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Circular RNA hsa_circ_0000117 accelerates the proliferation and invasion of
gastric cancer cells by regulating the microRNA-337-3p/signal transducer and
activator of transcription 3 axis
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ABSTRACT

Circular RNA hsa_circ_0000117 is reportedly increased in Gastric cancer (GC), however, its role is
unexplored. Hsa_circ_0000117 expression and function in GC was investigated using standard cell
phenotypic and expression assays. Pull-down and luciferase reporter assays also elucidated
hsa_circ_0000117 mechanisms. In the present study, we observed increased hsa_circ_0000117
and signal transducer and activator of transcription 3 (STAT3) expression, while microRNA-337-3p
(miR-337-3p) was decreased in GC cells. Depleted hsa_circ_0000117 decreased GC proliferation
and invasion. Hsa_circ_0000117 was also identified as a miR-337-3p sponge. Also, STAT3 was
identified as a miR-337-3p target. Similarly, rescue assays indicated STAT3 overexpression (or miR-
337-3p inhibition) reversed hsa_circ_0000117 effects in GC progression. Thus, our data suggested
hsa_circ_0000117 exhibited oncogene properties in combination with the hsa_circ_0000117/miR-
337-3p/STAT3 axis in GC, potentially providing a new therapeutic target for GC.

Abbreviations GC: gastric cancer; STAT3: Signal transducer and activator of transcription 3;
circRNA: Circular RNA; miRNA: microRNA; DMEM: Dulbecco’s modified Eagle’s medium; FBS: fetal
bovine serum; PVDF: polyvinylidene fluoride; CCK-8: Cell counting kit-8; qRT-PCR: Quantitative
real-time PCR; SDS-PAGE: sodium dodecyl sulfate polyacrylamide gel electrophoresis; TNM: TNM
Classification of Malignant Tumors; mTOR: mechanistic target of rapamycin; ANOVA: one-way
analysis of variance
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Gastric cancer (GC) is a common cancer, and is
the third most common cause of cancer death [1].
In 2018, GC culminated in 783000 worldwide
deaths and was diagnosed in approximately
1,000,000 individuals [2]. Several factors are impli-
cated in GC etiology, including, Helicobacter
pylori infection, eating behaviors, smoking, and
being overweight [3]. In recent years, while diag-
nostic progress and GC standardized treatments
have occurred, the prognosis for patients with
advanced GC stages remains unsatisfactory [4,5].
Therefore, the molecular mechanisms behind GC
tumor progression must be investigated to
improve GC treatments.

Circular RNA (circRNA) is a non-coding RNA,
and is more stable than linear RNA [6]. Studies
have shown circRNAs are dynamically expressed
in human cancers and regulate gene expression,

suggesting a close association with tumor occur-
rence and invasiveness [7,8]. It was reported
circMTO1 suppressed cancer cell properties by
targeting Wnt/B-catenin signaling in colorectal
cancer [9]. Also, circPRRC2A promoted cancer
cell characteristics via epithelial-mesenchymal
transition (EMT), and increased TRPM3 levels in
renal cell carcinoma [10]. Similarly, circRNA hsa_-
circ_0008285 increased cervical cancer cell proper-
ties by activating SOX4, and inhibiting miR-211-
5p [11]. Equally, hsa_circ_0000117 was highly
abundant in GC [12]. However, hsa_circ_0000117
roles and its underlying mechanism in GC are still
unclear.

MicroRNAs (miRNAs) are another crucial class
of non-coding RNAs with approximately 21-23
nucleotides in length [13]. Recently, miR-337-3p
has been established to be a tumor inhibitor in
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various human cancers, including GC. For
instance, loss of miR-337-3p expression in GC
was correlated with lymph node metastasis [14].
Also, miR-337-3p suppressed GC cells prolifera-
tion and invasion of GC cells through repressing
MZF1-facilitated expression of MMP14 [15].
Similarly, miR-337-3p reduced GC cells growth
and invasion through regulating ARHGAP10
[16]. Increasing studies have demonstrated that
circRNAs could function as direct sponges for
miRNAs to play their essential biological functions
in eukaryotic cells [17,18]. However, the relation-
ship between hsa_circ_0000117 and miR-337-3p
has not been studied.

