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Background: Circular RNAs (circRNAs) play an essential role in the pathogenesis of
malignant tumors, including gastric cancer (GC). However, the effect of circ 0032821 on
GC remains largely unknown.

Methods: QRT-PCR assay was employed to examine the levels of circ_0032821, CEP128
mRNA and miR-1236-3p. RNase R digestion assay was utilized to verify the feature of
circ_0032821. Cell Counting Kit-8 (CCK-8) assay and transwell assay were adopted to
evaluate cell proliferation and metastasis. The level of glycolysis was evaluated through
detecting ECAR, OCR, lactate production, glucose uptake and ATP synthesis. Dual-
luciferase reporter assay and RIP assay were conducted to analyze the relationship between
miR-1236-3p and circ_0032821 or HMGB1. Western blot assay was adopted for high
mobility group box 1 (HMGBI) level. Murine xenograft model assay was utilized for the
effect of circ 0032821 in vivo.

Results: High level of circ 0032821 was observed in GC tissues and cells. Silencing of
circ_0032821 markedly repressed cell proliferation, metastasis and glycolysis in GC cells
in vitro and blocked tumorigenesis of GC in vivo. For mechanism analysis, circ 0032821
was identified as the sponge of miR-1236-3p and HMGB1 was the target gene of miR-1236-
3p. Moreover, miR-1236-3p suppression restored the influences of circ_0032821 deficiency
on GC cell proliferation, metastasis and glycolysis. Overexpression of miR-1236-3p relieved
the malignant behaviors of GC cells by targeting HMGBI1.

Conclusion: Circ 0032821 accelerated GC development through elevating HMGBI expres-
sion via sponging miR-1236-3p.

Keywords: gastric cancer, circ_0032821, miR-1236-3p, HMGBI1

Introduction
Gastric cancer (GC) is one of the most common malignant tumors in the digestive
tract, ranking the third cancer-related death worldwide.! As a global high incidence
tumor, the treatment of GC has attracted much attention. In recent years, despite
much progression has been made in the diagnosis and therapy methods of GC, it
still has high incidence and mortality rates.”’ It is thus urgent to understand the
pathogenesis responsible for GC and develop new treatment methods for this lethal
disease.

Circular RNAs (circRNAs) are a newly identified type of non-coding RNAs
(ncRNAs) featured by closed-loop structures.*” In recent years, the functions of
circRNAs have received the researchers’ attention with the progression of
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bioinformatics and  high

technologies.® Emerging evidence has reported that

throughput  sequencing
circRNAs exert essential functions in the carcinogenesis
of GC. The abnormal elevation of circ 0009910 was
linked to the worse clinical characteristics and facilitated
GC cell progression and metastasis.” Circ-MAT2B accel-
erated GC cell colony formation, viability and glycolysis
via modulation of miR-515-5p/HIF-10.® As for
circ_ 0032821, Jiang et al disclosed that circ 0032821
promoted the malignant phenotypes of GC cells by acti-
vating MEK1/ERK1/2 signaling pathway.” Nevertheless,
the exact roles and underlying mechanisms of
circ_ 0032821 are barely understood.

MicroRNAs (miRNAs) are small ncRNAs with ~22
nucleotides and predominantly alter gene expression
through recognition of 3'UTR of target genes.'” The
abnormal expression of miRNAs, such as miR-615-3p,'!
miR-491-5p'* and miR-181b,"* has been detected and
demonstrated to play a crucial role in GC progression.
Recently, the tumor-suppressive roles of miR-1236-3p
have been reported in human cancers, including GC.'*'¢
For instance, An et al unraveled that miR-1236-3p
restrained the malignant biological behaviors of GC cells
via interaction with MTA2.'” High mobility group box 1
(HMGBI) is a nonhistone chromosomal protein and has
a vital role in GC development.'®'? For example, HMGBI1
contributed to GC cell invasion and growth by modulating
NF-kB pathway.?’ Li et al claimed that HMGBI took part
in regulating GC cell growth via acting as the target of
miR-1179.2! Nonetheless, it is still unclear whether
HMGBI can be targeted by miR-1236-3p to alter GC
development.

The purpose of this research was to decipher the
expression pattern of circ 0032821 in GC, and then
further explore the specific functions and regulatory
mechanisms of circ_0032821 in GC carcinogenesis.

Materials and Methods

Specimens Acquisition

Fifty-one pairs of GC tissue specimens and adjacent nor-
mal tissue specimens were collected from GC patients at
Xiang’an Hospital of Xiamen University. This work was
allowed by the Ethics Committee of Xiang’an Hospital of
Xiamen University and was conducted in accordance with
the Helsinki Declaration. Written informed consents were
provided by the enrolled patients. The collected tissues
were stored at —80°C prior to use.

