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Abstract

Purpose Recent studies have shown that circular RNAs (circRNAs) are closely related to the occurrence and development
of gastric cancer. In this paper, we analyzed the value of hsa_circ_0003195 in diagnosis and prognosis of gastric cancer.
Methods Quantitative reverse transcription-polymerase chain reaction (QRT-PCR) was used to determine the level of hsa_
circ_0003195 in 100 paired gastric cancer tissues and paracancerous tissues, 74 paired fasting plasma from gastric cancer
patients before and 10 days after operation, and 74 fasting plasmas from healthy controls. A receiver operating characteristic
(ROC) curve was generated to evaluate the diagnostic value. The survival analysis and Cox proportional-hazards model
were used to evaluate the efficiency of hsa_circ_0003195 in predicting overall survival (OS) in patients with gastric cancer.
Results The expression of hsa_circ_0003195 was down-regulated in gastric cancer tissues and plasma from patients with
gastric cancer. The expression level of hsa_circ_0003195 was correlated with differentiation, TNM stages, lymphatic metas-
tasis, and distal metastasis. The area under the ROC curve (AUC) of tissue and plasma hsa_circ_0003195 was 0.684 and
0.695, respectively. The plasma hsa_circ_0003195 can be used as predictors of survival of patients with gastric cancer.

Conclusion Hsa_circ_0003195 may be a new diagnostic and prognostic marker of gastric cancer.

Keywords Circular RNA - Hsa_circ_0003195 - Gastric cancer - Biomarker - Prognosis

Introduction

Gastric cancer is a common digestive tract cancer in the
world. In 2020, there were 1.089 million new cases of gastric
cancer and 769,000 deaths in the world, accounting for 5.6%
and 7.7% of all cancer cases and deaths, respectively [1].
The incidence of gastric cancer ranks fifth among all kinds
of tumors in the world; and the mortality ranks fourth among
all kinds of tumors. The morbidity and mortality of gastric
cancer are high in East Asia [1]. Most early gastric cancer
is curable, but the early symptoms of gastric cancer are not
obvious. The treatment of advanced gastric cancer patients
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is very difficult [2—4]. Therefore, early diagnosis is very
important for patients with gastric cancer. Clinically, gastric
cancer is usually diagnosed by gastroscopy and pathological
examination; but this diagnostic method is invasive [4—7].

It is important to find new diagnostic markers for gastric
cancer. Circular RNAs (circRNAS) are a kind of RNA mole-
cules with closed-ring structure. They are widely distributed
in various tissues and cells [8, 9]. Recent studies have found
that circRNAs not only regulate gene transcription, but also
translate into proteins [10—12]. CircRNAs have been proved
to play an important role in human diseases [12—14]. How-
ever, the role of circRNAs in gastric cancer has not been
fully elucidated.

In this study, we focused on hsa_circ_0003195 (http://
www.circbase.org/cgi-bin/simplesearch.cgi). Its gene is
located at chr2:32858942-32865477; its relative gene sym-
bol is TTC27 (tetratricopeptide repeat domain 27). The rea-
son that we chose hsa_circ_0003195 as the target of this
study is that it was one of the gastric cancer-associated cir-
cRNAs based on our previous microarray screening results
(GEO No. GSE89143, Guo, 2016; https://www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc=GSE89143) [16]. In this
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study, we expanded sample size and further found that hsa_
circ_0003195 was aberrantly expressed in gastric cancer
tissues and plasma from patients with gastric cancer. More
important, hsa_circ_0003195 level was related to main clin-
icopathological factors of gastric cancer patients, suggesting
that it may be a diagnostic biomarker and prognostic factor
of gastric cancer.

Methods
Patients and tissue specimens

Gastric cancer patients' tissues group: 100 gastric cancer
patients from The Affiliated People’s Hospital, Ningbo Uni-
versity, Ningbo, China, between January 2015 and March
2019. No chemotherapy and other treatments were used
when samples were obtained. Small pieces of tissues no
more than 0.5 cm thickness were taken intraoperatively in
the gastric cancer lesion and corresponding non-tumor nor-
mal tissues 5 cm from the lesion, respectively. The removed
tissues were put into 1 ml RNAfixer sample preservation
solution (Bioteke, Beijing, China) and stored at a — 80 °C
freezer till use. All tissue samples were pathologically
diagnosed.

