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Background: Circular RNAs (circRNAs), which have closed-loop structure, are involved in
the pathogenesis of human diseases including various types of carcinomas. The present study
aimed to investigate the relationship between a new circular RNA named circ_0066444 and
gastric cancer (GC) carcinogenesis.

Materials and methods: The circ_0066444 levels in 106 paired gastric carcinoma tissues and
related adjacent normal tissues were detected by real-time quantitative reverse-transcription poly-
merase chain reaction. The correlation between the expression of circ_0066444 and clinicopathologi-
cal features was analyzed. The impact of circ_0066444 expression on cell proliferation, invasion, as
well as migration was evaluated in vitro using knockdown expression strategies. Finally, a network
of circ_0066444-targeted miRNA interactions and their corresponding mRNAs was constructed.
Results: circ_0066444 was found to be significantly upregulated in 106 GC tissues as compared
with paired adjacent nontumorous tissues (P=0.025), showing a high positive correlation with
lymphatic metastasis (P=0.023). Furthermore, in vitro assays of the GC cell lines BGC-823 and
AGS demonstrated that knockdown of circ_0066444 reduced cell proliferation, invasion, and
migration significantly. Prediction and annotation revealed circ_0066444 was able to sponge
to 5 miRNAs and 15 corresponding target mRNAs.

Conclusion: Our study indicated upregulation of circ_0066444 promotes gastric cell prolifera-
tion, invasion, and migration ability and might serve as a novel biomarker for GC.
Keywords: migration, invasion, proliferation, diagnoses, miRNA

Introduction

Gastric cancer (GC) is the most common digestive system tumor and remains the
primary cause of human death in developing countries.! Due to the lack of specific
biomarkers, patients are diagnosed mainly in advanced stages and have a poor
prognosis.? Thus, it is necessary to identify appropriate molecular biomarkers for
early-stage diagnosis and identify potential targets for GC therapy.’

Circular RNAs (circRNAs), which are different from the canonical splicing of
linear RNAs, represent a novel class of conserved endogenous RNAs that are able to
regulate gene expression in mammals.*> Some circRNAs are reported to have high
tissue and cell specificity in different mammal cells.® Growing evidence shows that
circRNAs have critical functions in tumor and can have diagnostic and therapeutic
potential in cancer. Recent studies have revealed that circRNAs played important
roles in regulating cancer progression mainly by functioning as miRNA sponges, and
these circRNA—miRNA axes are involved in various disease pathways such as cancer
metastasis, apoptosis, and invasion.”
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Figure | A schematic diagram of circ_0066444 origin.
Abbreviation: bp, base pair.

This study aimed to investigate the relationship between
GC and a new circular RNA named circ_0066444, whose
corresponding gene symbol is ADAMTS9, located at chr3
64579933-64582667 (Figure 1). The clinical significance
of circ_0066444 was explored by examining the expression
pattern in GC tissues and analysis of existent correlations
patterns with clinicopathological features. The biological
function of circ_0066444 during GC progression was further
explored in in vitro assays including cell proliferation assays,
cell migration assays, and invasion assays. In addition,
prediction and annotation of circ_0066444 molecular func-
tion with miRNAs or mRNAs were performed on relevant
databases (circinteractome and MIRDB).

Materials and methods

Patients and clinical tissue samples

A total of 106 GC tissues and corresponding adjacent non-
tumorous tissue samples were collected from GC patients
who underwent surgical treatment between January 2013 and
December 2016. Among these patients, 73 pairs of samples
were from Nanjing First Hospital and the other 33 pairs were
from Pukou Central Hospital, Nanjing. All tumors were
staged accurately according to the tumor—node—metastasis
(TNM) staging system of the International Union Against
Cancer (v.8; 2016). The patients received neither radio-
therapy nor chemotherapy before the operation, and their
detailed characteristics including age, gender, diameter, dif-
ferentiation, lymphatic metastasis, TNM stage, and common
clinical biomarker levels, including CEA, CA199, CA50,
and CA242, were analyzed. Written informed consent was
obtained from each patient before they participated in this
study. The medical ethics committee of Nanjing Medical
University approved the study.

