
8248

Abstract. – OBJECTIVE: Circular RNAs (cir-
cRNAs) have recently shown capabilities as 
gene regulators in mammals. In this study, we 
aimed to evaluate the effects and mechanism of 
circ_0009910 in gastric cancer (GC).

PATIENTS AND METHODS: Circ_0009910 ex-
pression was quantified by Real-time PCR in hu-
man GC cell lines and tissues. Association be-
tween circ_0009910 levels and clinicopatholog-
ical factors and patient’s prognosis was ana-
lyzed. The roles of circ_0009910 in regulating 
GC cell proliferation, colony formation, migra-
tion, and invasion were evaluated in vitro. West-
ern blot analysis was conducted to detect the 
expressions of molecular markers of epitheli-
al-mesenchymal transition (EMT). 

RESULTS: Circ_0009910 expression level was 
elevated in GC tissues and cell lines and asso-
ciated with clinical stage (p = 0.032), distant me-
tastasis (p = 0.028) and differentiation (p = 0.007). 
Kaplan-Meier survival analysis indicated that 
circ_0009910 expression in positive group has a 
worse overall survival compared to the negative 
group (p = 0.0013). Multivariate analysis showed 
that circ_0009910 was an independent risk fac-
tor for GC (HR = 2.346, 95% CI: 1.673-3.775, p 
= 0.006). Knockdown of circ_0009910 expres-
sion can suppress BGC823 and AGS cells pro-
liferation, migration and invasion in vitro experi-
ments. The results of Western blot indicated that 
knockdown of circ_0009910 increased expres-
sion of E-cadherin and decreased expression of 
the mesenchymal markers, snail and N-cadherin.

CONCLUSIONS: Altogether, we demonstrate 
that circ_0009910 acts as a prognostic bio-
marker and promote cell proliferation, migra-
tion, invasion and EMT in GC, indicating that 
circ_0009910 may be a novel potential biomark-
er and therapeutic target of GC.
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Introduction

Gastric cancer (GC) is one of the most common 
cancers and is the second leading cause of can-
cer death worldwide1. Environmental and genetic 
factors are both important in gastric carcinogen-
esis2. It has been confirmed that the development 
and progression of GC arises via miss-regulation 
of many related genes such as C-myc, p53 and 
PTEN3,4. Over the past decades, in spite of observ-
able advancement in surgical technique, chemo-
therapy and radiotherapy, the prognosis of patients 
is still disappointing and the 5-year survival rate 
still remains low due to metastasis5,6. Thus, iden-
tifying novel molecule biomarkers of interest in 
GC may provide new opportunities for therapeutic 
strategies against GC. Although circular RNA 
was firstly reported more than 20 years ago, these 
molecules were considered byproducts of splicing 
errors7. Circular RNAs (circRNAs) are a novel 
type of RNA that, unlike linear RNAs, form a 
covalently closed continuous loop and are highly 
represented in the eukaryotic transcriptome8. Re-
cent studies9,10 indicate that circRNAs are widely 
expressed in human cells and play important roles 
in the regulation of gene expression at post-tran-
scriptional level. Growing evidence has revealed 
that circRNAs participate in the initiation and 
development of multiple diseases and may be-
come potential biomarkers in the diagnosis and 
prognosis of tumors11-13. However, until now little 
is known about their effects on human GC. Up to 
date, several circRNAs have already been reported 
to be important regulator factors in progression of 
tumors, such as circular BANP in colorectal can-
cer, circular TTBK2 in glioma and circ_0023404 
in cervical cancer14-16. Recently, circ_0009910, a 
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newly identified circRNA, has been reported to 
be up-regulated in osteosarcoma and function as 
a tumor promoter in vitro17. However, little is 
known about its effects on other tumors. In the 
present study, we firstly detected the expression, 
clinical significance and biological function of 
circ_0009910 in GC. Our findings contribute to 
our understanding the pathogenesis of GC and de-
velopment of circRNA-mediated clinical therapy 
against this malignancy.

Patients and Methods

Patients and Tissue Samples
Human GC and their corresponding normal 

tissues were collected at the time of surgical resec-
tion from 129 patients with GC from 2010 to 2014 
in the Beijing Haidian Hospital, Beijing Haidian 
Section of Peking University Third Hospital. No 
patients had received any adjuvant treatment be-
fore the surgery. The samples were frozen immedi-
ately and stored at -80°C for RNA extraction. His-
tological and pathological diagnostics for patients 
with RCC were determined according to the 2009 
American Joint Committee on Cancer staging 
system. The clinical and pathologic data for the 
patients are provided in Table I. All individuals 
provided written informed consent, and the study 
was approved by the Ethics Committee of The 
Beijing Haidian Hospital, Beijing Haidian Section 
of Peking University Third Hospital.

