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Abstract

Objectives Recent studies have revealed that circu-
lar RNA (circRNA) plays a pivotal role in cancer
development. The study aimed to investigate the role
of circ_0081146 in gastric cancer (GC).

Results Circ_0081146 was upregulated in GC tis-
sues and cells. Patients with high expression of
circ_0081146 had a significantly reduced 5-year
overall survival rate. Circ_0081146 knockdown
restrained the growth, migration and invasion of GC
cells in vitro as well as tumorigenesis in vivo.
Circ_0081146 targeted miR-144 and HMGBI1 was
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targeted by miR-144. Circ_0081146 was negatively
correlated with miR-144 expression, while positively
correlated with HMGBI1 expression in GC tissues.
Moreover, the inhibitory effect of circ_0081146
knockdown on the progression of GC cells were
reversed by silencing miR-144 or HMGB1 overex-
pression. Mechanically, circ_0081146 increased
HMGBI1 expression by targeting miR-144.

Conclusion Circ_0081146 functions as an oncogene
in GC to promote cell growth, migration and invasion
via modulating the miR-144/HMGB1 axis.

Keywords Gastric cancer - Circ_0081146 - MiR-
144 - HMGBI1

Introduction

Gastric cancer (GC) is the most common malignancy
of the gastrointestinal tract (Karimi et al. 2014). In
recent years, the incidence of GC has been gradually
decreasing due to improvements in human nutrition
and eradication of helicobacter pylori (Torre et al.
2015). However, the recurrence rate is increased due
to distant metastasis of the disease and the 5-year
mortality rate of GC patients is more than 70% (Zhang
et al. 2017). The occurrence and metastasis of GC are
regulated by many genes, so finding new molecular
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mechanisms to activate or inactivate GC would be
helpful for the early diagnosis of GC.

Circular RNAs (circRNAs) are endogenous non-
coding RNAs (ncRNAs) that composed of closed
covalent loops with the covalent union at the 3" and 5’
end (Liu et al. 2018). There are three types of
circRNAs containing exons, introns, and intergenomic
regions classified through their origins (Ledford
2013), among them, exon circRNAs are the final
products, which generally exist in the cytoplasm and
are the most widely studied circRNAs (Vicens and
Westhof 2014). Recently, accumulating evidence
have confirmed that circRNAs played an important
regulatory role in human cancers (Li et al. 2015),
especially in GC. For instance, Huang et al. reported
that hsa_circ_0008035 promoted GC tumorigenesis
by modulating the proliferation and invasion of GC
cells (Huang et al. 2019a). CircRNA AKT3 could
enhance cisplatin resistance in GC (Huang et al.
2019b). Besides, circPVT1 was identified as a prolif-
erating factor and prognostic marker in GC (Chen
et al. 2017). Not long ago, Yuan et al. revealed that
hsa-circ_0081146 was enormously up-regulated in
GC tissues by a multiple of 4 through microarray data
analysis (Dang et al. 2017). However, the function of
circ_0081146 in GC is unknown.

MicroRNAs (miRNAs) have been shown to be
small ncRNAs that play a central role in various
biological processes (Ambros 2001), and they have
thousands of target mRNAs and can regulate the
expression of these target mRNAs (Ke et al. 2003).
Accumulating evidence suggested that miRNAs were
involved in the progression of various cancers,
including GC (D’Angelo 2016; Miao et al. 2019).
For example, miR-539 might be a prognosis biomar-
ker of GC (Jin et al. 2019). Moreover, miR-181a
functioned as a regulator of TGF-B signaling to
promote cell growth and metastasis in GC (Ge et al.
2019). MicroRNA-144 (MiR-144) was confirmed to
be decreased in GC tissues and serum samples,
suggesting that miR-144 might serve as a prognostic
biomarker in GC (Liu et al. 2017). However, the role
and underlying mechanism of miR-144 are still largely
unknown.

