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Abstract: Emerging evidence indicates that circular RNAs (circRNAs) are a novel class of biomarkers and therapeu-
tic targets in malignancies. Circ_0026344 has been reported to be downregulated in colorectal cancer, and associ-
ated with prognosis. However, little is currently known regarding its expression and clinical significance in gastric
cancer. In this study, we evaluated the expression level of circ_0026344 in two previous circRNAs chips (GSE78092
and GSE89143) for gastric cancer. 93 pairs of gastric cancer and adjacent non-tumour tissues were collected, and
gRT-PCR was applied to determine circ_0026344 expression. The level of circ_0026344 in gastric cancer cells
(MKN45 and AGS) and a normal gastric epithelial cell line (GES-1) was also analyzed. Chi-square test was used
to identify the association between circ_0026344 level and clinicopathologic factors. Kaplan-Meier method with
log-rank test was applied to compare survival curves. Cox regression analyses were used to assess the prognostic
value of circ_0026344. In GSE24549 and GSE24550 datasets, downregulation of circ_0026344 was observed. In
93 cases of gastric cancer, circ_0026344 in cancer tissues was significantly decreased compared to adjacent non-
cancerous tissues, and its level was markedly associated with tumour size, lymph node metastasis, TNM stage, and
invasive depth. Furthermore, patients with lower expression of circ_0026344 showed significantly worse overall
survival than those with higher expression. Additional, circ_0026344 expression was an independent predictor for
overall survival. Summarily, our study highlights that downregulation of circ_0026344 is associated with tumour
malignant behavior and it is a potential biomarker for gastric cancer prognosis.
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Introduction

Gastric cancer is one of the most common
malignancies and is the second leading cause
of cancer-associated mortality globally [1]. Al-
though advancement of diagnosis and treat-
ment of cancer improved recent decade, the
prognosis of gastric cancer remains quite un-
satisfactory due to recurrence, with a 5-year
overall survival lower than 40% [2, 3]. Addi-
tionally, many patients with gastric cancer are
diagnosed at advanced stages with distant me-
tastasis, missing the best opportunity for radi-
cal surgery [4]. Therefore, identification of novel
effective biomarkers is of great significance
for the improvement of diagnosis and progno-
sis in gastric cancer, and for the development
of more efficient therapeutic strategies [5].

CircRNAs are a novel class of widespread and
abundant non-coding RNAs that form a cova-

lently closed continuous loop, which makes
them much more stable than linear RNA and
insusceptible to degradation by RNase R (Ri-
bonuclease R) [6]. CircRNAs are able to modu-
late gene expression by sponging with microR-
NAs (miRNAs) or other competing endogen-
ous RNAs [7]. With rapid advances in circRNAs
chip and whole-genome sequencing technolo-
gy, more and more circRNAs have been suc-
cessfully identified in multiple human cancer
recently [8, 9]. Aberrant expression of circRNAs
plays a critical role in regulation of cellular pro-
cesses such as cell differentiation and growth
as well as cancer progression and metastasis
[10]. For instance, circ_TADA2As suppresses
breast cancer progression and metastasis by
targeting miR-203a-3p/S0OCS3 axis [11]. CiRS-
7 behavior is a promising prognostic biomarker
in colorectal cancer patients and may serve as
a therapeutic target for reducing EGFR-RAF1
activity [12]. Circ_0052112 promotes cell mi-
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Table 1. Relationship between circ_0026344 expres-
sion and clinicopathologic data in gastric cancer

However, the expression and clinical sig-
nificance of circ_0026344 in gastric can-
cer are still poorly understood. In the cur-
rent study, we investigated the expression
of circ_0026344 in GSE78092 and GSE-
89143 datasets, 93 pairs of gastric can-
cer and adjacent non-tumour tissues, as
well as gastric cancer cells (MKN45 and
AGS). We further analyzed the association
between circ_0026344 expression and
clinicopathologic factors and overall sur-
vival of gastric cancer patients. Our data
demonstrated that circ_0026344 is a
potential biomarker for gastric cancer pr-
0gNnosis.

Materials and methods
Patients and samples collection

A total of 93 pairs of cancer and adjacent
non-tumour tissues were obtained from
gastric cancer patients by gastroscopy
from the Department of Digestive Me-
dicine, Tianjin Nankai Hospital, between
June 2017 and December 2019. All tis-
sues were confirmed by two professional
pathologists independently, and were im-
mediately frozen and stored in liquid ni-
trogen for further use. None of the pati-
ents received radiotherapy or chemothe-
rapy before surgery. The clinicopathologic
information is shown in Table 1. Written
informed consent was obtained from the
patients prior to sample collection, and
the study was approved by the Ethics
Committee of Tianjin Nankai Hospital.

