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INTRODUCTION

Gastric cancer (GC) develops from the lining of the stomach 
and ranks fourth in incidence and second in mortality among 
all cancers worldwide.1,2 Since most cases are diagnosed at 
advanced stages with poor prognosis and limited treatment 
options, GC remains a major clinical challenge.3,4 Although 
considerable effort has been directed toward the develop-
ment of surgical and chemotherapeutic interventions, as well 
as increased GC screening rates, the prognosis of GC remains 

poor, and the molecular mechanisms of GC progression are 
not completely understood.5-7

The development of GC is a complex and multifactorial pro-
cess involving a number of genetic alterations.8 During this pro-
cess, the differential expression of particular genes and mi-
croRNA (miRNA) plays a very important role.9 Accumulating 
evidence suggests that dysregulation of miRNAs is intimately 
involved in the carcinogenesis, progression, and metastasis of 
many cancers, including GC and that the alteration of certain 
miRNAs may be biomarkers of use in detecting early GC.10 As 
a miRNA, miRNA-381 has been reported to play suppressive 
or promoting roles in the progression of cancer.11 Liang, et al.12 
indicated that the down-regulation of miRNA-381 promotes 
cell proliferation and invasion in colon cancer. A previous 
study showed that miRNA-381 inhibits the metastasis of GC 
by targeting TMEM16A expression.13 Zhang, et al.14 showed 
that miRNA-381 inhibited migration and invasion in human 
GC through the down-regulation of SRY-Box 4. Although dif-
ferential expression of miRNA-381 in GC has been described 
in previous study, the detail diagnostic value of miRNA-381 in 
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serum in GC has not been fully investigated yet.
In the present study, we aimed to investigate the role of se-

rum miRNA-381 in the early diagnosis of GC. We found that 
the levels of miRNA-381 in advanced gastric cancer (AGC) 
were significantly lower than those in early gastric cancer 
(EGC) and that reduced expression of miR-381 was positively 
correlated with lymph node metastasis and GC progression. 
We sought to explore the early diagnostic value of serum miR-
NA-381 in GC and to provide a novel strategy for GC therapy. 

MATERIALS AND METHODS

Baseline information of patients
Patients with GC confirmed by gastroscopy or surgical pathol-
ogy were selected from department of gastroenterology of The 
5th People’s Hospital of Ji’nan for May 2016 to May 2018. All 
GC patients were diagnosed by pathology without any anti-
neoplastic treatment. Among them, a total of 80 serum sam-
ples were collected from AGC patients (51 males and 29 fe-
males; average age of 61.73±10.63 years). Meanwhile, 40 
serum samples from EGC patients (26 males and 14 females; 
average age of 58.25± 9.67 years) and 40 serum samples from 
healthy controls (22 males and 18 females; average age of 
60.20±10.70 years) were collected among outpatient health 
examinees of People’s Hospital Affiliated to Inner Mongolia 

Medical University. The detail baseline information of the GC 
patients is showed in Table 1. The experimental scheme of 
this study was approved by the Ethics Committee of The 5th 
People’s Hospital of Ji’nan (IRB No. 2018066). Patient partici-
pation was voluntary, and all patients provided written in-
formed consent.

Real-time quantitative PCR analysis
Total RNA was extracted from early morning fasting venous 
blood using miRcute Serum/Plasma miRNA Isolation Kits 
(Beijing Tiangen Biochemical Technology Co., Ltd., Beijing, 
China). Reverse transcription was performed using miRNA 
RT Reaction Buffer and miRNA RT Enzyme Mix (Beijing Tian-
gen Biochemical Technology Co., Ltd.). Real-time quantitative 
PCR (RT-qPCR) was performed on ABI7500 (Thermo Fisher 
Scientific, Waltham, MA, USA) using special primers (miR-
NA-381, forward: 5'-UAUACAAGGGCAAGCUCUCUGU-3'; 
reverse: 5'- AGAGAGCUUGCCCUUGUAUAUU- 3'). U6 was 
used as an internal control (U6, forward: 5'-TCGCCCTTGGCA 
CAGCA-3'; reverse: 5'-CGAACCATTCAAGTGTTGCT-3'). The 
PCR program included 95°C for 10 min, 40 cycles of 95°C for 
10 s, 60°C for 20 s, and 72°C for 34 s. The relative expression of 
miRNA-381 was calculated using the 2-ΔΔCt method.15 The RT-
qPCR was conducted according to the instructions of miRcute 
Plus miRNA qPCR Detection Kits (Thermo Fisher Scientific) 
and repeated three times for each experiment.