High Mobility Group Box 1 (HMGBI) is often
thought to be associated with inflammation-related
cancers (Zhang et al. 2018), and it has an extracellular
activity similar to cytokines, which can regulate
inflammation, proliferation and migration in many
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cancers (Yang et al. 2005). Also, HMGBI1 could
facilitate the development of many cancers (Li et al.
2019; Lv et al. 2019), including GC. Others like Suren
et al. indicated that HMGB1 was associated with
tumor grade, T stage and pTNM stage of gastric
adenocarcinoma (Suren et al. 2018). Zhang et al.
demonstrated that HMGB1 knockdown impaired
growth and invasion of GC cells by modulating the
NF-kB signal pathway in vitro and in vivo (Zhang
et al. 2014). However, it remains unclear whether
HMGBI1 could be regulated by circRNAs in GC.

In our preliminary study, we checked the level of
circ_0081146 in GC tissues, serum and cells and
identified circ_0081146. In addition, we explored the
effect of circ_0081146 on GC progression by silencing
circ_0081146 and found the axis of miR-144/HMGB1
was modulated by circ_0081146. Our study aimed to
provide novel potential biomarkers for the diagnosis
of GC.

Materials and methods
GC tissue samples and cell culture

GC tissues and paracancerous tissues were obtained
from 50 GC patients at Seventh People’s Hospital of
Shanghai University of Traditional Chinese Medicine,
and frozen stored at — 80 °C. Blood samples of 30 GC
patients and 22 health controls (with no diagnosed
cancer) were collected. All patients had written
informed consents and no patients received any
treatment before surgery. This study was permitted
by the human ethics committee of Seventh People’s
Hospital of Shanghai University of Traditional Chi-
nese Medicine.

In this paper, human GC cell lines AGS, MGC-803
and HGC-27 were purchased from Cell Bank of Type
Culture Collection of the Chinese Academy of
Sciences (Shanghai, China), and gastric mucosal
epithelial cells GES-1 were acquired from Procell
(Wuhan, China). These cells were cultured in Roswell
Park Memorial Institute 1640 (RPMI 1640, Hyclone,
South Logan, UT, USA) medium containing 10% fetal
bovine serum (FBS, Hyclone) and 1 mg/mL peni-
cillin/streptomycin (Solarbio, Beijing, China) in 5%
CO, at 37 °C.
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Transfection

Human lentivirus-sh-circ_0081146 and the negative
control sh-NC were synthesized by Wuyuan Company
(Beijing, China). MiR-144 mimics (miR-144), mim-
ics-NC (miR-NC), miR-144 inhibitor (anti-miR-144)
and the overexpression plasmid of HMGBI1 were
bought from GenePharma (Shanghai, China). Both
AGS and MGC-803 cells were transfected by using
Lipofectamine 2000 (Solarbio) at a density of
60-70%.

RNase R treatment and quantitative real-time
polymerase chain reaction (QRT-PCR).

For qRT-PCR detection, total RNA from GC
tissues and cells was isolated using Trizol (Invitrogen,
Carlsbad, CA, USA) with RNeasy Mini Kit (QIA-
GEN, Shanghai, China). After RNase R treatment,
complementary DNA (cDNA) was synthesized by
Prime Script RT Master Mix (Thermo Fisher Scien-
tific, Waltham, MA, USA) and cDNA amplification
was performed on AB7300 thermo-recycler (Applied
Biosystems, Foster City, CA, USA) using SYBR
Select Master Mix (Applied Biosystems). In addition,
the nuclear and cytoplasmic fractions were separated
through a NE-PER Nuclear and Cytoplasmic Extrac-
tion kit (Thermo Fisher Scientific). Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was applied as
the standard internal control of circ_0081146 and
HMGBI1, and U6 acted as an internal reference for
miR-144. The relative level was analyzed by the
274AC method. The primer sequences in this paper
were as follows: circ_0081146, Forward (F): 5'-
TGGCAGCCAGGGGGAAC-3', Reverse (R): 5'-
TCCAGAAGGACCTCGGCTTC-3'. GAPDH, F: 5'-
GGGAAGCTCACTGGCATGGCCTTCC-3/, R: 5'-
CATGTGGGCCATGAGGTCCACCAC-3'. U6, F:
5'-CTCGCTTCGGCAGCACA-3', R: 5-AACGCTT-
CACGAATTTGCGT-3’. MiR-144, F: 5-ATC-
CAGTGCGTGTCGTG-3, R: 5'-
TGCTTATACAGTATAGATG-3'. HMGBI, F: 5'-
AAAGCGGACAAGGCCCGTTAT-3, R: 5'-
AAGAGGAAGAAGGCCGAAGGAG-3'.

