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Abstract

BACKGROUND

Circular RNAs (circRNAs) have attracted extensive attention as therapeutic targets in
gastric cancer (GC). Circ_0003356 is known to be downregulated in GC tissues, but its

cellular function and mechanisms remain undefined.

AIM

To investigate the role of circ_0003356 in GC at the molecular and cellular level.

METHODS

Circ_0003356, miR-668-3p, and SOCS3 expression were assessed via quantitative real
time-polymerase chain reaction (qQRT-PCR). Wound healing, EdU, CCK-8, flow
cytometry and transwell assays were used to analyze the migration, proliferation,
viability, apoptosis and invasion of GC cells. The subcellular localization of
circ_0003356 was monitored using fluorescence in situ hybridization. The interaction of
circ_0003356 with miR-668-3p was confirmed using RIP-qRT-PCR, RNA pull-down,
and dual luciferase reporter assays. We observed protein levels of genes via western
blot. We injected AGS cells into the upper back of mice and performed
immunohistochemistry staining for examining E-cadherin, N-cadherin, Ki67, and
SOCS3 expressions. TUNEL staining was performed for the assessment of apoptosis in

mouse tumor tissues.

RESULTS

Circ_0003356 and SOCS3 expression was downregulated in GC cells, whilst miR-668-3p
was upregulated. Exogenous circ_0003356 expression and miR-668-3p silencing
suppressed the migration, viability, proliferation, epithelial to mesenchy-mal transition
(EMT) and invasion of GC cells and enhanced apoptosis. Circ_0003356 overexpression
impaired tumor growth in xenograft mice. Targeting of miR-668-3p by circ_0003356 was

confirmed through binding assays and SOCS3 was identified as a downstream target of
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miR-668-3p. The impacts of circ_0003356 on cell proliferation, apoptosis, migration,
invasion and EMT were reversed by miR-668-3p up-regulation or SOCS3 down-

regulation in GC cells.

CONCLUSION
Circ_0003356 impaired GC development through its interaction with the miR-668-
3p/SOCS3 axis.

Key Words: Epithelial-mesenchymal transition; Circ_0003356; Gastric cancer; Invasion;
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Li WD, Wang HT, Huang YM, Cheng BH, Xiang L], Zhou XH, Deng QY, Guo ZG, Yang
ZF, Guan ZF, Wang Y. Circ_0003356 suppresses gastric cancer growth through
targeting the miR-668-3p/SOCS3 axis. World | Gastrointest Oncol 2023; In press

Core Tip: We observed the low level of circ_0003356 expression in gastric cancer (GC)
tissues and cells. Circ_0003356 expression was positively related to GC patient
prognosis. Exogenous circ_0003356 overexpression and/or miR-668-3p suppression
enhanced apoptosis in GC cells and suppressed GC cell proliferation, migration,
invasion, and epithelial to mesenchy-mal transition. The overexpression of circ_0003356
also prevented tumor growth in mice. At the mechansistic level, circ_0003356 was
found to interact with the miR-668-3p/SOCS3 axis to impair GC development.
Together, we reveal new and important molecular details highlighting circ_0003356 as a

novel cancer target.

INTRODUCTION

Gastric cancer (GC) encompasses a range of gastrointestinal malignanciesl!?], and ranks
as the 2nd main cause of global cancer-associated deathsl34. Chemotherapy,

radiotherapy, and surgical resection have progressed GC treatment!>®, but five-year
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survival rates remain lowl[’8l. Personalized therapy has shown promise for GC
treatmentl®l, but more effective anti-GC targets are required. Circular RNAs (circRNAs)
regulate GC occurrencaand development. The downregulation of circ_SKA3 inhibits
the colony formation, proliferation, migration, and invasion of GC cells in vitro and
suppresses tumorigenesis in vivoll%. Circ_0005758 up-regulation can inhibit GC cell
proliferation, migration and invasion, and suppress tumor growth in xenograft micel!l,
Up-regulation of circ_0021087 impairs proliferation, epithelial to mesenchy-mal
transition (EMT), and invasion of GC cells and overpowers tumor development in
xenograft micell2l. CircRNA analysis in GSE184882 indicates that circ_0003356 is lowly
expressed in GC tissues, but the molecular effects governing its role in GC suppression
have not been investigated at the molecular level.

