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Purpose: Due to the lack of specific and sensitive detection indicators, most patients with
GC are already in the advanced stage at the time of diagnosis. Therefore, it is urgent to
search for effective diagnostic biomarkers that can be applied in clinic.

Materials and Methods: We screened out circ_ 0004771 through circRNA sequencing.
Exonuclease digestion assay, agarose gel electrophoresis (AGE) and Sanger sequencing
verified the potential of circ 0004771 being a biomarker. Additionally, we established
quantitative real-time fluorescent polymerase chain reaction (QRT-PCR) to detect the expres-
sion level of circ_ 0004771 and evaluated the methodology. What's more, we collected
plasma samples from 120 GC patients, 40 superficial gastritis patients, 20 postoperative
GC patients, 20 postoperative recurrence patients and 120 healthy donors. We constructed
the receiver operating characteristic curve (ROC) to appraise its diagnostic efficacy.
Results: The expression level of circ 0004771 is up-regulated in GC tissues, which is
consistent with circRNA sequencing result (P=0.0001). Circ 0004771 can serve as
a promising biomarker because of its stable structure and longer half-life. Plasma
circ_0004771 expression is markedly richer in GC patients than that in normal people
(P<0.0001), and the area under the ROC (AUC) is 0.831 (95% CI: 0.779-0.883). The
diagnostic efficacy of circ 0004771 is higher than that of CEA (AUC=0.747, 95% CI:
0.686—0.808) and CA199 (AUC=0.508, 95% CI: 0.433-0.583). Higher diagnostic efficacy
can be achieved by combination diagnosis for distinguishing GC patients from normal people
(AUC=0.864). Besides, the expression level of circ 0004771 can distinguish GC patients
from gastritis patients (AUC=0.845, 95% CI: 0.772-0.917). The plasma circ_0004771
expression in GC patients decreased to normal after surgery (P<0.0001). In addition, plasma
circ_0004771 expression increased again in patients with postoperative recurrence.
Conclusion: Plasma circ_0004771 is differentially expressed in GC patients, postoperative
GC patients and patients with recurrence, suggesting that plasma circ_0004771 can be used
as a novel diagnostic and dynamic monitoring biomarker in GC.
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Introduction

Gastric cancer (GC) is a malignant tumor which originates from the gastric mucosal
epithelial. It is one of the malignant tumors with the highest morbidity and
mortality in the world,' and ranks first in the incidence of various malignant tumors
in East Asian countries.”> The vast majority of GC belongs to adenocarcinoma. The
early symptoms are not obvious, which are similar to gastritis, gastrohelcosis and
other chronic disease symptoms, and easy to be ignored.*
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Upper gastrointestinal endoscopy and pathological
biopsy are the gold standards for early detection of GC,
but they are more invasive to patients.” As a non-invasive
diagnostic method, liquid biopsy has been widely used in
clinical practice.® Currently, carcinoembryonic antigen
(CEA) and Carbohydrate antigen199 (CA199) are the
most studied auxiliary biomarkers used in the diagnosis
of gastrointestinal tumors,” but their sensitivity and speci-
ficity are low.® Therefore, it is urgent to find novel and
non-invasive biomarkers for diagnosis of GC.’

Previous studies have shown that circulating miRNAs
and IncRNAs may have usage as tumor diagnosis and
prognostic biomarkers.” ' For example, Shekari found
that let-7a was useful as a biomarker for responsiveness
of GC and therapy with docetaxel.'® Zhou verified that
plasma IncRNA HI19 may be useful in diagnosis and
GC
patients.'> Recent years, circRNAs, a new-type molecule,