Cell viability and proliferation assays

For viability detection of AGS and MGC-803 cells,
these cells were uniformly added into 96-well plates.
At different time points (0 h, 24 h, 48 h and 72 h)
after transfection, 10 pL of Cell Counting Kit-8 (CCK-

8, Dojindo Molecular Technologies, Tokyo, Japan)
was added to well and further incubated for 3 h.
Subsequently, the optical density (OD) at 450 nm was
measured with a microplate reader (BioTek, Beijing,
China).

Colony formation assay was used to detect prolif-
eration of AGS and MGC-803 cells. The stablely
transfected cells of AGS and MGC-803 were tiled into
6-well plates and incubated for 2 weeks. The medium
was replaced every 4 d. Then, the colonies were fixed
and stained with 0.1% crystal violet (Solarbio) for
20 min. Finally, the visible colonies were counted. All
experiments were performed with three replicates.

Transwell assay

Transwell assay was used to examine cell migration
(without Matrigel) and invasion (coated with Matrigel,
Invitrogen). The starved AGS and MGC-803 cells in
100 pL of serum-free medium were evenly added into
the upper compartment of the chamber. 600 pL of
complete medium was used as a source of chemoat-
tractant and was added to the bottom chamber. After
24-h incubation, cells migrated or invaded the bottom
surface of the chamber were fixed with methanol and
stained with 0.1% crystal violet (Solarbio) for 20 min.
Then, the number of cells was counted by an inverted
microscope.

Western blot assay

Proteins in GC tissues and cells were dissolved using
RIPA buffer (Sigma-Aldrich, St Louis, MO, USA).
These proteins were then separated by sodium dodecyl
sulfate—polyacrylamide gel electrophoresis (SDS-
PAGE, Beyotime, Shanghai, China) and transferred
into polyvinylidene difluoride (PVDF) membranes
(Beyotime). Next, the membranes were immersed in
5% skim milk powder for 2 h at 37 °C, and incubated
with the primary antibodies against Proliferating Cell
Nuclear Antigen (PCNA, 1:500, Thermo Fisher Sci-
entific), Matrix Metalloprotein9 (MMP9, 1:2000,
Thermo Fisher Scientific), HMGB1 (1:3000, Abcam,
Cambridge, MA, USA) and GAPDH (1:3000, Abcam)
overnight at 4 °C. After washing using TBST, horse-
radish peroxidase (HRP)-labeled secondary antibody
(1:5000, Abcam) was used to incubate the membranes.
Finally, all bands were examined by an ECL detection
kit (Beyotime).
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In vivo experiments

To establish tumor xenografts, 8 x 10° MGC-803
cells stablely transfected with sh-circ_0081146 or sh-
NC were subcutaneously injected into the flank of
BALB/c nude mice (4 weeks old). Tumor volume was
measured weekly using a caliper and continuously for
5 weeks. Then, all mice were euthanized and the
tumor was removed and weighed. The excised tumor
tissues were applied to check the expression of
circ_0081146 by qRT-PCR. All animal experiments
were approved by the Animal Care and Use Commit-
tee of Seventh People’s Hospital of Shanghai Univer-
sity of Traditional Chinese Medicine.