Gastric cancer patients' plasma group: 74 gastric can-
cer patients from The Affiliated People’s Hospital, Ningbo
University, Ningbo, China, between January 2015 and July
2019. Total 3 ml fasting peripheral venous blood was col-
lected in ethylenediaminetetraacetic acid (EDTA) anticoagu-
lant tubes before and 10 days after surgery. The blood was
first centrifuged at 3000 rpm for 10 min at room tempera-
ture. Then the upper plasma layer was transferred to a 2 ml
RNase free Eppendorf tube and stored at — 80 °C freezer
till use.

Healthy controls: 74 age- and sex-matched healthy indi-
viduals from Ningbo No. 1 Hospital who were for health
examined in August 2016. Plasma collection and preserva-
tion were as the same as described above.

Tumor clinical stages were assessed according to the
tumor—node—metastasis (TNM) staging system (8th ed.)
[17].

The study was approved by the Ethics Committee of
Ningbo University School of Medicine (No. 2017022701).
Written informed consent was obtained from all the
participants.

Total RNA extraction

Total RNA in tissues and plasma was first extracted
with TRIzol reagent and TRIzol LS reagent (Invitrogen,
Karlsruhe, Germany) following the manufacturer's instruc-
tions, respectively. Then, the purity and concentration of

total RNA were detected with a SmartSpec Plus Spectro-
photometer (Denovix, Hercules, CA, USA).

Reverse transcription of total RNA

Total RNA was reverse transcribed to yield cDNA accord-
ing to the instructions of the reverse transcription kit from
Promega (Promega, Madison, WI, USA) [16].

qRT-PCR detection of hsa_circ_0003195

In the Mx3005p real-time PCR system (Stratagene, La
Jolla, CA, USA), GoTaq qPCR Master MX (Promega)
was used for real-time quantitative reverse transcription-
polymerase chain reaction (QRT-PCR). Primers for hsa_
circ_0003195 and glyceraldehyde-3-phosphate dehydro-
genase (GAPDH, used as a control) were designed and
synthesized by Primer-Blast and BGI-Tech (Shenzhen,
China), respectively. The divergent primers’ sequences
for hsa_circ_0003195 were 5'-CTACAGCCTGACCTC
GAAGC-3’ and 5'-TCAACTGTTGTCTGAATAGCT
GTC-3'. The convergent primers’ sequences of GAPDH
were 5'-AAGGTGAAGGTCGGAGTCAA-3" and 5'-AAT
GAAGGGGTCATTGATGG-3'. The qRT-PCR results
were expressed as AC, value with calculation formula
AC, = Cyirerna) — Cqarpn)- The higher the AC, value,

q
the lower the expression level of hsa_circ_0003195.

Statistical analysis

Statistical Program for Social Sciences (SPSS) software
22.0 (IBM Inc., Chicago, IL, USA) and GraghPad Prism
5.0 (GraphPad Software, La Jolla, CA, USA) were used
to analyze experimental data. The two-sample ¢ test were
used to compare the differences of hsa_circ_0003195
levels between gastric cancer tissues and adjacent tis-
sues; and one-way analysis of variance (ANOVA) were
used to compare the differences of hsa_circ_0003195
levels among preoperative, postoperative gastric can-
cer patient plasma, and healthy control plasma. The X2
test and Mann—Whitney rank test were used to analyze
the correlation between the hsa_circ_0003195 levels and
clinicopathological factors. The diagnostic value of hsa_
circ_0003195 was analyzed by establishing the receiver
operating characteristic (ROC) curve. The prediction
efficiency of hsa_circ_0003195 in tissues and plasma for
postoperative overall survival (OS) of patients with gas-
tric cancer was evaluated by survival analysis and Cox
proportional-hazards model. The value of P < (.05 can be
considered statistically significant.
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Results

Down-regulation of hsa_circ_0003195 expression
in gastric cancer tissues and plasma of patients
with gastric cancer

We detected the expression of hsa_circ_0003195 in gas-
tric cancer tissues and plasma of gastric cancer patients.
As shown in Fig. 1, the expression of hsa_circ_0003195 in
gastric cancer tissues was lower than that in corresponding
non-tumor normal tissues (P <0.001); and the expression of
hsa_circ_0003195 in plasma of preoperative patients with
gastric cancer was significantly lower than that in healthy
subjects (P <0.001), as well as it also lower than that in
postoperative patients (P =0.005). But through comparing
hsa_circ_0003195 expression level of the healthy controls
and postoperative patients, the result showed that there was
no statistical difference (P =0.689), meaning most postop-
erative patients restored plasma hsa_circ_0003195 levels.

