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Abstract
Circular RNAs (circRNAs) are a class of novel RNAs, and aberrant expression of circRNAs has been implicated in human 
diseases, including gastric cancer (GC). This study aimed to identify the mechanism of circRNA_0043691 in regulat-
ing the progression of GC. GSE141977 was downloaded from Gene Expression Omibus (http:// www. ncbi. nlm. nih. gov/ 
geo/). Differentially expressed circRNAs were obtained by R software. The expression levels of circRNA_0043691 in GC 
tissue and normal tissue were identified by quantitative real-time polymerase chain reaction (qRT-PCR). Knockdown of 
circRNA_0043691 was then constructed and verified by qRT-PCR. Cell viability, migration, and invasion capacity were 
determined by Cell Counting Kit-8 assay, Transwell migration, and invasion, respectively. Next, knockdown of miR-873-3p 
was constructed and co-cultured with circRNA_0043691 knockdown to identify whether knockdown of miR-873-3p could 
attenuate the circRNA_0043691 knockdown on GC cells proliferation, migration, and invasion. The relationship between 
miR-873-3p and circRNA_0043691 or GART was predicted by bioinformatics tools and verified by dual-luciferase reporter. 
A total of 211 circRNAs were significantly differentially expressed, including 143 remarkably downregulated circRNAs and 
68 significantly upregulated circRNAs. CircRNA_0043691 was upregulated in GC tissue. Knockdown of circRNA_0043691 
decreased cell viability, migration, and invasion in GC cells. CircRNA_0043691 has potential putative binding sites with 
miR-873-3p. Moreover, CircRNA_0043691 positively regulated GART expression by sponging miR-873-3p. Furthermore, 
knockdown of miR-591 could partially attenuate the si-circRNA_0043691 on the GART expression. GART was upregulated 
in GC tissue and knockdown of GART could inhibit GC cells proliferation and invasion. Knockdown of circRNA_0043691 
delayed the progression of GC via modulating the miR-873-3p-GART axis.

Background

Gastric cancer (GC), a prevalent and malignant tumor of 
the stomach, is the third leading cause of cancer-related 
mortality (Tan 2019; Orman and Cayci 2019). The progres-
sion of GC is a multistep and multifactorial process involv-
ing genetic variation, geographic location, life style, and 
genetic background (Vohlonen et al. 2017; Venerito et al. 
2016). Treatment strategies for GC mainly include surgery, 
radiation, and chemotherapy. However, the survival rate 
remains unsatisfactory due to the pathogenesis of GC that 
remains poorly understood (Re 2018). Therefore, a deeper 

understanding of the mechanisms involved in GC progres-
sion is urgently needed (Correa 2013; Ang and Fock 2014).

Circular RNAs (circRNAs) are a novel competing endog-
enous noncoding RNA (ncRNAs) that participated into can-
cer development, progression, and metastasis (Feng et al. 
2019). Previous research studies have demonstrated that 
several circRNAs are dysregulated in GC, including Cir-
cRNA_100269 (Zhang et al. 2017a), circ-HuR (Yang et al. 
2019), CircRNA_0043691 (Yu et al. 2020), and circNHSL1 
(Zhu et  al. 2019a). Owing to the development of high-
throughput sequencing, many more circRNAs are involved 
in the progression of oncogenesis by regulating microRNAs 
(miRNAs). Zhang et al. (2017a) found that circRNA_100269 
is downregulated in GC and suppresses tumor cell growth 
by targeting miR-630. Yang et al. (2019) found that circ-
HuR suppresses HuR expression and GC progression by 
inhibiting CNBP transactivation. Yu et al. (2020) revealed 
that circRNA_0043691 sponges miR-873-3p to promote 
proliferation and metastasis of GC by upregulating GART 
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expression. Zhu et al. (2019a) found that circular RNA circ-
NHSL1 promotes GC progression through the miR-1306-3p/
SIX1/vimentin axis.

The Gene Expression Omnibus (GEO) dataset was avail-
able from the public (Toro-Domínguez et  al. 2019). In 
this study, we firstly performed bioinformatic analysis of 
GSE141977 and found that circRNA_0043691 was upregu-
lated in GC tissue. However, the molecular function of cir-
cRNA_0043691 in GC remains largely unknown.