Cell Lines and Cell Transfection
Five GC cell lines (BGC823, SGC7901, AGS, 

MGC803, and MKN45) and one normal gastric 
epithelial cell line (GES1) were obtained from 
the American Type Culture Collection (ATCC, 
Manassas, VA, USA). All cells were grown in 
Roswell Park Memorial Institute-1640 (RP-
MI-1640) media supplemented with 10% fetal 
bovine serum (FBS, Sigma-Aldrich, St. Louis, 
MO, USA) and penicillin/streptomycin (Mei-
lune, Dalian, Niaoning, China) and cultured in 
a 5% CO2 humidified incubator. Circ_0009910 
siRNA(si-circ_0009910) and its negative control 

siRNA(si-NC) were constructed by the (Gene-
Pharma Company, Xuhui, Shanghai, China). 
The si-circ_0009910 sequences were as follows: 
3’-TGGCCGCGCAATGTCCCTGCT-5’. All 
transfection experiments were carried out using 
Lipofectamine 2000 according to the manufac-
turer’s instructions (Invitrogen, Carlsbad, CA, 
USA). Cells were harvested 48 h after transfec-
tion and used in the qRT-PCR, cell proliferation, 
migration, invasion and Western blot. 

RNA Isolation and Quantitative 
Real-Time Polymerase Chain Reaction 
(qRT-PCR)

Total RNA from GC tissues and cultured cells 
were extracted using the Trizol reagent (Invitro-
gen Inc., Carlsbad, CA, USA). cDNA was con-
verted from total RNA by using the RevertAid™ 
First Strand cDNA Synthesis Kit (Fermentas, 
Hanover, MD, USA) according to the instruc-
tions. qRT-PCR assays were performed to detect 
circ_0009910 expression using the PrimeScript 
RT reagent Kit and SYBR Premix Ex Taq (Ta-
KaRa, Otsu, Shiga, Japan) according to the man-
ufacturer’s instructions. The PCR condition was 
as follows: denaturation at 95°C for 10 min, fol-
lowed by 40 cycles at 95°C for 15 s, 60°C for 60 
s and a final elongation at 95°C for 15 s, 60°C for 
60 s and 95°C for 15 s. Glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) were used as 
endogenous control and the relative expression 
of RNAs was calculated using the 2−ΔΔCt method. 
The primers used were shown in Table II.

Cell Proliferation Assays
Cell viability was measured using the 3-(4,5-di-

methylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) method. In brief, transfected 
BGC823 and AGS cells (5×103 cells/well) were 
seeded into 24-well plates. After 24, 48, 72, 96 
hours of cell cultivation, 20 ml of MTT (5 mg/
ml; Sigma-Aldrich, St. Louis, MO, USA) were 
added to the cells and incubated for 4 hours at 
37°C. Absorbance was measured at 490 (used 
as with a Microplate Reader ELx808 (Bio-Tek 
Instruments, Winooski, VT, USA). 

Table I. Primer sets used in the present study.

 Gene names Forward (5’-3’) Reverse (5’-3’)

circ_0009910 TGAGAGGCATCAGTGAGGTG AAGTGCTTAAGTGGGGATGC
GAPDH GTCAACGGATTTGGTCTGTATT AGTCTTCTGGGTGGCAGTGAT
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Colony Formation Assay
Approximately 800 cells were placed in a 

fresh 6-well plate for another 12 h and main-
tained in Roswell Park Memorial Institute-1640 
(RPMI-1640) containing 10% FBS for 2 weeks. 
Colonies were fixed with methanol and stained 
with 0.1% crystal violet in 20% methanol for 15 
min. Cells were counted under a light microscope 
(Olympus, Tokyo, Japan). All results are repre-
sentative of three independent assays.

Transwell Migration and Invasion Assay
Cells migration and invasion were assayed 

using a Millicell transwell chamber (Merck, Mil-
lipore, Billerica, MA, USA) with or without 
Matrigel (BD Biosciences, Franklin Lakes, NJ, 
USA). Cells were plated at 2 × 104 per well in the 
upper chamber in serum-free medium, and 20% 
fetal bovine serum was added to the medium in 
the lower chamber. After the incubation for 24 h, 
the non-invaded cells were removed by a cotton 
swab, and the invaded cells were stained with 
crystal violet and counted.