The correlation of hsa_circ_0003195 expression
level in gastric cancer tissues and plasma

from gastric cancer patients with clinicopathological
factors

We first measured the median expression level of hsa_
circ_0003195 in gastric cancer tissues or plasma from preop-
erative gastric cancer, and then divided patients with gastric
cancer into two groups. The patients whose expression level

a

0=
w
=
—
[se)
S
S
bt
£ 54 H
.sl
< n
w
=
-
=]
L
=
S 10
z -
Q
<
=
£ |

°
-15 T T
Cancer Nontumorous

Fig.1 The hsa_circ_0003195 expression was detected by qRT-PCR.
a Hsa_circ_0003195 expression levels in gastric cancer tissues and
corresponding non-tumor normal tissues. P <0.001, n=100. b Hsa_
circ_0003195 expression levels in plasma from preoperative patients
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of hsa_circ_0003195 were higher and lower than the median
were thought as high expression group and low expression
group, respectively. Combined with the clinicopathologi-
cal data of gastric cancer patients studied, we found that
the expression level of hsa_circ_0003195 in gastric cancer
tissues was related to degree of differentiation (P =0.024),
TNM stage (P=0.002), lymphatic metastasis (P =0.009),
and distant metastasis (P =0.041) (Table 1). At the same
time, the level of hsa_circ_0003195 in plasma from gastric
cancer patients was related to distant metastasis (P =0.040)
(Table 2). According to the results, we were able to learn
that, at the tissue aspect, the expression level of hsa_
circ_0003195 was affected by differentiation, TNM stage,
and lymphatic metastasis, suggesting that hsa_circ_0003195
might have the value of diagnosis of gastric cancer. Mean-
while, at the plasma aspect, the expression level of hsa_
circ_0003195 was affected by distant metastasis, suggesting
that it is related to postoperative survival.

Using ROC curve to analyze the diagnostic value
of hsa_circ_0003195 as a biomarker of gastric
cancer

According to the difference of hsa_circ_0003195 expression
between gastric cancer tissues and normal tissues, plasma
from gastric cancer patients and healthy people, we estab-
lished ROC curves to analyze the diagnostic value of hsa_
circ_0003195. The results showed that the area under the
ROC curve (AUC) of hsa_circ_0003195 in tissues was 0.684
(Fig. 2), while the specificity and the sensitivity were 0.420
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with gastric cancer, postoperative patients with gastric cancer and
healthy control. Preoperation vs. Postoperation: P=0.005; Preopera-
tion vs. Healthy control: P <0.001; Postoperation vs. Healthy control:
P=0.689. n="74. The higher AC, value means the lower expression
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Table 1 Correlation of hsa_circ_0003195 expression levels (High vs.

Low) in gastric cancer tissues with clinicopathological factors

Characteristics ~ No. of patients (%) Statistic (P orz) P
High Low

Age (years)
<66 27 (55.1) 22 (43.1) 1.432 0.232
>66 22 (44.9) 29 (56.9)

Gender
Female 11 (224) 12(23.5) 0.016 0.898
Male 38 (77.6) 39 (76.5)

Diameter (cm)
<5 31 (66.0) 26 (52.0) 1.948 0.163
>5 16 (34.0) 24 (48.0)

Differentiation
Well 49.1) 4(8.7) —2.263 0.024
Moderate 29 (65.9) 20 (43.5)
Poor 11 (25.0) 22(47.8)

TNM stage
OandI 17 (354) 6(12.0) —3.159 0.002
I 14 (29.2) 13 (26.0)
I 14 (29.2) 21 (42.0)
v 3(6.3) 10 (20.0)

Invasion
Tis and T1 13 (26.5) 6 (12.0) - 1.752 0.080
T2 7(14.3) 4 (8.0)
T3 19 (38.8) 28 (56.0)
T4 10 (20.4) 12 (24.0)

Lymphatic
NO and N1 27 (55.1) 16(32.00 —2.622 0.009
N2 13 (26.5) 14 (28.0)
N3 9 (18.4) 20 (40.0)

Distal metastasis
MO 46 (93.9) 40 (80.0) 4.178 0.041
Ml 3(6.1) 10 (20.0)