MicroRNAs have emerged as key post-transcriptional 
regulators of gene expression, directly involved in human 
cancers (Zhang et al. 2019a). Many previous studies sug-
gested that miRNAs may be identified as sponge and finally 
regulate mRNA expression (Qi et al. 2018). CircRNAs shar-
ing target sites for one or more common miRNAs compete 
with each other for the limited pool of cellular miRNAs and 
thus affect the competing RNA’s level, a phenomenon known 
as Competing endogenous RNAs (ceRNA) effect (Zhang 
et al. 2019b). Deng et al. (2021) revealed that circTP63 
enhances estrogen receptor-positive breast cancer progres-
sion and malignant behaviors through the miR-873-3p/
FOXM1 axis. Zhu et al. (2019b) found that miR-873-5p 
inhibits the progression of colon cancer via repression of 
tumor suppressor candidate 3/AKT signaling. However, the 
role of miR-873-3p in GC cancer was unknown.

To evaluate the functional roles of circRNA_0043691 in 
GC progression, we performed loss-of-function and gain-of-
function assays. Our findings may give insight into under-
standing the mechanism of GC pathogenesis and provide 
new biomarkers for clinical diagnosis.

Materials and methods

Bioinformatic analysis

GSE141977 was downloaded from Gene Expression Omi-
bus (http:// www. ncbi. nlm. nih. gov/ geo/). This gene expres-
sion data set contained 3 gene expression profiles of gastric 
cancer (GC) and 3 gene expression profiles of adjacent nor-
mal tissue (NT), all of which were included in the analysis. 
The raw data were normalized using Limma package from 
Bioconductor as described previously (Wu et al. 2021). 
Differential expression analysis was conducted using the 
R limma package. The threshold cutoffs to identify sig-
nificant differentially expressed circRNAs between GC and 
NT were False Discovery Rate (FDR)-adjusted P value (q 
value) < 0.05 and absolute log-fold change (log FC) > 1. A 
heatmap was generated using the “pheatmap” package of the 
R software. Using a bioinformatics database (Circular RNA 
Interactome, https:// circi ntera ctome. nia. nih. gov/), we found 
several target miRNAs that had potential binding sites with 
circRNA_0043691. The commonly targeted miRNAs were 

obtained between Circular RNA Interactome, TargetScan, 
and miRanda using a Venn diagram overlap analysis (Bardou 
et al. 2014). Target genes of miR-873-3p were predicted by 
Targetscan (http:// www. targe tscan. org/ vert_ 72/), miRanda 
(http:// www. micro rna. org/), and miRDB (http:// mirdb. org/) 
databases. The commonly targeted mRNAs of miR-873-3p 
were performed by using a Venn diagram overlap analysis 
(Bardou et al. 2014).

GC tissue samples

Primary GC samples, matched adjacent tumor samples, and 
normal tissue samples were obtained from 11 patients with 
GC undergoing radical gastrectomy at the Shaoxing People’s 
Hospital between August 2018 and August 2019. All the 
tissues were diagnosed by pathological examination by two 
independent reviewers. The present study was approved by 
the Ethical Review Board of the Shaoxing People’s Hospital 
and written informed consent was obtained from all patients.

Cell culture

AGS and SGC7901 cells were purchased from ATCC 
(American Type Culture Collection, Manassas, VA, USA) 
and cultured in Dulbecco’s modified Eagle’s medium 
(DMEM, Hyclone, Logan, UT, USA) including 10% fetal 
bovine serum (FBS, Gibco, Carlsbad, CA, USA) and with 
1% penicillin (Gibco, Carlsbad, CA, USA) at 37 °C, 5% 
 CO2 incubator.

Cell proliferation assay

Cells were seeded out in 96-well plates at 2.5 ×  104/ml con-
centration (2500 cells/well) 48 h post transfection. Then, 
10 μl of CCK8 reagent (Solarbio, Beijing, China) was added, 
and the absorbance of each well was determined by endpoint 
method at 450 nm after 2 h. The cell viability was normal-
ized to control group.

