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Abstract. – OBJECTIVE: Studies have found 
that hsa_circ_103809, a newly discovered cir-
cRNA in recent years, can serve as an onco-
gene involved in the progression of hepatocel-
lular carcinoma. However, its role in gastric can-
cer (GCa) remains elusive. The aim of this study 
was to reveal the molecular mechanism of hsa_
circ_103809 affecting the process of GCa, thus 
providing new ideas for its treatment.

PATIENTS AND METHODS: Hsa_circ_103809 
expression in GCa and adjacent tissues spec-
imens were studied by quantitative Real 
Time-Polymerase Chain Reaction (qRT-PCR) 
analysis, and its effect on the prognosis of GCa 
patients was analyzed. In GCa cells lines, hsa_
circ_103809 was knocked down by small interfer-
ing RNA, and GCa cell metastasis ability was de-
tected by cell wound healing test and transwell 
assay. Finally, the potential target gene of hsa_
circ_103809 was predicted through bioinformat-
ics website and verified by Luciferase assay.

RESULTS: Hsa_circ_103809 showed an in-
creased expression both in GCa tissues and cell 
lines, predicting a poor prognosis of GCa pa-
tients. Meanwhile, the invasive and migration ca-
pacities of GCa cells were remarkably reduced 
after the knockdown of hsa_circ_103809. Bio-
informatics website predicted that there exist-
ed binding sites of hsa_circ_103809 on microR-
NA-101-3p, and Luciferase assay verified that 
hsa_circ_103809 can adsorb microRNA-101-3p. 
In GCa tissues, qPCR detected a significant-
ly reduced expression of microRNA-101-3p, 
which was negatively correlated with that of 
hsa_circ_103809. In addition, the knockdown 
of hsa_circ_103809 enhanced microRNA-101-3p 
expression in GCa cell lines. Subsequent in vitro 
experiments further detected that the overex-
pression of hsa_circ_103809 partially reversed 
the inhibitory effect of microRNA-101-3p over-
expression on GCa cell migration ability and in-
vasiveness.

CONCLUSIONS: Hsa_circ_103809, highly ex-
pressed in GCa, may promote the migration 
capacity of GCa cells by adsorbing microR-
NA-101-3p and thus become a new therapeutic 
target for GCa.
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Introduction

Gastric cancer (GCa) is one of the most com-
mon malignant tumors of the digestive system 
and the third most deadly malignant tumor in 
the world. There are more than 1 million new 
cases of GCa diagnosed worldwide every year, 
and about 783,000 people die of this cancer1. 
Epidemiological data show that men are more 
likely to develop GCa than women2. Although 
great progress has been made in the diagnosis 
and treatment of GCa with the continuous im-
provement of medical level, the overall survival 
rate of GCa patients is still unsatisfying. In most 
countries, the 5-year survival rate of GCa patients 
is less than 30%3,4. Therefore, there is a need to 
further explore the key molecular mechanisms 
underlying the occurrence of GCa, so as to pro-
vide new ideas and methods for the diagnosis and 
treatment of this cancer.

CircRNAs are a class of endogenous non-cod-
ing RNAs (ncRNAs) without protein-coding abil-
ity and produced by reverse mRNA splicing 
(ncRNAs), characterized by covalently closed 
ring structure5. Unlike long non-coding RNAs 
(lncRNAs) and microRNAs (miRNAs), circRNAs 
do not have 5 ‘and 3’ ends, showing high stability 
and sequence conservation in mammalian cells6. 
To date, more than 2000 different circRNAs 
have been discovered, but the functions of most 
circRNAs have not been fully clarified7,8. Cir-
cRNAs play different roles in various human ma-
lignancies. Consistently, circ-TADA2A regulates 
CREB3 expression and promotes the metastasis 
of osteosarcoma by combining with microR-
NA-203a-3p9. Circ-0001429 prompts the devel-
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opment of bladder cancer by modulating VEGFA 
expression by binding to microRNA-205-5p10. 
CircRNA-CER can be involved in the progres-
sion of breast cancer through microRNA-136/
MMP13 pathway11. Nevertheless, the mechanism 
by which hsa_circ_103809 affects GCa develop-
ment remains to be further investigated.

