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Abstract. Gastric cancer (GC) is the fifth most common cancer
and GC has a high mortality rate worldwide. Circular (circ)
RNAs serve an important role in cancer. The present study
aimed to investigate the expression level of hsa_circ_0060975
in gastric cancer (GC) and to determine the clinical patho-
logical significance of hsa_circ_0060975 in patients with GC.
Reverse transcription-quantitative PCR was used to detect
expression level of hsa_circ_0060975 in 192 GC and adjacent
non-cancerous gastric tissues, in GC cell lines (MKN-45,
HGC27 and AGS) and a human gastric epithelium cell line
(GES-1), as well as in plasma samples from 126 patients with
GC and 92 healthy volunteers. All plasma and tissue samples
of were obtained from The First Affiliated Hospital of Anhui
Medical University (Hefei, China). The relationship between
hsa_circ_0060975 expression and clinical pathological
factors was analyzed using the x> test. The diagnostic value of
hsa_circ_0060975 was analyzed using the receiver operating
characteristic curve (ROC curve), while the Kaplan-Meier
method was used to analyze the relationship of hsa_circ_0060975
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expression with the survival of patients with GC as determined
by log-rank tests. Univariate and multivariate Cox regression
analyses were used to identify the prognostic factors, including
hsa_circ_0060975 expression and clinical pathological factors.
In addition, the potential function of hsa_circ_0060975 was
evaluated via bioinformatics analysis. The expression level
of hsa_circ_0060975 was higher in GC tissues compared
with adjacent non-cancerous gastric tissues, GC cell lines
compared with GES-1 and plasma samples from patients with
GC compared with plasma samples from healthy volunteers. In
addition, higher hsa_circ_0060975 expression was associated
with histological grade, pathological stage and tumor (T) clas-
sification in GC tissues and plasma samples (P<0.05). The area
under the ROC curves of hsa_circ_0060975, the combination
with hsa_circ_0060975 and carcinoembryonic antigen (CEA)
or CEA alone were 0.804 (sensitivity, 0.746; specificity, 0.783;
P<0.001); 0.931 (sensitivity, 0.937; specificity, 0.870; P<0.001)
and 0.924 (sensitivity, 0.937; sspecificity, 0.804; P<0.001)
respectively. The Kaplan-Meier survival analysis revealed that
the overall survival (OS) and disease-free survival (DFS) time of
patients with higher hsa_circ_0060975 expression were shorter
compared with those in patients with lower hsa_circ_0060975
expression. Univariate and multivariate Cox regression analyses
in OS and DFS time determined that the expression level of
hsa_circ_0060975, histological grade and pathological stage
were independent prognostic factors for patients with GC. In
addition, the bioinformatics analysis results suggested that the
abnormal expression of hsa_circ_0060975 may serve an impor-
tant role in tumorigenesis. Hence, hsa_circ_0060975 expression
may be an independent prognostic factor for patients with GC
and may be a potential marker for biological malignancy.

Introduction

Gastric cancer (GC) is the fifth most common cancer and the
third most common cause of cancer mortality worldwide (1). In
2018,the death rate from gastric cancer was >8% of cancer deaths
worldwide (2). GC is known to be a highly malignant tumor of
the digestive system (1-3). In recent years, the incidence of GC
has steadily declined (4), but there are no specific symptoms
in early GC, it is often found to metastasized in distant organs,
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such as liver, lymph node metastasis, peritoneal metastasis and
lung (1,5-8). Some therapies, such as surgery, radiotherapy and
chemotherapy are used to treat GC, but the tumor-free 5-year
survival rate of GC is only 20-30% (9). The combination of
gastroscope and biopsy is still considered the gold standard for
diagnosing GC, however it is an invasive test (10). The early
diagnosis of malignant cancer types can be achieved by using
numerous methods, including blood detection, genetic testing
and cancer biomarker analysis (11-14), for example, researchers
have discovered that long non-coding RNA (IncRNA) in
body fluids or multiple serum matrix metalloproteinases with
protein biochip technology in gastric cancer can be used as a
biomarker for early screening and diagnosis (13,14). In order
to improve the early diagnosis of malignant tumors, multiple
biomarkers, such as extracellular vesicle and particles (15),
urine DNA methylation assay (16), the combination of plasma
hsa_circ_0000745 level and CEA (17) have been identified and
circular (circ) RNAs have become a research hotspot (18,19).
circRNAs, acting as competitive endogenous RNAs
(ceRNAs) and serving an important role in the transcription
process, have become key genes for tumor cell proliferation,
differentiation, apoptosis and invasion, as well as for cancer
diagnosis, survival and metastasis (20,21). For example,
circRNA La ribonucleoprotein 4 was found to inhibit cell
proliferation and invasion in GC by sponging microRNA
(miRNA/miR)-424-5p and regulating large tumor suppressor
gene 1 expression (22). In addition, circAKT3 can upregulate
phosphoinositide-3-kinase regulatory subunit 1 to enhance
cisplatin resistance in GC by sponging miR-198 (23). It has
also been demonstrated that hsa_circ_0061140 appears to act
as a ceRNA of miR-370, which mediates epithelial-mesen-
chymal transition by regulating the miR-370/Forkhead
Box M1 pathway to promote the proliferation and invasion of
ovarian cancer cells (24). In addition, circRNA mannosidase o
class 1A member 2 was highly expressed in nasopharyngeal
carcinoma and was found to be a serum biomarker of malig-
nant tumor (25). A recent study has revealed that upregulated
circRNA pleckstrin and sec7 domain containing 3 (circPSD3)
has a significant effect on viral RNA abundance in both hepa-
titis C virus- and dengue virus-infected cells (26). circPSD3
regulates RNA amplification in a viral manner prior to the
post-translational step (26), which shows that circRNA may
play an unknown important role in the pathogenesis of virus,
while eukaryotic translation initiation factor 4A3 shows anti-
viral properties of the nonsense-mediated decay pathway (26).
However, the specific role of circRNAs in tumors is yet to be
fully elucidated (27). hsa_circ_0060975 was found to be highly
expressed in GC, as detected by the circRNA microarray [data
from NCBI Gene Expression Omnibus (GEO) database, GEO
accession: GSE122796]. hsa_circ_0060975 is named prostate
transmembrane protein androgen Induced 1 and is located at
chr20:56223451-56285625 (28). At present, the function of
hsa_circ_0060975 in GC remains unknown (28).