qRT‑PCR

Total RNA was extracted using the Bacterial RNA kit 
(Omega, USA). Reverse transcription was conducted using 
the PrimeScript RT reagent kit (TaKaRa, Dalian, China). 
qRT-PCR was performed using the SYBR Green PCR kit 
(Takara Biotechnology, Takara, Dalian, China). Primers for 
circRNA_0043691 synthesis were 5′-CTG GGA GAC TCT 
ATC GGG GA-3′(F) and 5′-TTC TCA CAC GCA GAG CTG 
TT-3′(R), respectively. For GAPDH it was 5′-CGC TCT CTG 
CTC CTC CTG TTC-3′ (F), 5′-ATC CGT TGA CTC CGA CCT 
T CAC-3′(R), respectively. For miR-873-3p, it was 5′-TTT 
GTG TGC ATT TGC AGG AACT-3′ (F), 5′-GAA GAT TTG 
TGG GTG TTC CCG-3′ (R).
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For U6 it was 5′-GCT TCG GCA GCA CAT ATA CTA AAA 
T-3′ (F) and 5′-CGC TTC ACG AAT TTG CGT GTCAT-3′ (R), 
respectively. Real-time PCR was performed to determine 
relative gene expression using the  2−ΔΔCt method, and exper-
iments were performed in triplicate.

RNAi and transfection

The siRNA of circRNA_0043691 corresponding negative 
control was purchased from GenePharma (Shanghai, China), 
and siRNA transfection was carried out using Lipofectamine 
2000 (Thermo Fishier, Carlsbad, CA, USA) according to 
the manufacturer’s protocols. The siRNA sequences for si-
circRNA_0043691 were indicated as 5′- GAC AAG GGT TTT 
CTC CAG GGA-3′.

Transwell invasion and migration assay

For cell invasion assay, 80 μl serum-free DMEM-diluted 
Matrigel (BD, San Jose, CA, USA) was added to the Tran-
swell filter and incubated at 37 °C for 2 h to form a matrix 
gel. The opposite side of the upper chambers was coated 
with 0.2% gelatin. Then, 200 μl cell suspension (containing 
6 ×  105 cells) with serum-free medium was seeded in the 
upper chamber while the lower chamber was covered with 
500 ul medium supplemented with 20% fetal calf serum. 
After 24 h the cells were investigated and photographed.

Dual‑luciferase reporter assay

Dual-luciferase reporter assays were performed by co-trans-
fection in the indicated cell lines with pmir-GLO-NT5C3L 
or pmir-GLO-NT5C3L-Mut vectors, and miR-873 mimics 
or miR-NC. Renilla relative luciferase activity was measured 
48 h post transfection using a dual-luciferase reporter assay 
system according to the manufacturer’s protocol (Promega 
Corporation, Madison, WI, USA). Relative luciferase activ-
ity was normalized to the Renilla luciferase internal control.

Western blotting

After the cells were harvested, total cell protein was 
extracted with RIPA lysate containing PMSF. The protein 
concentration was quantified with BCA kit (Solarbio, Bei-
jing, China). Samples were boiled in SDS–polyacrylamide 
gel electrophoresis (SDS-PAGE) loading buffer, and proteins 
were separated by 10% SDS-PAGE. Gels were transferred 
onto PVDF membranes (Millipore, Billerica, MA, USA). 
After blocking with 5% non-fat milk at room temperature 
for 2 h, the membranes were immunoblotted with primary 
antibody (anti-Keap1, 1:1000, Cell Signaling Technology, 

4678S; anti-STIM1, 1:1000, Cell Signaling Technology, 
5668S). Membranes were subsequently incubated with the 
horseradish peroxidase-conjugated goat anti-rabbit second 
antibody (Invitrogen) at a dilution of 1:5000 for 2 h at room 
temperature.

Statistical analysis

All data from the present study are shown as the mean ± SD. 
The difference between two groups was calculated using 
the student’s t test, and the differences among three groups 
were analyzed by one-way ANOVA analysis followed by 
Tukey’ analyses. P < 0.05 indicated statistically significant 
difference.

Results

Bioinformatic analysis of GSE141977

After normalization, the medians became consistent and 
were at an identical level, suggesting that the normalization 
process is valid, and the normalized data may be used for 
additional analysis (Fig. 1).

A total of 211 circRNAs were significantly differentially 
expressed, including 143 remarkably downregulated circR-
NAs and 68 significantly upregulated circRNAs visualized 
by volcano plots (Fig. 2) and a cluster heatmap (Fig. 3). We 
selected circRNA_0043691, the first upregulated circRNA, 
for further study. Then, we explored the structure of cir-
cRNA_0043691. CircRNA_0043691 was a circRNA with 
201 nt and consisted from exon 7 (Fig. 4).

