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Abstract: Circular RNAs (circRNAs) are a special class of endogenous noncoding RNAs. Recent studies indicated 
that circRNAs play an important role in human carcinogenesis. However, clinical significances of most circRNAs in 
gastric cancer are still unknown. In this study, we chose hsa_circ_0000705 as a targeted circRNA to investigate its 
clinical significances in gastric carcinogenesis. Using real-time quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR), hsa_circ_0000705 expression levels in 311 tissue samples from various stages of gastric carci-
nogenesis are explored; and the potential relationship between hsa_circ_0000705 levels and clinical clinicopatho-
logical factors were investigated. Then, a receiver operating characteristic (ROC) curve was constructed for evaluat-
ing the diagnostic value of hsa_circ_0000705. Hsa_circ_0000705 expression was significantly down regulated in 
79.2% (76/96) gastric cancer and 84% (21/25) dysplasia tissues, but no difference in gastric ulcer and erosive 
gastritis tissues. Combined with clinical pathological factors, hsa_circ_0000705 expression level was strongly as-
sociated with tumor location, tumor stage, Borrmann type, pathologic diagnosis, and tissue CA19-9 expression. The 
area under the curve was up to 0.719. The optimal cutoff value was 9.125, with which the sensitivity and specific-
ity were 64.58% and 69.79%, respectively. Taken together, all these results imply that hsa_circ_0000705 plays a 
crucial role in gastric carcinogenesis; and could be used as indicator of gastric cancer.
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Introduction

Gastric cancer is the fifth most common malig-
nancy and third leading cause of cancer death 
in the world [1]. As clinical symptoms of gastric 
cancer are dormant and difficult to be found at 
the early stage, most patients are diagnosed at 
advanced stages and often lost the opportunity 
for surgery [2]. The 5-year overall survival rate 
of gastric cancer patients is still less than 30% 
although clinical treatments are constantly 
improved [3]. This is mainly due to the absence 
of effective methods for early diagnosis. Thus, 
raising the discovery rate of early gastric can-
cer and precancerous lesions is the key to 
improve clinical patients’ prognosis.

Circular RNAs (circRNAs), a special class of 
endogenous RNAs, are characterized by joint-
ing 3’ and 5’ ends together via exon or intron 

circularization [4, 5]. Compared with traditional 
linear RNA, circRNAs have many unique fea-
tures in structure and function. They are enor-
mously abundant, evolutionally conserved and 
more stable in cytoplasm [6, 7]. Majority of cir-
cRNAs are resistant to exonucleases and often 
exhibit tissue and developmental stage specific 
expression [8]. These features confer numer-
ous functions to circRNAs, such as acting as 
microRNA sponges, regulating gene transcrip-
tion and protein production [7, 9]. Moreover, 
accumulating evidence indicate that circRNAs 
can associate with cancer-related miRNAs to 
regulate cancer-related pathways and serve as 
diagnostic or predictive biomarkers of some 
cancers [7].

Hsa_circ_0000705 (Alias, hsa_circ_000212, 
http://circrna.org/), with 559 nt in spliced 
sequence length, is one of circular RNAs aber-
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rantly expressed in gastric cancer tissues, 
identified by our microarray. Its gene is located 
at human chr16:58593707-58594266; and its 
associated-gene symbol is CNOT1 (CCR4-NOT 
transcription complex subunit 1). In this study, 
we investigated the clinical significance of hsa_
circ_0000705 expression in gastric cancer. 
Firstly, hsa_circ_0000705 expression levels in 
gastric cancer tissues and its marched adja-
cent normal tissues were detected by real-time 
reverse transcription-polymerase chain reac-
tion (RT-PCR). Then, its expression in various 
stages of gastric tumorigenesis was explored; 
and the potential relationship between hsa_
circ_0000705 expression levels and clinico-
pathological factors were further investigated. 
Finally, a receiver operating characteristic 
(ROC) curve was constructed for evaluating the 
diagnostic value of hsa_circ_0000705. Our 
results indicated that hsa_circ_0000705 is a 
potential biomolecular involved in the process 
of gastric carcinogenesis and development.