Here, we explored the biological functions and
molecular mechanisms of hsa_circ_0000117. We
identified that the hsa_circ_0000117/miR-337-3p/
STATS3 feedback loop enhanced GC cell prolifera-
tion and invasion, suggesting a new treatment
strategy for GC.

Methods and materials
Patient tissues

Thirty-nine (39) tumor specimen pairs and
matched normal samples were obtained from the
Affiliated Hospital of North Sichuan Medical
College. GC surgery is provided at this facility.
All patients were informed and signed consent
forms. The research was approved by the local
Ethics Committee. Participants received no preo-
perative treatment prior to study commencement,
and were diagnosed with GC by two independent
pathologists. Tissue specimens were stored at
-80°C.

Cell culture

The human immortalized gastric epithelial cell line
(GES-1) and five GC cell lines (AGS, HGC-27,
SGC7901, BGC823, and SNU-1) were provided
by the Chinese Academy of Sciences (Shanghai,
China). Cells were grown in DMEM (Invitrogen,
CA, USA) containing 10% FBS (Gibco, CA, USA)
in 5% CO, at 37°C.

Specific small interfering (si)RNAs against hsa_-
circ_0000117 (si-circ_0000117) or STAT3 (si-
STAT3) and their corresponding NC’s (si-NC)

were purchased from Genechem (Shanghai,
China). The miR-337-3p mimic, miR-337-3p inhi-
bitor, and corresponding controls were purchased
from Geneseed (Shanghai, China). Reagents were
transfected into GC cells using lipofectamine 3000
(Invitrogen).

Quantitative real-time PCR

Total RNA was isolated from tissue or cells using
TRIzol® (Invitrogen) and cDNA synthesized using
the miScript Reverse Transcription Kit (Qiagen,
Germany). After reverse transcription, qPCR was
conducted using the miScript SYBR Green PCR
Kit (Qiagen) to quantify miR-337-3p levels with
respect to U6 small nuclear RNA. To quantify
hsa_circ_0000117 and STAT3, cDNAs were gen-
erated by the PrimeScript RT-reagent kit (Takara,
Japan), and levels standardized to GAPDH expres-
sion. Data were processed using the 2744
approach.

Cell counting assay

Cells were plated in 96-well plates (2000 cells/well)
and grown for 0, 24, 48, 72, 96 h. CCK-8 kit-8
(Dojindo, Japan) was used according to manufac-
turer’s instructions. A spectrophotometer reader
(Molecular Devices, CA, USA) recorded absor-
bance at 450 nm.

Transwell assay

2 x 10° cells were cultured in an upper transwell
chamber containing Matrigel (BD Biosciences, NJ,
USA) in 200 pl medium lacking serum. The lower
chamber contained 600 pl complete medium. After
a 48 h incubation, the upper chamber was
removed, and 4% paraformaldehyde and 0.5%
crystal violet sequentially added to fix and stain
cells, respectively, in the lower chamber. A light
microscope (Nikon, Japan) was used to count cells.

Dual-luciferase reporter assay

To show miR-337-3p targeted hsa_circ_0000117
and the targeting relationship of miR-337-3p and
STATS3, wild-type or mutated sequences of hsa_-
circ_0000117 and STAT3 were sub-cloned into



pmirGLO reporter plasmids (Promega, Wisconsin,
USA). PmirGLO-hsa_circ_0000117-Wt  and
PmirGLO-hsa_circ_0000117-Mut (or pmirGLO-
STAT3-Wt and pmirGLO-STAT3-Mut) reporters
were co-transfected with miR-337-3p or NC
mimics into cells. After 48 h, cells were assessed
for luciferase activity using the dual-luciferase
reporter kit (Promega) and a spectrophotometer.