monitoring tumor dynamics in postoperative
are playing an emerging role in diagnosis of GC.
CircRNAs are endogenous non-coding RNAs that are
widely expressed in mammalian cells.'® Sanger first dis-
covered covalently closed circRNAs in plant viruses in the
1970s.'*'*> However, due to the limited techniques at that
time, it was believed that circRNAs were the wrong spli-
cing products. In recent years, with the development of
bioinformatics analysis and high-throughput sequencing
technology (NGS), a mass of circRNAs have been found
in eukaryotes, and their expression has tissue specificity.
CircRNAs have unique covalently closed cyclic structure
and are hard to be digested by exonuclease. Therefore, the
expression of circRNAs in cells is stable and abundant.
Studies have shown that circRNAs are specifically
expressed in peripheral blood of GC patients.'® The stable
loop structure of circRNAs extends their half-life, particu-
larly in cell-free samples (such as blood, urine and saliva),
whose expression is related to tumor progression, and can
be used as a molecular marker specific for the diagnosis of
GC.>'® Meanwhile, circRNAs have been reported to have
a number of important roles including acting as protein
sponges, serving as miRNA sponges, and being translated
into proteins or peptides.'” ' So far, there is increasing
evidence that circRNAs are closely related to tumor micro-
environment and metastasis of various cancers.””> >* For
example, circRGNEF promotes the progression of bladder
cancer through the regulation of miR-548/KIF2C axis.> In
non-small cell lung cancer, CircRNABIRC6 promotes
tumor progression of by acting as a sponge of
microRNA-145.2° CircSAMSAP1 promotes the tumor

growth of colorectal cancer through miR-328-5p/E2F1
axis.”’

Our study revealed that plasma circ 0004771 has
stable cyclic structure, which provides the possibility of
being a tumor biomarker. The expression level of plasma
circ_0004771 in GC patients is significantly up-regulated,
which has a good diagnostic efficacy in the diagnosis of
GC patients. The combined diagnosis of circ_0004771,
CEA and CA199 exerts the higher diagnostic efficacy
with a clinical satisfactory sensitivity and specificity.
Therefore, circ_ 0004771 provides a potential possibility
for early and rapid diagnosis of GC.

Materials and Methods

CircRNA Sequencing

Hipure Total RNA MiniKit (Magen, Guangzhou, China)
was used to extract total RNA from tissue samples.
Concentrations and integrity total RNA were determined
using a Qubit 3.0 Fluorometer (Invitrogen, Carlsbad,
California) and Agilent 2100 Bioanalyzer (Applied
Carlsbad, CA). After RNA
(Geneseed, Guangzhou, China) was removed from the
extracted total RNA, the linear RNA was removed by
Rnase R digestion. KAPA RNA HyperPrep Kit with
RiboErase (HMR) for Illumina (KAPA Biosystems, Inc.,
Woburn, MA) was used to prepare the sequencing library.

Biosystems, ribosomal

Sequencing analysis of circRNA was carried out with the
PE150 sequencing model Illumina Hiseq Xten.

Collection of Clinical Plasma and Tissue

Specimens

All tissues and clinical specimens were collected from the
clinical laboratory of Affiliated Hospital of Nantong
University. The specimens were collected between
January 2014 and December 2019. 20 pairs of GC tissues
and their corresponding paracancerous tissues were taken
from the Department of General surgery, Affiliated
Hospital of Nantong University. Tissues were removed
and immediately stored at —80°C with nucleic acid fixator
BIOTEKE (Nantong, China).
included 120 cases of GC patients, 20 cases of postopera-

The plasma samples
tive GC patients, 40 cases of superficial gastritis patients,
20 cases of postoperative recurrence patients, and 120
cases of age-matched healthy controls. In this study, all
GC patients were diagnosed as primary GC by profes-
sional pathologists and clinicians and did not receive che-
motherapy or radiotherapy before surgery. In addition, 20

submit your manuscript

10064

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Xu et al

cases of postoperative GC specimens were collected
1 week after radical gastrectomy. All participants obtained
informed consent before clinical trial and gave consent to
publish. All the above samples were collected in accor-
dance with the Code Ethics of the World Medical
Association, and informed consent was obtained for
experimentation with human subjects. The study was
approved by the Ethics Committee of Affiliated Hospital
of Nantong University (ethical review report number:
2018-L055).

Cell Culture

Human GC cell lines (HGC-27, BGC-823, MKN-1 and
MKN-45) and human gastric epithelial cells (GES-1) were
purchased from the Stem Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). All cell lines
were cultured in  RPMII640 medium (Corning,
Manassas, VA), in which 10% fetal bovine serum (FBS,
Gibco, Grand Island, NY) and 1% penicillin and strepto-
mycin were added. All cell lines were cultured in
a humidified incubator at 37°C with 5% CO2.