Cell Culture

GC cell lines (MKN-45, N87, HGC27 and AGS) and
gastric epithelial cell line (GES-1) were bought from
Procell (Wuhan, China). The cells were kept in RPMI
1640 medium (Procell) added with 10% FBS (Procell)
and 1% penicillin-streptomycin (Procell) at 37°C in
a humidified environment consisting of 5% CO,.

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

The RNA in tissues and cells was extracted utilizing
TRIzol (Thermo Fisher Scientific, Waltham, MA, USA)
and quantified utilizing a NanoDrop 2000c spectrophot-
ometer (Thermo Fisher Scientific). Then M-MLV First
Strand Kit (Takara, Dalian, China) or miRNA first strand
cDNA Synthesis Kit (GeneCopoeia, Wuhan, China) was
employed to reversely transcribe RNA into cDNA. Then
gRT-PCR reaction was manipulated utilizing BeyoFast™
SYBR Green gPCR Mix (Beyotime, Shanghai, China) and
specific primers (GeneCopoeia) on CFX96 Touch Real-
time PCR detection system (Bio-Rad, Hercules, CA,
USA). The primers were: circ_0032821: (F: 5'-AGGAA
TCTGAGTTGCAGTGTCTC-3" and R: 5-TGATCCT
TGAGCTGCAATCTGG-3"); CEP128: (F: 5-TGATGCC
TCTCTGCCTCTTT-3' and R: 5-GAAAAGCCAACTG
CCAGAAG-3"); miR-1236-3p: (F: 5'-CCAATCAGCCTC
TTCCCCTT-3" and R: 5-TATGGTTGTTCACGACTCC
TTCAC-3"); HMGBI1: (F: 5-TGCAGATGACAAGCAG
CCTT-3' and R: 5'-GCTGCATCAGGCTTTCCTTT-3'); B-
actin: (F: 5-CCCGAGCCGTGTTTCCT-3' and R: 5'-GTC
CCAGTTGGTGACGATGC-3"); U6: (F: 5-CTCGCTTC
GGCAGCACA-3' and R: 5'-AACGCTTCACGAATTTGC
GT-3"). The results were computed through the 2-AACt
strategy with B-actin or U6 as an internal reference.

RNase R Digestion Assay

5 ng total RNA isolated from HGC27 and AGS cells was
treated with 20 U RNase R (Epicentre, Madison,
Wisconsin, USA) for 30 min at 37°C. Thereafter, the
abundance of circ_0032821 and CEP128 mRNA was esti-
mated via qRT-PCR analysis.

Cell Transfection

Three circ 0032821 small interfering RNAs (si-circ
_0032821#1, si-circ_0032821#2 and si-circ_0032821#3)
and scramble siRNA (si-NC), circ_0032821 overexpres-
sion vector (circ_0032821) and its control (Vector), miR-
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1236-3p mimics (miR-1236-3p) and miR-NC, miR-1236-
3p inhibitors (in-miR-1236-3p) and in-miR-NC, the over-
expression vector of HMGB1 (HMGBI) and its control
(pcDNA), short hairpin RNA against circ_0032821 (sh-
circ 0032821) and sh-NC were all synthesized by
GeneCopoeia. HGC27 and AGS cells were cultured in
6-well plates and transfected with synthetic plasmids or
oligonucleotides utilizing Lipofectamine 3000 (Life

Technologies, Darmstadt, Germany).

Cell Counting Kit-8 (CCK-8) Assay
CCK-8 assay was executed to determine the proliferation
capacity of HGC27 and AGS cells. In short, transfected
cells (2x10%) were seeded into each well of the 96-well
plates and cultivated for 24 h. Then 10 uL. CCK-8 (5 mg/
mL; Boster, Wuhan, China) was supplemented into the
well at 0 h, 24 h, 48 h and 72 h with incubation for an
additional 2 h. The absorption was recorded at 450 nm
with a microplate reader (Potenov, Beijing, China).

Transwell Assay

The transwell inserts (BD Bioscience, San Jose, CA, USA)
precoated with or without 5% Matrigel (BD Biosciences)
were adopted to test the invasion and migration of HGC27
and AGS cells, respectively. Briefly, 2x10* transfected
cells suspended in serum-free medium were added into
the top chambers. 600 pL full culture medium was added
into the bottom chambers. After incubation for 24 h, cells
that migrated/invaded into the lower membrane surface
were fixed in methanol and dyed with 0.1% crystal violet
(Sangon, Shanghai, China), and then counted under a light
microscope (Olympus, Tokyo, Japan) at the magnification
of 100x.