Table 1. Baseline Information for Study Participants

Healthy Early gastric cancer Advanced gastric cancer χ2 p value 
Age (yr), mean±SD 60.20±10.70 58.25±9.67 61.73±10.63 2.1722 0.3376

<60 17 (42.5) 22 (55) 33 (41.25)
≥60 23 (57.5) 18 (45) 47 (58.75)

Gender (cases) 1.0862 0.5809
Male 22 (55) 26 (65) 51 (63.75)
Female 18 (45) 14 (35) 29 (36.25)

Tumor location (cases) 6.8615 0.2312
Antrum - 19 (47.5) 42 (52.5)
Body - 9 (22.5) 15 (18.75)
Fundus - 1 (2.5) 0 (0)
Angle - 6 (15) 19 (23.75)
Cardia - 5 (12.5) 3 (3.75)
Diffuse - 0 (0) 1 (1.25)

Gastroscopy before diagnosis (cases) 3.5612 0.1686
1 29 (72.5) 31 (77.5) 69 (86.25)
≥2 11 (27.5) 9 (22.5) 11 (13.75)

Lymphatic metastasis (cases) 86.9200 <0.0001
No 40 (100) 27 (67.5) 11 (13.75)
Yes 0 13 (32.5) 69 (86.25)

Histologic differentiation (cases) 3.3061 0.069
No - 17 28
Yes - 23 52

p<0.05 was considered as statistically significant. Variables are presented as a number (percentage) unless otherwise noticed.
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Electrochemiluminescence assay
Electrochemiluminescence is chemiluminescence triggered 
by electrochemical techniques.16 Serum carbohydrate antigen 
(CA) 724, CA199, and carcinoembryonic antigen (CEA) were 
measured using the electrochemiluminescence immuno-as-
say (Roche cobas e601, Roche Diagnostics GmbH, Mannheim, 
Germany). The detection thresholds of CA724, CEA, and 
CA199 were 6.9 U/mL, 6.5 ng/mL, and 27 U/mL, respectively.

Survival analysis
To reveal the prognostic value of factors of interest in patients 
with GC, survival analysis was performed. Patients with GC 
were grouped according to clinical information and patholog-
ical parameters, including age, sex, stage of GC, expression 
levels of miRNA-381, lymph node metastasis, and differentia-
tion of tumor tissue. Survival rate estimation was performed 
using the Kaplan-Meier method17 and Cox proportional haz-
ards models.18,19

Statistical analysis
Statistical analysis was performed using SPSS, version 17.0 
(SPSS Inc., Chicago, IL, USA) and GraphPad Prism 7.0 
(GraphPad Softward, San Diego, CA, USA). The chi-square 
test was used to compare the counting data between groups. 

The measurement data are expressed as a mean±SD. The 
means were compared using Student’s t-test between groups. 
One-way ANOVA followed by Tukey’s multiple comparisons 
test was used for comparison among groups. The area under 
receiver operating characteristic curves (AUC) was used to 
analyze the clinical diagnostic value of the detection of miR-
NA-381. The survival time of GC patients was tested by the 
Kaplan-Meier method. Prognosis was analyzed by Cox regres-
sion. p<0.05 was regarded as statistically significant.