RNA Extraction from Plasma, Tissues and
Cells

Total RNA was extracted from 300uL plasma using the
plasma extraction kit (TRIzol LS, Invitrogen, Germany) in
accordance with the manufacturer’s protocol. 600 ~800mg
of Clinical tissue samples were taken, and 1mL of TRIzol
(Invitrogen, Germany) was added to cleavage and extract
according to the instructions. Passable cells in good
growth condition were digested with trypsin. After centri-
ImL TRIzol
Germany) was added and lysed for extraction according

fugation and supernatant, (Invitrogen,
to the instructions. RNA integrity and genomic DNA con-
tamination were detected by standard denatured agarose
gel electrophoresis. Complementary DNA was synthesized
using the Revert Aid First Strand cDNA Synthesis Kit

(Thermo Scientific, MA, USA).

Reverse Transcription and Real-Time

Fluorescent Quantitative PCR

After total RNA extraction, Thermo Fisher Science reverse
transcription kit was used to prepare a 20uL reverse tran-
scription system, which was incubated at 25°C for 5 min-
utes, 42°C for 60 minutes and 70°C for 5 minutes to obtain
cDNA. Roche Light Cycler 480 (Roche, Switzerland) was
used for qRT-PCR reaction. The total value of each

reaction system was 20uL, including 10uL of SYBR
Green I Mix (Roche), 0.5uL of primer, 2ul. of cDNA
and 7pL of enzyme-free water. Primers used in this study
were synthesized by Sangon Biotech Corporation
(Shanghai,  China). Objective  gene  sequence
circ_0004771: former primer, 5-AGTTGCTCCAATGA
CAGAGTTACC-3' and reverse primer, 5'-CCTCC
TTCAGTCAAGTGTGCATC-3"; Internal reference 18s
rRNA:  former  primer, 5-CGGCTACCACATCC
AAGGAA-3' and reverse primer, 5'- GCTGGAATT
ACCGCGGCT-3". The expression  of
circ_0004771 calculated by 22T method,
AACT=mean of experimental group (CTcirc 0004771 -
CTiss mna) and group

CTISS rRNA)~

relative
was

control (CTcire_0004771-

Exonuclease Digestion Experiment

10ug Total RNA were extracted from MKN-1 cells and
3-4U/pg Rnase R enzyme was added. To configure the
Reaction system, add 5ug 10xReaction Buffer and
the enzyme-free water until the total system is S0uL. The
reaction mixture was then incubated at 37°C for 30 min-
utes. The mixture was incubated at 70°C for 10 minutes to
deactivate the enzyme and reverse transcription.

Actinomycin D Assay

The concentration of 1mg/mL actinomycin D was diluted
to a concentration of 2.5 pg/mL using Complete Medium.
The culture medium in the six-well plate was replaced by
the finished culture medium containing actinomycin D,
and TRIzol was added to the plate without any treatment
for Oh. RNA was extracted by adding TRIzol successively
at 1h, 2h, 4h, 6h and 8h.

Nuclear and Cytoplasmic RNA

Separation Assay

Appropriate number of cells were washed with PBS twice and
the supernatant was absorbed. Add 400uL Cell Fractionation
Buffer, mix gently and stewing for 5-10 minutes. 500g cen-
trifuge for 3 minutes and drain the supernatant to the collect-
ing tube. Add 400puL Cell Disruption Buffer. Add 400uL
binding solution to the cracking solution and mix it upside
down. And then we add 400pL anhydrous ethanol. The mixed
solution was transferred to adsorption column for filtration
and centrifuged at 1000rpm for 30s. Join 700uL Wash
Solution I, 1000rpm centrifuged 30s. Add 500uL Wash
Solution II/IIT, 1000rpm centrifuge 30s for 2 times. Place
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the adsorption column in a new collection tube, add 40uL
Elution Solution (preheated at 95°C), and centrifuge at
1000rpm for 30s. Finally, added 10uL Elution Solution (pre-
heated at 95°C) and centrifuged at 1000rpm for 30s.