Measurements of Extracellular
Acidification Rate (ECAR) and Oxygen

Consumption Rate (OCR)

The ECAR and OCR of GC cells were examined with
a Seahorse XFe96 Extracellular Flux Analyzer (Seahorse
Bioscience, Billerica, MA, USA) according to the instruc-
tions of manufacturer. The Seahorse XF Glycolysis Stress
Test kit (Seahorse Bioscience) and Seahorse XF Cell Mito
Stress Test kit (Seahorse Bioscience) were adopted to
measure ECAR and OCR of GC cells. Briefly, 1x10°
cells were plated into Seahorse plates, maintained over-
night and then washed with Seahorse buffer. Next,
Seahorse buffer including glucose (Glc), oligomycin

(Oligo) and 2-deoxyglucose (2-DG) were injected into
the analyzer in the proper order to measure ECAR. For
OCR measurement, Seahorse buffer including oligomycin
(Oligo), p-trifluoromethoxy carbonyl cyanide phenylhy-
drazone (FCCP) and rotenone + antimycin A (Rot + AA)
were sequentially injected. The results were analyzed
using software XF-96 wave (Seahorse Bioscience).

Detection of Lactate Production, Glucose
Uptake and ATP Synthesis

The levels of lactate production, glucose consumption and
ATP synthesis in HGC27 and AGS cells were measured
using lactate assay kit (Sigma-Aldrich, St. Louis, MO,
USA), glucose assay kit (Sigma-Aldrich) and ATP assay
kit (Sigma-Aldrich) in line with the manufacturer’s
instructions, respectively.

Dual-Luciferase Reporter Assay

The circ 0032821 and HMGBI1 3'UTR wild-type with
potential miR-1236-3p binding sites and mutant without
miR-1236-3p binding sites were amplified and cloned into
pmirGLO plasmid (Promega, Madison, WI, USA), estab-
lishing circ 0032821 WT, circ_0032821 MUT, HMGBI1
3'UTR WT and HMGB1 3'UTR MUT. Next, the indicated
luciferase vectors were transfected into HGC27 and AGS
cells in combination with miR-1236-3p or miR-NC. After
48 h, the measurement of luciferase activity was done
using Dual-Luciferase Reporter Assay Kit (Promega).

RNA Immunoprecipitation (RIP) Assay
RIP assay was implemented with Imprint® RNA
Immunoprecipitation Kit (Sigma-Aldrich). In brief,
HGC27 and AGS cells transfected with miR-1236-3p or
miR-NC were lysed in RIP lysis buffer and then cultivated
with magnetic beads conjugated with Ago2 and IgG. Next,
the samples were incubated with proteinase K (Solarbio,
Beijing, China) for 30 min. Afterward, the immunopreci-
pitated RNA was extracted and subjected to qRT-PCR

analysis for circ_0032821 enrichment.

Western Blot Assay

The isolation of total protein was executed utilizing RIPA
buffer (CWBio, Beijing, China) and the concentrations of
proteins were measured with a BCA Protein Quantification
Kit (Vazyme, Nanjing, China). Then equal amounts of
protein were separated through sodium dodecyl sulfonate-
polyacrylamide gel (Solarbio) electrophoresis followed by
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transferring into polyvinylidene difluoride membranes
(Amersham Biosciences, Chicago, IL, USA). After block-
ing in 5% non-fat milk for 1 h at indoor temperature, the
membranes were incubated overnight with primary anti-
bodies: B-actin (bs-0061R; Bioss, Beijing, China) and
HMGBI (bs-0664R; Bioss) at 4°C and probed with horse-
radish peroxidase-conjugated secondary antibody (bs-
0295M-HRP; Bioss) for 1 h at indoor temperature. The
signals were examined using chemiluminescent substrate
kit (Millipore, Bedford, MA, USA).

Murine Xenograft Model

AGS cells stably transfected with sh-circ 0032821 or sh-
NC were suspended in 100 pL. PBS (Solarbio) and then
inoculated subcutanecously into the BALB/c nude mice
(4-6 weeks old; Vital River Laboratory, Beijing, China).
The volume of xenograft neoplasms was examined every 7
days and estimated via the equation: (lengthxwidth?)/2.
On day 28, the mice were sacrificed and the xenograft
neoplasms were harvested, weighed and then saved at
—80°C for the subsequent experiments. The animal studies
were permitted by the FEthics Committee of Animal
Research of Xiang’an Hospital of Xiamen University and
carried out following the guidelines of the national animal
protection and ethics institute.