Materials and methods

Specimens

A total of 311 specimens were collected from 
the Center for Gastroenterology of the Affiliated 
Hospital of Ningbo University School of Med- 
icine, China, from November 2014 to February 
2016. The 96 gastric cancer tissues and their 
matched adjacent non-tumorous tissues 5 cm 
from the edge of cancer were obtained from 
surgical operation. The 35 healthy gastric mu- 
cosa, 16 gastric ulcer tissues, 18 erosive gas-
tritis tissues, and 25 paired gastric dysplasia 
tissues were obtained from biopsy specimens. 
All tissue specimens were preserved in RNA 
fixer (Bioteke, Beijing, China) at -80°C until RNA 
isolation. No patient received clinical treatment 
before surgery or endoscopy examination.

Diagnosis of every tissue specimen in this 
study was histopathologically confirmed. Tu- 
mors were classified according to the tumor-
node-metastasis (TNM) staging system (7th ed). 
Histological grade was assessed following the 
National Comprehensive Cancer Network 
(NCCN) Clinical Practice Guideline of Oncology 
(V.1.2012). This study was approved by The 
Human Research Ethics Committee of Ningbo 
University School of Medicine. Informed con-
sent was obtained from all subjects.

Total RNA extraction and reverse transcription 
reaction

TRIzol reagent (Ambion, Carlsbad, CA, USA) was 
used to extract total RNA from all the gastric 
tissue specimens, following the manufacturer’s 
instructions. A260/A280 ratio and 1.5% aga-
rose gel electrophoresis were used to evaluate 
the quality of total RNA. cDNA was synthesized 
by random primers and GoScript Reverse 
Transcription (RT) System (Promega, Madison, 
WI, USA). The conditions of RNA reverse tran-
scription were as follows: incubation at 42°C 
for 1 h, 70°C for 10 min and 4°C for forever. No 
template reaction was used as the control at 
the same time.

Quantitative detection of circRNA

Real-time quantitative reverse transcription-
polymerase chain reaction (qRT-PCR) was used 
to detect targeted circRNA expression by GoTaq 
qPCR Master Mix (Promega) on an Mx3005P 
real-time PCR System (Stratagene, LaJolla, CA, 
USA). Divergent primers of targeted circRNA 
were designed and synthesized by Sangon 
Biotech (Shanghai) Co., Ltd. The sequences of 
primers were as follows: 5’-ACCCACTCCTCCA- 
CCTTTGAC-3’ (sense) and 5’-TGTTGCTGTAGC- 
CAAATTCGTT-3’ (antisense) for GAPDH; 5’- 
TAACTGGGGCTCTTCAGCTC-3’ and 5’-TGGTGG- 
TTGTCTGGCCTTAT-3’ for hsa_circ_0000705. 
Conditions of thermal cycling were as follows: 
95°C at 5 min for a hot-start, then 45 cycles at 
94°C for 15 s, 56°C for 30 s, and 72°C for 30 
s. ΔCt method was used to calculate targeted 
circRNA expression level, and larger ΔCt value 
indicate lower level [10]. All results were 
expressed as the Means ± SD of three indepen-
dent experiments.

Statistical analysis

All statistical data were analyzed using Sta- 
tistical Product and Service Solutions (SPSS) 
20.0 software (SPSS, Chicago, IL, USA). To eval-
uate diagnostic value, SigmaPlot12.3 software 
(Systat Software, San Jose, CA, USA) were used 
to construct receiver operating characteristic 
(ROC) curve of targeted circRNA. Student’s 
t-test, one way analysis of variance (ANOVA) 
test and rank-sum test were flexible used as 
appropriate. P<0.05 was considered statisti-
cally significant.
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Results

Expression of hsa_circ_0000705 in gastric 
cancer tissues

To verify whether hsa_circ_0000705 was aber-
rantly expressed during the course of gastric 
carcinogenesis, we firstly used qRT-PCR meth-
od to detect its expression levels in 96 gastric 
cancer tissues and their matched adjacent 
non-tumorous tissues 5 cm from the edge of 
cancer. The results showed that, compared 
with the adjacent normal tissues, hsa_circ_ 
0000705 was significantly down regulated in 
79.2% (76/96) gastric cancer tissues (P<0.001, 

Figure 1). Similar to the situations in gastric 
cancer tissues, hsa_circ_0000705 expression 
had also been changed in gastric mucosal dys-
plasia. It was significantly decreased in 84% 
(21/25) dysplasia compared with healthy con-
trol group (P<0.001, Figure 2).