The present study aimed to investigate the expression level
of hsa_circ_0060975 by reverse transcription-quantitative
(RT-q) PCR and to explore the diagnostic and prognostic
value of hsa_circ_0060975 in GC. The biological role of
hsa_circ_0060975 in gastric cancer was further analyzed by
bioinformatics analysis. hsa_circ_0060975 may have certain
value in improving the early diagnosis of GC and provide

clues for further exploration of the possible mechanism and
targeted therapy of GC.

Materials and methods

Clinical samples. A total of 192 GC and adjacent non-cancerous
gastric tissues were obtained from General Surgery, The First
Affiliated Hospital of Anhui Medical University (Hefei, China)
between January 2015 and December 2017. The median age of
192 patients with GC was 64 years old (age range, 32-81 years).
Among them, 82 patients were male and 110 patients were
women. GC tissues and adjacent non-cancerous gastric tissues
(>5 cm from the edge of tumor tissue) were obtained from
surgical resection specimens. The inclusion criteria of patients
with GC were as follows: i) Patients pathologically diagnosed
with GC; ii) patients who did not receive radiotherapy and/or
adjuvant chemotherapy before surgical resection; iii) patients
that reached the D2 surgical resection standard after surgery; and
iv) patients with peripheral blood tests performed within 1 week
of operation. The exclusion criteria were as follows: i) Patients
previously diagnosed with other malignant tumors; ii) patients
with tumors previously treated with radiotherapy and/or adju-
vant chemotherapy; and iii) patients who died within 4 weeks of
the procedure. Written informed consent was obtained from the
192 patients before tissue acquisition, according to the revised
Helsinki Declaration. All tissue specimens were immediately
frozen in liquid nitrogen after being collected and were stored
at -80°C until subsequent use. Between October 2016 and
July 2017, blood samples (4 ml) from an additional 126 patients
with GC and 92 healthy volunteers were collected from The
First Affiliated Hospital of Anhui Medical University (Hefei,
China). The median age of an additional 126 patients with
plasma samples was 63 years old (age range, 35-78 years). Of
these patients, 56 were male and 70 female. The median age of
92 healthy volunteers with plasma samples was 61 years old (age
range, 32-76 years). Of these healthy volunteers, 40 were male
and 52 were female. The inclusion and exclusion criteria of an
additional 126 patients with GC plasma samples included in the
study were the same as those of the 192 patients with GC. The
inclusion criteria of healthy volunteers were as follows: i) No
abnormality in all indices of physical examination; ii) the same
physical examination time as that of an additional 126 patients
with GC; and iii) blood samples could be obtained. Exclusion
criteria of the healthy volunteers were as follows: i) No history
of malignant tumor, chronic inflammation and mental illness;
and ii) acute inflammation or recovery period, which may affect
the expression of circRNAs (29,30). The blood samples were
centrifuged at 1006.2 x g for 15 min at room temperature and
then 4 ml of plasma samples were collected. Plasma samples
were frozen in liquid nitrogen immediately after collection and
stored at -80°C. All patients with GC and healthy volunteers
provided written informed consent prior to blood collection.
Clinical information for the patients with GC and healthy
volunteers was collected. The Tumor Node Metastasis (TNM)
staging of tumor was classified according to the American
Joint Committee on Cancer Staging System (8" edition) (31).
According to WHO's fifth edition of gastric cancer differentia-
tion standard (32), the clinical characteristics and prognosis of
patients with GC with well-moderately differentiated and patients
with GC with poorly-signet differentiated were different (33-35),
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patients with GC with regards to histological grade were
divided into the well-moderately group and poorly-signet
group. According to the American Joint Committee on Cancer
Staging System (8" edition) (31), and the differences in treat-
ment and surgical methods between early gastric cancer group
(stage I and II) and advanced gastric cancer group (stage III or
higher tumors) (36-40), patients with GC with regards to patho-
logical stage were divided into the early GC group (stage I and IT)
and advanced GC group (stage III or higher tumors). According
to the United States Joint Committee on Cancer Staging System
(8" edition) (31) and the differences between T3-T4 group
and T1-T2 classification group with GC in chemotherapy and
surgery (41-43), patients with GC in tumor (T) classification were
divided into the T1-T2 and T3-T4 groups.

According to the median of the relative expression level
of hsa_circ_0060975 normalized to GAPDH in GC tissues
(cut-off value, 8.6) by RT-qPCR, hsa_circ_0060975 expres-
sion was divided into a higher expression group and lower
expression group in 192 patients with GC. According to the
median of the relative expression level of hsa_circ_0060975
normalized to GAPDH in the plasma of patients with GC
(cut-off value, 6.1) by RT-qPCR, hsa_circ_0060975 expres-
sion was divided into a higher expression group and lower
expression group in an additional 126 patients with GC. The
present study was approved by the Ethics Committee of Anhui
Medical University (approval no. 20150232; Hefei, China).