Statistical Analysis

The experiments were manipulated in triplicate. Data ana-
lysis was finished using GraphPad Prism 7 and the results
were exhibited as mean + SD. The differences were ana-
lyzed by Student’s t-test or one-way analysis of variance
(ANOVA). The correlations among circ_0032821, miR-
1236-3p and HMGB1 were estimated through Pearson
correlation coefficient analysis. P value less than 0.05
denoted statistical significance.

Results
Circ_0032821 Was Upregulated in GC

Tissues and Cells

By analyzing public GEO dataset GSE78092, we found
that 10 circRNAs were abnormally upregulated in GC
samples compared to normal samples (Figure 1A). Next,
we selected 5 circRNAs (hsa circ 0005533, hsa -
circ_0004099, hsa circ 0032821, hsa circ 0000144 and
hsa_circ_0023642) and verified their levels in GC tissues
and normal tissues by qRT-PCR assay. The results showed
that they were increased in GC tissues compared to normal

tissues (Figure 1B). We chose hsa circ 0032821 as our
research target because it had a more significant difference
between GC and normal tissues than the other 4 circRNAs.
Moreover, circ 0032821 was conspicuously elevated in
the clinical GC tissues in comparison with adjacent non-
tumor tissues (Figure 1C). As shown in Figure 1D,
circ_ 0032821 originated from the exons (16-18) of
CEPI128 gene and its mature length after splicing was
430 nts. exhibited that
circ_ 0032821 was evidently increased in GC cell lines
(MKN-45, N87, HGC27 and AGS) compared to GES-1
cell line (Figure 1E). In addition, we determined the fea-
ture of circ 0032821 in HGC-27 and AGS cells using
RNase R assay, showing that circ 0032821 was resistant
to RNase R digestion, while CEP128 was digested by
RNase R (Figure 1F and G). Taken together, the dysregu-
lation of circ_0032821 might be linked to the progression
of GC.

Furthermore, our results

Silencing of Circ_0032821 Inhibited GC
Cell Proliferation, Migration, Invasion and
Glycolysis

To explore the roles of circ 0032821 in GC develop-
ment, si-circ_0032821#1, si-circ_0032821#2 or si-circ
_0032821#3 was transfected into HGC27 and AGS
cells to knockdown the expression of circ 0032821. As
exhibited in Figure 2A and B, si-circ_0032821#1, si-circ
_0032821#2 or si-circ_0032821#3 transfection remark-
ably reduced the level of circ 0032821 in HGC27 and
AGS cells, and the knockdown efficiency of si-circ
_0032821#1 more significant than
- 0032821#2 and si-circ_0032821#3; thus,
_0032821#1 was selected to conduct further functional
experiments. CCK-8 assay showed that circ 0032821
knockdown drastically suppressed the proliferation abil-
ity of HGC27 and AGS cells (Figure 2C and D). The
results of transwell assay indicated the migration and

was si-circ

si-circ

invasion capacities of HGC27 and AGS cells were strik-
ingly repressed by circ_0032821 knockdown in compar-
(Figure 2E and F).
Subsequently, we investigated the effect of
circ 0032821 on glycolysis in HGC27 and AGS cells.
For ECAR analysis, circ_0032821 knockdown distinctly
reduced the maximal ECAR in both cell types compared

ison with control groups

to control groups (Figure 2G and H). For OCR analysis,
circ_ 0032821 deficiency evidently elevated the basal

and maximum OCR relative to control groups
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Figure | High expression of circ_0032821 in GC tissues and cells. (A) The heatmap showed the dysregulated circRNAs derived from GEO dataset GSE78092. (B) The 5
increased circRNAs (hsa_circ_0005533, hsa_circ_0004099, hsa_circ_0032821, hsa_circ_0000144 and hsa_circ_0023642) were verified by qRT-PCR analysis. (C) QRT-PCR
analysis was adopted for the expression of circ_0032821 in GC tissues (n=51) and adjacent normal tissues (n=51). (D) Schematic illustration presented that circ_0032821
was transcribed from the exons |6—18 of CEP128 gene. (E) QRT-PCR assay was performed for circ_0032821 level in GES-1, MKN-45, N87, HGC27 and AGS cells. (F and
G) After total RNA from HGC-27 and AGS cells was treated with or without RNase R, the levels of circ_0032821 and CEP128 mRNA were determined using qRT-PCR test.
*P<0.05 vs GES-1, *P<0.0] vs Normal, GES-1 or Mock, **P<0.001 vs Normal or GES-1, ***P<0.0001 vs Normal.