Then, we further explore hsa_circ_0000705 
expression in the tissues from various stages 
of gastric carcinogenesis to obtain more infor-
mation about its expression and gastric muco-
sal damage. As indicated in Figure 3, hsa_
circ_0000705 only significantly decreased in 
dysplasia and gastric cancer tissues. There 
was no difference in gastric ulcer tissues and 
erosive gastritis tissues.

Relationship between hsa_circ_0000705 lev-
els and clinicopathological factors

Based on the above findings, analyses were 
performed to assess the relationship between 
tissue hsa_circ_0000705 and clinical features. 
As shown in Table 1, the expression level of 
hsa_circ_0000705 was related to tumor loca-
tion (P=0.031), tumor stage (P=0.024), Bo- 
rrmann type (P=0.005), pathologic diagnosis 
(P=0.045), and tissue CA19-9 expression 
(P=0.010). However, it was not associated with 

Figure 1. Hsa_circ_0000705 expression in gas-
tric cancer tissues and adjacent normal tissues. 
Compared with the adjacent normal tissues, hsa_
circ_0000705 was significantly down regulated 
in 79.2% (76/96) gastric cancer tissues (n=96, 
***P<0.001). Data are expressed as the Means ± 
SD of three independent experiments.

Figure 2. Hsa_circ_0000705 expression in dyspla-
sia tissues. Hsa_circ_0000705was significantly de-
creased in 84% (21/25) dysplasia compared with 
healthy control group (n=25, ***P<0.001). Data 
are expressed as the Means of three independent 
experiments.

Figure 3. Hsa_circ_0000705 expression levels in the 
tissues from various stages of gastric carcinogen-
esis. Hsa_circ_0000705 expression was only sig-
nificantly decreased in gastric cancer tissues (n=96) 
and gastric dysplasia (n=25) compared with healthy 
controls (n=35) and benign lesions (n=34). Data are 
expressed as the means ± SD of three independent 
experiments (***P<0.001).
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other clinicopathologic factors such 
as tumor invasion, lymphatic metas-
tasis and cell differentiation.

ROC curve of hsa_circ_0000705

To estimate whether hsa_circ_ 
0000705 could be used as an indi-
cator for gastric cancer, an ROC 
curve was built for differentiating 
gastric cancer group from other 
groups. As shown in Figure 4, the 
area under the curve was up to 
0.719 (95% CI, 0.648-0.791; 
P<0.001) (Figure 4). The optimal 
cutoff value was 9.125, sensitivity 
was 64.58%; and specificity was 
69.79%.

Discussion

CircRNAs are a special class of 
endogenous noncoding RNAs. Re- 
cent studies have demonstrated 
that circRNAs participate in the car-
cinogenesis and the malignant 
behavior of cancers [11]. Some of 
them act as oncogenic or tumor 
suppressor roles in human tumori-
genesis [11-13]. Several associa-
tions between cancer dysregulated 
circRNAs and clinical significance 
have been found at the same time 
[14-16]. Qin et al. found that hsa_
circ_0001649 was significantly 
down regulated in hepatocellular 
carcinoma; and its expression was 
correlated with tumor size and the 
occurrence of tumor embolus [14]. 
Wang et al. showed that the dysreg-
ulated hsa_circ_001988 in colorec-
tal cancer was significantly correlat-
ed with differentiation and perineu-
ral invasion [15]. In previous stud-
ies, we have reported that the down-
regulated hsa_circ_002059 in gas-
tric cancer were correlated with dis-
tal metastasis, TNM stage, gender 
and patients’ age [16]. More impor-
tantly, circulating hsa_circ_002059 
is highly stable in human plasma; 
and may be a potential biomarker 
for the diagnosis of gastric cancer 
[16]. All these mounting findings 
strongly suggest an important role 
of altered circRNAs in cancer 
pathophysiology.