Cell lines and culture

Two human gastric cancer cell lines
(MKN45 and AGS) and a normal gastric

patients
No. of Circ_0026344
Feature ; ———————— Pvalue
patients  Low High

Gender 0.217
Male 61 28 33
Female 32 19 13

Age (years) 0.523
<50 25 14 11
>50 68 33 35

Tumor size (cm) 0.001*
<5 40 12 28
>5 53 35 18

Tumor location 0.264
Distal/middle 79 38 41
Proximal 14 9 5

Differentiation 0.536
Well/moderate 66 32 34
Poor 27 15 12

Borrmann type 0.355
/1 11 7 4
/v 82 40 42

CEA status 0.962
Negative 16 8 8
Positive 77 39 38

Invasive depth 0.028*
T1/T2 38 14 24
T3/T4 55 33 22

Distant metastasis 0.176
Negative 88 43 45
Positive 5 4 1

TNM stage 0.008*
/1 56 22 34
/v 37 25 12

Lymph node metastasis 0.015*
Negative 24 7 17
Positive 69 40 29

*, P<0.05.

gration and invasion by acting as sponge for
miR-125a-5p in breast cancer [13]. Therefore,
the study of circRNAs may open up a new field
for molecular diagnosis and prognosis of
cancer.

Circ_0026344, as a well-known circRNA, has
be found to be downregulated and predicts a
poor prognosis in colorectal cancer, overex-
pression of circ_0026344 exerted inhibitory
roles by sponging miR-21 and miR-31 [14].
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epithelial cell line (GES-1) were obtained

from Shanghai Institutes for Biological

Sciences, Chinese Academy of Science
(Shanghai, China). All cells were cultured
in DMEM with 10% FBS (Invitrogen, Grand
Island, NY, USA), 100 mg/ml streptomycin and
100 U/ml penicillin at 37°C in a humidified
incubator containing 5% CO,,.

RNase R treatment for analysis of
circ_0026344 stability

To evaluate the stability of circ_0026344 in
gastric cancer cells, 4 ug RNA was treated with
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Figure 1. Circ_0026344 expression is reduced in circRNAs chips of gas-
tric cancer. A. The fold changes of circ_0026344 expression in GSE78092
datasets. B. The fold changes of circ_0026344 expression in GSE89143
datasets. Error bars indicate means + SD. **, P<0.01.

5 U/ug RNase R (Takara) for 30 min at 37°C.
After that, gRT-PCR was employed for analysis
the expression levels of circ_0026344 and
liner C-X-C motif chemokine ligand 8 (CXCLS8)
gene.

gRT-PCR for analysis of circ_0026344 and
CXCLS8 expression

Total RNA extracted by Trizol reagent (Invitro-
gen) was reversely transcribed into comple-
mentary DNA (cDNA) using PrimeScript™ RT
Master Mix (Takara, Dalian, Japan). One Step
SYBR® PrimeScript™ RT-PCR kit (Takara) and
an ABI 7500 Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA) was employ-
ed for PCR. The expression level of GAPDH
(glyceraldehyde-3-phosphate dehydrogenase)
was used as an internal control for circ_0026-
344 and CXCLS8. 22T method was employed
for relative gene expression determination.
Oligonucleotide primers specific for GAPDH,
circ_0026344 and CXCL8 were as follows:
GAPDH (forward: 5-TTGCCCTCAACGACCACT-
TT-3’, reverse: 5-TGGTCCAGGGGTCTTACTCC-
3’); circ_0026344 (forward: 5-CTCAGCCTCTA-
GCATAAGCTC-3', reverse: 5-AGGCAAGAGAATG-
ATTTGAAC-3’); CXCL8 (forward: 5-ATTGAATGG-
GTTTGCTAGAATG-3’, reverse: 5-CAAGGCACAG-
TGGAACAAGGAC-3)).

Statistical analysis
Data were presented as mean + SD, and ana-

lyzed using SPSS 18.0 software (SPSS Inc.,
Chicago, IL). All graphs were plotted using
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GSE89143

GraphPad Prism 5.0 softwa-
re (GraphPad Software, Inc.,
USA). The different expressi-
on of circ_0026344 between
cancer and adjacent non-tu-
mour tissues was assessed
using paired Student’s t test.
Chi-square test was adopted
to analyze the association bet-
ween circ_0026344 expres-
sion and clinicopathologic pa-
rameters. Overall survival cur-
ves were plotted using the
Kaplan-Meier method and we-
re evaluated using a log-rank
test. The P<0.05 was consid-
ered significant.

Normal

Results

General characteristics of 93 patients with
gastric cancer

As shown in the Table 1, most of the patients
with gastric cancer were men (65.6%, 61/93),
and were more than 50 years old (73.1%,
68/93). The average age was 57.6+4.2 years
old. The positive rate of CEA in gastric cancer
patients was 82.8% (77/93). About three-quar-
ters of patients presented with lymph node
metastasis (74.2%, 69/93). Patients without
distant metastasis accounted for the vast ma-
jority (94.6%, 88/93).