Western blotting

The extracted proteins were measure by BCA
Protein Assay Kit (Thermo, USA), separated by
SDS-PAGE, transferred to PVDF membrane, and
blocked in 5% fat-free milk for 1 h. Then, the mem-
branes were incubated with primary antibodies
against STAT3 (Santa Cruz, CA, USA). Secondary
antibody was added and incubated for 2 h at 37K.
Finally, the immunofluorescence of protein was
visualized using an ECL detection system.

Pull-down assay

Pull-down assay was used as previous study [10].
Briefly, hsa_circ_0000117 probe was used for incuba-
tion with M-280 Streptavidin magnetic beads for 2 h
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at room temperature to generate probe-coated beads
(Invitrogen). Cell lysate with hsa_circ_0000117 probe
or oligo probe was incubated for a night at 4X. Then,
the RNA mix bound to the beads was eluted and
extracted with a RNeasy Mini Kit for qRT-PCR
(Qiagen).

Statistical analysis

SPSS 18.0 was used for statistical analysis. Data
were represented as the mean * SD. Student’s
t-test compared two groups, and ANOVA demon-
strated differences between more than two groups.
P < 0.05 indicated statistical significance.

Results
Hsa_circ_0000117 is upregulated in GC

Previously, circRNA hsa_circ_0000117 expression
was shown to be increased in GC [12]. However,
the roles of hsa_circ_0000117 is still unclear in GC
progression. In the present study, our expression
data indicated hsa_circ_0000117 levels were
indeed elevated in GC tissue and cell lines
(Figure 1(a—c)). Additionally, correlation analyses
showed this expression was positively correlated
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Figure 1. Hsa_circ_0000117 levels in GC. (a) Hsa_circ_0000117 schematic. (b) Hsa_circ_0000117 levels in GC tissue. (c)
Hsa_circ_0000117 levels in GC cells. (d) Hsa_circ_0000117 expression is linked to TNM stage in GC patients. (e) Hsa_circ_0000117
expression is linked to lymphatic metastasis in GC patients. *P < 0.05.
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with advanced TNM stage, and lymphatic metas-
tasis in GC patients (Figure 1(d-e)). Thus, hsa_-
circ_0000117 appeared to play a critical role in GC
development.

Hsa_circ_0000117 silencing reduces GC
proliferation and invasion

To assess hsa_circ_0000117 mechanisms in GC
tumorigenesis, AGS and BGC823 cells were trans-
fected with si-circ_0000117 to silence expression
(Figure 2(a)). CCK-8 and colony formation studies
indicated this silencing decreased in vitro GC pro-
liferation and colony formation (Figure 2(b-d)).
Transwell assay data also indicated hsa_-
circ_0000117 knockdown impeded GC cell invasion
(Figure 2(e)). Combined, hsa_circ_0000117 silen-
cing appeared to suppress key GC phenotypes.

Hsa_circ_0000117 is a sponge for miR-337-3p

Increasing evidence suggests circRNAs are sponges
for miRNAs, affecting downstream activities
[17,18]. Therefore, we explored underlying hsa_-
circ_0000117 regulatory mechanisms in GC.
A nuclear/cytoplasmic fractionation assay showed

hsa_circ_0000117 was cytoplasmic in GC cells
(Figure 3(a)). Next, potential miRNAs inactivated
by hsa_circ_0000117, were investigated using
circInteractome and circBank databases. These
data indicated hsa-miR-337-3p and hsa-miR-502-
5p exhibited complementary base pairing with
hsa_circ_0000117 (Figure 3(b)). Next, RNA pull-
down assays showed miR-337-3p was pulled down
by biotin-hsa_circ_0000117 in AGS and BGC823
cells (Figure 3(c)). Our reporter system revealed
miR-337-3p overexpression reduced luciferase
intensity of the hsa_circ_0000117-WT group in
GC cells (Figure 3(d,e)).