MiRNAs are endogenous ncRNAs with a short 
length of about 18-25 nucleotides that, by bind-
ing to the 3’-non-translational region (3’-UTR) 
of the target gene, regulate gene expression at 
the post-transcriptional level, promote mRNA 
degradation, and inhibit its translation12,13. Each 
miRNA precursor can be cleaved into two mole-
cules, namely microRNA-5p and microRNA-3p, 
which have different recognition regions and 
play different functions14. They play an essential 
part in cell growth, proliferation, apoptosis, dif-
ferentiation, and other physiological processes, 
and thus participate in the progression of various 
tumors15,16. Downregulating microRNA-205 can 
inhibit the proliferation and migration of hepato-
cyte cancer cells through targeted binding of 
vascular endothelial growth factor A17. MicroR-
NA-218 is capable of suppressing the proliferation 
and epithelial mesenchymal transformation of 
prostate cancer cells18. MicroRNA-503 enhanc-
es the invasiveness of colorectal cancer cells 
by modulating PDCD419. However, the role of 
microRNA-101-3p in GCa remains unclear and 
needs further exploration.

It was speculated that hsa_circ_103809 might 
act as an oncogene in GCa as hsa_circ_103809 
was highly expressed in GCa tissues and cell 
lines. The potential biological function and mo-
lecular mechanism of hsa_circ_103809 were in-
vestigated through a series of in vitro experi-
ments in this study.

Patients and Methods

Sample Collection
A total of 60 pairs of postoperative tumor 

tissues and adjacent normal tissues from GCa 
patients in Dongying District Hospital were se-
lected, and all tissues were confirmed by pathol-
ogy. In this study, none of enrolled subjects were 
preoperatively treated with anti-tumor therapy. 
In addition, the tumor pathological classification 
and staging criteria of GCa were in accordance 
with the Union for International Cancer Control 
(UICC) Staging standard implementation. All 
participants in the study signed informed con-

sent, and all research protocols were approved 
by the Ethics Committee of Dongying District 
Hospital. 

Cell Culture
Human normal gastric mucosal epithelial cells 

(GES-1) and human GCa cell lines (AGS, MKN-
45, SNU5, MK-2) provided by the Shanghai In-
stitute of Cell Biology (Shanghai, China) were 
cultured in Roswell Park Memorial Institute-1640 
(RPMI-1640) medium (Gibco, Rockville, MD, 
USA) supplemented with 10% fetal bovine serum 
(FBS; Gibco, Rockville, MD, USA) and 1% pen-
icillin and streptomycin (Lonza, Morristown, NJ, 
USA) in a cell incubator with 5% CO2 at 37°C.

Cell Transfection
Lipofectamine 2000 (Invitrogen, Carlsbad, 

CA, USA) was mixed with si-hsa_circ_103809 
and microRNA-101-3p mimics and then added 
into cells when cell density reached to 60%. 48 
hours later, the cells were collected for analysis.

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

RNA extraction was performed by TRIzol 
method (Invitrogen, Carlsbad, CA, USA), and the 
extracted total RNA was reversely transcribed 
using a reverse transcription kit (TaKaRa, Da-
lian, China) according to the product manual. 
Then, SYBR Green Master reagent (Roche, Ba-
sel, Switzerland) was used for qRT-PCR. Glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) 
and U6 are used as internal references. The 
primer sequence used were as follows: Hsa_
circ_103809 Forward: 5′-AAAGAGTTTTTG-
GAAGACGTC-3′ and Reverse: 5′-TGGTGG-
CATGTTTTGTCATT-3′, microRNA-101-3p For-
ward: 5′-GCCGCCACCATGGTGAGCAAGG-3′ 
and Reverse: 5′-AATTGAAAAAAGTGATTTA-
ATTT-3′, GAPDH Forward: 5′-TATGATGATAT-
CAAGAGGGTAGT-3′ and Reverse: 5′-TGTATC-
CAAACTCATTGTCATAC-3 and U6 Forward: 
5′-C8TCGCTTCGGCAGCACATA-3′ and Re-
verse: 5′-AACGATTCACGAATTTGCGT-3′.

Cell Wound Healing Test
When cells adhered to more than 80%, a single 

layer of cells was scratched with the tip of a 10 
μL pipette, causing scratches. After rinsing, the 
6-well plate was observed under a microscope 
and images were collected for quantitative anal-
ysis using Image-Pro Plus 6.0 software (Media 
Cybernetics, lnc. Silver Springs, MD, USA).
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Transwell Experiment
Cell migration or invasion was tested using a 

24-well plate cell pre-coated or not coated with 
matrix gel according to the manufacturer’s in-
structions. 