Table 1. Relationship of Hsa_circ_0000705 expression 
levels (ΔCt) in cancer tissues with clinicopathological factors 
of gastric cancer patients
Characteristics No. of case (%) Mean ± SD P value
Age (y)
    ≥60 64 (66.7) 9.963±1.527 0.746
    <60 32 (33.3) 10.074±1.702
Gender
    Male 65 (67.7) 10.110±1.671 0.326
    Female 31 (32.3) 9.769±1.364
Tumor location
    Sinuses ventriculi 45 (46.9) 10.249±1.574 0.031
    Cardia 13 (13.5) 10.350±1.728
    Corpora ventriculi 26 (27.1) 9.223±1.235
    Others 12 (12.5) 10.370±1.714
Diameter (cm)
    ≥5 49 (51.0) 10.175±1.658 0.270
    <5 47 (49.0) 9.818±1.489
Differentiation
    Well 13 (13.5) 9.819±2.003 0.770
    Moderate 47 (49.0) 10.116±1.246
    Poor 36 (37.5) 9.914±1.822
Stage
    Early 23 (24.0) 9.454±1.151 0.024
    Advanced 73 (76.0) 10.172±1.662
Borrmann type
    I & II 9 (9.4) 11.591±1.277 0.005
    III & IV 64 (90.6) 9.972±1.619
Pathologic diagnosis 
    Signet ring cell cancer 13 (13.5) 9.187±1.298 0.045
    Adenocarcinoma 83 (86.5) 10.127±1.589
Invasion
    T1 & T2 33 (34.4) 9.854±1.439 0.516
    T3 & T4 63 (65.6) 10.076±1.654
Lymphatic metastasis
    N0 36 (60.0) 9.881±1.404 0.571
    N1-3 60 (40.0) 10.071±1.684
Distal metastasis
    M0 83 (86.5) 9.991±1.458 0.917
    M1 13 (13.5) 10.060±2.286
Venous invasion
    Absent 49 (51.0) 10.071±1.577 0.655
    Present 47 (49.0) 9.926±1.595
Perineural invasion
    Absent 42 (43.8) 9.883±1.270 0.507
    Present 54 (56.2) 10.091±1.790
CEA (Tissue)
    Positive 88 (91.7) 9.954±1.595 0.345
    Negative 8 (8.3) 10.508±1.388
CA19-9 (Tissue)
    Positive 57 (59.4) 9.642±1.367 0.010
    Negative 39 (40.6) 10.523±1.735
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Hsa_circ_0000705 is one of circRNAs aber-
rantly expressed in gastric carcinogenesis. In 
the current study, we found that hsa_
circ_0000705 expression was significantly 
down regulated in 79.2% (76/96) gastric can-
cer and 84% (21/25) dysplasia tissues, but no 
difference in gastric ulcer and erosive gastritis 
tissues (Figures 2 and 3). Combined with clini-
cal pathological factors, hsa_circ_0000705 
expression level was strongly associated with 
tumor location, tumor stage, Borrmann type, 
pathologic diagnosis, and tissue CA19-9 
expression (Table 1). Moreover, the ROC curve 
showed that the area under the curve was up  
to 0.719 (Figure 4). The optimal cutoff value 
was 9.125, with which the sensitivity and speci-
ficity were 64.58% and 69.79, respectively. 
Taken together, all these results imply that 
hsa_circ_0000705 plays a crucial role in gas-
tric carcinogenesis, and could be used as 
indictor of gastric cancer.

Tumor stage and histological pathologic diag-
nosis are independent prognostic factors for all 
gastric cancer patients [17]. Borrmann type is 
associated with patients’ lymph node metasta-
sis and is a valuable predictor for survival in 
advanced gastric cancer patients [18]. Tumor 
location is the only significant prognostic factor 

type, pathologic diagnosis, and tissue CA19-9 
expression. Our finding suggested that hsa_
circ_0000705 plays a crucial role in gastric car-
cinogenesis, and could be used as indictor of 
gastric cancer.
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Figure 4. The ROC curve of 
hsa_circ_0000705.

for early gastric cancer patients 
[19]. Aoyama et al. report that the 
overall survival rate of 5-years was 
81.8% when tumor was located in 
the upper third of the stomach and 
was 95.5% when located in the 
middle or lower third of the stom-
ach [19]. In our study, we found 
hsa_circ_0000705 expression le- 
vel was strongly associated with 
tumor location, tumor stage, Bor- 
rmann type, and pathologic diag- 
nosis. This indicates that hsa_
circ_0000705 may be used as indi-
cator for clinical prognosis predic- 
tion.

In conclusion, our study showed 
that hsa_circ_0000705 is one of 
circRNAs significantly down regu-
lated in gastric cancer and dyspla-
sia lesion. The down regulation of 
hsa_circ_0000705 expression was 
strongly associated with tumor 
location, tumor stage, Borrmann 
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