Next, we examined miR-337-3p expression in
GC tissue. Our gRT-PCR data indicated this
expression was downregulated in GC tissue, and
corroborated by the TCGA database (figure 3(f-
g)). Moreover, hsa_circ_0000117 silencing elevated
miR-337-3p expression in GC cells (Figure 3(h)).
Together, hsa_circ_0000117 appeared to act as
a sponge for miR-337-3p in GC cells.

STAT3 is a downstream target of miR-337-3p

To investigate miR-337-3p target genes,
mirTarBase and MicroT-CDS databases were
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Figure 2. Hsa_circ_0000117 silencing suppresses GC cell proliferation and invasion. (a) Quantitative RT-PCR verified the interference
efficiency of si-hsa_circ_0000117 in GC cells. (b—d) Phenotypic growth assays assessing the silencing effects of hsa_circ_0000117 on
AGS and BGC823 proliferation. (e) Transwell assays assessed the effects of si-circ_0000117 on AGS and BGC823 invasion. *P < 0.05.
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cells. *P < 0.05.

searched. Intersection analyses identified 10
potential genes (Figure 4(a)) which were
explored using the TCGA database, from which
STAT3 was chosen (Figure 4(b-c)).
Immunohistochemistry data revealed STAT3
levels were increased in GC tissue (Figure 4
(d)). Kaplan-Meier analysis revealed elevated
STAT3 expression was linked with poor overall
survival in  GC patients (Figure 4(e-f)).
Moreover, function assays showed STAT3 inhi-
bition decreased in vitro colony formation and
invasion capacities in AGS cells (Figure 4(g-h)).

Next, potential binding sites between miR-337-
3p and the STAT3 3K-untranslated region (UTR)
were investigated (Figure 5(a-b)). Our reporter
system indicated that forced overexpression of
miR-337-3p reduced the luciferase activity of the
STAT3 3X-UTR-WT group, while no effects were
observed for the STAT3 3X-UTR-MUT group
(Figure 5(c)). Expression data indicated miR-337-
3p mimics decreased STAT3 levels in AGS and
BGC823 cells (Figure 5(d-e)), while, correlation
analysis showed miR-337-3p expression was nega-
tively correlated with STAT3 levels in GC tissue
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Figure 4. STAT3 is a target of miR-337-3p in GC cells. (a) Target genes for miR-337-3p were investigated using mirTarBase and
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in GC tissues. (e, f) Kaplan-Meier analysis showing elevated STAT3 expression was associated with poor overall survival in GC
patients. (g, h) STAT3 inhibition decreased AGS colony formation and invasion. *P < 0.05.

(Figure 5(f)), suggesting miR-337-3p targeted
STAT3 in GC cells.

Hsa_circ_0000117 enhances GC malignancy via
the miR-337-3p/STAT3 axis

To verify the role of the hsa_circ_0000117/miR-
337-3p/STAT3 axis in GC progression, rescue stu-
dies were performed. Our expression data showed
hsa_circ_0000117 silencing repressed STATS3,
whereas anti-miR-337-3p co-transfection abol-
ished this effect in AGS and BGCS823 cells

(Figure 6(a)). Our rescue assay data indicated
that forced overexpression of STAT3 (or anti-
miR-337-3p) partially abolished GC proliferation
repression and invasion induced by hsa_-
circ_0000117 suppression (Figure 6(b-e)). Also,
correlation analysis showed hsa_circ_0000117
expression was positively correlated with STAT3
levels, but negatively correlated with miR-337-3p
levels in GC tissue (Figure 6(f-g)). Thus, hsa_-
circ_0000117 may function as a tumor promoter
during GC progression by regulating the miR-337-
3p/STAT3 axis (Figure 7).