RESULTS

Optimal GC biomarkers 
Normality test results showed that the data of each group con-
formed to normal distribution; therefore, the data in each 
group are expressed as means±SDs. The serum levels of miR-
NA-381 in the EGC group were significantly lower than those 
in the healthy group, while the levels of miRNA-381 in the 
AGC group were significantly lower than those in the EGC 
group (all p<0.05) (Fig. 1A). Moreover, the serum levels of 
CA199 in the EGC group were significantly higher than those 
in the healthy group, while the serum levels of CA199 in the 
AGC group were significantly higher than those in the EGC 

Fig. 1. The expression of serum miRNA-381, CA199, CA724, and CEA among healthy people, EGC patients, and AGC patients. (A) The expression of miR-
NA-381 in three groups. (B) The expression of CA199 in three groups. (C) The expression of CA724 in three groups. (D) The expression of CEA in three 
groups. One-way ANOVA was used; Tukey’s multiple comparisons test was used to compare the two comparisons after ANOVA analysis. *Compared 
with healthy group, p<0.05, †compared with EGC group, p<0.05. CA, carbohydrate antigen; CEA, carcinoembryonic antigen; EGC, early gastric cancer; 
AGC, advanced gastric cancer.
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group (all p<0.05) (Fig. 1B). Furthermore, the levels of CA724 
and CEA in the AGC group were significantly higher than 
those in the EGC group and healthy group (all p<0.05) (Fig. 1C 
and D). 

Tumor marker evaluation based on AUC analysis 
To evaluate the value of miRNA-381 in the diagnosis of GC, 
receiver operating characteristic curves of serum miRNA-381, 
CA199, CA724, and CEA were investigated among the study 
groups. We found that AUC value of miRNA-381 was larger 
than AUC values for other tumor markers comparing the EGC 
group versus the healthy group (AUC of miRNA-381: 0.931) 
(Fig. 2A) and the EGC versus the AGC group (AUC of miR-
NA-381: 0.922) (Fig. 2B). The sensitivity and specificity of se-
rum miRNA-381 in the diagnosis of GC were better than those 
for other tumor markers (Table 2).

Prediagnosis evaluation and Kaplan-Meier analysis 
for miRNA-381 in GC
To further reveal the relationship between the expression of 
miRNA-381 and clinicopathological parameters of GC pa-
tients, the mean expression level of miRNA-381 (0.6173) was 
measured as a node. Meanwhile, a total of 120 GC patients 
was divided into two groups: high miRNA-381 expression 
group (n=63) and low miRNA-381 expression group (n=57). In 
doing so, we found that low expression of miRNA-381 was 
positively correlated with lymph node metastasis and AGC 
(p<0.01). Detailed information of miRNA-381 expression and 
associated clinical characteristics is showed in Table 3.

Kaplan-Meier survival analysis showed that the overall sur-
vival rate of GC patients with low expression of miRNA-381 
was significantly shorter than that of GC patients with high 
expression of miRNA-381 (Fig. 3). Cox regression analysis 
showed that the expression of miRNA-381 [95% confidence 

Fig. 2. AUC for miRNA-381, CA199, CA724, and CEA in gastric cancer patients and healthy individual. (A) The AUC values of miRNA-381, CA199, CA724, and 
CEA in EGC vs. healthy. (B) The AUC values of miRNA-381, CA199, CA724, and CEA in EGC vs. AGC. p<0.05 was considered a significant difference. AUC, 
area under the receiver operating characteristic curve; CA, carbohydrate antigen; CEA, carcinoembryonic antigen; EGC, early gastric cancer; AGC, ad-
vanced gastric cancer.
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Table 2. Evaluation of Tumor Biomarkers

Tumor markers Cutoff
Sensitivity

(%)
Specificity

(%)
AUC

p value 
Mean±SD 95% CI

EGC vs. AGC
miR-381 (fold change) 0.6557 83.75 97.5 0.931±0.029 0.875–0.987 <0.0001
CA199 (U/mL) 18.4700 80.00 60.0 0.761±0.047 0.669–0.853 <0.0001
CA724 (U/mL) 9.5200 65.00 87.5 0.843±0.035 0.775–0.911 <0.0001
CEA (ng/mL) 4.1950 68.75 77.5 0.788±0.040 0.709–0.867 <0.0001