Statistical Analysis

SPSS 20.0 software (IBM SPSS Statistics, Chicago, USA)
was used for statistical analysis. The relative expression of
serum circ_0004771 in patients with different gastric dis-
eases was expressed as mean + standard deviation. For
comparison of two independent samples, two-sided Test
was adopted, while for comparison of multiple indepen-
dent samples, one-way analysis of variance was adopted.
The relationship between circ_0004771 and pathological
parameters was analyzed by chi-square test. ROC curve
and area under the curve (AUC) were used to evaluate the
diagnostic efficacy of serum circ_0004771 in the diagnosis
of gastric cancer. P<0.05 indicated that the difference was
statistically Graphpad Prism7 (Graphpad
Software, La Jolla, CA) for drawing.

significant.

Results
Expression Profile of circRNAs in GC

Tissues and Para-Cancer Tissues

To study the expression profile of circRNAs in GC tissues,
we conducted circRNA sequencing in three pairs of GC
tissues and paracancerous normal tissues and identified
27,870 circRNAs (GSE131414) (Figure 1A). According
to the principle of expression difference multiple >2.0 and
P<0.05, 2943 circRNAs were further screened (Figure
1B). Excluding 936 undefined circRNAs, 1119 circRNAs
were up-regulated and 888 circRNAs were down-regulated
in GC patients. In combination with CircRNA Db,
CircBase and CircBank databases, selected
circ 0004771 with length of 203bp for subsequent
research. First, we detected the expression level of

we

circ_0004771 in 20 pairs of tissues, and the results showed
that the expression level of circ_ 0004771 in GC tissues is
higher than that of the adjacent normal tissues (n=20,
P=0.0001) (Figure 1C), which was consistent with the
circRNA sequencing results. Next, we detected the

o
T-T o] §
1 Down rogulsied 858 ruRNAS @ 15-
»
T e
l‘]“ ! “‘ ! r" ’ i ““ I ‘ & *kk
)
IN 2 = 10-
2N L 5
% 8
3N g 3
2] 5.
1C £
3}
2C 2
=
3C 50 T L
5 ] Tumor Normal
log2 fold change 14
@
o
S § 5
z10 310 P=0.0001 £ 3
$ _— o — e 8 g - SGC-7901
% 8 g 8 £ P<0.01 . x 20 % MKN-1
S = s = -+ GES-1
~ 6 K s 2 ° K15
é *kkk g N ° g ”
S, 4 8 4 g ¢ * 8 10 4
o *% (=3 1
= * g S e *
° 2 T 2 3 R? =0.6706 S 5
°
: : — :
s o ! - ° T T T 1 T 0 T -
& O’C\ ‘\,"’ 05,'1'«" *}y" é," & GC patients  Healthy donors ';E 2 4 6 ) 8 10 = 3d 5d 7d od
QS’ \gi- 0@ A\ o e Relative circ_0004771 level in GC plasma Time(days)

Figure | Expression profile of circRNAs in GC and para-cancerous tissues. (A) Clustered heatmap. Each row represents one specimen, and each column represents one
circRNA. The color scale reflects the log, signal strength, from green (low intensity) to black (medium intensity) to red (high intensity). (B) Volcano plots. The red dots
represent statistically significant up-regulated circRNAs, the green dots represent statistically significant down-regulated circRNAs. (C) 20 pairs of tissue samples to verify
the up-regulation of circ_0004771 (n=20, P=0.0001). (D) Relative expression of circ_0004771 in GC cell lines. (E) Relative expression of circ_0004771 in plasma of initial 20
GC patients (n=20, P=0.0001). (F) A positive correlation of the relative expression of circ_0004771 between plasma and tissues in GC patients (P<0.01, R2=0.6706). (G)
Expression level of circ_0004771 in culture supernatants of SGC-7901 increased with time compared to GES-1.