Dual-luciferase reporter assay

Circ_0081146 wild type (circ_0081146-WT) or
mutant type (circ_0081146-MUT) containing miR-
144 complementary binding sites or not and miR-144
mimics or miR-NC were co-transfected into AGS and
MGC-803 cells using Lipofectamine 2000 (Solarbio).
HMGBI1 wild type (HMGB1 3'UTR-WT) with miR-
144 binding sites or mutant type (HMGB1 3'UTR-
MUT) without miR-144 binding sites and miR-144
mimics or miR-NC were co-transfected into AGS and
MGC-803 cells. After culture for 24 h, the luciferase
activity was assessed via using a Dual-luciferase
reporter kit (Promega, Madison, WI, USA).

RNA pull-down assay

The biotinylated probe was specifically designed to
bind to the junction area of miR-144 and the oligo
probe was used the control. Briefly, cells were reaped
and lysed by lysis buffer containing protease inhibitor
(Solarbio). Cell lysates were mixed with biotin-
labeled miR-144 probe sequences, and incubated with
streptavidin coated magnetic beads (Thermo Fisher
Scientific) at 4 °C overnight. The beads were washed
and the level of circ_0081146 was quantified by qRT-
PCR assay.

RNA immunoprecipitation (RIP) assay
RIP assay was carried out using Magna RIP Kit
(Millipore, Billerica, MA, USA). Briefly, AGS and

MGC-803 cells were lysed by the RIP buffer supple-
mented with magnetic beads and then conjugated with
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the anti-argonaute 2 (anti-Ago2) or IgG antibodies
(negative control). Then, the protein was digested
through proteinase K buffer, followed by RNA
purification. Finally, qRT-PCR was performed to
measure the abundance of circ_0081146, miR-144,
and HMGBI.

Statistical analysis

All results were presented as mean =+ standard devi-
ation (SD) and there were at least three independent
repeats. The difference between the two sets of data
was determined by Student’s #-test. Expression corre-
lation assay was assessed by Pearson’s coefficient
correlation. Differences in patient overall survival
were assessed using the Kaplan—Meier method. Dif-
ference was thought to be statistically significant when
P value was less than 0.05.

Results

Circ_0081146 was increased in human GC tissues
and cell lines

To investigate whether circ_0081146 was associated
with GC, we first detected the expression of
circ_0081146 in 50 GC tissues and paired adjacent
normal tissues. QRT-PCR results showed that
circ_0081146 expression was up-regulated in GC
tissues compared to normal tissues (Fig. la). As
expected, circ_0081146 derived from serum was more
abundant in GC patients than in healthy controls
(Fig. 1b). Moreover, the expression of circ_0081146
was significantly increased in a series of GC cell lines
(AGS, MGC-803 and HGC-27) compared with a
normal human gastric mucosal epithelial cell line
GES-1 (Fig. 1¢). To confirm the existence of
circ_0081146, the RNase R degradation assay was
performed in AGS and MGC-803 cells. The results
demonstrated that the linear transcripts of
circ_0081146 were degraded by RNase R treatment,
while this treatment failed to degrade the circular
transcripts of circ_0081146 (Fig. 1d), the data con-
firmed that circ_0081146 was a circular RNA. We
then explored the localization of circ_0081146, qRT-
PCR of RNAs from nuclear and cytoplasmic fractions
showed that circ_0081146 was predominantly local-
ized in the cytoplasm of AGS and MGC-803 cells
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Fig. 1 Circ_0081146 was increased in human GC tissues,
serum and cell lines. a Circ_0081146 expression in 50 pairs of
GC and noncancerous tissues was measured by qRT-PCR.
b Circ_0081146 expression in serum of GC patients (n = 30)
and healthy controls (HC) (n = 22) was measured by qRT-PCR.
¢ Circ_0081146 expression in GC cell lines (AGS, MGC-803
and HGC-27) and gastric mucosal epithelial cell line GES-1 was

(Fig. le). Additionally. Kaplan—Meier survival curves
showed that patients with higher expression of
circ_0081146 had a shorter 5-year overall survival

(Fig. 1f).