Cell line, cell culture, and transfection

Human GC cell lines MKN-45, BGC-823, MGC-803, and
AGS were established from samples extracted from human
GC patients by the Shanghai Institutes for Biological

Sciences, Chinese Academy of Sciences. The human gastric
epithelial cell line GES-1 was obtained from the Cancer
Institute and Hospital of the Chinese Academy of Medical
Sciences. AGS and BGC-823 cells were transfected with
50 nM siRNAs targeting circ_0066444 (si-circ_0066444) or
a scrambled negative control (si-NC) using the Lipofectamine
2000 transfection reagent (Invitrogen, Carlsbad, CA, USA)
according to the instructions provided by the manufacturer.
The target sequences for circ_0066444 siRNAs were as
follows: siRNA-1: 5-CCTTGGAGCTCGTGTTCCA-3’;
siRNA-2 5-TGGAGCTCGTGTTCCAGTA-3’; siRNA-3:
5-CTCGTGTTCCAGTACCTGT-3’. After 48 h, knockdown
of circ_0066444 was confirmed via quantitative real-time
polymerase chain reaction (QRT-PCR).

RNA isolation, reverse transcription,
and qRT-PCR

Total RNA was extracted from cancerous/noncancerous
specimens stored at —80 before use or from cell lines using
the RNA Isolation kit (Yifeixue, Nanjing, People’s Republic
of China). RNA was reverse-transcribed into cDNAs using
the Prime-Script TM one-step RT-PCR kit (Takara, Dalian,
People’s Republic of China). circ_0066444 expression level
was determined by qRT-PCR using the following primer
sequences: forward, 5-TTGCTCCTTGGGCGCTATAC-3;
reverse, 5~ AGAGTCCAGCGGCAAAACTA-3". GAPDH
was used as an internal control. circ_0066444 levels were
normalized to GAPDH using the following primers: forward,
5’-GTCAACGGATTTGGTCTGTATT-3"; and reverse,
5’-AGTCTTCTGGGTGGCAGTGAT-3’". qRT-PCR was
performed using the ABI7500 System (Applied Biosystems,
Foster City, CA, USA) and the SYBR Green PCR Master
Mix (Takara).

Cell proliferation assays

The MTT assay was performed according to the manufactur-
er’s protocol. A total of 1x10* cells were seeded in each well
in 96 well plates with 90% Roswell Park Memorial Institute
1640 (RPMI 1640) and 10% fetal bovine serum. Measure-
ments of absorbance at 570 nm were carried out using Ver-
saMax (Molecular Devices, San Jose, CA, USA) to estimate
MTT-formazan production after 24 h of incubation.

Cell migration and invasion assays

AGS and BGC-823 cells were transfected with 50 nm
si-circ_0066444 or si-NC. At 24 h postinfection, infected
cells were harvested and subjected to a migration assay and
an invasion assay.
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For migration assays, a total of 1x10° infected cells
were plated in the top chamber of Transwell assay inserts
(Millipore, Billerica, MA, USA) with a membrane containing
pores 8 mm diameter and in 200 mL of serum-free RPMI
1640. Inserts were then placed into the bottom chamber wells
of a 24-well plate containing RPMI 1640 with 10% fetal
bovine serum as a chemoattractant. After 24 h of incuba-
tion, the remaining cells were removed from the top layer of
the insert by scrubbing with a sterile cotton swab. Invading
cells from the bottom surface were stained with 0.1% crystal
violet prior to being examined, counted, and photographed
using digital microscopy. Cell numbers were calculated in
four random fields for each chamber, and the average value
was calculated.

For invasion assays, a total of 4x10* infected cells were
plated in the top chamber with a Matrigel-coated membrane.
Bottom chambers were filled with conditioned medium. After
a 48-h incubation period, the number of migrated cells on
the lower side of the membrane was counted.

Scratch wound assays

AGS and BGC-823 cells were transfected with 50 nm
si-circ_0066444 or si-NC. When cell confluence reached
approximately 80% at 24 h posttransfection, wounds were
created in confluent cells using a 1 mL pipette tip. Cells were
then rinsed with media to remove any free-floating cells and
debris. Medium was added, and culture plates were incubated
at 37°C. Wound healing was observed at different time points
within the scrape line, and representative scrape lines were
photographed. Duplicate wells for each condition were exam-
ined, and each experiment was repeated in triplicate.