MicroRNAs (miRNAs) regulate the post-transcriptional expression of a number of
genes[1314 and play a key role in GC progression. The overexpression of miR-548
promotes proliferation, migration and invasion of GC cells in vitrol'3l. Silencing of miR-
762 reduces GC cell viability and facilitates apoptosis(t®l. Inhibition of miR-4742-5p
suppresses the proliferation, migration and invasion of GC cells!'7l. Especially, miR-668-
3p is oncogenic in hepatocellular carcinoma (HCC)!'8] and colorectal cancer (CRC)
cellsl™l.

SOCS3 is a negative regulator of hormone and cytokine signaling and plays a key role
in cancer development(202ll. Available studies have highlighted the importance of
SOCS3 in the manipulation of cancer development. A study from Yu et all2l have
revealed that the downregulation of SOCS3 can reverse the suppressive effects of miR-
3173-5p inhibitor on colony formation, cell proliferation, migration, invasion and EMT
in prostate cancer cells. Another study from Li ef all®l have reported that SOCS3
overexpression also suppresses spheroid formation and CRC cell proliferation. In
particular, SOCS3 is proven to exert an important role against tumor in GC. For
instance, inhibition of miR-340 suppresses cell cycle progression through enhancing the
expression of SOCS3 in GC cellsl24l. MiR-665 also serves as an oncogene in GC through
the downregulation of SOCS3[%1. The regulatory effects of miR-668-3p on SOCS3 in GC
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cells has not been investigated. Here, we show for the first time that circ_0003356 is
downregulated in GC cells and tumor tissues and reveal its association with GC

progression.

MATERIALS AND METHODS

Sample collection

GC and normal tissues (n = 80 pairs) were collected from surgical specimens of patients
with GC at Zhongshan City People’s Hospital. Patients were diagnosed with GC via
histopathology. No patients had received prior immunotherapy, adjuvant
chemotherapy, or radiation therapy before surgery. GC patients were allocated into
circ_0003356 low or high-expression groups based on the median expression value in
tumor tissues. The Ethics Committee of Zhongshan City People’s Hospital provided
approval (K2017-182). All participants agreed to the study and provided informed

written consent.

Cell culture
AGS and HGC-27 cell lines (human) and GES-1 (non-GC) were cultured in Roswell
Park Memorial Institute 1640 medium + 10% fetal bovine serum (FBS) + 1%

streptomycin-penicillin. Cells were maintained at 37 °C 5% CO..

Quantitative real time-polymerase chain reaction: Cells were lysed in Trizol and total
RNA was quantitated on a NanoDrop 2000c spectrophotometer. For circ_0003356 and
SOCS3, PrimeScript™ RT reagent kits were used for complementary DNA (cDNA)
synthesis. For miR-668-3p, a TagMan miRNA Assay kit was used for cDNA synthesis.
cDNA was amplified using BeyoFast™ SYBR Green qPCR Mix. Primer sequences as
shown in Table 1 were bought from TaKaRa. Relative mRNA expression of circ_0003356
and SOCS3 were normalised to GAPDH and calculated using the 2-22¢t method. miR-
668-3p was normalised to U6.
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Cell transfection

The empty pcDNA3.1 vector, circ_0003356 overexpression vector (pcDNA3.1-
circ_0003356), miR-668-3p inhibitor, negative control (NC) inhibitor, miR-668-3p mimic,
NC mimic, small interfering RNA (siRNA) against SOCS3 (si-SOCS3) and si-NC were
bought from GenePharma (Shanghai, China). Above factors were then transfected into
AGS and HGC-27 cells using Lipofectamine 3000 (Invitrogen, Carlsbad, California,
United States) for 48 h.

CCK-8 assay: The proliferation of HGC-27 and AGS cells was evaluated via a cell
counting kit-8 (Dojindo, Osaka, Japan). HGC-27 and AGS cells (1 x 104 cells/ well) were
plated in 96-well plates for incubating 24 h, 48 h, 72 h and 96 h. After that, each well
was treated with CCK-8 reagent (10 pL) for another 1 h. Ultimately, a microplate reader

(Bio-Rad, CA, United States) was used for measurement of optical density at 450 nm.