(Figure 2I and J). Additionally, we determined the levels
of lactate production, glucose uptake and ATP synthesis
kits. The that
circ_0032821 interference markedly decreased the levels

using relevant results showed
of lactate production, glucose uptake and ATP synthesis
in HGC27 and AGS cells in comparison with control
(Figure 2K-M). circ_0032821

knockdown restrained the proliferation, metastasis and

groups Collectively,

glycolysis in GC cells.

Circ_0032821 Functioned as the Sponge
of MiR-1236-3p in GC Cells

To clarify the underlying mechanism of circ 0032821 in
GC progression, online tool circinteractome was utilized to

analyze the potential targets of circ_0032821. As pre-
sented in Figure 3A, miR-1236-3p was found to be
a target of circ 0032821
sequences were shown. To verify this prediction, we firstly

and their complementary

conducted dual-luciferase reporter assay. The results
showed that miR-1236-3p transfection apparently inhib-
ited the luciferase activity of circ_0032821 WT, but did
not affect the luciferase activity of circ_0032821 MUT in
both HGC27 and AGS cells (Figure 3B and C). Then the
RIP results showed that miR-1236-3p transfection evi-
dently enriched the level of circ 0032821 in Ago2 in
both HGC27 and AGS cells compared to miR-NC groups,
whereas circ 0032821 was undetectable in IgG all along,
further confirming the interaction between circ 0032821
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Figure 2 Circ_0032821 silencing hampered GC cell malignant behaviors. (A and B) The level of circ_0032821 in HGC27 and AGS cells transfected with si-circ_0032821#I,
si-circ_0032821#2, si-circ_0032821#3 or si-NC was determined through qRT-PCR analysis. (C-M) HGC27 and AGS cells were transfected with si-circ_0032821#1 or si-
NC. (C and D) The proliferation of HGC27 and AGS cells was evaluated by CCK-8 assay. (E and F) The migration and invasion of HGC27 and AGS cells were assessed
through transwell assay. (G—J) The ECAR and OCR of HGC27 and AGS cells were measured with a Seahorse XFe96 Extracellular Flux Analyzer. (K—M) The levels of lactate
production, glucose production and ATP production in HGC27 and AGS cells were examined with specific kits. *P<0.05 vs si-NC, **P<0.01 vs si-NC.

and miR-1236-3p (Figure 3D). Next, our results exhibited
that miR-1236-3p was lowly expressed in GC tissues and
cells compared to normal tissues and cells (Figure 3E and
F). Moreover, our results presented that there was an
inverse correlation between the expression of
circ 0032821 and miR-1236-3p GC tissues
(Figure 3G). Afterward, we transfected circ 0032821 or
Vector into HGC27 and AGS cells to analyze the effect of
circ_0032821 on miR-1236-3p expression. The transfec-

in

tion efficiency was evaluated by qRT-PCR assay, showing
that circ 0032821 was successfully transfected into
HGC27 and AGS cells (Figure 3H). In addition, we
observed that circ_0032821 transfection markedly reduced
miR-1236-3p level in HGC27 and AGS cells (Figure 31).
To summarize, circ 0032821 negatively modulated miR-
1236-3p expression via acting as the sponge of miR-
1236-3p.

Inhibition of MiR-1236-3p Abrogated the
Malignant Behaviors of GC Cells

Mediated by Circ_0032821 Deficiency

To elucidate whether circ_0032821 could alter GC cell pro-
gression by targeting miR-1236-3p, rescue experiments were
conducted by administrating si-NC, si-circ_0032821#1, si-
circ_0032821#1+in-miR-NC or si-circ_0032821#1+in-miR
-1236-3p into HGC27 and AGS cells. As shown in
Figure 4A, si-circ 0032821#1 transfection obviously
enhanced miR-1236-3p expression in HGC27 and AGS
cells, while the administration of in-miR-1236-3p partially
restored the impact. As illustrated by CCK-8 experiment and
transwell experiment, the suppressive roles of circ_0032821
knockdown in cell proliferation, migration and invasion were
ameliorated by reducing miR-1236-3p expression in both
HGC27 and AGS cells (Figure 4B-E). Additionally, the
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Figure 3 Circ_0032821 negatively regulated miR-1236-3p expression by directly targeting. (A) The binding sequences between circ_0032821 and miR-1236-3p were
presented. (B and C) The luciferase activity in HGC27 and AGS cells co-transfected with miR-1236-3p/miR-NC and circ_0032821 WT/circ_0032821 MUT was measured by
dual-luciferase reporter assay. (D) After overexpression of miR-1236-3p, the enrichment of circ_0032821 in the samples bound to Ago2 or IgG antibody was analyzed by RIP
assay. (E and F) The level of miR-1236-3p in GC tissues, cells and corresponding normal tissues and cells was examined through qRT-PCR assay. (G) The linear correlation
between circ_0032821 and miR-1236-3p in GC tissues was estimated. (H and I) The levels of circ_0032821 and miR-1236-3p in HGC27 and AGS cells treated with
circ_0032821 or Vector were determined using qRT-PCR assay. **P<0.01 vs control, miR-NC or vector, ***P<0.001 vs miR-NC or GES-I, ***¥P<0.0001 vs Normal.