CEA
Positive 39(90.7) 41 (93.2) 0.181 0.670
Negative 4(9.3) 3(6.8)

CA19-9
Positive 25(58.1) 25(67.4) 0.796 0.372
Negative 18 (41.9) 14 (32.6)

HER2
Positive 20 (44.4) 18 (40.0) 0.182 0.670
Negative 25 (55.6) 27 (60.0)

P53
Positive 29 (69.0) 36 (78.3) 0.965 0.326
Negative 13 (31.0) 10 (21.7)

The bold symbol means statistic significance

Table 2 Correlation of hsa_circ_0003195 expression levels (High vs.
Low) in plasma from gastric cancer patients with clinicopathological

factors

Characteristics

No. of patients (%)

Statistic @ orz) P

High Low

Age (years)
<66 23(62.2) 15(40.5) 3.462 0.063
>66 14 (37.8) 22(59.5)

Gender
Female 10 (27.0) 14 (37.8) 0.987 0.321
Male 27 (73.0) 23(62.2)

Diameter (cm)
<5 21(58.3) 23 (63.9) 0.234 0.629
>5 1541.7) 13 (36.1)

Differentiation
Well 0(0.0) 5(15.2) —1.403 0.161
Moderate 23 (65.7) 19 (57.6)
Poor 12 (34.3) 9(27.3)

TNM stage
OandI 8 (21.6) 8(21.6) —0.207 0.836
I 9(24.3) 13 (35.1)
1l 20 (54.1) 12(32.4)
v 0(0.0) 4(10.8)

Invasion
Tis and T1 4(10.8) 5(13.5) —0.092 0.927
T2 9(24.3) 9(24.3)
T3 18 (48.6) 16 (43.2)
T4 6 (16.2) 7(18.9)

Lymphatic
NO and N1 18 (48.6) 19(51.4) —0.153 0.878
N2 8 (21.6) 7(18.9)
N3 11(29.7) 11 (29.7)

Distal metastasis
MO 37 (100)  33(89.2) 4.229 0.040
Ml 0(0) 4(10.8)

CEA
Positive 36(97.3) 35(94.6) —0.585 0.558
Negative 12.7 2(5.4)

CA19-9
Positive 19(51.4) 25(71.4) 3.051 0.081
Negative 18 (48.6) 10 (28.6)

HER2
Positive 15 (40.5) 13(38.2) 0.039 0.843
Negative 22(59.5) 21(61.8)

P53
Positive 22(62.9) 27(79.4) 2.296 0.130
Negative 13 (37.1) 7(20.6)

The bold symbol means statistic significance
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Fig.2 ROC curve of hsa_circ_0003195

and 0.910, respectively. The AUC of hsa_circ_0003195 in
plasma was 0.695; and the specificity and sensitivity were
0.946 and 0.469, respectively. For the hsa_circ_0003195
in the tissues, we found that 91.00% true positive patients
were detected. The probability of correct diagnosis of gastric
cancer was 1.57 times the probability of misdiagnosis of
gastric cancer, indicating that it may be useful in the diag-
nosis of patients with suspected gastric cancer. As for hsa_
circ_0003195 in plasma, we found that 94.59% true-negative
people were detected. The probability of missed diagnosis
was 0.56 times the probability of correctly excluding gas-
tric cancer, indicating that it may have certain significance
for gastric cancer screening. The reason that the expression
levels of cancer and non-cancer hsa_circ_0003195 have a

a
1001—1— :
—_ ':'“'.AJ. —_ ngh
c\c In,__ :
= L, : --t-- Low
E “‘_J_lJ.I_llL_UIl.L_._L_J__:l__.__Jlll.l
s
=
5 50-
)
=
)
S P=0.0006
0 l ] L] ; 1
0 20 40 60 80
Months

Overall Survival (%)

certain degree of overlap may be relative small number of
sample.

The possibility of hsa_circ_0003195 as a prognostic
indicator

We also measured the median expression level of hsa_
circ_0003195 in gastric cancer tissues and divided them
into high expression group and low expression group as
same as above. In addition, we calculated the ratio of
hsa_circ_0003195 in plasma of patients with gastric can-
cer before and after operation, and then took the patients
whose ratio was less than 1 and greater than 1 as recovered
group and non-recovered group, respectively.