Circ_0026344 expression is downregulated in
gastric cancer tissues and cells

The expression level of circ_0026344 was ini-
tially examined in two previous circRNAs chips
(GSE78092 and GSE89143) for gastric cancer
[15, 16]. As shown in Figure 1, the expression
level of circ_0026344 in gastric cancer was
significantly reduced (P<0.01). Subsequently,
we assessed circ_0026344 expression by
gRT-PCR in the 93 pairs of gastric cancer and
adjacent non-tumour tissues. Results showed
that the relative expression of circ_0026344
in cancer tissues was notably lower than that
of non-tumour tissues (Figure 2A, P<0.01).
Importantly, expression of circ_0026344 in
metastatic cancer tissues was markedly lower
than in non-metastatic cancer tissues (Figure
2B, P<0.01). We further examined its expres-
sion in GES-1 and two gastric cancer cell lin-
es, and found that level of circ_0026344 in
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ents in the high and low ci-
rc_0026344 expression group
was 30.43% and 12.77%, re-
spectively (Figure 3, P<0.01),
indicating that low circ_0026-
344 expression in gastric can-
cer patients was negatively
associated with prognosis and
displayed a poorer overall sur-
vival.

Figure 2. The expression of circ_0026344 level in gastric cancer tissues

and cell lines. A. Relative expression of circ_0026344 in cancer tissues was
significantly lower than that of non-tumour tissues. B. The relative expres-
sion of circ_0026344 in metastatic cancer tissues was notably lower than
in non-metastatic tissues. C. The level of circ_0026344 in MKN45 and AGS
cells was markedly downregulated compared to that in GES-1 cells. Error

bars indicated means + SD. *, P<0.05; **, P<0.01.
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Figure 3. Kaplan-Meier survival analysis of associa-
tion between circ_0026344 level and overall sur-
vival of gastric cancer patients. Low circ_0026344
expression correlated with a poorer overall survival.

MKN45 and AGS cells was also significantly
downregulated compared to GES-1 cells (Figure
2C, P<0.05 or <0.01).

Low expression of circ_0026344 indicated a
worse prognosis in gastric cancer patients

Using the median circ_0026344 expression
level in cancer tissues as the cutoff value, the
93 patients with gastric cancer were divided
into two groups, including high circ_0026344
expression group (n=46) and low circ_0026344
expression group (n=47). Kaplan-Meier method
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Correlations between the
circ_0026344 level and the
clinicopathologic factors in
gastric cancer patients

The association between the

circ_0026344 expression and
the clinicalpathologic data of gastric patients
was analyzed by the chi-square test. As shown
in Table 1, the circ_0026344 level was mark-
edly associated with tumour size (P=0.001),
lymph node metastasis (P=0.015), TNM stage
(P=0.008), and invasive depth (P=0.028). How-
ever, circ_0026344 expression was not sig-
nificantly related to age (P=0.523), gender
(P=0.217), tumour location (P=0.264), differ-
entiation (P=0.536), Borrmann type (P=0.355),
distant metastasis (P=0.176), and CEA status
(P=0.962).

Circ_0026344 is an independent prognostic
indicator for overall survival of gastric cancer
patients

Univariate Cox regression analyses performed
to evaluate the circ_0026344 level and other
clinicopathologic features on prognosis of gas-
tric cancer patients. As shown in Table 2, it was
observed that TNM stage (P<0.001), lymph
node metastasis (P=0.016), distant metastasis
(P<0.001), and circ_001569 level (P=0.002)
were significantly correlated with overall sur-
vival of gastric cancer patients. Moreover, mul-
tivariate Cox regression analyses revealed that
circ_0026344 level was an independent mo-
lecular biomarker predicting overall survival
(Table 3, P=0.038).

Int J Clin Exp Pathol 2020;13(5):1017-1023
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Table 2. Univariate Cox regression analyses of clinicopathologic fac-

tors in the prognosis of gastric cancer

Univariate analyses

with gender, distal metasta-
sis, and tumour-node-me-
tastasis stage. Lu et al. [21]