association between circ_0032821 and miR-1236-3p in reg-
ulating glycolysis level was explored. Our results indicated
that circ_0032821 knockdown decreased the maximal ECAR
and increased the consumption of oxygen in HGC27 and
AGS cells, while miR-1236-3p inhibition effectively abol-
ished the impacts (Figure 4F-I). Additionally, circ 0032821
deficiency reduced the levels of lactate production, glucose
consumption and ATP synthesis in HGC27 and AGS cells,
while the effects were overturned by reducing miR-1236-3p
(Figure 4J-L). These results demonstrated that circ 0032821
knockdown suppressed GC cell malignant phenotypes by
binding to miR-1236-3p.

HMGBI Was a Direct Target Gene of
MiR-1236-3p

Through searching online software TargetScan, HMGBI
was found to be the target gene of miR-1236-3p and their

potential binding sites are exhibited in Figure 5A. To
verify this prediction, dual-luciferase reporter assay was
carried out. The results showed that miR-1236-3p trans-
fection resulted in a remarkable suppression in the lucifer-
ase activity of HMGB1 3'UTR WT in both HGC27 and
AGS cells compared to miR-NC groups, while the lucifer-
ase activity of HMGBI1 3'UTR MUT was not changed by
miR-1236-3p transfection, further confirming the combi-
nation between HMGB1 and miR-1236-3p (Figure 5B and
C). As expected, the protein level of HMGB1 was evi-
dently enhanced in GC tissues and cells relative to normal
tissues and cells (Figure 5D and E). Furthermore, our
results showed that HMGB1 mRNA level was negatively
correlated with miR-1236-3p level and positively corre-
lated with circ_0032821 in GC tissues (Figure 5F and G).
We also demonstrated that miR-1236-3p transfection led to
a distinct downregulation in HMGBI1 protein level in
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Figure 4 Knockdown of circ_0032821 repressed GC cell progression by targeting miR-1236-3p. Si-NC, si-circ_0032821#]1, si-circ_0032821#1|+in-miR-NC or si-circ
_0032821#1+in-miR-1236-3p was transfected into HGC27 and AGS cells. (A) QRT-PCR assay was conducted for miR-1236-3p expression in HGC27 and AGS cells. (B and
C) CCK-8 assay was utilized for the proliferation of HGC27 and AGS cells. (D and E) Transwell assay was performed to analyze the migration and invasion of HGC27 and
AGS cells. (F-1) The ECAR and OCR of HGC27 and AGS cells were measured with a Seahorse XFe96 Extracellular Flux Analyzer. (J-L) Lactate production, glucose
production and ATP production in HGC27 and AGS cells were examined with kits. *P<0.05 vs si-NC or si-circ_0032821#|+in-miR-NC, **P<0.0! vs si-NC or si-circ
_0032821#1+in-miR-NC, #P<0.05 vs si-circ_0032821#1+in-miR-NC, *P<0.01 vs si-circ_003282 I#1 +in-miR-NC.

HGC27 and AGS cells in comparison with miR-NC
groups (Figure 5H). In addition, circ 0032821 silencing
drastically decreased the protein level of HMGBI in
HGC27 and AGS cells, while the effect was weakened
by the inhibition of miR-1236-3p (Figure 5I). All these
findings suggested that circ 0032821 positively regulated
HMGBI expression via targeting miR-1236-3p in GC
cells.