Statistical analysis

Continuous data were analyzed using an independent 7-test,
whereas categorical data were analyzed with the }* test.
A receiver operating characteristic (ROC) curve was estab-
lished to evaluate its diagnostic value. All statistical analyses
were performed using SPSS for Windows v.17.0 (SPSS,
Chicago, IL, USA). For all results, P<<0.05 was considered
statistically significant.

Results

Expression of circ_0066444 and
clinicopathologic information in patients
with GC

A total of 3 hepatocellular carcinoma tissues and their
matched noncancerous tissues were collected and screened
for dysregulated circRNA using human circRNA microarray

reported in Xingchen Shang’s research, and the result showed
circ_0066444 was significantly upregulated in hepatocellular
carcinoma.’ However, its role in the occurrence and develop-
ment of GC remains unknown. Therefore, we conducted a
series of experiments to explore the biological functions of
circ_0066444 in GC.

The expression levels of circ_0066444 were defined for
106 paired primary cancerous and adjacent noncancerous
tissues from GC patients. A total of 88 of these cases
(83%) exhibited elevated levels of circ_0066444 in tumors
compared to the levels observed in adjacent nontumorous
tissues (Figure 2A—D, P=0.025). No difference was observed
between samples from Nanjing First Hospital and Pukou
Central Hospital, Nanjing (Figure 2E). Furthermore, the
ROC curve revealed that the area under the ROC curve was
0.7328 (Figure 2F) and the sensitivity and specificity of
circ_0066444 were 70.75% and 68.87%, respectively.

In terms of the upregulation of circ_0066444 in GC
patients, its association with clinicopathological features in GC
patients was analyzed. As shown in Table 1, overexpression
of circ_0066444 level was not aberrantly associated with age,
sex, differentiation, or TNM stage in patients with GC but was
positively associated with lymph node metastasis (P=0.023).

Expression of circ_0066444 in GC cell

lines and GC cell transfection

The expression of circ_0066444 in 4 GC cell lines was
examined by qRT-PCR, revealing that the BGC-823 and
AGS cells expressed the highest levels of circ_0066444
expression compared with GES-1 (Figure 3A). At 48 h after
treatment, circ_0066444 expression was effectively knocked
down in BGC-823 and AGS cells. As shown in Figure 3B-D,
siRNA-1 showed the highest knockdown efficiency in GC
cell line and was selected for further experiments.

Altered proliferation of GC cells by
circ_0066444 expression level

Fluorouracil and mitomycin were used to detect the prolifera-
tion ability of GC BGC-823 and AGS cell lines. The result
showed that knockdown of circ_0066444 inhibited cell pro-
liferation significantly both in BGC-823 and AGS cell lines,
as determined by MTT assay (Figure 4A and B).

Altered invasion and migration of GC
cells by circ_0066444 expression level
The effects of circ_0066444 on the migratory and invasive
behavior of GC cell lines were assessed, demonstrating that
BGC-823 and AGS cells infected with si-circ_0066444 dis-
played significantly lower transmembrane migration capacity
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Figure 2 Relative circ_0066444 expression and its clinical significance in GC tissues.

Notes: (A) The expression of circ_0066444 expression levels was significantly higher than that of adjacent noncancerous tissues from GC patients. The correlation of
their —ACt value was determined. (B) The expression of circ_0066444 expression levels was significantly higher than that of controls. The correlation of their —ACt value
was determined. (C) A total of 88 of these cases (83%) exhibited elevated levels of circ_0066444 in tumors. The correlation of their —ACt value was determined. (D) The
expression levels were divided into high expression and low expression. The correlation of their —~ACt value was determined. (E) No difference was observed between
Nanjing First Hospital and Pukou Central Hospital, Nanjing. (F) The ROC curve has been used to evaluate circ_0066444 potential diagnostic value, the AUC was 0.7328.
*#£P<0.0001.