Notes: *Indicated statistical significance (*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001).
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expression level of circ 0004771 in GC cell lines (HGC-
27, MKN-45, BGC-823 and MKN-1) (Figure 1D). The
results showed that the expression level of circ 0004771
in MKN-1 has the highest fold change. In recent years,
researchers have found that more and more circRNAs can
be detected in human body fluids. For example, plasma
circARS can be used as a biomarker to monitor tumor
development and progression in prostate cancer.”® Serum
circSETDBI can be used as a non-invasive biomarker for
detecting the tumor progression of high-grade serous ovar-
ian cancer (SOC) patients and predict the response and
recurrence to chemotherapy.”’ Serum circFoxO3a can act
as a potential noninvasive prognostic biomarker and ther-
apeutic target.’® Therefore, we want to explore the possi-
bility of plasma circ 0004771 as a biomarker. First, we
detected the expression level of circ 0004771 in the
plasma of 20 GC patients. The results revealed that the
relative expression of circ 0004771 in the plasma of GC
patients is higher than that of healthy group (n=20,
P=0.0001) (Figure 1E). Next, we observed a well correla-

tion of the circ_ 0004771 expression between tissues and

plasma of GC patients (P<0.01, R?=0.6706) (Figure 1F).
In order to further explore that plasma circ_ 0004771 ori-
ginate from GC cells, we found that with the longer
culture time of GC cells in the culture flasks, the relative
expression of circ_0004771 in the supernatant of SGC-
7901 and MKN-1 increased gradually, especially in SGC-
7901. While there was no significant change in the relative
expression of circ_0004771 in the supernatant of GES-1. It
suggested that circ 0004771 may be released into the
blood by GC cells. (Figure 1G).

Advantages of Plasma Circ_0004771 as

a Diagnostic Biomarker

Circ_0004771 is originated from the NRIP1 gene, which
locates at chromosome21. It consists of the back-splicing
of exon2 and exon3 (Figure 2A). Moreover, Sanger
sequencing confirmed that the cyclization site of the
amplification products is consistent with that provided in
CircBase database (Figure 2B). The above experiments
verified that circ 0004771 has a cyclic structure. Due to
its circular structure, circ_0004771 is not easily degraded
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Figure 2 Identification of cyclic structure of circ_0004771. (A) Biogenesis of circ_0004771. (B) Identification of the cyclization site of circ_000477| by Sanger sequencing.
(C) Stability of circ_0004771 confirmed by Rnase R digestion assay. (D) Longer half-life of circ_0004771 verified by actinomycin D assay.
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by Rnase R, while the liner NRIP1 expression decreased.
(Figure 2C). Meanwhile, the half-life of circ 0004771
after being treated with actinomycin D is longer than that
of its parent gene NRIP1 (Figure 2D).

Plasma Circ_0004771 as a Biomarker for

the Detection of Large Sample Scale

Because the detection of circ 0004771 in plasma has no
standard internal reference, we compared a series of the
most commonly used internal reference such as 18S
rRNA, GAPDH, B-actin, 2M, Tub and RPII; in 20
GC patients and 20 healthy examiners. Since 18S
rRNA has preferable stability in both patients and
healthy donors (Supplementary Table 1), we finally

chose 18S rRNA as the endogenous reference for detect-
ing the relative expression of circ_0004771. In order to
verify that circ 0004771 is suitable for clinical labora-
tory analysis, we used qRT-PCR method to detect the
relative expression of circ_0004771. First, we con-
standard recombinant plasmid for

structed a

circ_0004771. The regression equation of the standard

curve of circ 0004771 is y=—3.4424x + 34.732, and R?
is 0.9983, indicating that qRT-PCR is an effective
method to detect the plasma circ_ 0004771 at different
concentrations (Figure 3A). Next, we selected mixed
plasma for precision determination of plasma
circ_0004771. The results showed that the coefficient
of wvariation (CV) of circ 0004771 in intra-assay is
3.59% and CV of circ_0004771 in inter-assay is 2.16%
(Table 1). We placed the mixed plasma samples at room
temperature for 0, 6, 12, 18 and 24 hours and repeated
freeze-thaw for 0, 1, 3, 5 and 10 times, and then
detected the relative expression level of circ_0004771.
The results revealed that there is no significant differ-
ence in the expression level of circ_ 0004771 in plasma
(P>0.05), which that the
circ 0004771 had good repeatability and
(Figure 3B and C). Finally, we correctly designed the

indicated detection of

stability

divergent primer for circ 0004771, and the length of the
amplification product of qRT-PCR is expected to be
125bp. AGE (Figure 3D) and melting curves (Figure
3E) further verified the accuracy and specificity of the
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Figure 3 Construction of the research model of circ_0004771. (A) Standard curve of circ_0004771 (R*=0.9983). (B and C) Intra-assay CV and inter-assay CV of
circ_0004771 detection. Verify the accuracy and specificity of circ_0004771 by AGE (D) and melting curve (E). (F) Differential expression of circ_0004771 in the plasma of
GC patients (n=120), superficial gastritis patients (n=40) and healthy donors (n=120).