Circ_0081146 knockdown inhibited growth,
migration and invasion of GC cells in vitro

We next explored the role of circ_0081146 in
progression of GC by loss-of-function approaches.
Circ_0081146 small hairpin RNAs (shRNAs) could
stably knockdown the expression of circ_0081146 in
GC cells. As shown in Fig. 2a, circ_0081146 expres-
sion was significantly decreased by sh-circ_0081146
in AGS and MGC-803 cells. CCK-8 assay (Fig. 2b, ¢)
and colony formation assay (Fig. 2d, e) indicated that
circ_0081146 knockdown repressed proliferation of
AGS and MGC-803 cells. Transwell assay showed

detected by gRT-PCR. d The level of circ_0081146 was
examined by qRT-PCR after treatment with RNase R in AGS
and MGC-803 cells. e The level of circ_0081146 in cytoplasm
and nuclear of AGS and MGC-803 cells was detected by qRT-
PCR. f The 5-year overall survival curve of 50 patients with GC
was analyzed using Kaplan—Meier curve based on the expres-
sion of circ_0081146. *P < 0.05

that silencing circ_0081146 also hindered migration
(Fig. 2f, g) and invasion (Fig. 2h, i) abilities of AGS
and MGC-803 cells. Besides, the protein levels of
PCNA and MMP9 were obviously declined in AGS
and MGC-803 cells after knockdown of circ_0081146
(Fig. 2j, k). These results indicated that circ_0081146
knockdown impeded the progression of GC cells
in vitro.

Circ_0081146 knockdown repressed tumor growth
of GC in vivo

Subsequently, we further investigated the effect of
circ_0081146 on growth of CC cells in vivo by
establishing a xenograft tumor model. MGC-803 cells
stably transfected with sh-circ_0081146 or sh-NC
were subcutaneously injected into the nude mice.
5 weeks after injection, we found that the tumors
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Fig. 2 Circ_0081146 knockdown inhibited cell growth, migra-
tion and invasion of GC cells in vitro. a Circ_0081146
expression in AGS and MGC-803 cells transfected with sh-
circ_0081146 or sh-NC was examined by qRT-PCR. b, ¢ The
viability of AGS and MGC-803 cells was assessed by CCK-8

generated from MGC-803 cells transfected with sh-
circ_0081146 had a smaller volume (Fig. 3a) and
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assay. d, e The proliferation of AGS and MGC-803 cells was
examined by colony formation assay. f-i The migration and
invasion of AGS and MGC-803 cells were measured by
Transwell assay. j, k The protein levels of PCNA and MMP9
were detected by western blot. *P < 0.05

lower weight (Fig. 3b). We then examined the
expression of circ_0081146 in the excised tumors by



Biotechnol Lett (2021) 43:767-779

773

1500+ 1500
o - sh-NC _
€ o
£ -= sh-circ_0081146 g
S 1000 £ 10004
£ =
2 * ©
o 3
Z 5004 5 500
g £
: 2
F o 0

0 7 14 21 28 35
Time(d)

Fig. 3 Circ_0081146 knockdown repressed tumor growth of
GC in vivo. Stable sh-circ_0081146 knockdown MGC-803 cells
were applied for in vivo assay. a Tumor volume was detected

qRT-PCR. The data showed that circ_0081146
expression was markedly decreased in the sh-
circ_0081146 group compared with the sh-NC group
(Fig. 3c). To sum up, consistent with the in vitro data,
silencing circ_0081146 inhibited tumor growth of GC
in vivo.

Circ_0081146 acted as a sponge of miR-144 in GC
cells

CircRNAs have been shown to function as miRNA
sponges, thereby disabling the function of the corre-
sponding miRNA (Li 2017; Yang et al. 2019). Next,
we investigated whether circTADA2A affected the
biological behavior of GC by sponging miRNAs.
MiR-144 was predicted to be a potential target by
CircInteractome, which shared complementary bind-
ing sites with circ_0081146 (Fig. 4a). The results of
dual-luciferase reporter assay indicated that miR-144
mimics (miR-144) obviously dwindled the luciferase
activity of  circ_0081146-WT  compared to
circ_0081146-MUT in AGS and MGC-803 cells
(Fig. 4b, c), and RNA pull-down assay showed that
Biotin-labeled miR-144 (Bio-miR-144) captured more
circ_0081146 compared with the biotin-labeled neg-
ative control (Bio-miR-NC) in AGS and MGC-803
cells (Fig. 4d, e). Furthermore, miR-144 expression
was notably lower in GC tissues than that in normal
tissues (Fig. 4f). A significant negative correlation
between the levels of circ_0081146 and miR-144 was
observed in GC tissues (r =-0.8546, P < 0.001)
(Fig. 4g). These results confirmed that circ_0081146
could sponge miR-144 in GC cells.