BIOENGINEERED 1387

a b
Scale 500 bases | | hg19 "
chr17: 40,466,000 40,466,500 40,467,000 —
hsa-miR-337-3p_STAT3
hsa-miR-337-3p_STAT3 |} 1
Region Binding Type Transcript position Score Conservation
UTR3 6mer 1934-1953 0.00691109815747614 5]
Position on chromosome: 17:40467276-40467295
Conserved species: panTro2,rheMac2,canFam2,dasNov2,loxAfr3
(Transcript)5'CUUGCUGA CAAAUAGAAG c3"
CAUC AUAGGA
Binding area: 1] [T
GUAG UAUCCU
(miRNA) 3 Cc UA c5'
C d
mm miR-NC miR-337-3p mimics
HE miR-NC
s 1.59 miR-337-3p mimics
'g * *
[}
< 1.04
&
8 £
fad
? E
2 E 0.54
2 T
E e
Q
T oo T T
Relative luciferase activity AGS BOCeZS
e f
101
AGS 2
o
GAPDH [ — g
[32d
E 5+
e g,
STAT3 o
BGC823 %
GAPDH —— o= E

miR-NC  miR-337-3p

mimics

Relative miR-337-3p expression

Figure 5. MiR-337-3p targets STAT3 in GC. (a) STAT3 binding sites for miR-337-3p were predicted using online software. (b) MiR-337-
3p secondary structure. (c) Targeting interactions between STAT3 and miR-337-3p were analyzed using the dual-luciferase reporter
assay. (d, e) MiR-337-3p mimics reduced STAT3 levels in AGS and BGC823 cells. (f) The association between miR-337-3p and STAT3 in

GC tissue. *P < 0.05.

Discussion

Recent evidence has suggested circRNAs have cru-
cial roles in GC tumor occurrence and advance-
ment [19,20]. CircRBMS3  downregulation
suppressed GC cell proliferation and invasion by
sponging miR-153 and regulating SNAI1 expres-
sion [21]. Similarly, circNRIP1 acted as a miR-149-
5p sponge to promote GC progression via the
AKT1/mTOR pathway [22]. However, hsa_-
circ_0000117 function in GC remains unclear. In

this study, hsa_circ_0000117 was increased in GC
tissue and associated with advanced clinical fea-
tures, consistent with previous data [12]. We also
showed hsa_circ_0000117 suppression signifi-
cantly decreased in vitro GC cell proliferation
and invasion, suggesting hsa_circ_0000117 is an
important regulator in GC etiology.

MiR-337-3p is a tumor inhibitor in several
human cancers; it reduced ovarian cancer cell
growth by regulating PIK3CA and PIK3CB [23].
Simialrly, miR-337-3p inhibited liver cancer cell
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progression by targeting JAK2 [24]. Moreover, loss
of miR-337-3p expression in GC correlated with
lymph node metastasis [16]. Consistent with these
data, our results similarly provided a potential
tumor-suppressing role for miR-337-3p in GC.
Recent studies reported circRNAs functioned as
miRNA sponges to modulate several GC biological
processes. We confirmed hsa_circ_0000117 was
a sponge for miR-337-3p. Equally, miR-337-3p
silencing reversed hsa_circ_0000117 silencing-
mediated effects on GC cell malignancy, indicating

hsa_circ_0000117 regulated GC characteristics by
sponging miR-337-3p.

Signal transducer and activator of transcription
(STAT) proteins, i.e., STAT3, are potential targets
for cancer therapy [25]. Recently, several reports
showed STAT3 had vital roles in tumor progres-
sion; e.g., it was reported miR-519a enhanced che-
mosensitivity and promoted autophagy in
glioblastoma by targeting the STAT3/Bcl2 signal-
ing pathway [26]. Also, miR-218 served as a tumor
suppressor in lung cancer by affecting the



Figure 7. The hsa_circ_0000117/miR-337-3p/STAT3 axis in GC.

interleukin-6/STAT3 axis [27]. Similarly, the long
non-coding RNA NEAT1/miR-361/STAT3 axis
drove aggressive endometrial cancer progression
[28]. In our research, STAT3 was highly expressed
in GC tissue and associated with poor prognosis of
patients, it acted as a target for miR-337-3p in
these cells, and was positively regulated by hsa_-
circ_0000117. Thus, hsa_circ_0000117 regulated
GC progression by regulating the miR-337-3p/
STATS3 axis.