Notes: *Indicated statistical significance (****P<0.0001).

Abbreviations: CV, coefficient of variation; AGE, agarose gel electrophoresis; ns, no significant.
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Table | The Intra-Assay Coefficient of Variation and the Inter- Diagnostic Utlllt)’ of Plasma
Assay Coefficient of Variation of Circ_0004771 . .
Circ_0004771 in GC
Circ_0004771 I8 rRNA | Next, we further explored the characteristics of
Intra-assay CV, % 3.59% 3.94% circ 0004771 as a potential biomarker for GC. ROC
Inter-assay CV, % 2.16% 2.90% curves and the AUC of ROC curves were performed on

Abbreviation: CV, coefficient of variation.

amplified products. All the above results demonstrated
that the detection of plasma circ_0004771 by qRT-PCR
is suitable for clinical laboratory analysis.

Under this test model, we collected plasma samples
from 120 GC patients, 40 gastritis patients and 120 healthy
donors. We found that plasma circ 0004771 expression
level in GC patients was significantly higher than that in
healthy controls (P<0.0001) as well as gastritis patients
(P<0.0001). But there was no significant difference in the
expression level of circ_0004771 between gastritis patients
and healthy donors (P=0.1639) (Figure 3F).

data from the 120 GC patients and 120 healthy controls to
investigate the ability of plasma circ 0004771 as
a diagnostic biomarker for GC. The results revealed that
the plasma circ_0004771 effectively distinguished the pri-
mary GC patients from the healthy subjects, and the AUC
is 0.831 (95% CI: 0.779-0.883, P<0.0001) (Figure 4A).
CEA and CA199 are widely used auxiliary screening
indicator for gastrointestinal tumors. Compared with the
diagnostic capacity of common clinical tumor biomarkers,
the AUC for circ 0004771 was higher than that of CEA
(AUC=0.747, 95% CI: 0.686-0.808) (Figure 4B) and
CA199 (AUC=0.508, 95% CI: 0.433-0.583) (Figure 4C).

In addition, the AUC of plasma circ 0004771 in
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Figure 4 Potential of circ_0004771 to be a diagnostic biomarker. (A) ROC curve analysis of plasma circ_0004771 for discriminating primary GC patients and healthy donors
(AUC=0.831). (B) The diagnostic efficacy of CEA (AUC=0.747). (C) The diagnostic efficacy of CA199 (AUC=0.508) (D) ROC curve analysis of plasma circ_0004771 for
discriminating primary GC patients and gastritis patients (AUC=0.845). (E) Combined diagnostic efficacy of plasma circ_0004771, CEA and CAI199 exerted the best

diagnostic efficacy in distinguishing GC patients and healthy donors (AUC=0.864).

Abbreviations: ROC, receiver operating characteristic curve; AUC, the area under the ROC; ClI, confidence interval.
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differentiating primary GC from gastritis patients is 0.845
(95% CI: 0.772-0.917) (Figure 4D).

Growing evidence reported that combined diagnosis
would improve the efficacy of diagnosis than a single
tumor marker.>'*? Both Figure 4E and Table 2 show that
the combined detection of plasma circ 0004771, CEA and
CA199 is superior to any of the biomarkers detected sepa-
rately in the diagnosis of GC patients (AUC=0.864).
Besides, circ 0004771, CEA and CA199 could improve
the diagnostic sensitivity (79.17%), which is better than the
sensitivity of CEA (50%) and CA199 (30%).

Combined with the clinicopathological data of 120 GC
patients, we found that the high expression level of plasma
circ_ 0004771 is related to the histological classification
(P<0.0001), lymph node metastasis (P=0.009), T stage
(P<0.0001) and TNM stage (P=0.016), and has little cor-
relation with age, sex and tumor size (Table 3). All the
above indicated that plasma circ 0004771 has high diag-
nostic efficiency.