Through Kaplan—Meier survival analysis, we found that
the overall survival (OS) of patients with high expression
of hsa_circ_0003195 in gastric cancer tissues was better
those patients with low expression (Fig. 3a, P =0.0006).
The 1-year survival rates of high expression group and
low expression group were 97.96% and 86.275%; and the
S-year survival rates were 93.83% and 63.05%, respec-
tively. At the same time, we found that the OS rate of the
recovery group was better than that of the non-recovery
group (Fig. 3b, P = 0.0005). The 1-year survival rates of
postoperative recovered group and non-recovered group
were 96.30% and 85.00%; and the 5-year survival rates of
postoperative recovered group and non-recovered group
were, respectively, 92.98% and 60.42%, respectively.

Then, through Cox proportional-hazard model clas-
sification, it was found that the expression level of
hsa_circ_0003195 in gastric cancer tissues (P =0.030)
(Table 3) and changes of in plasma of gastric cancer
patients (P=0.011) (Table 4) could be used as independ-
ent predictors of OS of gastric cancer patients.
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Fig.3 The Kaplan—Meier survival curve analysis of hsa_circ_0003195 in tissues (a) and plasma (b)
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Table 3 Univariate and Variables HR 95% CI P

multivariate Cox proportional-

hazard models were used to Univariate analysis

ZI;:LZ:ZEst;l_ecfrfiicoto%giggniiff Gender (male vs. female) 1283 04323813 0.654

on overall survival of patients Age (<66 vs.>66) 2.760 1.069-7.122 0.036

with gastric cancer Differentiation (well/moderately vs. poorly/undifferentiated) 0.509 0.207-1.253 0.142
Diameter (<5 cm vs.>5 cm) 0.579 0.240-1.399 0.225
TNM stage (0 and I+1I vs. IT+1V) 0.205 0.069-0.614 0.005
Invasion (Tis+T1+T2 vs. T3+ T4) 0.395 0.116-1.346 0.138
Lymphatic metastasis (NO+N1 vs. N2+ N3) 0.417 0.152-1.148 0.091
Distal metastasis (MO vs. M1) 5.931 2.407-14.612 0.0001
CEA (positive vs. negative) 1.693 0.387-7.410 0.484
CA19-9 (positive vs. negative) 1.125 0.400-3.160 0.824
HER2 (positive vs. negative) 1.768 0.623-5.022 0.285
P53 (positive vs. negative) 2.203 0.852-5.695 0.103
Expression of hsa_circ_0003195 in tissue (high vs. low) 6.437 1.896-21.856 0.003

Multivariate analysis

Age (<66 vs.>66) 1.700 0.6274.610 0.297
TNM stage (0 and I+11 vs. III+1V) 0.421 0.124-1.431 0.166
Distal metastasis (MO vs. M1) 2.461 0.903-6.706 0.078
Expression of hsa_circ_0003195 in tissue (high vs. low) 4.027 1.144-14.180 0.030

The bold symbol means statistic significance

Table 4 Univariate and multivariate Cox proportional-hazard models were used to analyze the effect of changes of plasma hsa_circ_0003195
level on overall survival of patients with gastric cancer

Variables HR 95% CI P

Univariate analysis
Gender (male vs. female) 40.577 0.180-9157.804 0.180
Age (<66 vs.>66) 1.002 0.289-3.472 0.998
Differentiation (well/moderately vs. poorly/undifferentiated) 1.390 0.279-6.925 0.688
Diameter (<5 cm vs.>5 cm) 0.596 0.172-2.059 0.413
TNM stage (0 and I+1I vs. III+1V) 2.843 0.734-11.017 0.131
Invasion (Tis+T1+T2 vs. T3+T4) 0.377 0.080-1.783 0.219
Lymphatic metastasis (NO+ N1 vs. N2 +N3) 0.393 0.102-1.520 0.176
Distal metastasis (MO vs. M1) 11.937 3.022-47.149 0.0004
CEA (positive vs. negative) 3.346 0.418-26.807 0.255
CA19-9 (positive vs. negative) 0.701 0.181-2.718 0.608
HER?2 (positive vs. negative) 46.246 0.244-8754.385 0.152
P53 (positive vs. negative) 1.485 0.368-5.989 0.518
Expression of hsa_circ_0003195 in plasma (high vs. low) 1.436 0.405-5.095 0.575
Changes of hsa_circ_0003195 in plasma (recovered vs. non-recovered) 7.659 1.970-29.782 0.003