CircRNA_0043691 was upregulated in GC

We firstly detected circRNA_0043691 expression in 50 
paired GC samples and adjacent normal tissues by RT-
qPCR. The qRT-PCR analysis using the 50 paired GC sam-
ples and confirmed that circRNA_0043691 mRNA expres-
sion levels were significantly upregulated in GC tissues 
compared with adjacent normal tissues (P < 0.05, Fig. 5A).

Knockdown of circRNA_0043691 reduced the AGS 
and SGC7901 cells proliferation, migration, 
and invasion

To illustrate the function of circRNA_0043691 in GC, RNA 
silencing was performed to knockdown the expression of 
circRNA_0043691 in GC cells by using siRNA (Fig. 5B, 
D). In vitro experiment further confirmed that knockdown 
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of circRNA_0043691 inhibited GC cell proliferation at 96 h 
(Fig. 5C, E). Consistently, the Transwell migration indicated 
that circRNA_0043691 knockdown significantly suppressed 
the migration and invasion abilities of AGS and SGC7901 
cells (Fig. 5F–I). The results of the cell invasion assay were 
consistent with the cell migration assay (Fig. 5J–M).

CircRNA_0043691 directly binds to miR‑873‑3p 
and acts as a sponge

Venn diagram analysis revealed one miRNAs (miR-873-3p) 
overlapped with Circular RNA Interactome, TargetScan, and 
miRanda (Fig. 6).

Transfection of si_circRNA_0043691 obviously 
decreased the miR-873-3p levels in AGS and SGC7901 
cells (Fig. 7A). AGS and SGC7901 cells were transfected 
with miR-NC, miR-873-3p, or anti-miR-873-3p, and the 
infection efficiency was confirmed by RT-PCR (Fig. 7B). 
Potential miRNAs targeting circRNA_0043691 sequences 
were predicted using the circInteractome database (https:// 
circi ntera ctome. nia. nih. gov/ index. html) and found that 
circRNA_0043691 has binding sites with miR-873-3p 
(Fig. 7C). A dual-luciferase reporter assay showed that miR-
873-3p significantly decreased the luciferase activity of the 
reporter with wild-type NT5C3L1-3ʹ UTR, but unaffected 
the activity of the mutant-type vector in AGS cell (Fig. 7D) 
and SGC7901 cells (Fig. 7E).

CircRNA_0043691 regulates GART via sponging 
miR‑873‑3p in GC cells

Venn diagram analysis revealed 16 mRNAs overlapped 
with Targetscan, miRanda, and miRDB (Fig. 8). The miR-
873-3p and GART had highest binding energy and were thus 
selected for further analysis.

Fig. 1  Comparison of expression value between before normalization and after normalization

Fig. 2  Volcano plot of the differentially expressed circRNAs between 
GC and NT. Red dots represented upregulated circRNAs, green dots 
represented downregulated circRNAs, and black dots represented 
non-significance circRNAsRETRACTED A

RTIC
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Putative miR-873-3p binding sequence in the 3′-UTR 
of GART mRNA was predicted using the TargetScan data-
base (Fig. 9A). After transfection for 48 h, a dual-luciferase 
reporter assay was performed, revealing that in GART 
3’UTR WT-transfected cells, the luciferase activity of miR-
873-3p-overexpressing cells was significantly decreased 
when compared to that of miR-NC-transfected cells, which 
was abolished when the GART 3’UTR MUT luciferase 
reporter vector was used (Fig. 9B), suggesting that miR-
873-3p directly binds to the 3’UTR of GART mRNA.

As shown in Fig.  9C, D, transfection of AGS and 
SGC7901 with miR-873-3p led to a decrease, whereas 
transfection with the anti-miR resulted in increased GART 
gene and protein expression, respectively, when compared 
with miR-NC. Compared with si-NC, si-circRNA_0043691 
significantly decreased the GART expression, while co-
transfection with miR-873-3p could partially reverse the 
inhibitory effect of si-circRNA_0043691 on GART expres-
sion (Fig. 9E, F).