Effect of Plasma Circ_0004771 in Tumor

Dynamic Monitoring in GC Patients

To verify the dynamic relationship between plasma
circ_ 0004771 expression and tumor progression, we
compared the expression level of circ_0004771 in 20
preoperative GC patients with 20 postoperative patients.
As is shown in Figure 5A, plasma circ_ 0004771 in
primary GC patients was abnormally expressed and
dynamically decreased to normal level after radical gas-
trectomy. Meanwhile, the expression level of plasma
circ_ 0004771 was still up-regulated in patients with
postoperative recurrence. All the above suggested the
potential of plasma circ_ 0004771 in dynamic monitoring
of GC patients.

Forecast the Downstream Regulatory
Network of Circ_0004771 in GC

CircRNAs in the nucleus mainly regulate the transcription
of parent genes, while circRNAs in the cytoplasm mainly
play the role as competitive endogenous RNA (ceRNA).*?
Using nucleo-cytoplasmic separation assay, we found that
circ_ 0004771 mainly located in the cytoplasm (Figure
5B), suggesting that circ_0004771 may regulate the pro-
gression of GC after transcription. Then, we predicted the
potential circRNA-miRNA-mRNA axis through circRNA
sequencing and bioinformatics analysis. As is shown in
Figure 5C, ten miRNAs (miR-4298, miR-339-5p, miR-
4687-3p, miR-548, miR-148p-5p, miR-3921, miR-7974,
miR-1267, miR-1200, miR-4277) and their corresponding
mRNAs were presented, which may provide a new direc-
tion of circ_0004771 in the regulation of GC progression.
However, more experiments are needed to confirm the in-
depth regulation mechanism of circ_0004771 in GC.

Discussion

GC is the common gastrointestinal tumor with high
mortality.>* Most cases of GC are found at an advanced
stage with poor prognosis. Treatment strategies are often
limited to radiotherapy or chemotherapy. Currently, the
sensitivity and specificity of commonly used biomarkers
are not high enough. The final diagnosis of GC usually
depends on biopsy or cytology.” However, these methods
may miss patients in early stage.

Previous study revealed that IncRNAs and miRNAs
could serve as tumor biomarkers.”'®'? In recent years,
a series of studies have shown that circRNAs can be
used as biomarkers for the diagnosis of tumors.*>>” In
this study, we selected circ_0004771 for subsequent study
by combining the circRNA sequencing of three pairs of
GC tissues and circRNA-related databases. Due to the lack

Table 2 Evaluation of the Diagnostic Values of Combination of Circ_0004771, CEA, CA199 Between GC Patients and Healthy

Donors
SEN, % SPE, % ACCU, % PPV, % NPV, %
Circ_0004771 67.50(81/120) 79.17(95/120) 73.33(176/240) 76.42(81/106) 70.90(95/134)
CEA 50.00(60/120) 75.00(90/120) 62.50(150/240) 66.67(60/90) 60.00(90/150)
CA199 30.00(36/120) 78.33(94/120) 54.17(130/240) 58.06(36/62) 52.80(94/178)
Circ_0004771+CEA 79.17(95/120) 78.33(94/120) 78.78(189/240) 78.51(95/121) 79.00(94/119)
Circ_0004771+CA199 64.17(77/120) 91.67(110/120) 77.92(187/240) 88.52(108/122) 71.90(110/153)
Circ_0004771+CEA+CAI199 79.17(95/120) 78.33(94/120) 78.75(189/240) 78.51(95/121) 79.90(94/119)

Abbreviations: SEN, sensitivity; SPE, specificity; ACCU, overall accuracy; PPV, positive predictive value; NPV, negative predictive value; GC, gastric cancer.
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Table 3 The Association Between Plasma Circ_000477| Expression and the Clinicopathological Parameters in GC Patients

Parameter No. of Patients Circ_0004771 (High) Circ_0004771 (Low) P-value

Age
<60 43 24 19 0.341
260 77 36 4]