Follow-up and treatment. Follow-up data were obtained
every month by telephone and outpatient services. Follow-up
of the present study ended in December 2019. In total,
192 patients with GC were enrolled and these patients reached
the D2 surgical resection standard after surgery. In addition,
11 patients in pathologic stage I received no adjuvant chemo-
therapy, while 181 patients with pathologic stage II or higher
tumors received adjuvant chemotherapy. A total of 157 patients
received SOX chemotherapy regimen (Oxaliplatin + oral S-1),
which was repeated every 3 weeks for 6 cycles and combined
chemotherapy was completed within 6 months. Some patients
(n=24) could not withstand or rejected intravenous chemo-
therapy and therefore, received an oral S-1 chemotherapy
regimen, which was repeated every 6 weeks for 8 cycles and the
oral S-1 chemotherapy regimen was completed in 12 months.

Electro chemiluminescence immunoassay (ECLIA).
Concentrations of carcinoembryonic antigen (CEA) from
plasma samples were detected by the ECLIA assay kit
(cat. no. 157351-03; Roche Diagnostics) using the Roche
Cobas E601 Analyzer (Roche Diagnostics). The normal refer-
ence value range were 0-5 ng/ml.

Cell culture. GC cell lines (MKN-45, HGC27 and AGS) and
a human gastric epithelial cell line (GES-1) were purchased
from The Cell Bank of Type Culture Collection of The Chinese
Academy of Sciences. GC cell lines (MKN-45, HGC27
and AGS) were cultured in RPMI-1640 medium (Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS
(HyClone; Cytiva) and 1% penicillin/streptomycin. GES-1
were cultured in RPMI-1640 medium (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 20% FBS (HyClone;
Cytiva) and 1% penicillin/streptomycin. All cells were

cultured in a humid environment with 5% CO, and 95% air at
37°C. The cells were cultured in a small dish (3.5 cm) for 72 h,
and then the cells were passaged. After the small dish was full
(2x109), the total RNA was extracted for RT-qPCR.

RNA extraction and RT-gPCR. Total RNA from GC tissues,
adjacent non-cancerous gastric tissues, all cell lines and plasma
samples were extracted using TRIzol® reagent (Thermo Fisher
Scientific, Inc.). According to the manufacturer's instructions,
total RNA in plasma samples was extracted using a mirVana
PARIS kit (Thermo Fisher Scientific, Inc.). The RNA concentra-
tion was determined spectrophotometrically at 260 and 280 nm.
Following the manufacturer's protocol, total RNA was reverse
transcribed into cDNA using a PrimeScript RT reagent kit with
gDNA Eraser (Takara Biotechnology, Co., Ltd.). DyNAmo Flash
SYBR Green qPCR kit (Thermo Fisher Scientific, Inc.) was
used for qPCR according to the manufacturer's instructions.
The thermocycling condition used were as follows: 94°C for
3 min for pre-denaturation, followed by 35 cycles of 94°C for
30 sec for denaturation, 65°C for 30 sec for annealing and 72°C
for 30 sec for extension. The primers synthesized by Sangon
Biotech Co., Ltd. were as follows: hsa_circ_0060975 forward,
5" TGACATTCTGAAAAGCTGCAA-3' and reverse, 5-GACT
GTCCGCCTTCAGTTCT-3; and GAPDH forward, 5'-GCACC
GTCAAGGCTGAGAAC-3' and reverse, 5S“-TGGTGAAGACG
CCAGTGGA-3'. GAPDH mRNA expression was used as an
internal control. The 2"42“ method was used to calculate mRNA
expression (26).

Biological information analysis. hsa_circ_0060975/miRNA
target prediction was performed based on Circular RNA interac-
tome database (44). The structure diagram of hsa_circ_0060975
was constructed by circPrimer v.1.2 software (http:/www.
bioinf.com.cn/) (45). Gene Ontology (GO) analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
analysis was based on DIANA Tools (TarBase v.8.0 and
mirPath v.3.0) (46,47). A network map was drawn using
Cytoscape software v.3.7.2 (48). Venn diagram is a diagram
for displaying overlapping areas of element sets, in order to
clarify the number of overlapping genes in the downstream
genes regulated by miRNAs (49). The number of common
downstream targets of miRNAs were calculated and drawn
using custom Venn diagrams (http://bioinformatics.psb.ugent.
be/webtools/Venn/). P<0.05 was used as the criterion for statis-
tical significance.

Statistical analysis. Statistical analysis was performed using
SPSS 23.0 (IBM Corp.) software and GraphPad Prism 8.0
(GraphPad Software, Inc.). The data was represented as the
mean + SD of 3 independent experiments. The expression
levels of hsa_circ_0060975 were compared using a paired
or unpaired Student's t-test. Categorical variables were
analyzed using a y* test. A one-way ANOVA followed by
the post hoc Dunnett's test was used to compare the means
of =3 independent groups. The cut-off value of indexes were
performed according to the receiver operating characteristic
(ROC) curve using Youden's index (specificity + sensitivity-1).
The area under the curve (AUC) size was compared using a
z-test. For the survival analysis, the Kaplan-Meier method
with a log-rank test and Cox regression method (univariate
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Figure 1. Expression level of hsa_circ_0060975 in GC. (A) Structural diagram of hsa_circ_0060975. (B) Expression level of hsa_circ_0060975 in 192 GC and
adjacent normal gastric tissues as detected by RT-qPCR. (C) Expression level of hsa_circ_0060975 in plasma sample of 126 patients with GC and 92 healthy
volunteers as detected by RT-qPCR. (D) Expression level of hsa_circ_0060975 in gastric cancer cell lines (MKN-45, HGC27 and AGS) and a human gastric

ok

epithelium cell line (GES-1) as detected by RT-qPCR. ""P<0.001. RT-q, reverse transcription-quantitative; circ, circular RNA; GC, gastric cancer; PMEPAI,

Prostate Transmembrane Protein Androgen Induced 1.

and multivariate analyses) were used. P<0.05 was considered
to indicate a statistically significant difference.