MiR-1236-3p Overexpression Relieved
the Malignant Phenotypes of GC Cells by
Targeting HMGBI

To further investigate the effects of miR-1236-3p and
HMGBI on GC cell progression, HGC27 and AGS cells
were assigned to 4 groups: miR-NC, miR-1236-3p, miR-
1236-3ptpcDNA and miR-1236-3p+tHMGB1. As we
observed in Figure 6A, the downregulation of HMGBI1
protein level caused by miR-1236-3p transfection in
HGC27 and AGS cells were overturned by the transfection
of HMGBI. The results of CCK-8 assay and transwell
assay indicated that miR-1236-3p overexpression con-
spicuously restrained the proliferation, migration and

invasion capacities of HGC27 and AGS cells, while the
effects were relieved by elevating HMGBI1 expression
(Figure 6B-E). In addition, we found that the maximal
ECAR was reduced and the consumption of oxygen was
increased in HGC27 and AGS cells overexpressing miR-
1236-3p, while HMGBI1 upregulation effectively reversed
the impacts (Figure 6F-I). Furthermore, the elevation of
miR-1236-3p markedly reduced the levels of lactate pro-
duction, glucose consumption and ATP generation in
HGC27 and AGS cells, but HMGBI1 overexpression par-
tially overturned the effects (Figure 6J-L). Taken together,
miR-1236-3p repressed GC cell proliferation, migration,
invasion and glycolysis by targeting HMGB1.

Circ_0032821 Knockdown Blocked

Tumor Growth of GC in vivo

At last, the function of circ_0032821 in the tumorigenesis of
GC was explored through in vivo murine xenograft models.
Circ_0032821-silenced AGS cells were administrated into
the nude mice. Tumor volume was monitored every 7 days
and tumors were harvested and weighed after 28 days. As
a result, reduced tumor volume and weight were observed in
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Figure 5 MiR-1236-3p negatively regulated HMGBI expression by directly interaction.
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(A) The binding sites between miR-1236-3p and HMGBI 3'UTR. (B and C) The

combination between miR-1236-3p and HMGBI was confirmed by dual-luciferase reporter assay. (D and E) The protein level of HMGBI in GC tissues, cells and matched
normal tissues and cells was measured by Western blot assay. (F and G) The correlation between HMGBI mRNA and miR-1236-3p or circ_0032821 in GC tissues was

analyzed by Pearson correlation coefficient analysis. (H) The protein level of HMGBI in
Western blot analysis. (I) After HGC27 and AGS cells were treated with si-NC, si-circ_|

HGC27 and AGS cells transfected with miR-1236-3p or miR-NC was examined via
003282 1#1, si-circ_0032821#1+in-miR-NC or si-circ_003282#1+in-miR-1236-3p,

the protein level of HMGBI in HGC27 and AGS cells was detected through Western blot assay. *P<0.05 vs control, miR-NC or si-circ_003282 1# | +in-miR-NC, **P<0.0| vs

control, miR-NC or si-NC, **P<0.00] vs GES-I, ***P<0.0001 vs Normal.

mice inoculated with circ_0032821-silenced AGS cells com-
pared to control groups (Figure 7A and B). Moreover, we
found that circ 0032821 and HMGBI protein levels were
lower and miR-1236-3p level was higher in the xenograft
tumor tissues from sh-circ_0032821 groups than sh-NC con-
trol groups (Figure 7C-E). These results suggested that
circ_0032821 knockdown hampered tumor growth of GC

in vivo.

Discussion

Accumulating studies have pointed out that circRNAs play
vital roles in tumorigenesis, including GC. However, the
effects of circ_0032821 on GC have not been well defined
yet. Herein, we focused on the functional roles and under-
lying mechanisms of circ 0032821 in GC. As a result, we
demonstrated that circ_ 0032821 overexpression facilitated

cell proliferation, migration, invasion and glycolysis in GC
cells. Moreover, the regulatory axis circ_0032821/miR-
1236-3p/HMGBI1 in GC was discovered.

In the previous reports, circRNAs have been claimed to
participate in regulating GC development via the compe-
titive endogenous RNAs (ceRNAs) regulatory mechanism
of circRNA/miRNA/mRNA axis.*
SERPINE2 accelerated GC cell growth and restrained
apoptosis via modulation of miR-375/YWHAZ axis.>
Circ_0092306 repressed cell apoptosis and promoted via-
bility and motility in GC cells by decreasing miR-197-3p
and increasing PRKCB.** As a member of circRNAs,
Jiang et al declared that circ 0032821
expressed in GC and its silencing led to an obvious sup-