Luciferase Assay 
Hsa_circ_103809-wt or hsa_circ_103809-mut 

and microRNA-101-3p mimics or microRNA-101-
3p-NC were co-transfected into GCa cells using 
Lipofectamine 2000. 24 hours later, the Lucifer-
ase activity of each group was measured using a 
Luciferase reporting kit (Genecopoaie, Guang-
zhou, China).

Statistical Analysis
Statistical analysis was performed using Sta-

tistical Product and Service Solutions (SPSS) 
19.0 (IBM Corp., Armonk, NY, USA) software, 
and graphs were plotted using GraphPad Prism 
(La Jolla, CA, USA). A paired t-test was used to 
compare the two sets of data. The correlation of 
hsa_circ_103809 and microRNA-101-3p expres-
sion levels was analyzed using linear regression. 
p less than 0.05 was statistically significant.

Results

Abnormally Increased Expression of 
hsa_circ_103809 In GCa

To search for the molecular mechanism of hsa_
circ_103809 in GCa, tissue samples were collected 
from GCa patients, and it was found that hsa_
circ_103809 was remarkably increased in tumor 
samples in comparison to the control ones (Figure 
1A). Meanwhile, those patients in advanced stage 
had a higher expression of hsa_circ_103809 (Fig-
ure 1B). Consistently, qPCR detection revealed 
that hsa_circ_103809 was also highly expressed in 
human GCa cells as compared to GES-1 cells (Fig-
ure 1C). In addition, it could be seen from Figure 
1D that the relative expression of hsa_circ_103809 
was negatively correlated with the overall sur-
vival rate of GCa patients, indicating that hsa_
circ_103809 may act as an oncogene in GCa.

Knockdown of Hsa_circ_103809 
Suppressed the Migration and 
Invasiveness of GCa Cells

Two GCa cell lines (MKN45 and SNU5) with 
relatively high expression levels were selected for 
subsequent in vitro experiments. They were trans-

Figure 1. Hsa_circ_103809 was abnormally highly expressed in gastric cancer. A, The relative expression level of hsa_
circ_103809 in gastric cancer tissues and normal control tissues was detected by qRT-PCR. B, Analysis of the correlation between 
the relative expression level of hsa_circ_103809 and the TNM stage of gastric cancer patients. C, The relative expression level 
of hsa_circ_103809 in gastric cancer cells and normal control cells was expressed by qRT-PCR. D, Analysis of the correlation 
between the relative expression level of hsa_circ_103809 and the overall survival rate of gastric cancer patients. *p<0.05, **p<0.01.
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fected with si-hsa_circ_103809 and negative control 
si-NC, and their expressions were detected using 
qPCR (Figure 2A). Next, the results of cell wound 
healing assay and transwell experiments revealed 
that the knockdown of hsa_circ_103809 markedly 
inhibited the healing ability and migration capacity 
of MKN45 and SNU5 cells (Figure 2B, 2C, 2D).

Hsa_circ_103809 Combined With 
MicroRNA-101-3p

Using the bioinformatics database CircInter-
actome (https://circinteractome.nia.nih.gov) to 
screen for miRNAs that may be bound by hsa_
circ_103809, the highest binding score was found 

between hsa_circ_103809 and microRNA-101-3p 
(Figure 3A). Later, Luciferase assay indicated that 
microRNA-101-3p mimics markedly attenuated the 
Luciferase activity in hsa_circ_103809-wt group 
without affecting that in hsa_circ_103809-mut 
group (Figure 3B). Therefore, microRNA-101-3p 
level in GCa tissue samples was detected, and it 
was found to be remarkably reduced (Figure 3C). 
At the same time, hsa_circ_103809 and microR-
NA-101-3p showed a negative correlation in GCa 
tissues, measured by linear regression analysis 
(Figure 3D). In addition, Figure 3E showed that 
knocking down hsa_circ_103809 remarkably ele-
vated microRNA-101-3p expression in vitro.