Results

Expression level of hsa_circ_0060975 was higher in GC
tissues compared with adjacent non-cancerous gastric tissues,
GC cell lines compared with GES-1 and plasma samples from
patients with GC compared with plasma samples from healthy
volunteers. The structure diagram of hsa_circ_0060975 was
constructed by circPrimer v.1.2 software (Fig. 1A) (45), and
hsa_circ_0060975 expression level was detected in the 192 GC
and adjacent non-cancerous normal gastric tissues via RT-qPCR.
hsa_circ_0060975 expression was higher in GC tissues
(tumor) compared with that in adjacent non-cancerous normal
gastric tissues (normal) (P<0.001; Fig. 1B). The expression
level of hsa_circ_0060975 in plasma samples was detected
in 126 patients with GC and 92 healthy volunteers via
RT-qPCR. Compared with the healthy volunteers, a higher
hsa_circ_0060975 expression was found in the plasma of
patients with GC (P<0.001; Fig. 1C). In addition, the expression

level of hsa_circ_0060975 in GC cell lines (MKN-45, HGC27
and AGS) was higher compared with that of a human gastric
epithelium cell line (GES-1) (P<0.001; Fig. 1D), these results
suggested that hsa_circ_0060975 may promote GC.

Relationship betweenthe expressionlevelofhsa_circ_0060975
and clinical pathological parameters. According to the median
of the relative expression level of hsa_circ_0060975 normal-
ized to GAPDH in GC tissues, hsa_circ_0060975 expression
was divided into a higher expression group and lower expres-
sion group. The relationship between the expression level
of hsa_circ_0060975 and the clinical pathological features
in GC tissue samples is listed in Table I. hsa_circ_0060975
expression with regards to histological grade was signifi-
cantly different between the well-moderately group and
poorly-signet group (P<0.001; Table I), hsa_circ_0060975
expression with regards to pathological stage was significantly
different between I + II stage and III stage (P<0.001; Table I),
and hsa_circ_0060975 expression in T classification was
also significantly different between T1-T2 classification and
T3-T4 classification in GC tissues (P<0.001; Table I).
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Table I. Association of hsa_circ_0060975 expression with clinical pathological features in GC tissue samples (n=192) split into

the high and low expression groups (n=96 each).

hsa_circ_0060975

Higher Lower

Characteristics n n (%) n (%) P-value

Age, years 0.336
>60 138 66 (34.37) 72 (37.50)
<60 54 30 (15.63) 24 (12.50)

Sex 0.381
Male 82 44 (22.92) 38 (19.79)
Female 110 52 (27.08) 58 (30.21)

Alcohol consumption 0.546
Yes 68 36 (18.75) 32 (16.67)
No 124 60 (31.25) 64 (33.33)

Smoking 0.540
Yes 64 34 (17.71) 30 (15.62)
No 128 62 (32.29) 66 (34.38)

CEA level, pg/ml 0.148
0-5 90 40 (20.83) 50 (26.04)
>5 102 56 (29.17) 46 (23.96)

Histological grade® <0.001
Well-moderately 76 22 (11.46) 54 (28.13)
Poorly-signet 116 74 (38.54) 42 (21.87)

Pathological stage” <0.001
I+II 78 22 (11.46) 56 (29.17)
I 114 74 (38.54) 40 (20.83)

Lymph node metastasis
NO 66 27 (14.06) 39 (20.31) 0.068
NI-N3 126 69 (35.94) 57 (29.69)

HP infection 0.773
Positive 94 48 (25.00) 46 (23.96)
Negative 98 48 (25.00) 50 (26.04)

T classification® <0.001
T1-T2 92 22 (11.46) 70 (36.46)
T3-T4 100 74 (38.54) 26 (13.54)

Tumor size, cm 0.062
<35 132 72 (37.50) 60 (31.25)
=35 60 24 (12.50) 36 (18.75)

*According to the differences in treatment and prognosis of patients at different histological grades, patients with GC were
divided into the well-moderately group and poorly-signet group. "Patients with GC were divided into early GC (stage I and II)
and advanced GC (stage III or higher tumors). ‘According to the differences in chemotherapy regimens, surgical plans and
prognosis of patients with different T classifications, patients with GC were divided into T1-T2 classification and T3-T4 clas-
sification. GC, gastric cancer; T, tumor; HP, Helicobacter pylori; CEA, carcinoembryonic antigen.

According to the median of the relative expression level
of hsa_circ_0060975 normalized to GAPDH in the plasma of
patients with GC, hsa_circ_0060975 expression was divided into
a higher expression group and lower expression group. The rela-
tionship between the expression level of hsa_circ_0060975 and
the clinical pathological parameters in plasma samples is listed in

Table II. hsa_circ_0060975 expression was significantly different
among histological grade (well-moderately/poorly-signet;
P=0.001), pathological stage (I + II/IIT; P=0.001) and T classifi-
cation (T1-T2/T3-T4; P<0.001) in the plasma of patients with GC.
These results indicated that hsa_circ_0060975 expression may
be related to the malignant degree of GC.
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Table II. Association of hsa_circ_0060975 expression with clinical pathological features in GC plasma samples (n=126) split

into the high and low expression groups (n=63 each).

hsa_circ_0060975

Higher Lower

Characteristics n n (%) n (%) P-value

Age, years 0413
=60 94 45 (35.71) 49 (38.89)
<60 32 18 (14.29) 14 (11.11)

Sex 0.720
Male 56 29 (23.02) 27 (21.43)
Female 70 34 (26.98) 36 (28.57)

Alcohol consumption 0.262
Yes 44 19 (15.08) 25 (19.84)
No 82 44 (34.92) 38 (30.16)