sh-NC sh-circ_0081146

(¢}

0.5+

Relative expression
of circ_0081146

0.0-
sh-NC sh-circ_0081146

every 7d (n = 8). b The tumors were weighed after mice were
euthanized. ¢ The expression of circ_0081146 was measured in
that tumor tissues by qRT-PCR. *P < 0.05

Interference with miR-144 rescued the anti-tumor
effect induced by sh-circ_0081146 in GC cells

To verify whether circ_0081146 affected the progres-
sion of GC cells by sponging miR-144, the rescue
experiments were performed. We found that
circ_0081146 knockdown drastically enhanced the
expression of miR-144 in AGS and MGC-803 cells,
and miR-144 inhibitor (anti-miR-144) could invert the
promotion effect of silencing circ_0081146 on miR-
144 expression (Fig. 5a). Functionally, the inhibitory
effects of circ_0081146 knockdown on cell prolifer-
ation (Fig. 5b, ¢), colony formation (Fig. 5d), migra-
tion (Fig. 5e) and invasion (Fig. 5f) were recovered by
miR-144 inhibitor in AGS and MGC-803 cells. Also,
the inhibition impact of circ_0081146 deletion on
protein levels of PCNA and MMP9 was regained by
miR-144 inhibitor in AGS and MGC-803 cells
(Fig. 5g, h). The above results demonstrated that
circ_0081146 knockdown impaired cell growth,
migration and invasion of GC cells by up-regulating
miR-144.

HMGB1 was validated as a target gene of miR-144

Subsequently, we predicted that miR-144 and 3’ UTR
of HMGB1 had binding sites by StarBase v.2.0
(Fig. 6a), and dual-luciferase reporter assay showed
that miR-144 mimics enormously decreased the
luciferase activity of HMGB1-WT, while there was
no significant change in the luciferase activity of
HMGB1-MUT in AGS and MGC-803 cells (Fig. 6b,
¢). In addition, RIP assay indicated that enrichment of
circ_0081146, miR-144 and HMGB1 was markedly
enhanced in the Ago2 group compared with that in the
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Fig.4 Circ_0081146 targeted miR-144. a The putative binding
sites of circ_0081146 and miR-144 were predicted by Circln-
teractome. b, ¢ The luciferase activity of AGS and MGC-803
cells co-transfected circ_0081146-WT or circ_0081146-MUT
and miR-144 or miR-NC was checked by dual-luciferase
reporter assay. d The biotinylated miR-144 or miR-NC was
transfected into AGS and MGC-803 cells and the level of

IgG group (Fig. 6d, e). More than that, miR-144
overexpression down-regulated the mRNA and pro-
tein levels of HMGB1 in AGS and MGC-803 cells
(Fig. 6f-h). To explore whether HMGB1 expression
was related to GC, its expression in GC tissues was
examined. The data of western blot assays showed that
the protein level of HMGB1 was increased in GC
tissues (Fig. 6i). More importantly, HMGBI1 expres-
sion was negatively correlated with the miR-144
expression in GC tissues (r = — 0.6905, P < 0.001)
(Fig. 6j), while the expression of HMGB1 was pos-
itively associated with the expression of circ_0081146
(r = 0.5963, P < 0.001) (Fig. 6k).