Western Blotting
After transfection for 24 h, the total protein 

was extracted. The protein concentration was 
determined using Braford method. Then proteins 
were separated on 10% SDS-polyacrylamide gels. 

The separated proteins were then electro-trans-
ferred to a polyvinylidene difluoride membrane 
(Bio-Rad, Hercules, CA, USA). After the mem-
brane was blocked for 2 h using 5% skim milk, 
it was incubated with primary antibodies against 
N-cadherin (Abcam, Cambridge, MA, USA), 
E-cadherin (Abcam, Cambridge, MA, USA) and 
Snail (Abcam, Cambridge, MA, USA) for 2 h. 
Finally, the membrane was incubated with horse-
radish peroxidase (HPR)-conjugated secondary 
antibodies for another 2 h. Bands were visualized 
using Amersham ECL Prime (GE Healthcare, 
Little Chalfont, Buckinghamshire, UK) accord-
ing to the manufacturer’ instructions.

Statistical Analysis
The results were analyzed using SPSS 18.0 

software (SPSS Inc., Chicago, IL, USA). Statis-
tical comparisons were performed using the Stu-
dent’s t-test method. The relationship between 
circ_0009910 expression and clinical features 
was examined using the x2 test. Survival curves 
were plotted using the Kaplan-Meier method 
and the log-rank test. Survival data were eval-
uated using univariate and multivariate Cox 
regression analyses. A two-sided p-value of less 
than 0.05 was considered to be statistically sig-
nificant.

Table II. Correlation between circ_0009910 expression with clinicopathological characteristics in GC.

                                  Circ_0009910 expression

 Clinical variables Cases Negative group Positive group p-value

Age (years)    NS
  ≤ 61 66 30 36 
  > 61 63 33 30 
Gender    NS
  Male 81 41 40 
  Female 48 22 26 
Lauren’s classification    NS
  Intestinal type 64 28 36 
  Diffuse type 65 35 30 
Tumor diameter    NS
  ≤ 3 cm 77 42 35 
  > 3 cm 52 21 31 
Clinical stage    0.005
  I/II 85 49 36 
  III/IV 44 14 30 
Distant metastasis    0.028
  Positive 36 12 24 
  Negative 93 51 42 
Differentiation    0.007
  Well or moderate 79 46 33 
  Poor 50 17 33 
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Results

Up-Regulation of circ_0009910 in 
GC and Association with 
Clinicopathologic Features

To investigate the role of circ_0009910 in GC 
development, we first examined the relative ex-
pression level of circ_0009910 in GC tissues and 
matched normal gastric tissues by qRT-PCR. We 
found that expression levels of circ_0009910 in 
GC tissues were significantly higher than those 
in adjacent non-tumor tissues (p < 0.01, Figure 
1A). Then, all GC tissues were divided into two 
groups according to the ratio of circRNA_100269 
expression level. As shown Figure 1B, in the 
positive group, the expression level of GC tissues 
was higher than that of adjacent normal gastric 
tissues, while the trend was opposite in the neg-

ative group. In addition, compared with normal 
gastric epithelial GES-1 cells, circ_0009910 ex-
pression was upregulated in BGC823, SGC7901, 
AGS, MGC803, and MKN45 (Figure 1C). Fi-
nally, we analyzed the correlation between cir-
cRNA_100269 expression and clinicopathologi-
cal characteristics in GC. As shown in Table III, 
we found that positive group was significantly 
associated with clinical stage (p = 0.005), dis-
tant metastasis (p = 0.028) and differentiation 
(p = 0.007). Taken together, our findings firstly 
revealed that circRNA_100269 may contribute to 
tumorigenesis and progression of GC.

Circ_0009910 Expression was Correlated 
with Poor Clinical Outcome of GC

To further evaluate the clinical value of 
circ_0009910 expression in GC, survival curves 