Figure 2. Downregulation of hsa_circ_103809 could inhibit the proliferation, migration and invasion of gastric cancer cells. A, 
The expression of hsa_circ_103809 in MKN45 and SNU5 cells transfected with si-NC and si-hsa_circ_103809 was detected by 
qRT-PCR. B, The effect of hsa_circ_103809 on the migration ability of MKN45 and SNU5 cells was indicated by a cell wound 
healing assay. C, The effect of hsa_circ_103809 on the migration of MKN45 and SNU5 cells was revealed by the transwell 
migration experiment (magnification: 200x). D, The effect of hsa_circ_103809 on the invasion of MKN45 and SNU5 cells was 
detected by transwell invasion experiments (magnification: 200×). *p<0.05, **p<0.01, ***p<0.001, ns: no significant difference.
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Overexpression of hsa_circ_103809 
Could Partially Reverse the 
Inhibitory Effect of MicroRNA-101-3p 
Overexpression on GCa Cell Metastasis

To further clarify the role of the hsa_
circ_103809/microRNA-101-3p axis in GCa, hsa_
circ_103809 was overexpressed in MKN45 and 
SNU5 cells transfected with microRNA-101-3p 
mimics, and it was found that the overexpression 
of hsa_circ_103809 partially reversed the en-
hanced expression of microRNA-101-3p induced 
by its mimics (Figure 4A). Then, a series of in vi-
tro cell function experiments were performed to 
verify the effects of simultaneous overexpression 
of microRNA-101-3p and hsa_circ_103809 on cell 
migration and invasion. Figure 4B-4D showed 
that the overexpression of hsa_circ_103809 re-
versed the inhibitory influence of microR-
NA-101-3p mimics on the migration and inva-
siveness of GCa cells.

Discussion

GCa is a heterogeneous and multi-factor dis-
ease, which endangers human physical and men-
tal health and brings great pressure to human 
health and social economy20. Many risk factors, 

such as excessive salt intake, alcohol consump-
tion, smoking, infection, heredity, etc. may be 
involved in the pathogenesis of this cancer21. At 
present, surgery is still the main treatment for 
patients in early stage, and postoperative adjuvant 
chemotherapy and other comprehensive treat-
ments can be adopted to improve the prognosis 
of patients, but the overall prognosis of GCa is 
not optimistic22. Moreover, since the symptoms of 
early GCa are usually insidious and non-specific, 
most patients with GCa have progressed to late 
stage when a definite diagnosis is made23. There-
fore, the purpose of this study was to provide 
some new ideas for the diagnosis and treatment 
of GCa. 

Before 2012, circRNAs were considered to be 
the product of transcriptional errors. However, 
with the development of sequencing and bioin-
formatics, Salzman et al24 conducted systematic 
and comprehensive studies on the characteris-
tics of gene expression of circRNAs in human 
cells, making them widely used in the field of 
non-coding RNAs. A great number of studies 
have showed the potential clinical value of cir-
cRNAs in the diagnosis, treatment and prognosis 
of GCa. Notably, circ-0009910 can regulate the 
proliferation and migration of GCa and predict 
poor prognosis25. Circ_0027599/PHDLA1 inhib-

Figure 3. Hsa_circ_103809 was able to adsorb miR-101-3p. A, MiRNAs having binding sites on hsa_circ_103809 and miR-
101-3p predicted by the bioinformatics website (http://starbase.sysu.edu.cn) were selected. B, The binding relationship between 
hsa_circ_103809 and miR-101-3p was detected by a dual luciferase reporter gene experiment. C, The expression of miR-101-
3p in gastric cancer tissues and adjacent normal tissues was showed by qRT-PCR. D, Analysis of the correlation between 
hsa_circ_103809 and miR-101-3p expression levels in gastric cancer tissues. E, The expression of miR-101-3p in MKN45 and 
SNU5 cells transfected with si-NC and si-hsa_circ_103809 was revealed by qRT-PCR. **p<0.01, ***p<0.001.
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its the progression of GCa by adsorption of 
microRNA-101-3p26. Hsa_circ_0001368 inhibits 
the progression of GCa through the mir6505-5p/
Fox O3 axis27. Thus, circRNAs may play a role 
as oncogenes or tumor suppressor genes in GCa. 
Hsa_circ_103809, located on chromosome 5p13.3 
with a length of 693 nucleotides, is composed 
of 5 exons of the ZFR gene28, and it is capable 
of prompting the progression of lung cancer by 
regulating the expression of ZNF121 through the 
adsorption of microRNA-430228. In colorectal 
cancer, hsa_circ_103809 regulates the prolifer-
ation and migration of colorectal cancer cells 
through microRNA-532e3p /FOXO4 axis29. This 
study revealed a significantly increased expres-
sion of hsa_circ_103809 in GCa tissues and cell 
lines, and indicated the cancer-promoting role of 
hsa_circ_103809 in GCa through a series of in 
vitro experiments.