Overexpression of HMGB1 reversed the effect
of silencing circ_0081146 on GC cells

Considering that circ_0081146 directly targeted miR-
144 and HMGBI1 was the target gene of miR-144, we
further investigated whether circ_0081146 could
affect the progress of GC cells by regulating HMGB1.
Firstly, the mRNA and protein levels of HMGB1 were
silenced in AGS and MGC-803 cells transfected with
sh-circ_0081146, and overexpression of HMGBI1
could overturn the effect of sh-circ_0081146 on
HMGB1 expression (Fig. 7a—c). Meanwhile, we
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Relative expression of miR-144

circ_0081146 was quantified by qRT-PCR. e The expression of
miR-144 in AGS and MGC-803 cells transfected with sh-
circ_0081146 or sh-NC was examined by qRT-PCR. f MiR-144
expression in GC and noncancerous tissues was checked by
qRT-PCR. g The correlation between circ_0081146 and miR-
144 expression (r = — 0.8546, P < 0.001) was assessed by
Pearson’s coefficient correlation. *P < 0.05

found that overexpression of HMGB1 in AGS and
MGC-803 cells reversed the inhibitory impact of
circ_0081146 knockdown on cell proliferation
(Fig. 7d, e), colony formation (Fig. 7f), migration
(Fig. 7g), invasion (Fig. 7h), and protein levels of
PCNA and MMP9 (Fig. 7i). These results indicated
that knockdown of circ_0081146 inhibited growth,
migration and invasion of GC cells by regulating the
expression of HMGBI.

Circ_0081146 up-regulated the expression
of HMGBI1 by targeting miR-144 in GC cells

To confirm whether circ_0081146 could regulate
HMGBI1 expression by targeting miR-144, AGS and
MGC-803 cells were transfected with sh-NC, sh-
circ_0081146, sh-circ_0081146 + anti-miR-144. The
results demonstrated that circ_0081146 knockdown
distinctly reduced the mRNA and protein levels of
HMGBI, and interference with miR-144 could reverse
the impact of circ_0081146 knockdown on HMGBI1
expression (Fig. 8a—c), signifying that circ_0081146
acted as a ceRNA of miR-144 to increase the
expression of HMGBI in GC cells.
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Fig. 5 Interference with miR-144 rescued the anti-tumor effect
induced by sh-circ_0081146 in GC cells. a MiR-144 expression
in AGS and MGC-803 cells transfected with sh-NC, sh-
circ_0081146, sh-circ_0081146 + anti-miR-144 was detected
by qRT-PCR. b, ¢ The viability of AGS and MGC-803 cells was

Discussion

As a type of ncRNAs, the expression pattern of
circRNAs has attracted attention (Vicens and Westhof
2014). CircRNAs are specifically expressed in cancer
tissues and involved in regulating the development of
cancer, which may offer a novel approach for cancer
treatment (Chen et al. 2016). In this study, we found
that circ_0081146 was augmented in GC tissues,
serum and cells, which was consistent with the
previous microarray data (Dang et al. 2017). In
addition, circ_0081146 showed little degradation after
treatment with RNase R, demonstrating the stability of

Relative protein expression

¥ &
S

¥ &
<

examined by CCK-8 assay. d The proliferation of AGS and
MGC-803 cells was measured by colony formation assay. e,
f The migration and invasion of AGS and MGC-803 cells were
assessed by Transwell assay. g, h The protein levels of PCNA
and MMP9 were measured by western blot. *P < 0.05

circRNA reported in previous studies (Wu et al. 2018).
Simultaneously, circ_0081146 was confirmed to be an
exon circRNA mainly expressed in the cytoplasm of
GC cells, and the high expression of circ_0081146
could reduce the 5-year overall survival rate of GC
patients. In terms of function, we found that silencing
circ_0081146 hindered growth, migration and inva-
sion of GC cells in vitro, and impeded the growth of
tumor in vivo. These results suggested that
circ_0081146 might be a prognostic marker as an
oncogene in GC.