EdU assays: A Cell-Light EAU DNA Cell Proliferation Kit (RiboBio, Guangzhou, China)
was used to perform EdU assay. Cells were labeled with 50 pM EdU for 2 h and fixed
with 4 % paraformaldehyde (PFA) (4%). Cells were washed in phosphate buffered
saline (PBS) containing glycine (2 mg/mL) for 10 min to remove artefacts and
permeabilized. Cells were stained with Apollo dye liquor in the dark followed by DAPL

Cells were imaged on a fluorescence microscope.

Flow cytometry analysis: Apoptotic rates were measured by flow cytometry
(FACSCalibur, BD, United States). Cells were resuspended in 300 pL binding buffer and
incubated with + Annexin V-FITC (5 pL) for 10 min. Cells were labeled with propidium
iodide (5 pL) in the dark for 5 min. Apoptotic cells were quantified using FlowJo V10

software.

Wound healing assay: HGC-27 and AGS cells (5 x 10* cells/well) were put to 6-well

plates coated with extracellular matrix molecule, which were cultured in RPMI1640
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including 10% FBS. When the cell monolayer was formed, a sterile pipette tip was
utilized for scratching the monolayer and scratch width was recorded under an
inverted microscope (TE2000; Nikon, Tokyo, Japan). After being washed via PBS, FBS-
free medium was added to culture cells for 24 h, followed by record of scratch wound.
At last, the migration rate was calculated according to the following formula: (1 - 24 h

scratch width/0 h scratch width) x 100.

Transwell assay: Matrigel-coated transwell chambers (8 pm; BD Biosciences, Franklin
Lakes, NJ, United States) were utilized for evaluating invasion of HGC-27 and AGS
cells. In detail, 3 x 103 cells were re-suspended in FBS-free RPMI1640 medium (200 pL),
which were appended to the upper chamber. In contrast, RPMI1640 medium containing
10% FBS was appended to bottom chambers. Following 24 h of incubation, cells in
upper chambers were removed via a cotton swab. Cells in bottom chambers were fixed
via 4% PFA and stained via 0.1% crystal violet. At last, the number of these cells was
counted through inverted fluorescence microscopy (Leica Microsystems GmbH,

Wetzlar, Germany).

Cytoplasmic and nuclear fractions: AGS and HGC-27 cells were lysed on ice in lysis
buffer + protease inhibitors and centrifuged for 3 min. The subsequent pellets and
supernatants were harvested as nuclear and cytoplasmic fractions. RNA was extracted
from each fraction using Buffer SK. Quantitative real-time polymerase chain reaction
(qRT-PCR) analysis was performed for the detection of circ_0003356 expression. U6 and

18S rRNA were used as controls of cytoplasmic and nuclear transcripts, respectively.

Fluorescence in situ hybridization (FISH): Fluorescence in situ hybridization (FISH)
was performed using specific probes against circ_0003356 and miR-668-3p. Briefly, cells
were fixed in 4% PFA for 15 min and washed with a 70%, 95%, and 100% gradient of
ethanol. Cell hybridization was performed at 37 °C in a dark incubator. Cells were

blocked in 3% normal goat serum and 1% bovine serum albumin for 1 h. Cells were
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cultured with HRP-conjugated anti-biotin antibodies at 4 °C for 1 d. Cells were imaged

on a fluorescence microscope.

Dual luciferase reporter assay: The online database circinteractome and StarBase v2.0
were used to identify predicted targets of circ_0003356 and miR-668-3p. The interaction
of circ_0003356 and miR-668-3p or SOCS3 and miR-668-3p were verified via dual
luciferase reporter (DLR) assays. Briefly, the 3’-UTR sequences of WT circ_0003356 or
SOCS3 comprising the miR-668-3p binding sites were cloned into pRL-CMV. 3’-UTR
sequences of circ_0003356 or SOCS3 containing mutant sites for miR-668-3p were also
generated. MiR-668-3p mimic or NC mimic were transfected into HGC-27 and AGS

cells and luciferase activity was measured 2 d post-transfection.