By searching for bioinformatics website, it 
was found that microRNA-101-3p could bind to 
hsa_circ_103809, and this binding relationship 
was detected through Luciferase assay. MicroR-
NA-101-3p plays a critical role in human nausea 

tumors, such as hepatocellular carcinoma30, lung 
squamous cell carcinoma31, breast cancer32, and 
in the progression of GCa. LINC01303, as a 
competitive binding between ceRNA and mi-
croRNA-101-3p, can be engaged in the progres-
sion of GCa through the modulation of EZH233. 
LncRNA SNHG6 promotes the proliferation and 
epithelial mesenchymal transformation of GCa 
cells through epigenetic silencing of p27 gene 
and adsorption of microRNA-101-3p34. MicroR-
NA-101-3p inhibits HOTAIR-induced prolifer-
ation and invasion of GCa cells by targeting 
SRF35. However, the binding association between 
hsa_circ_103809 and microRNA-101-3p has not 
been fully detected. In this investigation, linear 
analysis showed that the expression of the above 
two genes was negatively correlated and microR-
NA-101-3p may serve as a tumor suppressor gene 
in GCa. Moreover, in vitro overexpression of 
hsa_circ_103809 partially can partially reverse 
the inhibitory effect of overexpression of microR-
NA-101-3p on invasion of GCa cells. Therefore, 
hsa_circ_103809 might function as a ceRNA to 
exert a sponge effect on microRNA-101-3p, thus 

Figure 4. Overexpression of hsa_circ_103809 could partially reverse the inhibitory effect of miR-101-3p overexpression 
on gastric cancer cell migration and invasion. A, miR-101-3p expression was detected by qRT-PCR after simultaneous over-
expression of miR-101-3p and hsa_circ_103809 in MKN45 and SNU5 cells. B, Cell migration ability was indicated by cell 
wound healing test after simultaneous over-expression of miR-101-3p and hsa_circ_103809 in MKN45 and SNU5 cells. C, 
Cell migration ability was determined by transwell migration experiments after simultaneous over-expression of miR-101-3p 
and hsa_circ_103809 in MKN45 and SNU5 cells. D, Transwell invasion assay was used to detect the effects of miR-101-3p and 
hsa_circ_103809 on cell invasion. **p<0.01, ***p<0.001, #p<0.01, ##p<0.001.
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promoting the malignant progression of GC. This 
study is expected to provide a new perspective 
for the occurrence and development mechanism 
of GC, and provide new ideas for the clinical di-
agnosis and treatment of GC.

Conclusions

In summary, this study found that hsa_
circ_103809, highly expressed in GCa tissues, 
can be used as a marker for predicting a poor 
prognosis of GCa patients. In addition, hsa_
circ_103809 is able to accelerate the migration 
of GCa cells by binding to microRNA-101-3p. It 
is suggested that hsa_circ_103809 may become a 
new target for the treatment of GCa and provide 
a new strategy for the clinical diagnosis of GCa.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, 
Jemal A. Global cancer statistics 2018: GLOBO-
CAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA Cancer 
J Clin 2018; 68: 394-424.

  2)	 Higginson J. International agency for research on 
cancer. Arch Pathol 1974; 98: 289-291.

  3)	 Zhang X, Wang S, Wang H, Cao J, Huang X, Chen Z, 
Xu P, Sun G, Xu J, Lv J, Xu Z. Circular RNA circN-
RIP1 acts as a microRNA-149-5p sponge to pro-
mote gastric cancer progression via the AKT1/
mTOR pathway. Mol Cancer 2019; 18: 20.

  4)	 Allemani C, Weir HK, Carreira H, Harewood R, Spi-
ka D, Wang XS, Bannon F, Ahn JV, Johnson CJ, 
Bonaventure A, Marcos-Gragera R, Stiller C, Aze-
vedo ESG, Chen WQ, Ogunbiyi OJ, Rachet B, Soe-
berg MJ, You H, Matsuda T, Bielska-Lasota M, Storm 
H, Tucker TC, Coleman MP. Global surveillance of 
cancer survival 1995-2009: analysis of individ-
ual data for 25,676,887 patients from 279 pop-
ulation-based registries in 67 countries (CON-
CORD-2). Lancet 2015; 385: 977-1010.