For instance, circ-

was highly

pression in cell proliferation and motility and a distinct
promotion in autophagy in GC cells.’ In line with the
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Figure 6 MiR-1236-3p directly bound to HMGBI to repress GC cell progression. HGC27 and AGS cells were administrated with miR-NC, miR-1236-3p, miR-1236-3p
+pcDNA or miR-1236-3p+HMGBI. (A) Western blot assay was conducted to determine the protein level of HMGBI in HGC27 and AGS cells. (B and C) CCK-8 assay was
adopted to evaluate the proliferation of HGC27 and AGS cells. (D and E) Transwell assay was conducted for the migration and invasion of HGC27 and AGS cells. (F-I) The
ECAR and OCR of HGC27 and AGS cells were measured using a Seahorse XFe96 Extracellular Flux Analyzer. (J-L) The levels of lactate production, glucose consumption
and ATP generation in HGC27 and AGS cells were determined with kits. *P<0.05 vs miR-NC or miR-1236-3p+pcDNA, *4P<0.01 vs miR-NC, #P<0.05 vs miR-1236-3p

+pcDNA, #P<0.01 vs miR-1236-3p+pcDNA.

results of Jiang et al, we also observed that circ 0032821
in GC
Circ 0032821 interference predominantly impeded the

level was raised tissues and cell lines.
proliferation and metastasis abilities of GC cells. It has
been widely accepted that tumors cells can overcome
metabolic stress and promote energy replenishment to
meet the rapid growth of tumor cells.?>*® Thus, we there-
fore investigated whether circ 0032821 could alter the
level of glycolysis in GC cells. Our results showed that
circ_0032821 knockdown decelerated the glycolysis level
in GC cells, as demonstrated by decreased ECAR, lactate
production, glucose consumption and ATP synthesis and
increased OCR. Moreover, we found that circ 0032821
deficiency blocked the tumorigenicity of GC in vivo. All
these results illustrated the oncogenic role of circ 0032821
in GC.

For mechanism analysis, circ_0032821 was demon-
strated to enhance HMGB1 expression via functioning as
the sponge of miR-1236-3p. In this paper, miR-1236-3p
level was found to be reduced in GC tissues and cells.
Moreover, circ 0032821 knockdown-mediated malignant

GC cell phenotypes were -effectively recovered by

reducing miR-1236-3p, indicating that circ 0032821
facilitated GC progression via targeting miR-1236-3p.
Previous studies indicated that miR-1236-3p level was
declined in GC tissues and low expression of miR-1236-
3p was related to worse clinical characteristics and poor
prognosis of GC patients.'®*” Moreover, miR-1236-3p
could interact with MTA2 to repress GC cell proliferation
and metastasis.'” Consistently, our results exhibited that
miR-1236-3p upregulation drastically hampered GC cell
growth, motility and glycolysis. Additionally, HMGBI1
was demonstrated to be a target gene of miR-1236-3p for
the first time. In GC, HMGBI has been verified to act as
the target of miR-1179,%! miR-129-5p*® and miR-505%° to
modulate GC progression. In addition to a nuclear function
as a DNA chaperone and cell death regulator, HMGBI can
be released into the extracellular environment to act as the
prototypic damage-associated ~ molecular  pattern
molecule.'” Moreover, a previous study showed that
HMGBI could regulate YAP-mediated HIFla pathway to
activate the transcription of glycolysis genes, which in turn
mediated the glycolysis to obtain energy to meet tumor

cell proliferation.® In this research, we demonstrated that
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Figure 7 Circ_0032821 deficiency repressed xenograft tumor growth of GC. (A) The volume of xenograft tumors was examined every 7 days. (B) Xenograft tumors were
harvested after 28 days, and then tumor weight was examined. (C and D) The levels of circ_0032821 and miR-1236-3p in xenograft tumors were measured via qRT-PCR
assay. (E) The protein level of HMGBI in xenograft tumors was determined using Western blot assay. **P<0.01 vs sh-NC.

HMGBI overexpression abated the suppressive roles of
miR-1236-3p in GC cell proliferation, metastasis and gly-
colysis, suggesting that miR-1236-3p played an anti-
in GC via binding to HMGBI.
However, how HMGB1 modulating glycolysis level still

carcinogenic role

need further exploration. In addition, our results showed
that circ 0032821 knockdown led to a remarkable
decrease in HMGBI1 protein level in GC cells, while
miR-1236-3p inhibition reversed the effect. The findings
suggested that circ_0032821 could sponge miR-1236-3p to
modulate HMGBI expression in GC cells.

Combining all these results, we drew a conclusion that
circ_0032821 accelerated the malignancy of GC via ele-
vating HMGBI1 expression through sponging miR-1236-
3p. This work facilitated our understanding to the patho-
genesis of GC and implicated the therapeutic possibility
for GC patients.
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