Figure 1. Relative circ_0009910 expression in GC tissues and its clinical significance. (A) In 129 patients with GC, the 
expression of circ_0009910 was significantly increased in GC tissues compared with the adjacent non-cancerous tissues. (B) 
Tumor/non-tumor ratio of circ_0009910 expression level in GC tissues and in paired adjacent normal tissues. (C) qRT-PCR 
analysis of circ_0009910 expression in the GC cell lines BGC823, MGC803, SGC7901, AGS, and MKN45 and the normal 
gastric cell line GSE1. (E) Kaplan-Meier curves for overall-survival in all GC patients. *p < 0.05, **p < 0.01.
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were constructed by Kaplan-Meier method and 
compared by the log-rank test. 129 patients ob-
tained complete follow-up. As shown in Figure 
1D, our results showed that the negative group 
has a worse overall survival compared to the 
positive group (p = 0.0013). The univariate Cox 
regression analyses of overall survival revealed 
circ_0009910 expression (p = 0.007), clinical 
stage (p = 0.003), distant metastasis (p = 0.005) 
and differentiation (p = 0.001) were prognostic 
indicators. Furthermore, the multivariate Cox 
regression analyses indicated that circ_0009910 
expression (HR = 2.346, 95% CI: 1.673-3.775, 
p = 0.006) was an independent prognostic 
indicator for overall survival in addition with 
distant metastasis (p = 0.009) and differenti-
ation (p = 0.035). These data suggested that 
circ_0009910 could be a potential prognostic 
marker for GC. 

Knockdown of circ_0009910 Inhibit 
Proliferation and Colony Formation of 
GC Cells

In the attempt to understand the biologi-
cal function of circ_0009910, si-circ_0009910 
and si-NC were independently transfected into 
BGC823 and AGS cells. As shown in Figure 2A, 
BGC823 and AGS cells with lower expression 
of circ_0009910 were successfully transfected 
with si-circ_0009910. The MTT proliferation as-
say showed that the growth rate was reduced 
in BGC823 and AGS cells transfected with si-
circ_0009910 compared with cells transfected 
with si-NC (Figure 2B and 2C). In addition, colo-
ny formation assays indicated that knockdown of 
circ_0009910 could inhibit the colony formation 
ability of BGC823 and AGS cells compared 
with the controls. Taken together, our findings 
revealed that our results imply that circ_0009910 
facilitate progression of GC cells.

Knockdown of circ_0009910 Expression 
in GC Cells Suppressed Migration, and 
Invasion and EMT in Vitro

We further assessed the effects of circ_0009910 
on cell migration and invasion, which are key 
determinants of malignant progression and me-
tastasis. In the transwell migration assay, the 
number of both BGC823 and AGS cells that mi-
grated into the lower chamber was significantly 
reduced by si-circ_0009910-transfection (Figure 
3A). In the transwell invasion assay, the number 
of BGC823 and AGS cells that invaded into the 
lower chamber was also significantly decreased 
by si-circ_0009910-transfection (Figure 3B). Af-
ter that, we detected the expression of classical 
EMT markers, including E-cadherin, N-cadher-
in, and Snail by Western blot analysis. As shown 
in Figure 3C, the epithelial marker E-cadherin 
was significantly increased after circ_0009910 
knockdown. By contrast, the mesenchymal 
markers N-cadherin and snail were decreased 
in circ_0009910 down-expressed cells compared 
with the vector cells. Taken together, these results 
suggest that circ_0009910 promotes migration, 
invasion and EMT of GC cells.

Discussion

The incidence and mortality of GC have 
steadily declined over the past several decades 
and about one million people are diagnosed with 
GC every year all over the world18,19. At pres-
ent, despite improved diagnostic and therapeutic 
strategies, the prognosis of GC remains unsatis-
factory. Thus, it is very important to explore the 
molecular pathological mechanism thoroughly 
and discover more specific biomarkers or poten-
tial therapeutic targets for this disease. In this 
study, our attention focused on a newly identi-

Table III. Univariate and multivariate analysis of overall survival in GC patients.

   Univariate analysis   Multivariate analysis 

 Variables HR 95% CI p-value HR 95% CI p-value

Age (years) 1.322 0.784-2.231 0.341 - - -
Gender 1.554 0.933-2.133 0.136 - - -
Lauren’s classification 0.873 0.452-1.231 0.114 - - -
Tumor diameter 1.547 0.618-1.994 0.177 - - -
Clinical stage 2.213 1.235-3.341 0.007 1.673 0.955-2.327 0.093
Distant metastasis 2.783 1.679-3.451 0.003 2.231 1.345-3.113 0.009
Differentiation 2.695 1.538-3.132 0.005 2.327 1.137-2.679 0.035
Circ_0009910  3.136 1.554-4.566 0.001 2.346 1.673-3.775 0.006
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fied circRNA, circ_0009910, which had been 
reported to be up-regulated in osteosarcoma. 
However, its expression pattern and clinical sig-
nificance in GC have not been investigated. We 
firstly found that circ_0009910 expression was 
significantly up-regulated in both GC tissues 
and cell lines. Then, clinical assay indicated that 
the circ_0009910 positive group exhibited much 
advanced clinical stage, higher distant metas-
tasis and poor differentiation than the negative 
group. More importantly, Kaplan-Meier survival 
curves further indicated that the prognosis of the 
circ_0009910 positive group was much poorer 
than that of the negative group. Finally, Cox re-
gression analysis confirmed that circ_0009910, 
clinical stage, distant metastasis and differenti-
ation could be independent prognostic indicators 
for GC patients. These findings suggested that a 
higher level of circ_0009910L expression may 
be involved in GC pathogenesis and progression. 
With the development of bioinformatics’ meth-
ods and sequencing technology, more and more 