  5)	 Lasda E, Parker R. Circular RNAs: diversity of form 
and function. RNA 2014; 20: 1829-1842.

  6)	 Qu S, Yang X, Li X, Wang J, Gao Y, Shang R, Sun W, 
Dou K, Li H. Circular RNA: A new star of noncod-
ing RNAs. Cancer Lett 2015; 365: 141-148.

  7)	 Memczak S, Jens M, Elefsinioti A, Torti F, Krueger 
J, Rybak A, Maier L, Mackowiak SD, Gregersen LH, 
Munschauer M, Loewer A, Ziebold U, Landthaler M, 

Kocks C, le Noble F, Rajewsky N. Circular RNAs are 
a large class of animal RNAs with regulatory po-
tency. Nature 2013; 495: 333-338.

  8)	 Salzman J, Gawad C, Wang PL, Lacayo N, Brown PO. 
Circular RNAs are the predominant transcript iso-
form from hundreds of human genes in diverse 
cell types. PLoS One 2012; 7: e30733.

  9)	 Wu Y, Xie Z, Chen J, Chen J, Ni W, Ma Y, Huang K, 
Wang G, Wang J, Ma J, Shen S, Fan S. Circular RNA 
circTADA2A promotes osteosarcoma progression 
and metastasis by sponging miR-203a-3p and 
regulating CREB3 expression. Mol Cancer 2019; 
18: 73.

10)	 Cao W, Zhao Y, Wang L, Huang X. Circ0001429 
regulates progression of bladder cancer through 
binding miR-205-5p and promoting VEGFA ex-
pression. Cancer Biomark 2019; 25: 101-113.

11)	 Qu Y, Dou P, Hu M, Xu J, Xia W, Sun H. CircRNAC-
ER mediates malignant progression of breast 
cancer through targeting the miR136/MMP13 ax-
is. Mol Med Rep 2019; 19: 3314-3320.

12)	 Treiber T, Treiber N, Meister G. Regulation of mi-
croRNA biogenesis and its crosstalk with other 
cellular pathways. Nat Rev Mol Cell Biol 2019; 20: 
5-20.

13)	 Ha M, Kim VN. Regulation of microRNA biogene-
sis. Nat Rev Mol Cell Biol 2014; 15: 509-524.

14)	 Mitra R, Lin CC, Eischen CM, Bandyopadhyay S, Zhao 
Z. Concordant dysregulation of miR-5p and miR-
3p arms of the same precursor microRNA may be 
a mechanism in inducing cell proliferation and tu-
morigenesis: a lung cancer study. RNA 2015; 21: 
1055-1065.

15)	 Li C, Li JF, Cai Q, Qiu QQ, Yan M, Liu BY, Zhu ZG. 
MiRNA-199a-3p: a potential circulating diagnostic 
biomarker for early gastric cancer. J Surg Oncol 
2013; 108: 89-92.

16)	 Ueda T, Volinia S, Okumura H, Shimizu M, Taccioli C, 
Rossi S, Alder H, Liu CG, Oue N, Yasui W, Yoshida K, 
Sasaki H, Nomura S, Seto Y, Kaminishi M, Calin GA, 
Croce CM. Relation between microRNA expres-
sion and progression and prognosis of gastric 
cancer: a microRNA expression analysis. Lancet 
Oncol 2010; 11: 136-146.

17)	 Zhao X, Zhou S, Wang D, He W, Li J, Zhang S. Mi-
croRNA-205 is downregulated in hepatocellular 
carcinoma and inhibits cell growth and metas-
tasis via directly targeting vascular endothelial 
growth factor A. Oncol Lett 2018; 16: 2207-2214.

18)	 Guan B, Mu L, Zhang L, Wang K, Tian J, Xu S, Wang 
X, He D, Du Y. MicroRNA-218 inhibits the migra-
tion, epithelial-mesenchymal transition and can-
cer stem cell properties of prostate cancer cells. 
Oncol Lett 2018; 16: 1821-1826.

19)	 Li L, Zhang X, Yi Z, Liang X, Yin W, Li S. MiR-503 
promotes the migration and invasion of colorectal 
cancer cells by regulating PDCD4. J BUON 2018; 
23: 579-586.

20)	 Rahman R, Asombang AW, Ibdah JA. Characteristics 
of gastric cancer in Asia. World J Gastroenterol 
2014; 20: 4483-4490.