RNA binding protein immunoprecipitation assay: Cells were lysed in RNA binding
protein immunoprecipitation (RIP) buffer and magnetic beads conjugated with anti-
Ago2 and anti-immunoglobulin G (IgG) were added to cell lysates. MiR-668-3p and
circ_0003356 levels in the beads were analyzed.

RNA pull-down assays: RNA pull-downs were performed using commercial Magnetic
RNA-Protein Pull-Down Kits (Pierce). Cells were transfected with 3'-biotinylated miR-
668-3p (Bio-miR-668-3p) or Bio-NC mimics. After 2 d, cells were lysed cells and
streptavidin-coupled beads added to pull-down biotin-coupled RNA complexes.

Circ_0003356 enrichment in the bound fractions was subsequently assayed.

Western blot analysis: Cells were lysed in RIPA buffer and protein content assessed via
BCA assays. A total of 20 pg of protein was resolved on 10% sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) gels and transferred to on
polyvinylidene difluoride membranes. Membranes were blocked in non-fat milk for 1 h
and probed with anti-N-cadherin (1:6000, ab76011), anti-E-cadherin (1:10000, ab40772),
anti-SOCS3 (1:1000, ab280884) and P-actin (1:1000, ab8224) primary antibodies at 4 °C
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for 24 h. Cells were subsequently labeled with anti-rabbit secondary antibodies (1:2000,

ab205718) and proteins were visualized using chemiluminescence.

Establishment of xenograft tumor models: Mice (4-5 wk-old; BALB/c nude; male)
were housed at room temperature with 50% humidity and 12 h light/dark cycle. All
experiments were approved by the Animal Care and Use Committee of Zhongshan City
People’s Hospital (K2017-182).

Mice were injected into the upper back with 1 x 107 AGS cells transfected with
circ_0003356 or control vector(26l. Mice were assigned into 2 groups (n = 6 mice/group):
Thecirc_0003356 group and the vector group. After injection for five weeks, mice were
anesthetized with pentobarbital sodium and sacrificed via dislocation of cervical

vertebrae. Tumors were dissected and tumor volumes calculated (length x width?)/2.

Immunohistochemistry staining: Mice tumor tissues were fixed in formalin and
paraffinized. Tumors were cut into 4 pm sections, dewaxed with xylene, and hydrated
in ethanol. Sections were boiled in citrate buffer (10 mmol/L) and cultured using H>0»
solution (3%) to inhibit endogenous peroxidase activity. Sections were probed with
anti-Ki67 (1:200, abl6667), anti-SOCS3 (1:1000, ab280884), anti-N-cadherin (1:500,
ab76011), and anti-E-cadherin (1:500, ab40772) primary antibodies at 4 °C overnight and
labeled with HRP-conjugated secondary antibodies (1:500, ab6112) 30 min. Cells were
stained using DAB substrate and counterstained using hematoxylin. Cells were imaged

on a light microscope.

TUNEL staining: TUNEL assay was performed using the commercially available in situ

Cell Death Detection Kit as per the manufactures recommendations.

Statistical analysis
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GraphPad Prism 8.0 was used for data analysis. Experiments were performed on a
minimum of 3 occasions and are shown as the mean + SD. Survival curves were plotted

using the Kaplan-Meier method. Data were compared using a student’s t-test.

RESULTS
Circ_0003356 expression is down-regulated in GC tissues
Published GEO and GSE184882 datasets were analyzed!?-%l. Five circRNAs with
significant expression differences in GC tissues were identified and selected for heat
map analysis (Figure 1A). Then their expression was further determined via qRT-PCR.
Five circRNAs with low relative expression in tumor tissues compared to normal
tissues were identified (n = 20), amongst which circ_0003356 expression (0.2 + 0.06532)
was the lowest (P = 0.0002, Figure 1B). Circ_0003356 was selected for further analysis.
Circ_0003356 expression was validated in GC normal and tumor tissues (n = 80). As
expected, circ_0003356 expression was markedly downregulated in tumor tissues
(0.4908 + 0.02457) compared to normal adjacent tissues (0.99 + 0.0243; P < 0.0001, Figure
1C). Patients with low circ_0003356 expression correlated with a short survival time (P
< 0.0001, Figure 1D). Moreover, circ_0003356 displayed lower expression in AGS (0.3833
+ 0.06012) and HGC-27 cells (0.4967 + 0.06012) than GES-1 cells (P = 0.0004, P = 0.0001,
Figure 1E).