Knockdown GART inhibited GC cell proliferation 
and invasion

Additionally, we conducted loss-of-function assays and 
confirmed the oncogenic roles of GART in GC. Our results 
from the RT-PCR analysis showed that, compared with 
the si-NC group, the GART mRNA expression levels were 
significantly reduced in both the AGS and SGC7901 cells 
knockdown of GART (P < 0.05) (Fig. 10A).

Fig. 3  Heatmap of the differentially expressed circRNAs between GC and 
NT. Red represented upregulated circRNAs, and green represented down-
regulated circRNAs

Fig. 4  The structure of circRNA_0043691
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The results of the CCK8 assay revealed that proliferation 
rates in the si-GART-transfected group were significantly 
lower compared with the si-NC group in AGS and SGC7901 
cells at 48, 74, and 96 h (Fig. 10B). Transwell assays showed 

that the invasive activities of GC cells (AGS and SGC7901) 
were suppressed by the knockdown of GART than that of 
si-NC group (Fig. 10C).

Fig. 5  CircRNA_0043691 was upregulated in GC tissues. A Cir-
cRNA_0043691 was upregulated in GC tissues; B Relative expres-
sion of circRNA_0043691 after knockdown of circRNA_0043691 
in AGS cells; C Relative cell proliferation in AGS cells between 
si-NC and si-circRNA_0043691 at 0, 24, 48, 72, and 96 h. D Rela-
tive expression of circRNA_0043691 after knockdown of cir-

cRNA_0043691 in SGC7901 cells; E Relative cell proliferation in 
SGC7901 cells between si-NC and si-circRNA_0043691 at 0, 24, 48, 
72, and 96 h. Transwell migration (F) and invasion (G) assay results 
between si-NC and si-circRNA_0043691 in AGS cells. Transwell 
migration (H) and invasion (I) assay results between si-NC and si-
circRNA_0043691 in SGC7901 cells. *P < 0.05
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GART could be a potential biomarker for GC

Furthermore, public datasets were analyzed to evaluate the 
prognostic value of GART in GC. GEPIA database profiling 
showed that GART was significantly overexpressed in GC 
samples relative to the normal sample (P < 0.05, Fig. 11A), 
there was no significant difference between the GC tissues at 
different clinical stage (P > 0.05) (Fig. 11B). Kaplan–Meier 
analyses indicated that higher GART expression level cor-
related highly with shorter overall survival; however, the 
difference has no statistical significance (Fig. 11C).

Discussion

CircRNAs have been reported to exert a crucial role in many 
types of tumors, serving as oncogenes or tumor suppressors. 
For example, Cao et al. (2021) reported that Circular RNA 
circLMO7 acts as a microRNA-30a-3p sponge to promote 
gastric cancer progression via the WNT2/β-catenin pathway. 
Lin et al. (2020) revealed that CircRNA_0043691 is upregu-
lated in GC and promotes the GC cells’ growth, migration, 
and invasion via miR-665/YAP1 signaling pathway. In this 

Fig. 6  Venn diagram demonstrating the overlap of differentially tar-
geted miRNAs from Circular RNA Interactome, TargetScan, and 
miRanda

Fig. 7  miR-873-3p is a target of circRNA_0043691. A Relative 
expression of miR-873-3p between si-NC and si-circ_0043691 in 
AGS and SGC7901 cells. B Relative miR-873 expression between 
miR-NC, miR-873, and anti-miR-873 groups. C The binding sites 
between circ_0043691 and miR-873-3p. D Luciferase activity was 

detected in AGS cells that were co-transfected with both a luciferase 
reporter system and either miR-873 or miR-NC. E Luciferase activity 
was detected in SGC7901 cells that were co-transfected with both a 
luciferase reporter system and either miR-873 or miR-NC
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study, we identified that circRNA_0043691 was upregulated 
in GC tissues. Moreover, circRNA_0043691 sponges miR-
873-3p to promote proliferation and metastasis of GC by 
upregulating GART expression.

Accumulating studies have demonstrated that circRNAs 
serve as crucial mediators in regulating the progression of 
diverse human cancers, including GC. Firstly, bioinfor-
matics analysis was performed to identify differentially 
expressed circRNAs from GEO database (GSE78092). 
We found that circRNA_0043691 was upregulated in GC 
tissues than normal tissues. We then construct the cir-
cRNA_0043691 knockdown GC cells and find that knock-
down of circRNA_0043691significantly decreased GC cells 
proliferation, migration, and invasion. CircRNAs can func-
tion as miRNA sponge via their miRNA binding sites. A 
total of 212 miRNAs was thereafter obtained by taking the 
intersection of the two generated databases.