Factor i

R 95%0_ pave o T omarker
Vi |

Gender (Male vs. Female) 1.14 0.64-1.59 0.771 .
- for early gastric cancer. In
Age (<59 vs. 250) 1.58 0.86-2.17 0.423 addition, Hung et al. [22]
Tumor size (<5 vs. =25) 0.75 0.30-1.48 0.534 illustrated that circ_00007-
Tumor location (Distal/middle vs. Proximal) 1.43 0.81-1.90 0.361 45 plays an important role
Differentiation (Well/moderate vs. Poor) 2.25 0.97-3.74 0.085 in gastric cancer, and its
Borrmann type (I/11 vs. lll/1V) 0.69 0.32-1.35 0.912 expression level in plasma
CEA status (Negative vs. Positive) 1.07 0.64-1.61 0.783 in combination with CEA
Invasive depth (T1/T2 vs. T3/T4) 134 0.65-1.88 0.302 level is a promising diagnos-
Distant metastasis (Negative vs. Positive) 4.73 2.49-753 <0.001* tic biomarker. In this St".’dy’
TNM stage (I/11 vs. 11I/1V) 4.08 2.11-6.62 <0.001* "O"gzzgiined h‘?“k: t:edc'lrc—
Lymph node metastasis (Negative vs. Positive) 2.15 1.23-4.09 0.016* o which ‘had - low
s ) expression in colorectal can-

Circ_0026344 level (low vs. high) 2.67 1.45-4.83 0.002*

HR, hazard ratio; 95% Cl, 95% confidence interval. *, P<0.05.

Table 3. Multivariate Cox regression analyses of clinicopathologic

factors in the prognosis of gastric cancer

Multivariate analyses

cer, based on our previous
studies [14, 23]. As a result
of the study, the expression
of circ_0026344 was mark-
edly down-regulated in both
gastric cancer tissues and
cell lines. Furthermore, we

Factor
HR  95%Cl  Pvalue found that low circ_0026-
Gender (Male vs. Female) NA 344 expression was correct-
Age (<50 vs. >50) NA ed with tumour malignant
Tumor size (<5 vs. >5) NA behaviors and poor progno-
Tumor location (Distal/middle vs. Proximal) NA sis of gastric cancer pati-
Differentiation (Well/moderate vs. Poor) NA ents.
Borrmann type (I/11 vs. 1ll/1V) NA Circ_0026344 is a newly
CEA status (Negative vs. Positive) NA identified circRNA. Prior st-
Invasive depth (T1/T2 vs. T3/T4) NA udies have shown that ci-
Distant metastasis (Negative vs. Positive) 1.95 0.92-3.67 0.185 rc_0026344 is a tumour
TNM stage (I/11 vs. 1lI/1V) 2.13 0.98-4.33 0.074 suppressor in the progres-
Lymph node metastasis (Negative vs. Positive) 1.64 0.77-2.46 0.455 sion of colorectal cancer.
Circ_0026344 level (low vs. high) 248 1.22-3.90 0.038* Overexpression of circ_00-
*, P<0.05. 26344 decreased cell gr-
owth and invasion while pr-
omoting apoptosis [14, 23].
Discussion However, its clinical significance in gastric

CircRNAs were first reported in RNA viruses as
early as 1976 [17]. Although the function and
molecular mechanism of most circRNAs are
still not completely identified, increasing evi-
dence has indicated that some of the circRNAs
may be used as biomarkers in gastric cancers
[16, 18]. For example, Chen et al. [19] demon-
strated that circ_0000190 is a novel non-inva-
sive biomarker for the diagnosis of gastric can-
cer. Tian et al. [20] reported that circ_0003159
expression is significantly down-regulated in
gastric cancer, and is negatively associated

1021

cancer remains unknown. Here, we found low
expression of circ_0026344 in gastric cancer
tissues compared to adjacent normal tissues,
which is consistent with data of circ_0026-
344 expression in two previous circRNAs chips
(GSE78092 and GSE89143) for gastric cancer
[15, 186]. In addition, circ_0026344 expression
in metastatic cancer tissues was significantly
lower than in non-metastatic tissues, provid-
ing the first evidence that downregulation of
circ_0026344 is closely associated with gas-
tric cancer.

Int J Clin Exp Pathol 2020;13(5):1017-1023
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Furthermore, we analyzed the association bet-
ween circ_0026344 expression and clinico-
pathologic features in gastric cancer patients.
The results showed that low circ_0026344 ex-
pression was markedly correlated with large
tumour size, positive lymph node metastasis,
advanced TNM stage, and large invasive depth.
In general, patients with large tumour size and
distal metastasis had a poor prognosis [24].
Interestingly, patients with low circ_0026344
expression had worse overall survival than pa-
tients with high circ_0026344 expression.
Moreover, both univariate and multivariate Cox
regression analyses illustrated that circ_0026-
344 could serve as a biomarker to predict over-
all survival in gastric cancer patients.

In summary, our findings revealed that ci-
rc_0026344 expression is downregulated in
gastric cancer patients and cells, and low
circ_0026344 expression is associated with
tumour malignant behaviors. Importantly, ci-
rc_0026344 is identified as an independent
diagnostic biomarker in gastric cancer patients.
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