Circ_0003356 overexpression promotes cell apoptosis and impairs invasion,
proliferation, migration and EMT of AGS and HGC-27 cells

Circ_0003356 was overexpressed in AGS and HGC-27 cells to further explore its
influence on GC cell proliferation, apoptosis, migration, invasion, and EMT.
Circ_0003356 expression in AGS cells (2.613 + 0.05207) and HGC-27 cells (2.5 + 0.05774)
was dramatically increased following transfection of pcDNA3.1-circ_0003356 (P <
0.0001, P < 0.0001, Figure 2A). Functional analyses showed that the viability of AGS
(1.183 + 0.06155) and HGC-27 cells (1.247 £+ 0.0636) at 96 h were attenuated after
circ_0003356 overexpression (P = 0.0002, P = 0.0002, Figure 2B). EdU assays also
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revealed that the proliferative ability of AGS (22.33 + 1.764) and HGC-27 cells (20 +
1.732) was attenuated by circ_0003356 overexpression (P = 0.0025, P = 0.0043, Figure
2C). Apoptotic rates in AGS (22.68 + 0.2887) and HGC-27 cells” (18.38 + 0.2887) were
increased by circ_0003356 overexpression (P < 0.0001, P < 0.0001, Figure 2D). In terms of
the migration and invasion of AGS (24.33 + 2.728) and HGC-27 cells (20.33 + 1.764),
decreased numbers of invading AGS (168 +11.27) and HGC-27 cells (161.7 £12.35) were
observed in response to circ_0003356 overexpression (P = 0.0001, P = 0.0031, P = 0.0002,
P = 0.0016, Figures 2E and F). Circ_0003356 overexpression also attenuated the EMT of
AGS (1.07 £ 0.6531, 0.57 + 0.5168) and HGC-27 (0.93 + 0.06533, 0.39 + 0.06137) cells
evidenced by reduced N-cadherin expression and the enhanced expression of E-

cadherin (P = 0.0006, P = 0.0023, P = 0.0021, P = 0.0007, Figure 2G).

Circ_0003356 directly binds to miR-668-3p

The subvocalization of circ_0003356 in AGS and HGC-27 cells was confirmed through
FISH, which showed that circ_0003356 located in AGS and HGC-27 cells’ cytoplasm
(Figure 3A). The findings were confirmed by qRT-PCR, showing that the circ_0003356
level was in AGS and HGC-27 cells markedly higher in the cytoplasm (85%) than the
nuclear (15%) (Figure 3B).

Target predictions were performed using circinteractome, indentifing binding sites
between miR-668-3p and circ_0003356 (Figure 3C). We verified this relationship via RIP-
qRT-PCR, RNA pull-down, and DLR assays. The Ago2 group showed enrichment for
circ_0003356 and miR-668-3p in AGS (12.3 + 0.7024, 15.33 + 0.3801) and HGC-27 cells
(11.3 £ 0.6272, 14.33 + 0.6912) compared to the IgG group (P = 0.000087, P = 0.0000029, P
= 0.00008, P = 0.00004, Figure 3D). The biotinylated miR-668-3p probe enriched more
circ_0003356 than the biotinylated NC probe in AGS (0.9033 + 0.03756) and HGC-27
cells (0.9167 + 0.0491) (P = 0.0002, P = 0.0004, Figure 3E). Relative luciferase activity in
AGS (0.35 + 0.06532) and HGC-27 (0.31 + 0.06478) were reduced in cells co-transfected
with miR-668-3p mimic and circ 0003356 WT relative to miR-668-3p mimic and
circ_0003356 MUT (P = 0.00057, P = 0.00041, Figure 3F). High expression of miR-668-3p
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was observed in tumor tissues (2.006 + 0.02872) compared to healthy tissues (0.9984 +
0.02829) (P < 0.0001, Figure 3G). An inverse relationship between the expression of miR-
668-3p and circ_0003356 in tumor tissues was also observed (r = -0.8783, P = 0.0007,
Figure 3H).