Smoking 0.262
Yes 44 25 (19.84) 19 (15.08)
No 82 38 (30.16) 44 (34.92)

CEA level, ug/ml 0.280
0-5 72 39 (30.95) 33 (26.19)
>5 54 24 (19.05) 30 (23.81)

Histological grade® 0.001
Well-moderately 64 23 (18.25) 41 (32.54)
Poorly-signet 62 40 (31.75) 22 (17.46)

Pathological stage® 0.001
I+IT 62 22 (17.46) 40 (31.75)
1 64 42 (33.33) 22 (17.46)

Lymph node metastasis 0.237
NO 36 15 (11.90) 21 (16.67)
N1-N3 90 48 (38.10) 42 (33.33)

HP infection 0.074
Positive 68 29 (23.02) 39 (30.95)
Negative 58 34 (26.98) 24 (19.05)

T classification® <0.001
T1-T2 62 19 (15.08) 43 (34.13)
T3-T4 64 44 (34.92) 20 (15.87)

Tumor size, cm 0.455
<35 82 43 (34.13) 39 (30.95)
=35 44 20 (15.87) 24 (19.05)

*According to the differences in treatment and prognosis of patients at different histological grades, patients with GC were divided into the
well-moderately group and poorly-signet group. *Patients with GC were divided into early GC (stage I and II) and advanced GC (stage I1I or
higher tumors). ‘According to the differences in chemotherapy regimens, surgical plans and prognosis of patients with different T classifica-
tions, patients with GC were divided into T1-T?2 classification and T3-T4 classification. GC, gastric cancer; T, tumor; HP, Helicobacter pylori;

CEA, carcinoembryonic antigen.

ROC curve of diagnostic value of hsa_circ_0060975 CEA.
CEA was detected using a Roche E601 machine (Roche
Diagnostics) with a cut-off value of 5 ng/ml. The analysis of
the efficiency of CEA as a diagnostic marker revealed that the
area under ROC curve (AUC) was 0.924 (sensitivity, 0.937,
sspecificity, 0.804; P<0.001; Fig. 2A). In addition, the analysis
of the efficiency of hsa_circ_0060975 as a diagnostic marker

demonstrated that the AUC under ROC curve was 0.804
(sensitivity, 0.746; sspecificity, 0.783; P<0.001; Fig. 2A).
For the combination of CEA and hsa_circ_0060975, the
AUC under ROC curve was 0.931 (sensitivity, 0.937; sspeci-
ficity, 0.870; P<0.001; Fig. 2A). The results indicated that CEA
and hsa_circ_0060975 may be combined diagnostic markers
for GC.
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with the higher hsa_circ_0060975 expression groups, as determined by using the Kaplan-Meier method and log-rank test. (D) Comparative analysis of GC
recurrence or metastasis in higher hsa_circ_0060975 expression group (n=44) and lower hsa_circ_0060975 expression group (n=49). circ, circular RNA;
ROC, receiver operating characteristic; CEA, carcinoembryonic antigen; OS, overall survival; DFS, disease-free survival; GC, gastric cancer.

Relationship betweenthe expressionlevel ofhsa_circ_0060975
and prognosis. The follow-up for the present study ended in
December 2019. The median survival time was 36.5 months,
and 90/192 patients died between 18-60 months. With
regards to prognosis, the overall survival (OS) time of
patients was analyzed among the 192 patients with GC
using the Kaplan-Meier method. The patients with the lower
hsa_circ_0060975 expression had an improved prognosis
compared with the patients with higher hsa_circ_0060975
expression in OS time (log-rank =40.26; P<0.001; Fig. 2B).
Disease-free survival (DFES) time of patients was analyzed
among the 192 patients with GC using the Kaplan-Meier
method. The patients with the lower hsa_circ_0060975 expres-
sion had an improved prognosis compared with the patients
with higher hsa_circ_0060975 expression (log-rank =45.04;
P<0.001; Fig. 2C). Based on DFS time analysis of 192 patients
with GC, among the 96 patients in the higher hsa_circ_0060975
expression group, 44 patients had recurrence or metastasis with
a median time of 25.5 months, which included 6 patients had
with local recurrence (anastomosis or remnant stomach; 6/44),
11 patients with lymph node metastasis (11/44), 7 patients

with peritoneal metastasis (7/44), 8 patients with liver metas-
tasis (8/44), 6 patients with pulmonary metastasis (6/44) and
6 patients with pelvic plantation (6/44). In the 96 cases in the
lower hsa_circ_0060975 expression group, 49 patients had recur-
rence or metastasis with a median time of 34.0 months, 9 patients
had local recurrence (anastomosis or remnant stomach; 9/49),
14 patients had abdominal lymph node metastasis (14/49),
8 patients had peritoneal metastasis (8/49), 7 patients had liver
metastasis (7/49), 6 patients had pulmonary metastasis (6/49)
and 5 patients had pelvic plantation (5/49) (P>0.05; Fig. 2D). The
survival time of DFS in the higher hsa_circ_0060975 expression
group and lower hsa_circ_0060975 expression group was statis-
tically different, suggesting that patients with GC with lower
hsa_circ_0060975 expression had longer DFS time compared
with higher hsa_circ_0060975 expression, but there was no
statistical difference in the location of recurrence and metastasis.

In addition, based on the clinical data of Table I and the
survival status of patients with gastric cancer, univariate
and multivariate progression analyses using Cox regression
revealed that hsa_circ_0060975 (higher/lower), histological
grade (poorly-signet/well-moderately) and pathological
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Table III. Univariate and multivariate Cox regression of proportional hazards model for prediction of overall survival in GC

tissue samples.