Abbreviations: AUC, area under the ROC curve; GC, gastric cancer; ROC, receiver operating characteristic; ns, not significant.

compared with those infected with si-NC (Figure 5A and B).  demonstrated that suppression of circ_0066444 exhibited a
In addition, the invasion assay indicated that suppression of  notably lower scratch closure rate than observed in controls in
circ_0066444 in BGC-823 and AGS cells with si-circ_0066444 ~ BGC-823 and AGS cell lines (Figure 7A and B). These find-

decreased invasion in the Matrigel substrate (Figure 6A and B)  ings indicated that circ_0066444 might be closely associated
significantly. Furthermore, the results of a scratch wound assay ~ with invasion and migration of GC cell lines.
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Table | Clinicopathological characteristics and expression of
circ_0066444

Variables Cases Normal Overexpression y? P-value
expression

Age (year) 106 2964 0.087
=60 86 12 74

<60 20 6 14

Gender 106 2.681 0.083
Female 48 5 43

Male 58 13 45

Diameter 106 0.159 0.454
=3 (cm) 86 14 72

<3 (cm) 20 4 16

Differentiation 0.382 0.465
Low/middle 93 17 79

Well 10 | 9

Lymphatic 106 4.979 0.023*
metastasis

Yes 71 8 63

No 35 10 25

TNM stage 106 4.508 0.262
HIA 36 10 26

1IB-IV 70 8 62

CEA 106 1.247 0.207
High 29 3 26

Normal 77 15 62

CAI199 106 0.442 0.375
High 24 3 21

Normal 82 15 67

CA50 106 1.107 0.265
High 14 | 13

Normal 92 17 75

CA242 106 0.135 0.501
High 21 3 18

Normal 85 15 70

Note: *Mean P<0.05.
Abbreviation: TNM, tumor—node—metastasis.

circ_0066444 serves as a sponge for
multiple miRNAs

To identify the miRNAs that bind to circ_0066444, we
performed circRNA-miRNA interaction network prediction
on circinteractome, TargetScan, and miRanda databases.
A total of 5 miRNAs (ie, miR-1282, miR-1243, miR-1178,
miR-638, and miR-451) and corresponding target mRNAs
were predicted to have an interaction with circ_0066444
in this study. Specific details of the molecular interactions
between circPVRL3 and its targets are depicted in Figure 8.

Discussion
In the present study, we first found that circ_0066444
exhibited a higher level expression in GC tissues compared

with that in adjacent nontumorous tissues with a sensitivity

of 70.75% and specificity of 68.87%. Furthermore, clinico-
pathological features of these patients showed that overex-
pression of circ_0066444 level was positively associated
with lymph node metastasis, revealing that circ_0066444
may play a promoter role in GC. Our study was not the first
circRNA which has been confirmed its value in the diagnosis
of GC. Chen et al'’ found circ_0000190 was downregulated
in both GC tissues and plasma samples and its expression
levels were significantly correlated with tumor diameter,
lymphatic metastasis, distal metastasis, TNM stage, and
CA19-9 levels. Apart from that, Huang!! found circ_0000745
was downregulated in GC tissues and plasma samples as well.
The expression level of hsa_circ_0000745 in GC tissues cor-
related with tumor differentiation, while the expression level
in plasma correlated with TNM stage. The fact that circRNAs
are found abundantly in tissues or clinical blood samples
makes circRNAs a promising diagnostic biomarker for GC
screening and prognostic evaluation. However, the current
methods to detect and characterize circRNAs are still limited
and challengeable. Although the number of circRNAs with
known functions is expanding, there are still thousands of
circRNAs in GC whose functions remain unknown. A deeper
understanding of circRNA biogenesis may be needed to shed
light on the road of consequences of circRNAs.

Accumulating evidence indicates that circRNAs are not
simply the by-products of missplicing or splicing errors,
and many circRNAs have been suggested to play a role
during epithelial-mesenchymal transition. For example,
Zhong'" found that circRNA-MYLK might function as
competing endogenous RNA for miR-29a, which could
contribute to epithelial-mesenchymal transition and the
development of BC through activating VEGFA/VEGFR2
and downstream Ras/ERK signaling pathway in breast
cancer. Herein, we showed that inhibition of circ_0066444
expression decreased the proliferation, invasion, and
migration in GC cells. Nevertheless, we could not exclude
other functions of ADAMTS9 mRNA or ADAMTS9Y long
coding RNA because it has been implicated in cancer cells
in previous studies.'*!

It has recently come to light that these circRNAs are
involved in regulating gene expression by sequestering the
miRNAs. For example, the expression of circLARP4 was
downregulated in GC tissues. Besides, circLARP4 was
mainly localized in the cytoplasm and inhibited biological
behavior of GC cells by sponging miR-424."5 Therefore, we
supposed that the carcinogenic mechanisms of circ_0066444
may occur through their miRNA-mediated effects on
gene expression in GC as well. A total of 5 miRNAs and
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Figure 3 The expression of circ_0066444 in GC cell lines.