Multivariate analysis
Distal metastasis (MO vs. M1) 7.766 1.801-33.479 0.006
Changes of hsa_circ_0003195 in plasma (recovered vs. non-recovered) 6.204 1.526-25.227 0.011

The bold symbol means statistic significance
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Discussion

As an auxiliary tool for cancer diagnosis, tumor biomark-
ers have always been a hot issue in tumor research. With
the development of scientific research and technology,
more and more biomarkers, such as CEA [18], CA19-9
[19], CA72-4 [20], CA125 [21], and so on, have been used
in the diagnosis of gastric cancer. However, their sensitiv-
ity and specificity are not satisfied.

In recent years, the once inconspicuous circRNAs
have gradually entered people's field of vision. circRNAs
have been gradually studied by researchers because of
their good stability [22]. Most circRNAs are produced by
reverse splicing of precursor mRNA (pre-mRNA) through
non-classical splicing [9]. circRNAs exist widely in human
tissues, plasma, and exosomes [8, 23]. Studies have shown
that circRNAs are involved in the occurrence, develop-
ment, and distant metastasis of gastric cancer [8, 15, 16,
23, 24].

In addition, because of circRNAs’ abnormal expression
in cancer tissues, researchers began to consider their role
in the diagnosis of cancers [8, 23]. In this study, we found
that, compared with normal tissues and plasma, the expres-
sion of hsa_circ_0003195 was low in gastric cancer tissues
and plasma of patients with gastric cancer (Fig. 1). They
are consistent between tissue samples and plasma sam-
ples. Many studies have showed that the circRNA levels in
plasma can indicate the situation of cancer patients [8, 15,
16]. The plasma include exosomes, which are vesicles gen-
erated and released by normal and cancer cells. Exosomes,
carrying a cargo of DNA, RNA, proteins, lipids, and their
derivatives, modulate cells' behaviors, influence the extra-
cellular system, and may be a source of human disease
biomarkers [8]. Exosomal circRNAs have unique profiles
reflecting the characteristics of tumors [8]. Moreover, the
amount of hsa_circ_0003195 in blood was restored after
the surgical resection (Fig. 1b). This indicates that most
cancer tissues in gastric cancer patients' body had been
removed by operation and the hsa_circ_0003195 level
in blood went back to normal level as healthy controls.
It means that hsa_circ_0003195 may be used to monitor
recurrence.

A research showed that the degree of early gastric can-
cer associated with lymph node metastasis [25]. What’s
more, the incidence of gastric cancer increased gradually
along with the growth of the age; about 10% of the gastric
cancer were found in 45 years of age or younger [26].
In this study, we through the analysis of the correlation
between hsa_circ_0003195 expression level and pathologi-
cal data found that in gastric cancer tissues, the expres-
sion level of hsa_circ_0003195 was related to degree of
differentiation, TNM stage, lymphatic metastasis, and

@ Springer

distant metastasis (Table 1). This suggests that tissue
hsa_circ_0003195 may be used in the diagnosis of gastric
cancer. It is interesting to note that the distant lymph node
metastasis negatively affected the survival rate of patients
with gastric cancer [27]. Therefore, distant metastasis is an
important prognostic indicator of gastric cancer, with dis-
tant lymph node metastasis of gastric cancer patients with
poor prognosis. In this study, we found that the level of
hsa_circ_0003195 in plasma from gastric cancer patients
was related to distant metastasis (Table 2). These indicate
that plasma hsa_circ_0003195 may be associated with the
prognosis of gastric cancer and may be a prognostic bio-
marker of gastric cancer.

And the AUC of the hsa_circ_0003195 in tissues and
plasma were 0.684 and 0.695, respectively (Fig. 2). The diag-
nostic efficiency was better than that of CEA and CA19-9
in plasma. It reminds that the use of hsa_circ_0003195 has
great potential as a new biomarker for diagnosis of gastric
cancer. For prognosis of gastric cancer patients, the expres-
sion level of hsa_circ_0003195 in tissues (Table 3) and
the postoperative response of hsa_circ_0003195 in plasma
(Table 4) can be used as independent predictors of patients
with gastric cancer.

Conclusion

According to the above results, we think that hsa_
circ_0003195 has clinical significance in the diagnosis of
gastric cancer. It is a potential new biomarker for screening
and prognosis evaluation of gastric cancer.
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