Univariate analysis

Multivariate analysis

Characteristics HR value (95% CI) P-value HR value (95% CI) P-value
Sex (male/female) 1.036 (0.572-1.877) 0.907 0.751 (0.221-2.552) 0.646
Age, years (=60/<60) 0.896 (0.464-1.732) 0.984 0.974 (0.480-2.719) 0.941
Smoking (yes/no) 1.007 (0.535-1.895) 0.984 1.283 (0.606-2.397) 0.515
Alcohol consumption (yes/no) 0.971 (0.527-1.791) 0.926 1.174 (0.329-4.189) 0.805
CEA level, ug/ml (>5/0-5) 1.042 (0.575-1.886) 0.892 1.015 (0.926-1.113) 0.747
Histological grade®

(poorly-signet/well-moderately) 2.839 (1.500-5.374) 0.001 3.899 (1.753-8.674) 0.001
Pathological stage® (III/I+11) 3.340 (1.657-6.730) 0.001 2.744 (1.184-6.363) 0.019
HP infection (positive/negative) 0.707 (0.386-1.293) 0.260 0.922 (0.481-1.767) 0.806
Tumor size, cm (=3.5/<3.5) 0.782 (0.403-1.517) 0.467 1.111 (0.518-2.383) 0.787
hsa_circ_0060975 (higher/lower) 3.828 (2.021-7.250) <0.001 3.065 (1.356-6.925) 0.007
T classification® (T3-T4/T1-T2) 3.889 (1.852-8.168) <0.001 - -
Lymph node metastasis (yes/no) 1.188 (0.631-2.237) 0.593 - -

*According to the differences in treatment and prognosis of patients of different histological grades, a risk ratio model of poorly-signet vs
well-moderately group was constructed. A risk ratio model of advanced GC (stage III) vs early GC (stage I and II) group was constructed.
°According to the differences in chemotherapy regimens, surgical plans and prognosis of patients with different T classifications, a risk ratio
model of T3-T4 vs T1-T2 classification group was constructed. HR, hazard ratio; CI, confidence interval; GC, gastric cancer; T, tumor;

HP, Helicobacter pylori; CEA, carcinoembryonic antigen.

Table I'V. Univariate and multivariate Cox regression of proportional hazards model for prediction of disease-free survival in GC
tissue samples.

Univariate analysis

Multivariate analysis

Characteristics HR value (95% CI) P-value HR value (95% CI) P-value
Sex (male/female) 0.951 (0.481-1.881) 0.886 0.811 (0.371-1.772) 0.599
Age, years (=60/<60) 1.007 (0.535-1.895) 0.984 0.811 (0.371-1.772) 0.599
Smoking (yes/no) 0.969 (0.504-1.864) 0.925 1.024 (0.469-2.237) 0.952
Alcohol consumption (yes/no) 0.909 (0.484-1.705) 0.766 1.303 (0.328-5.180) 0.707
CEA level, ug/ml (>5/0-5) 0.922 (0.503-1.689) 0.793 0.629 (0.270-1.466) 0.283
Histological grade®

(poorly-signet/well-moderately) 3.297 (1.749-6.215) 0.001 5480 (2.302-13.043) 0.001
Pathological stage® (ITI/I+IT) 3.368 (1.664-6.815) 0.001 2.392 (1.016-5.633) 0.046
HP infection (positive/negative) 0.668 (0.360-1.239) 0.201 1.143 (0.512-2.551) 0.744
Tumor size, cm (= 3.5/<3.5) 0.852 (0.436-1.664) 0.639 1.114 (0.477-2.601) 0.802
hsa_circ_0060975 (higher/lower) 4.036 (2.125-7.668) <0.001 4.385 (1.761-10.917) 0.001
T classificationc (T3-T4/T1-T2) 4.804 (2.293-10.065) <0.001 - -
Lymph node metastasis (yes/no) 1.358 (0.713-2.585) 0.358 - -

*According to the differences in treatment and prognosis of patients of different histological grades, a risk ratio model of poorly-signet vs
well-moderately group was constructed. A risk ratio model of advanced GC (stage III) vs early GC (stage I and II) group was constructed.
°According to the differences in chemotherapy regimens, surgical plans and prognosis of patients with different T classifications, a risk ratio
model of T3-T4 vs T1-T2 classification group was constructed. HR, hazard ratio; CI, confidence interval; GC, gastric cancer; T, tumor;

HP, Helicobacter pylori; CEA, carcinoembryonic antigen.

stage (III/T + II) may be significant independent factors in
GC (P<0.05; Tables IIT and IV), indicating the potential of
hsa_circ_0060975 as a prognostic biomarker of GC and that
high expression of hsa_circ_0060975 may indicate a poor
prognosis for patients with GC.

Biological function analysis of hsa_circ_0060975. Further
analysis of the potential function of hsa_circ_0060975
and its interaction with miRNA was predicted using the
Circular RNA interactome database (44). The result showed
that hsa_circ_0060975 interacted with hsa-miR-1299,
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Figure 3. Biological function analysis of hsa_circ_0060975. (A) Predicted hsa_circ_0060975-miRNA interaction (hsa-miR-1299, hsa-miR-361-3p,
hsa-miR-498, hsa-miR-513a-3p, and hsa-miR-615-5p) based on Context + score percentile =90 by Circular RNA interactome database. (B) KEGG pathway,
GO analysis for (C) Biological process, (D) Cellular component and (E) Molecular function analyses results of 5 miRNA related target genes by DIANA Tools
(TarBase v8.0 and mirPath v3.0). The color key indicated the log,, P-value, the smaller the log,, P-value the higher the intensity of the red and the smaller the
P-value. GO, Gene Ontologys; circ, circular RNA; KEGG, Kyoto Encyclopedia of Genes and Genomes; miRNA, microRNA.