Hsa_circ_103809 promotes invasion and migration of gastric cancer cells

6071

21)	 Guggenheim DE, Shah MA. Gastric cancer epide-
miology and risk factors. J Surg Oncol 2013; 107: 
230-236.

22)	 Ding S, Zhang Y. MicroRNA539 inhibits the prolif-
eration and migration of gastric cancer cells by 
targeting SRYbox 5 gene. Mol Med Rep 2019; 20: 
2533-2540.

23)	 Johnston FM, Beckman M. Updates on manage-
ment of gastric cancer. Curr Oncol Rep 2019; 21: 
67.

24)	 Salzman J, Gawad C, Wang PL, Lacayo N, Brown PO. 
Circular RNAs are the predominant transcript iso-
form from hundreds of human genes in diverse 
cell types. PLoS One 2012; 7: e30733.

25)	 Liu M, Liu KD, Zhang L, Cai J, Yao HW, Bai YK, 
Zhang ZT. Circ_0009910 regulates growth and 
metastasis and is associated with poor progno-
sis in gastric cancer. Eur Rev Med Pharmacol Sci 
2018; 22: 8248-8256.

26)	 Wang L, Shen J, Jiang Y. Circ_0027599/PHDLA1 
suppresses gastric cancer progression by spong-
ing miR-101-3p.1. Cell Biosci 2018; 8: 58.

27)	 Lu J, Zhang PY, Li P, Xie JW, Wang JB, Lin JX, Chen 
QY, Cao LL, Huang CM, Zheng CH. Circular RNA 
hsa_circ_0001368 suppresses the progression 
of gastric cancer by regulating miR-6506-5p/
FOXO3 axis. Biochem Biophys Res Commun 
2019; 512: 29-33.

28)	 Liu W, Ma W, Yuan Y, Zhang Y, Sun S. Circular RNA 
hsa_circRNA_103809 promotes lung cancer pro-
gression via facilitating ZNF121-dependent MYC 
expression by sequestering miR-4302. Biochem 
Biophys Res Commun 2018; 500: 846-851.

29)	 Bian L, Zhi X, Ma L, Zhang J, Chen P, Sun S, Li J, 
Sun Y, Qin J. Hsa_circRNA_103809 regulated the 

cell proliferation and migration in colorectal can-
cer via miR-532-3p / FOXO4 axis. Biochem Bio-
phys Res Commun 2018; 505: 346-352.

30)	 Li CY, Pang YY, Yang H, Li J, Lu HX, Wang HL, Mo 
WJ, Huang LS, Feng ZB, Chen G. Identification of 
miR-101-3p targets and functional features based 
on bioinformatics, meta-analysis and experimen-
tal verification in hepatocellular carcinoma. Am J 
Transl Res 2017; 9: 2088-2105.

31)	 Hou Y, Li L, Ju Y, Lu Y, Chang L, Xiang X. MiR-101-
3p regulates the viability of lung squamous car-
cinoma cells via targeting EZH2. J Cell Biochem 
2017; 118: 3142-3149.

32)	 Liu P, Ye F, Xie X, Li X, Tang H, Li S, Huang X, Song 
C, Wei W, Xie X. Mir-101-3p is a key regulator of 
tumor metabolism in triple negative breast can-
cer targeting AMPK. Oncotarget 2016; 7: 35188-
35198.

33)	 Cao C, Xu Y, Du K, Mi C, Yang C, Xiang L, Xie Y, 
Liu W. LINC01303 functions as a competing en-
dogenous RNA to regulate EZH2 expression by 
sponging miR-101-3p in gastric cancer. J Cell Mol 
Med 2019; 23: 7342-7348.

34)	 Yan K, Tian J, Shi W, Xia H, Zhu Y. LncRNA SN-
HG6 is associated with poor prognosis of gastric 
cancer and promotes cell proliferation and EMT 
through epigenetically silencing p27 and spong-
ing miR-101-3p. Cell Physiol Biochem 2017; 42: 
999-1012.

35)	 Wu X, Zhou J, Wu Z, Chen C, Liu J, Wu G, Zhai 
J, Liu F, Li G. MiR-101-3p suppresses HOX tran-
script antisense RNA (HOTAIR)-induced prolifer-
ation and invasion through directly targeting SRF 
in gastric carcinoma cells. Oncol Res 2017; 25: 
1383-1390.