Conclusion

Hsa_circ_0000117 was highly abundant in GC
cells and manifested its oncogene functions by
sponging miR-337-3p and increasing STAT3
expression. Hence, hsa_circ_0000117 may func-
tion as a therapeutic treatment target for GC.

Highlight

® hsa_circ_0000117 is upregulated in GC tis-
sues and cell line.

® hsa_circ_0000117 promotes the proliferation
and invasion of GC cells.

® hsa_circ_0000117/miR-337-3p/STAT3  axis
promotes GC progression.

BIOENGINEERED 1389

Tumorigenesis

Disclosure statement

The authors declare that they have no financial conflicts of
interest.

Funding

No funding was received.

ORCID

Hongfei Chen @ http://orcid.org/0000-0002-5163-8149

References

[1] Kelley JR, Duggan JM. Gastric cancer epidemiology
and risk factors[J]. J Clin Epidemiol. 2003;56(1):1-9.

[2] Assumpg¢io PP, Barra WEF, Ishak G, et al. The
diffuse-type gastric cancer epidemiology enigmalJ].
BMC Gastroenterol. 2020;20(1):1-7. .

[3] Sukri A, Hanafiah A, Mohamad Zin N, et al
Epidemiology and role of Helicobacter pylori virulence
factors in gastric cancer carcinogenesis[J]. Apmis.
2020;128(2):150-161. .

[4] Eusebi LH, Telese A, Marasco G, et al. Gastric cancer
prevention  strategies: a global perspective[]].
] Gastroenterol Hepatol. 2020;35(9):1495-1502. .

[5] Sitarz R, Skierucha M, Mielko J, et al. Gastric cancer:
epidemiology,  prevention,  classification,  and
treatment[J]. Cancer Manag Res. 2018;10:239.

[6] Vo]N, Cieslik M, Zhang Y, et al. The landscape of circular
RNA in cancer([]]. Cell. 2019;176(4):869-881. el3. .



1390 Q. GAO ET AL,

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

Salzman J. Circular RNA expression: its potential reg-
ulation and function[J]. Trends Genet. 2016532
(5):309-316.

Qu S, Yang X, Li X, et al. Circular RNA: a new star of
noncoding RNAs[J]. Cancer Lett. 2015;365
(2):141-148. .

Ge Z, Li LF, Wang CY, et al. CircMTO1 inhibits cell
proliferation and invasion by regulating Wnt/beta-ca-
tenin signaling pathway in colorectal cancer[J]. Eur
Rev Med Pharmacol Sci. 2018;22(23):8203-8209. .

Li W, Yang FQ, Sun CM, et al. circPRRC2A promotes
angiogenesis and metastasis through
epithelial-mesenchymal transition and upregulates
TRPM3 in renal cell carcinoma(J]. Theranostics.
2020;10(10):4395. .

Bai Y, Li X. hsa_circ_0008285 facilitates the progres-
sion of cervical cancer by targeting miR-211-5p/SOX4
axis[J]. Cancer Manag Res. 2020;12:3927.

Jie M, Wu Y, Gao M, et al. CircMRPS35 suppresses
gastric cancer progression via recruiting KAT7 to gov-
ern histone modification[J]. Mol Cancer. 2020;19
(1):1-16. .

Fabbri M, Croce CM, Calin GA. MicroRNAs[]].
Cancer J. 2008;14(1):1-6.