hsa-miR-361-3p, hsa-miR-498, hsa-miR-513a-3p and
hsa-miR-615-5p based on context + score percentile =90
(Fig. 3A). The GO and KEGG pathway analyses results of
5 miRNAs related target genes by DIANA Tools (TarBase v8.0
and mirPath v3.0) (46,47) (Fig. 3B-E). KEGG pathway analyses
results of 5 miRNAs related target genes indicated that the
5 miRNAS were involved in regulating cell cycle, tumor-related
signal pathways, involved in cancer transcription regulation,
metabolism and other biological functions, such as ‘cell
cycle’, ‘AMPK signaling pathway’, ‘transcriptional misregu-
lation in cancer’, ‘fatty acid metabolism’, ‘proteoglycans in
cancer’ (Fig. 3B). GO analysis (biological process) results
of 5 miRNAs related target genes indicated that they were
involved in TOLL-like receptor-related signaling pathways,
cell proliferation, apoptosis, migration of immune-related

inflammatory factors, cell death, DNA and mRNA metabo-
lism, protein modification and other biological functions, such
as ‘Toll-like receptor receptor 5 signaling pathway’, ‘cell prolif-
eration’, ‘negative regulation of apoptotic process’, ‘leukocyte
migration’, ‘cell death’, ‘DNA metabolic process’, ‘RNA
metabolic process’, ‘immune system process’ and ‘protein
ubiquitination’ (Fig. 3C). GO analysis (cellular component)
results of 5 miRNAs related target genes indicated that they
were involved in RNA, protein, and transcription, such as
‘protein kinase binding’, ‘mRNA binding’ ‘transcription factor
binding’ (Fig. 3D). GO analysis (molecular function) results
of 5 miRNAs related target genes indicated that they were
involved in organ-related functions in cells, such as ‘cellular
component’, ‘cytosol’ ‘mucleoplasm’, ‘organelle’, ‘endocytic
vesicle membrane’ etc. (Fig. 3E).
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Figure 4. hsa_circ_0060975 related network analysis. (A) A network map comprising hsa_circ_0060975, 5 miRNAs (hsa-miR-1299, hsa-miR-361-3p,
hsa-miR-498, hsa-miR-513a-3p, and hsa-miR-615-5p) and their downstream target genes generated by Cytoscape v.3.7.2. (B) A Venn diagram revealed the
relationship among the number of common downstream targets genes of 5 miRNAs using custom Venn diagrams (http:/bioinformatics.psb.ugent.be/webt-

ools/Venn/). miRNA, microRNA; circ, circular RNA.
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In addition, including hsa_circ_0060975, 5 miRNAs
(hsa-miR-1299, hsa-miR-361-3p, hsa-miR-498, hsa-miR-513a-3p,
and hsa-miR-615-5p) and their downstream target genes
generated with Cytoscape v.3.7.2 are presented in Fig. 4A,
the results showed that the network relationship of
hsa_circ_0060975/5 miRNAs/target genes regulatory axis.
Venn diagram is a diagram for displaying overlapping areas of
element sets, in order to clarify the number of overlapping genes
in the downstream target genes regulated by 5 miRNAs, the
Venn diagram demonstrates the number of common downstream
targets and overlapping genes in the downstream target genes
of the 5 miRNAs (Fig. 4B), suggesting that hsa_circ_0060975
may regulate the biological function of gastric cancer through
the circRNA/miRNA/mRNA axis.

Discussion

It is well known that GC is a highly malignant cancer type (7).
At present, several biomarkers for GC have been proposed for
diagnosis and prognosis, such as CEA and circulating tumor
cells (50,51). Identifying biomarkers for the diagnosis and
prognosis of patients with GC are important future research
directions (52). As a type of non-coding RNA, circRNAs form
acovalently closed continuous ring structure and lack terminal
5" and 3' ends and these may be used as new biomarkers for
cancer diagnosis and prognosis (23). A previous study found
that hsa_circ_0065149 expression was significantly down-
regulated in GC and lower hsa_circ_0065149 expression was
associated with tumor diameter and neural invasion (53). In
addition, the lower hsa_circ_0065149 expression group of
patients with GC had a longer OS time compared with higher
hsa_circ_0065149 expression group (53). It has been previ-
ously demonstrated that hsa_circ_0065149 in exosomes was
an indicator for early diagnostic and prognosis prediction of
GC (53). The expression level of circRNA DNA replication
fork stabilization factor DONSON (circDONSON) was found
to be associated with tumor node metastasis stage and prog-
nosis and silencing of circDONSON promoted apoptosis, as
well as suppressed the proliferation, migration and invasion
of BGC-823 and AGS GC cells (54). Higher circRNA protein
arginine methyltransferase 5 (circPRMTS) expression was
observed in GC and was associated with shorter survival times,
while silencing of circPRMTS3 inhibited the proliferation and
invasion of AGS and MKN-28 GC cells (55). circPRMT5
acts as an oncogene in patients with GC by targeting the
miR-145/miR-1304/MYC axis and high circPRMTS5 expres-
sion may be a poor prognostic indicator for the survival of
patients with GC (55). In addition, numerous differentially
expressed circRNAs have been reported in tissues (55),
blood (56) and saliva (57), indicating circRNAs can be used
as biomarkers in multiple diseases, including cancer, such
as esophageal cancer and hepatocellular carcinoma (58) and
coronary arteries diseases, such as angina pectoris, myocardial
infarction and coronary heart disease (59). circRNAs, along
with other known biomarkers, may be able to improve the
accuracy of the diagnosis of certain diseases, the combination
of circRNA panel with CEA and CA19-9 may improve the
ability to diagnose colorectal cancer (60) and the combination
of plasma hsa_circ_0000745 level and CEA may improve the
ability to diagnose GC (17).