Suppression of miR-668-3p promotes apoptosis and reduces proliferation, migration,
invasion, and EMT in AGS and HGC-27 cells

Accordingly, the influences of miR-668-3p on cell migration, apoptosis, proliferation,
invasion, and EMT were explored. Firstly, miR-668-3p expression in HGC-27 (2.8 +
0.05508) and AGS (3 + 0.1155) cells was found to be remarkably higher than GES-1 cells
(1.007 £ 0.05207) (P < 0.0001, P < 0.0001, Figure 4A). When we determined its specific
functions, we found that the viability (1.393 + 0.06128, 1.342 + 0.0636) and proliferative
capacity (12.33 + 1.453, 14 + 2.082) of AGS and HGC-27 cells were attenuated by miR-
668-3p suppression (P = 0.00037, P = 0.00039, P = 0.0033, P = 0.0020, Figures 4B and C).
Apototic rates in AGS (21.29 + 0.8838) and HGC-27 cells’ (21.09 + 0.9074) were raised
following miR-668-3p suppression (P < 0.0001, P = 0.0001, Figure 4D). The migration
(25.67 + 2.603, 41.67 + 2.906 ) and invasion (174.7 + 9.262, 175.7 + 9.025) of AGS and
HGC-27 cells were also repressed following miR-668-3p down-regulation (P = 0.0001, P
= 0.0019, P = 0.0026, P = 0.0023, Figures 4E and F). The EMT of AGS (1.09 + 0.06348, 0.4
+ 0.06137) and HGC-27 cells (0.9 + 0.05627, 0.31 £ 0.06137) was similarly attenuated by
miR-668-3p suppression, evidenced by decreased N-cadherin and increased E-cadherin

expression (P = 0.00089, P = 0.00051, P = 0.00066, P = 0.00054, Figure 4G).

SOCS3 is targeted by miR-668-3p

MiR-668-3p targets were assessed using the starbase2.0 database. SOCS3 contained
binding sequences (AGUGAC) of miR-668-3p (Figure 5A). DLR assay was performed to
validate this interaction. Relative luciferase activity in AGS (0.37 + 0.06532) and HGC-27
cells (0.32 £+ 0.06532) transfected with SOCS3 WT reporter was reduced in response to
transfection of miR-668-3p mimic (P = 0.00041, P = 0.00065, Figure 5B). The SOCS3 MUT
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reporter showed no such changes following miR-668-3p mimic addition (Figure 5B),
suggestive of a direct interaction between miR-668-3p and SOCS3. The regulatory
relation between miR-668-3p and SOCS3 was assessed through western blotting. SOCS3
expression in AGS and HGC-27 cells was reduced through the addition of miR-668-3p
mimic (0.5833 £ 0.03756, 0.6633 + 0.03528) and boosted by the miR-668-3p inhibitor (1.03
+0.04619, 0.92 + 0.03786), implying an inverse regulatory relationship between miR-668-
3p and SOCS3 (P = 0.0076, P = 0.0036; P = 0.0038, P = 0.0047, Figures 5C and D). Lower
expression of SOCS3 in tumor tissues (0.5001 + 0.02447) compared to normal tissues
(0.9979 + 0.02526) (P < 0.0001, Figure 5E) was also observed. Upon correlation analysis
between circ_0003356 and SOCS3 expression (P < 0.0001, r = 0.9364; Figure 5F), the
expression of SOCS3 was negatively associated with miR-668-3p in tumor tissues (P <

0.0001, r = -0.8438; Figure 5G).

Circ_0003356 inhibits malignant behavior of GC cells via sponging miR-668-3p to
target SOCS3