Wang Z, Wang J, Yang Y, et al. Loss of has-miR-337-
3p expression is associated with lymph node metastasis
of human gastric cancer[J]. J Exp Clin Cancer Res.
2013;32(1):1-9. .

Zheng L, Jiao W, Mei H, et al. miRNA-337-3p inhi-
bits gastric cancer progression through repressing
myeloid zinc finger 1-facilitated expression of matrix
metalloproteinase 14[]]. Oncotarget. 2016;7
(26):40314. .

Wang Z, Yao L, Li Y, et al. miR-337-3p inhibits gastric
tumor metastasis by targeting ARHGAP10[J]. Mol
Med Rep. 2020;21(2):705-719. .

Panda AC. Circular RNAs act as miRNA sponges|[]].
Adv Exp Med Biol. 2018;1087:67-79.

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

Shang Q, Yang Z, Jia R, et al. The novel roles of
circRNAs in human cancer[J]. Mol Cancer. 2019;18
(1):1-10. .

Fang X, Wen ], Sun M, et al. CircRNAs and its rela-
tionship with gastric cancer[J]. J Cancer. 2019;10
(24):6105. .

LiR, Jiang J, Shi H, et al. CircRNA: a rising star in gastric
cancer([J]. Cell Mol Life Sci. 2020;77(9):1661-1680. .

Li G, Xue M, Yang F, et al. CircRBMS3 promotes
gastric cancer tumorigenesis by regulating miR-153-
SNAII axis[J]. J Cell Physiol. 2019;234(3):3020-3028. .
Zhang X, Wang S, Wang H, et al. Circular RNA
circNRIP1 acts as a microRNA-149-5p sponge to pro-
mote gastric cancer progression via the AKT1/mTOR
pathway[J]. Mol Cancer. 2019;18(1):1-24. .

Zhang Z, Zhang L, Wang B, et al. MiR-337-3p suppresses
proliferation of epithelial ovarian cancer by targeting
PIK3CA and PIK3CB[J]. Cancer Lett. 2020;469:54-67.
Zuo XL, Chen ZQ, Wang JF, et al. miR-337-3p sup-
presses the proliferation and invasion of hepatocellular
carcinoma cells through targeting JAK2[J]]. Am
J Cancer Res. 2018;8(4):662.

Benekli M, Baer MR, Baumann H, et al. Signal transducer
and activator of transcription proteins in leukemias[]].
Blood ] Am Soc Hematol. 2003;101(8):2940-2954.

Li H, Chen L, Li J, et al. miR-519a enhances chemo-
sensitivity and promotes autophagy in glioblastoma by
targeting STAT3/Bcl2 signaling pathway[J]. ] Hematol
Oncol. 2018;11(1):1-16. .

Yang Y, Ding L, Hu Q, et al. MicroRNA-218 functions
as a tumor suppressor in lung cancer by targeting IL-6/
STAT3 and negatively correlates with poor
prognosis[J]. Mol Cancer. 2017;16(1):1-13. .

Dong P, Xiong Y, Yue J, et al. Long noncoding RNA
NEAT1 drives aggressive endometrial cancer progres-
sion via miR-361-regulated networks involving STAT3
and tumor microenvironment-related genes[J]. J Exp
Clin Cancer Res. 2019;38(1):1-15. .



	Abstract
	Methods and materials
	Patient tissues
	Cell culture
	Quantitative real-time PCR
	Cell counting assay
	Transwell assay
	Dual-luciferase reporter assay
	Western blotting
	Pull-down assay
	Statistical analysis

	Results
	Hsa_circ_0000117 is upregulated in GC
	Hsa_circ_0000117 silencing reduces GC proliferation and invasion
	Hsa_circ_0000117 is asponge for miR-337-3p
	STAT3 is adownstream target of miR-337-3p
	Hsa_circ_0000117 enhances GC malignancy via the miR-337-3p/STAT3 axis

	Discussion
	Conclusion
	Highlight
	Disclosure statement
	Funding
	References