The present study demonstrated that the expression level
of hsa_circ_0060975 was significantly higher in GC tissues
compared with adjacent normal gastric tissues, and was also
significantly higher in GC cells compared with GES-1 and
plasma samples of patients with GC compared with plasma
samples from healthy volunteers. In the present study,
hsa_circ_0060975 expression with regards to histological
grade was significantly different between the well-moderately
group and poorly-signet group in GC tissues and the plasma of
patients with GC. In addition, hsa_circ_0060975 expression
with regards to pathological stage was significantly different
between I + II stage and III stage in GC tissues and the plasma
of patients with GC. It was also found that hsa_circ_0060975
expression with regards to T classification was significantly
different between T1-T2 classification and T3-T4 classification
in GC tissues and the plasma of patients with GC.

Previous studies have reported that patients with
well-moderately differentiated GC and poorly differentiated
GC have different sensitivity to chemotherapy regimens and
show differences in clinical characteristics, such as poorly
differentiated GC has a poor prognosis and a high degree of
malignancy (33,61). The treatment effect for poorly differenti-
ated GC remains poor (33,61) and it has been demonstrated
that poorly differentiated GC is a hotspot in clinical treatment
research (35). GC is divided into early GC (stage I and II)
and advanced GC (stage III or higher tumors) (36-38), and
there are differences in treatment and surgical methods
between early and advanced GC (39,40). Uzun et al (41)
revealed that T1-T2 and T3-T4 classifications of patients
with GC showed differences in their clinicopathological
characteristics and survival status. T3-T4 classification was
an important indicator for patients with GC to choose GC
chemotherapy and surgical procedures (42,43). The present
study identified that hsa_circ_0060975 was highly expressed
in poorly-differentiation levels, advanced gastric cancer (III)
and T3-T4 classification. Hence, the expression levels of
hsa_circ_0060975 may reflect the degree of malignancy of
GC. Based on the aforementioned research results, it was
suggested that hsa_circ_0060975 may be a potential marker
for evaluating the malignancy of GC and its treatment.

The present study reported the expression level of
hsa_circ_0060975 and its diagnostic value in GC. Compared
with that diagnostic efficiency of hsa_circ_0060975 or
CEA alone, the AUC for the combination of CEA and
hsa_circ_0060975 increased to 0.931 and the diagnostic sensi-
tivity and specificity increased to 0.937 and 0.870, respectively.
Hence, this demonstrated an improved diagnostic value,

In the present study, OS and DFS time were shorter in
patients with GC with high hsa_circ_0060975 expression
compared with patients with GC with low hsa_circ_0060975
expression as detected by the Kaplan-Meier method and log-rank
test. Peritoneal transmission is a key factor for poor prognosis
and the most common metastatic pattern of GC (62,63).
In the present study after follow-up, 7 patients in higher
hsa_circ_0060975 expression group with GC had peritoneal
metastasis (7/44), while 8 patients in lower hsa_circ_0060975
expression group had peritoneal metastasis (8/49), and there was
no significant difference in peritoneal metastasis between the
high hsa_circ_0060975 expression and low hsa_circ_0060975
expression groups. There are numerous factors that affect the
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prognosis of patients with GC (64,65). Recent studies have found
that positive abdominal cytology is an important factor affecting
the prognosis of patients with GC (66,67). A recent study found
postoperative chemotherapy can improve the survival rate of
GC patients with positive peritoneal cytology (68).

In the present study, univariate and multivariate Cox
analyses demonstrated that hsa_circ_0060975 (higher/lower),
histological grade (poorly-signet/well-moderately) and patho-
logical stage (III/T + IT) were independent prognostic factors
in patients with GC. Hence, the finding of the present study
indicated that hsa_circ_0060975 (higher), histological grade
(Poorly-signet) and pathological stage (III) act as predictors of
poor prognosis in patients with GC.

Recent studies have shown that circRNAs can regulate
the function of miRNA via sponging (69,70). miRNA has a
positive or negative regulatory effect on downstream target
genes (71,72). A number of studies have revealed that the
circRNA/miRNA/mRNA axis is involved in the malignant
process of tumors (72,73). The present study used bioinfor-
matics methods to analyze hsa_circ_0060975 and predict
the regulatory effects of miRNA and downstream target
genes. GO and KEGG analyses of downstream target gene
using DIANA Tools (TarBase v8.0 and mirPath v3.0) (46,47)
revealed numerous cancer-related biological regulations,
such as ‘cell cycle', ‘transcriptional misregulation in cancer'
and ‘cell proliferation' amongst others. In addition, it was
found these participate in other biological functions, such as
‘immunity' and ‘metabolism'. The bioinformatics analysis
performed in the present study demonstrated that the abnormal
expression of hsa_circ_0060975 may serve an important
role in the occurrence of GC and hsa_circ_0060975 may
regulate the biological function of gastric cancer through the
circRNA/miRNA/mRNA axis.

However, due to the limited number of samples, the value
and mechanism of hsa_circ_0060975 in GC needs to be
further studied. In addition, the present was a retrospective
study, which only used GC tissues and blood samples and did
not obtain detailed data about peritoneal cytology, which may
have an impact on the prognosis of patients with GC (66,67).
Future research should collect detailed patient data, including
abdominal cytology data of patients with GC and conduct
large-scale and multicenter studies to investigate the value and
possible mechanism of hsa_circ_0060975 in patients with GC.

In conclusion, the present study demonstrated that
hsa_circ_0060975 expression was an independent prognostic
factor for patients with GC and may be a potential marker for
biological malignancy. The present study demonstrated that
the combination of CEA and hsa_circ_0060975 may improve
the diagnosis patients with GC and provide clues for further
exploration of the possible underlying mechanism and targeted
therapy for GC.
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