There are a variety of miRNAs binding sites in
circRNAs, and it has been well documented that
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Fig. 6 HMGBI was a target gene of miR-144. a The putative
binding sites of miR-144 and HMGB1 3'UTR were predicted by
StarBase v.2.0. b, ¢ The luciferase activity of AGS and MGC-
803 cells co-transfected HMGB1-WT or HMGB1-MUT and
miR-144 or miR-NC was measured by dual-luciferase reporter
assay. d, e The enrichment of circ_0081146, miR-144 or
HMGBI1 was measured by RIP assay in AGS and MGC-803
cells incubated with Ago2 or IgG. f-h The mRNA and protein

circRNAs modulate the expression of target mRNAs
by serving as competitive endogenous RNAs (ceR-
NAs) to sponge miRNAs (Gong et al. 2019). Further-
more, the miRNA-mRNA axis has been found to be
regulated by circRNA in a variety of tumor cells,
thereby promoting or inhibiting cancer progression
(Chan and Tay 2018). For example, circRNA
CACTIN facilitated the progression of GC via miR-
331-3p/TGFBRI1 regulatory axis (Zhang et al. 2019).
In this study, we validated that circ_0081146 could
target miR-144 in GC cells through dual-luciferase
reporter and RNA pull down assays. MiR-144 has
been found to be down-regulated in a variety of
cancers, including colorectal cancer (Shi et al. 2019)
and osteosarcoma (Liu et al. 2019). MiR-144 has also
been shown to inhibit the progression of GC by
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levels of HMGB1 in AGS and MGC-803 cells transfected with
miR-144 or miR-NC were examined by qRT-PCR and western
blot, respectively. i The protein level of HMGB1 in GC tissues
and normal tissues was detected by western blot. j, k The
correlations between HMGB1 and miR-144 expression
(r= —0.6905, P <0.001), and HMGB1 and circ_0081146
expression (r = 0.5963, P < 0.001) were analyzed by Pearson’s
coefficient correlation. *P < 0.05

targeting PIM1 (Ren et al. 2017) and COX-2 (Yao
et al. 2018), respectively. However, a study reported
that miR-144 acted as an oncogene in nasopharyngeal
carcinoma to promote cancer development (Zhang
et al. 2013). Our data showed that miR-144 was
declined in GC tissues. Moreover, circ_0081146
knockdown suppressed growth, migration and inva-
sion of GC cells through up-modulating miR-144
expression, this also proved that miR-144 was an anti-
tumor factor in GC, which was consistent with
previous data (Liu et al. 2015).

According to previous research reports, abnormally
expressed HMGBI is related to the occurrence and
development of many cancers (Tripathi et al. 2019).
Specifically, HMGBI1 could accelerate angiogenesis
and tumor migration in breast cancer (He et al. 2019).
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Fig. 8 Circ_0081146 up-regulated the expression of HMGB1
by targeting miR-144 in GC cells. a—¢ The mRNA and protein
levels of HMGBI1 in AGS and MGC-803 cells transfected with

Zhang et al. indicated that HMGBI1 release mediated
by autophagy promoted cell survival in GC (Zhang
et al. 2015). Our results suggested that HMGB1 was
directly targeted by miR-144 and a significant inverse

sh-NC, sh-circ_0081146, sh-circ_0081146 + anti-miR-144
were detected by qRT-PCR and western blot, respectively.
*P < 0.05

correlation between them was also observed. More
than that, the expression of HMGB1 was actively
related to the circ_0081146 expression. In the func-
tional assays, overexpression of HMGB1 eliminated
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the inhibition effect of circ_0081146 knockdown on
GC cells. Interestingly, circ_0081146 could serve as a
ceRNA of miR-144 to increase the expression of
HMGBI1 in GC cells. To sum up, these data implied
that circ_0081146 knockdown repressed the progres-
sion of GC via acting as a miR-144 sponge to modulate
HMGBI1 expression.

In conclusion, our data supported that
circ_0081146 was up-regulated in GC tissues, serum
and cells, and the high expression of circ_0081146
was related to the low 5-year overall survival rate of
GC patients. Additionally, the growth, migration and
invasion abilities of GC cells were restrained through
interference with circ_0081146. Our results revealed
that circ_0081146 might up-regulate the expression
HMGBI to facilitate the progress of GC by sponging
miR-144, providing a novel molecular mechanism for
the study of GC development.
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