SOCS3 was silenced via transfection of si-SOCS3 and its reduced expression confirmed
in AGS (0.7267 + 0.05044) and HGC-27 cells (0.5933 + 0.05207) (P = 0.0086, P = 0.0065,
Figure 6A). miR-668-3p overexpression (0.6467 + 0.06394, 0.6633 + 0.04322 ) or SOCS3
downregulation (0.6433 + 0.06394, 0.6267 + 0.04527) reversed the promoting effect of
circ_0003356 on SOCS3 expression level in AGS and HGC-27 cells (P = 0.0012, P =
0.0032, P = 0.0030, P = 0.0022, P = 0.0031, P = 0.0031, Figure 6B). The viability and
proliferative capacity of AGS and HGC-27 cells were attenuated by circ 0003356
overexpression, whilst miR-668-3p upregulation or SOCS3 downregulation recovered
the circ_0003356-mediated decrease in cell viability and proliferative capacity (P =
0.00039, P = 0.0025, P = 0.0037, P = 0.00042, P = 0.0035, P = 0.0051; P < 0.0001, P = 0.0002,
P < 0.0001, P < 0.0001, P = 0.0044, P = 0.0012; Figures 6C and D). The effects of
circ_0003356 on the apoptotic rates of AGS and HGC-27 cells were similarly reversed by
miR-668-3p upregulation or SOCS3 downregulation (P < 0.0001, Figure 6E). When it
came to circ_0003356-mediated inhibition of migration, invasion, and EMT, miR-668-3p
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up-regulation or SOCS3 down-regulation could partially elimingte them ( <0.0001, P =
0.0017, P = 0.0007, P < 0.0001, P = 0.0039, P = 0.0011; P < 0.0001, P = 0.0009, P = 0.0004, P
< 0.0001, P =0.0006, P = 0.0003; P = 0.0028, = 0.010, P = 0.0164, P = 0.0029, P = 0.023, P
= 0.0278; P =0.00314, P = 0.0213, P =0.0144, P = 0.00285, P = 0.0267, P = 0.00914; Figures

6F-H).

Circ_0003356 impedes GC tumorigenesis in vivo

A xenograft mouse model was constructed to confirm the anti-tumor role of
circ_0003356 in GC. As depicted in Figures 7A-C, tumor size, volume (110 + 5.859, P =
0.0001), and weight (0.2833 + 0.03528, P = 0.0007) were reduced when circ_0003356 was
overexpressed. Decreased expressions of Ki67 (proliferative marker protein) and N-
cadherin were observed following circ_0003356 overexpression, while SOCS3 and E-
cadherin expression increased, suggestive of inhibitory effects on cell proliferation and
EMT (Figure 7D). TUNEL staining indicated that circ_0003356 upregulation increased
apoptosis in tumor tissues of mice (Figure 7E). Circ_0003356 expression was found to be
boosted (2.423 + 0.09135) and expression of miR-668-3p (0.5 + 0.06531) was diminished
after circ_0003356 was overexpressed in mouse tumor tissues (P = 0.000099, P = 0.0016,
Figure 7F).

DISCUSSION

Due to a lack of effective treatment strategies and prognostic indicators, GC remains a
threat to human health!?*], Emerging evidence has implicated circRNAs during GC
development132l. Thence, great efforts should be made to comprehensively understand
circRNAs. To date, many circRNAs show low expression in GC, such as circ_002108712],
hsa_circ_00055561*], and circPSMC3P4l. Here, we observed low expression levels of
circ_0003356 in GC cells and tissues. This is the first report to show an association of
circ_0003356 with GC. Moreover, increasing findings have indicated that several

circRNAs act as prognostic indicators for GC, including hsa_circ_0005556[33] and
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circ_00002601*°l. Here, based on Kaplan-Meier analysis, patients with low circ_0003356
had poor survival rates.

Accumulating data reveal that circRNAs have an anti-tumor function in GC. For
instance, circ_0021087 overexpression suppresses the proliferation, migration, invasion,
and EMT of GC cells and impairs tumorigenesis in xenograft micel!2l. CircPSMC3 up-
regulation prevents GC cells from migrating, proliferating, and invading, thereby
suppressing tumorigenesis in xenograft micel¢l. Similarly, we found that circ_0003356
overexpression repressed proliferation, migration, invasion, and EMT of GC cells and
enhanced GC cell apoptosis. In wive, circ_0003356 overexpression suppressed
tumorigenesis. These results suggest an anti-tumor role for circ_0003356’s in GC,
highlighting its potential in the clinical management of GC.