Notes: (A) The expression of circ_0066444 in gastric cells was higher than that in GES-1 significantly. (B) A schematic diagram of circ_0066444 knockdown. (C) Knockdown
of circ_0066444 was confirmed via qRT-PCR, demonstrating the effective knockdown in AGS cells. (D) Knockdown of circ_0066444 was confirmed via qRT-PCR,
demonstrating the effective knockdown in BGC-823 cells. *P<<0.05, **P<<0.01, **P<0.0001.

Abbreviations: GC, gastric cancer; qRT-PCR, quantitative real-time polymerase chain reaction; si-NC, negative control.

corresponding target mRNAs were predicted to have an  Limitations

interaction with circ_0066444 in this study. Taken together,  Limitations should not be ignored when interpreting the results.
we propose the hypothesis that the circRNA-miRNA-mRNA  First, all experimental samples are from two hospitals, and so it
axis may be the possible mechanism promoting the develop-  is recommended that samples from more hospital or even from
ment of GC, but further studies are needed to confirm this.  patients of different ethnicities be studied. Second, experimental
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Figure 4 The expression of circ_0066444 in GC cell lines after knockdown.

Notes: (A) Knockdown of circ_0066444 decreased AGS cell proliferation significantly. (B) Knockdown of circ_0066444 decreased BGC-823 cell proliferation significantly.
A indicates mitomycin and B indicates fluorouracil.

Abbreviations: GC, gastric cancer; si-NC, negative control.
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Figure 5 The expression of circ_0066444 in GC cell lines after knockdown.

Notes: (A) AGS and BGC-823 cells infected with si-circ_0066444 displayed significantly lower transmembrane migration capacity compared with those infected with si-NC.
Scale: 40x10. (B) Knockdown of circ_0066444 decreased AGS and BGC-823 cell migration significantly. ***P<0.0001.

Abbreviations: GC, gastric cancer; si-NC, negative control.
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Figure 6 The expression of circ_0066444 in GC cell lines after knockdown.

Notes: (A) AGS and BGC-823 cells infected with si-circ_0066444 displayed significantly lower transmembrane invasion capacity compared with those infected with si-NC.
Scale: 40x10. (B) Knockdown of circ_0066444 decreased AGS and BGC-823 cell invasion significantly. **P<0.0001.

Abbreviations: GC, gastric cancer; si-NC, negative control.

OncoTargets and Therapy 2018:11 submit your manuscript 2759

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Rong et al Dovepress

24 h
24 h

BGC-823

1.5+
2 ok o
P J
2 c 10
&2
TR
% 5 051
£
0.0
AGS BGC-823

[@si-NC M siRNA

Figure 7 The expression of circ_0066444 in GC cell lines after knockdown.

Notes: (A) AGS and BGC-823 cells infected with si-circ_0066444 displayed lower scratch closure than those treated with si-NC. Scale: 10x10. (B) Inhibition of circ_0066444
by si-circ_0066444 produced a lower scratch closure rate than those treated with si-NC significantly. *P<0.001.

Abbreviations: GC, gastric cancer; si-NC, negative control.

Figure 8 circ_0066444 serves as a sponge for multiple miRNAs as demonstrated by this schematic drawing showing the miRNAs associated with circ_0066444.
Notes: Dotted lines represent the target genes of miRNA; Solid arrows represent the target genes of hsa_circ_0066444.
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identification and characterization of the associated molecules,
such as interactions between circRNAs and miRNAs, are
suggested to be performed in future studies. Third, a previous
study reported that some circRNAs can store, sort, or localize
RBPs, and probably regulate the function of RBPs by acting as
competing elements.® Therefore, further studies of circ_0066444
are needed to confirm its role in this mechanism.

Conclusion

Our study indicated circ_0066444 might serve as a novel
biomarker for GC and that upregulation of circ_0066444 pro-
motes gastric cell proliferation, invasion, and migration ability.
However, how circ_0066444 interacts with targeted miRNA
and their corresponding mRNAs needs to be researched further.
In the future, we believe that molecular mechanisms by which
circRNAs function as miRNA sponges to regulate GC occur-
rence and development will be a promising research field.
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