHIPK3 significantly reduced tumor weight. **P <0.01, ***P<0.001.
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study. circHIPK3 was not the most differentially expressed
circRNA, but qRT-PCR showed that circHIPK3 was rela-
tively stable.

CircRNAs are generated from diverse genomic loca-
tions, and most of them are important players in the
regulation of posttranscriptional gene expression.”’ We
demonstrated that circHIPK3, which is
circRNA originating from exon 2 of the HIPK3 gene,

an exonic

was upregulated in GC tissues and predominantly loca-
lized in the cytoplasm. Exon 2 of the HIPK3 gene is large
(1099 bp) and flanked by long introns on both sides, which
contain many complementary Alu repeats to further pro-
mote its circularization.”'

Stable transcripts with a host of miRNA-binding sites or
miRNA response elements (MREs) can function as miRNA
sponges, and exonic circRNAs also contain certain MREs.
Moreover, with the decreasing MRE polymorphisms, exonic
circRNAs become more efficient miRNA sponges.”? One
extreme case is CDRlas, which contains over 70 binding
sites for miR-7 and significantly suppresses the activity of
miR-7.% Many reports have indicated that circHIPK3 exerts
oncogenic or anticancer roles in different cancers, such as
hepatocellular carcinoma,'® bladder cancer,”® colorectal
cancer,”> ovarian cancer,”® glioma®’ and lung c4
Chen et al** found that circHIPK3 might be a new
for HCC and may regulate HCC through a cjg

the malignant behaviors of glio
miR-654/IGF2BP3 axis. Li e

circHIPK 3-media
moted prostg

ole of circHIPK 3 in GC remains unclear; thus,
eal the function of circHIPK3 in GC. In our
study, we found t¥at circHIPK3 was significantly upregulated
in GC. Then, knockdown of circHIPK3 inhibited GC cell
proliferation and migration and suppressed GC growth and

we aimed to

metastasis in vivo. Bioinformatics analysis demonstrated that
circHIPK3 may sponge miR-107. A previous study revealed
that miR-107 suppresses GC development through the down-
regulation of BDNF.'? BDNF, a member of the neurotrophin
family, has been shown to be involved in the initiation and

30

development of various cancers.” We investigated the

associated mechanism involving circHIPK3, miR-107 and
BDNF in GC cells by Western blot. Our data indicated that
circHIPK3 regulates the proliferation and migration of GC
cells via the miR-107/BDNF axis. An in vivo study confirmed
that circHIPK3 knockdown suppressed xenograft tumor
growth. Further understanding of the circHIPK3/miR-107/
BDNF axis may provide a novel therapeutic strategy for GC
in the future. In addition, we will investigate the underlying
molecular mechanism in future studies.

In summary, our findings suggest that circHIPK3
serves as a novel oncogenic circRess sponging miR-
arker in GC.
3/miR-107/

: The Key Technology of Palliative
ncer Patients (ZDZX2017ZL-01).
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