To our knowledge, circRNAs affect gene expression via sponging downstream
miRNAs in cancer celll?”38l Inspired by this, we predicted downstream miRNAs of
circ_0003356 using circinteractome. MiR-668-3p was identified as one such target. We
performed RIP-qRT-PCR, RNA pull-downs, and DLR assays to verify our prediction. In
previous reports, miR-668-3p has shown high expression and carcinogenesis in HCC
and CRCI18191. Consistent with these studies, we discovered high miR-668-3p expression
in GC tissues and cells. The down-regulation of miR-668-3p enhanced cell apoptosis
and impaired the proliferation, migration, invasion, and EMT of cells (AGS and HGC-
27). These outcomes suggest that miR-668-3p is oncogenic in GC. Several cirRNAs,
including circ_0014717 and circTMEM59, target miR-668-3p to suppress tumor
development[1819]. Here, an inverse relationship was observed between miR-668-3p and
circ_0003356 expression in tumor tissues of GC patients. MiR-668-3p was negatively
regulated by cirg 0003356 in mouse tumor tissues. In particular, the inhibitory influence
of circ_0003356 on the proliferation, migration, invasion. EMT of GC cells were reversed
by miR-3619-5p overexpression. We deduced that circ_0003356 prevents GC
malignancy through sponging miR-668-3p.

It is acknowledged that the miRNA-circRNA-mRNA network is closely related to the

regulation of GC progression!®l. We therefore predicted target genes of miR-668-3p and
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found that SOCS3 was targeted by miR-668-3p. SOCS3 has been shown to display low
expression in GC tissues and to participate in tumor suppression in GCI2440 In this
study, we observed that the downregulation of SOCS3 expression in GC tissues was
regulated by miR-668-3p. An inverse correlation between SOCS3 and miR-668-3p
expression levels in tumor tissues of GC patients was observed. Thus, we deduced that
miR-668-3p acts as a tumor promoter, targeting SOCS3 in GC. Additionally, we
identified a positive relationship between SOCS3 and circ_0003356 and found that the
suppressive effects of circ_0003356 on cell proliferation, migration, invasion, and EMT
were reversed by SOCS3 upregulation in GC cells. These findings strongly support the
notion that circ_0003356 has an anti-tumor role through sponging miR-668-3p to target
SOCS3 in GC.

CONCLUSION

In summary, we show that circ_0003356 expression is low in GC tissues and cells and
positively related to GC patient prognosis. Circ_0003356 up-regulation or miR-668-3p
inhibition facilitated cell apoptosis and suppressed proliferation, migration, invasion
and EMT in cells (AGS and HGC-27). Circ_0003356 overexpression also prevented
tumor growth in mice. Mechanistically, circ_0003356 was found to interact with the
miR-668-3p/SOCS3 axis to impair GC development. Overall, this investigation provides

a new perspective on the therapeutic targets of GC.

ARTICLE HIGHLIGHTS

Research background

Gastric cancer (GC) is a common malignant tumor with high prevalence and mortality.
Circular RNA (circRNA) analysis in GSE184882 has indicated that circ_0003356 shows
abnormal expression in GC tissues, but the function of circ_0003356 remains unclear in

GC.

Research motivation
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To seek the prognostic biomarker and therapeutic target for GC.

Researdabjectives

In order to explore the function and mechanism of circ_0003356 in GC.

Research methods

Quantitative real-time polymerase chain reaction was used to detect expression of
circ_0003356. The clinical value of circ_0003356 for GC prognosis was evaluated. The
role of circ_0003356 in GC was assessed via in vitro and in vivo experiments. The

molecular mechanism of circ_0003356 on miR-668-3p/SOCS3 axis was validated.

Research results

Circ_0003356 expression was markedly decreased in GC tissues and cells, and it was
positively associated with survival time of GC patients. Moreover, functional analyses
showed that circ_0003356 overexpression inhibited malignant behaviors of GC cells via

targeting the miR-668-3p/SOCS3 axis.

Research conclusions

Circ_0003356 is lowly expressed in GC tissues and cells, displaying potential as a
prognostic biomarker for GC. Circ_0003356 up-regulation represses the malignancy of
GC via targeting the miR-668-3p/SOCS3 axis.

Research perspectives
Other mechanisms of circ_0003356 in GC may be probed in future researches, and its

application in treatment of GC will be extended.
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