Sex
Male 83 46 37 0.075
Female 37 14 23

Tumor size
<5 106 51 55 0.255
25 14 5

Differentiation grade
Well 24 4 20 <0.000 |###*
Poor-moderate 96 56 40

T stage
TI-T2 77 28 49 <0.000 |tk
T3-T4 43 32 Il

Lymph node metastasis
Positive 48 31 17 0.009%*
Negative 72 29 43

TNM stage
-1l 93 41 52 0.016*
-1V 27 19 8

Nerve/vascular invasion
Positive 40 21 19 0.699
Negative 80 39 41

CEA
Positive 60 35 25 0.068
Negative 60 25 35

CAI199
Positive 36 19 17 0.69
Negative 84 41 43

PGI
Positive 40 21 19 0.699
Negative 80 39 41

PGII
Positive 52 27 25 0.713
Negative 68 33 35

Notes: Asterisks (¥) indicate statistical significance (*P<0.05, **P<0.01, ****P<0.0001).
Abbreviations: PG, pepsinogen; GC, gastric cancer.

of efficient and non-invasive biomarkers and many between GC tissues and plasma, we supposed that plasma

circRNAs can be detected in human body fluids, we circ_ 0004771 were released by GC cells and could be used

found the expression level of circ 0004771 in plasma as a diagnostic biomarker in GC. We speculated that

was higher than that in healthy controls. Because there circ_ 0004771 may be released from GC tissues into

was a well correlation of circ 0004771 expression plasma in the following ways: (1) It can be passively
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Figure 5 Dynamic monitoring and functional forecasting of circ_0004771. (A) Expression level of circ_0004771 in GC patients decreased after operation (n=20, P=0.0002)
and increased after recurrence (n=20). (B) Detection of circ_0004771 location in MKN-45 cell line by nucleoplasm separation assay. (C) Prediction circRNA-miRNA-mRNA
regulation network of circ_0004771. The red rectangle represents circ_0004771, and the yellow oval represents miRNAs which may bind to circ_000477, while the yellow

triangle represents the target mRNA of the corresponding miRNA.
Notes: *Indicated statistical significance (***P<0.001).
Abbreviation: ns, no significant.

released when cell death is induced by inflammation,
hypoxia or anticancer treatment; (2) Circ_0004771 may
also be released into blood in the form of exosomes; (3) In
addition, hormones and chemotherapy also destroy the
endothelial matrix structure, which may also contribute
to the release of circ_0004771 into the circulatory system.

The expression level of plasma circ_0004771 in GC
patients was significantly higher than healthy donors as
well as gastritis. ROC analysis implied that circ_ 0004771
could well distinguish primary GC patients from healthy
group as well as GC patients from gastritis patients. The
sensitivity of circ_0004771, CEA and CA199 in the joint
diagnosis of GC is 79.17% and the specificity is 78.33%.
The expression level of plasma circ_0004771 decreased to
normal after surgery and increased after recurrence, sug-
gesting that plasma circ 0004771 can be used as
a dynamic indicator for monitoring the progression of GC.

In summary, plasma circ 0004771 can be used as
a novel biomarker in the progression of GC. In the

primary GC patients, plasma circ_ 0004771 can improve
the detection rate of GC patients and has the potential to
be used as an early screening indicator. After GC radical
gastrectomy or recurrence, the expression level of plasma
circ_0004771
circ_ 0004771 may have real-time monitoring function.

dynamically changed, suggesting that
In addition, the differential expression of circ_ 0004771
in plasma can also differentiate between GC patients and
superficial gastritis. In the follow-up study, we will
expand the sample size to further verify the possibility
of clinical application. MiRNAs can bind to mRNAs to
play the role of promoting or inhibiting cancer.'® The
prediction of circRNA-miRNA-mRNA axis illustrated
that circ 0004771 may interact with ten potential
miRNAs to regulate the progression of GC. Among
them, miR-1267 may play a tumor inhibitory role in the
occurrence and development of breast tumors, but may
play a promoting role in the invasion and metastasis.*®

Besides, miR-1200 regulates tumor progression by
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upregulating the expression of HOXB2 in glioma and
osteosarcoma.’® From these findings, we have reason to
speculate that these miRNAs may also play a role in GC.
the ceRNA mechanism of circ_ 0004771
remains to be confirmed in the future. The detailed inves-

However,

tigation may help us to understand the role of

circ_0004771 in tumor progression.
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