Previous studies demonstrated that miR-873-3p plays 
critical role in tumor progression. Deng et  al. (2021) 
revealed that circTP63 enhances estrogen receptor-positive 
breast cancer progression and malignant behaviors through 
the miR-873-3p/FOXM1 axis. Malavika et al. (2020) found 
that miR-873-3p targets HDAC4 to stimulate matrix met-
alloproteinase-13 expression upon parathyroid hormone 
exposure in rat osteoblasts. Gao et al. (2019) suggested 

that miR-873/PDL1 axis regulates the stemness of breast 
cancer cells. Liang and Li (2020) found that miR-873, as 
a suppressor in cervical cancer, inhibits cells proliferation, 
invasion, and migration via negatively regulating ULBP2. 
Zhang et al. (2017b) revealed that miR-873 suppresses 
H9C2 cardiomyocyte proliferation by targeting GLI1. In 
this study, we firstly identified that miR-873-3p was a tar-
get of circRNA_0043691 and suppresses the migration 
and invasion of GC cells in vitro. Moreover, knockdown 
of miR-873-3p could partially reverse the effects of si-
circRNA_0043691 on GC cells proliferation, migration, 
and invasion.

A previous study suggested that circRNA might act 
as ceRNAs to interact with miRNAs and influence the 
expression of miRNA target genes (Chen and Yang 2015). 
In this study, the target gene of miR-873-3p was GART. 
Luciferase activity was performed and identified that miR-
873-3p has potential target sites with GART. A recent 
study showed that knockdown of the predicted targets such 
as TYMS, DHFR, and GART resulted in decreased cyto-
toxicity of the drug combination in the cancer cell (Lee 
et al. 2017). In this study, we revealed that knockdown of 
GART significantly decreased the cell proliferation and 
invasion in GC cells. And this reduction was further con-
firmed by GEPIA database. However, from bioinformatic 
results, GART expression has no difference in clinical 
stage. Though higher expression of GART was associated 
with a reduction of overall survival in GC patients, the 
difference has no statistical significance. These findings 
need for more studies to verify.

However, a limitation of the present study was the lack 
of animal experiments, and thus, these results require fur-
ther validation in vivo. Another limitation of this study is 
that downstream signaling pathway in GC cells was not 
studied.

Conclusion

In conclusion, this is the first study that revealed that 
circRNA_0043691 was found to act as a sponge of miR-
873-3p, which directly bound to GART and regulated the 
GART expression. Knockdown of circRNA_0043691 
could be a potential therapeutic target for GC. Our find-
ings might provide new insight into GC development and 
provided a novel potential strategy for GC treatment.

Fig. 8  Venn diagram demonstrating the overlap of differentially tar-
geted mRNAs from TargetScan, miRDB, and miRanda
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Fig. 9  GART is a target of miR-873-3p. A The binding sites between 
miR-873-3p and GART. B Luciferase activity of GART-WT and 
GART-MUT in the miR-873-3p and miR-NC groups in AGS and 
SGC7901 cells. C Relative GART expression in miR-NC, miR-
873-3p, and anti-miR-873-3p groups in AGS and SGC7901 cells. D 
Relative GART protein expression between miR-NC, miR-873-3p, 

and anti-miR-873-3p groups in AGS and SGC7901 cells. E Rela-
tive GART Mrna expression between si-NC, si-circ_0043691, and 
si-circ_0043691 + anti-miR-873-3p groups in AGS and SGC7901 
cells. F Relative GART protein expression between si-NC, si-
circ_0043691, and si-circ_0043691 + anti-miR-873-3p groups in 
AGS and SGC7901 cells
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Fig. 10  Knockdown of GART inhibited GC cells proliferation, 
migration, and invasion. A Relative GART expression between si-NC 
and si-GART groups in AGS and SGC7901 cells. B Relative cell pro-

liferation between si-NC and si-GART groups in AGS and SGC7901 
cells. C Relative invasion capacity between si-NC and si-GART 
groups in AGS and SGC7901 cells
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cal stage by using the GEPIA database. C In the GEPIA database, the 
expression levels of GART were found to be significantly correlated 
with shorter overall survival of GC patients
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