circRNAs were predicted and their function and 
potential mechanism in GC were studied20. For 
instance, Li et al21 reported that circ_0000096 
was significantly lowly expressed in GC and 
its low expression was associated with several 
clinical pathological features such as invasion 
and TNM stage. In vitro and in vivo experiments 
indicated that hsa_circ_0000096 significantly in-
hibited cell proliferation and migration. Li et al22 
found that circ-104916 was significantly lower in 
human GC and correlated with advanced TNM 
stages. Overexpression of circ-104916 reduced 
cell proliferation, migration, invasion and EMT 
of GC cells in vitro. Zhou et al23 showed that 
circRNA_0023642 promoted migration and in-
vasion of GC cells by modulating EMT. Those 
results revealed that circRNAs act as important 
regulators in GC progression, suggesting that 
circRNAs may serve as a potential target for anti-
neoplastic therapies. The molecular mechanisms 
underlying the circRNAs in GC remain largely 
unknown. In this study, we down-regulated the 

Figure 2. Knockdown of circ_0009910 inhibits cell proliferation and colony formation of GC cells. (A) The relative expression 
levels of circ_0009910 in BGC823 and AGS cells were determined by RT-qPCR after transfection with si-circ_0009910 
or si-NC. (B, C). Cell proliferation and colony formation were determined in BGC823 and AGS cells transfected with si-
circ_0009910 or si-NC. *p < 0.05, **p < 0.01.
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Figure 3. Knockdown of circ_0009910 suppressed the migration invasion and EMT of GC cells in vitro. (A, B) Transwell 
migration and invasion assay demonstrated that knockdown of circ_0009910 inhibited the migrative and invasive ability of 
BGC823 and AGS cells. (C) Knockdown of circ_0009910 in BGC823 and AGS cells induced E-cadherin expression and 
repressed N-cadherin and Snail level. *p < 0.05, **p < 0.01.
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levels of circ_0009910 and performed in vitro as-
say to explore its effects on cells proliferation and 
metastasis. The results showed that knockdown 
of circ_0009910 significantly suppressed GC 
cells proliferation, migration and invasion, indi-
cating that circ_0009910 as a tumor promoter in 
GC. Interestingly, Deng et al17 also reported that 
circ_0009910 served as an oncogene in osteosar-
coma because its knockdown induced cell prolif-
eration inhibition, cell cycle arrest, and apoptosis 
in OS cells by promoting the expression of miR-
449a target IL6R. Thus, our results, together with 
previous findings, indicated that circ_0009910 
may represent a potential strategy for GC therapy. 
The epithelial-mesenchymal transition (EMT), 
first described in the 1980s as a cellular phenom-
enon in the primitive streak of chick embryos, 
is an essential mechanism in embryonic devel-
opment and tissue repair24. EMT process could 
confer more mesenchymal fibroblast-like and 
more motile on the polarized epithelial cells25. 
Cells that have undergone EMT gain a higher 
invasive potential and acquire apoptosis resis-
tance. Recently, the process of EMT was found 
to be exhibited in most carcinomas and promote 
the formation of GC26,27. Previous works28,29 also 
reported that circRNAs exhibited their biological 
function by modulating EMT in several tumors. 
In this study, in order to explore the potential 
mechanism by which circ_0009910 promoted the 
migration and invasion of GC cells, our attention 
forced on the effects of circ_0009910 on EMT. 
By Western blot analysis, we found that GC cells 
with miR- circ_0009910 down-regulation had 
significantly increased expression of E-cadher-
in and decreased expression of N-cadherin and 
snail. As a result, knockdown of circ_0009910 
inhibits metastasis in GC by regulating EMT.

Conclusions

We identified circ_0009910 as a novel po-
tential oncogene in GC that acts by inducing 
the EMT process. Circ_0009910 has the clinical 
significance in the progression of GC and could 
be a potential prognostic biomarker for GC pa-
tients. Our findings firstly provide evidence that 
circ_0009910 might be a potential target for gene 
therapy.
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