EGC vs. healthy
miR-381 (fold change) 0.8687 82.50 92.5 0.922±0.032 0.860–0.984 <0.0001
CA199 (U/mL) 9.1950 72.50 60.0 0.710±0.058 0.596–0.823 0.0012
CA724 (U/mL) 2.2650 65.00 57.5 0.615±0.063 0.491–0.739 0.0766
CEA (ng/mL) 2.3850 70.00 62.5 0.631±0.064 0.506–0.756 0.0438

AUC, area under the receiver operating characteristic curve; CI, confidence interval; CA, carbohydrate antigen; CEA, carcinoembryonic antigen; EGC, early gastric 
cancer; AGC, advanced gastric cancer. 
p<0.05 was considered significantly different. 
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interval (CI): 1.117–3.217; p=0.009], lymph node metastasis 
(95% CI: 0.295–0.828; p=0.007), and histologic differentiation 
(95% CI: 1.416–4.085; p=0.001) were correlated with the prog-
nosis of GC (data not shown).

DISCUSSION

GC is one of the leading causes of cancer-related deaths 

worldwide with poor diagnosis and few treatment strategies.20 
The current study explored the early diagnostic value of se-
rum miRNA-381 in patients with GC. Our results showed that 
miRNA-381 was differentially expressed in not only EGC ver-
sus AGC but also EGC versus healthy individuals. Moreover, 
AUC analysis showed that the sensitivity and specificity of se-
rum miRNA-381 in the diagnosis of GC were superior to other 
tumor markers. Furthermore, low levels of miRNA-381 ex-
pression were positively correlated with lymph node metasta-
sis and AGC. Finally, Kaplan-Meier survival analysis showed 
that the deregulation of miRNA-381 was associated with the 
development of GC.

The down-regulation of miRNA-381 is closed related with 
the progression of cancer.21 A previous study showed that 
miRNA-381 is significantly down-regulated in metastatic cells, 
compared to normal prostatic epithelial cells.22 Liang, et al.12 
indicated that the down-regulation of miRNA-381 promotes 
cell proliferation and invasion in colon cancer. Rothschild, et 
al.23 showed that miR-381 was significantly down-regulated in 
human lung adenocarcinomas and that low miR-381 expres-
sion levels are correlated with poor prognosis. A clinical in-
vestigation on osteosarcoma indicated that osteosarcoma pa-
tients with low expression of miRNA-381 experienced a longer 
survival time after surgical intervention and that miRNA-381 
expression promotes cell proliferation and cell invasion abili-
ty.24 A previous study showed that the down-regulation of 
miRNA-148a is associated with lymph node metastasis and 
poor clinical outcomes and functions as a suppressor of tu-
mor metastasis in non-small cell lung cancer.25 Fujino, et al.26 
indicated that the down-regulation of miRNA-100 is associat-
ed with lymph node metastasis in early colorectal cancer with 
submucosal invasion. In the current study, the analysis of se-
rum miRNA-381expression in GC patients showed that, com-
pared with healthy controls, miRNA-381 was down-regulated 
in both AGC patients and EGC patients. Meanwhile, investi-
gation of the relationship between miRNA-381 expression and 
clinicopathological features revealed that low expression of 
miRNA-381 was positive correlated with lymph node metas-
tasis and AGC. 

CEA, CA199, and CA724 are three classic biomarkers of the 
progression of GC.27 Ucar, et al.28 proved the prognostic values 
of preoperative CEA, CA199, and CA724 in GC clinical treat-
ment. A previous study indicated that CEA and CA199 can be 
used for postoperative monitoring of recurrence in patients 
with AGC.29 Meanwhile, another study reported that CA724 
(47.7%) showed a higher positivity rate for GC than CEA (25%) 
and CA 199 (25%).30 Compared with cystic fluid CEA determi-
nation, miRNA detection holds great promise as molecular 
diagnostic tools for assessing cancer risk,31 as miRNAs act as 
oncogenes or tumor suppressors in a wide variety of human 
cancers.32 A previous study suggested that the down-regula-
tion of serum miRNA-195 is an optimal biomarker in the clini-
cal diagnosis of breast cancer, compared to CEA and CA153.33 

Table 3. Correlations between Expression of miRNA-381 and Clinico-
pathological Features

Variable Number
miRNA-381 expression

p value 
High Low

Age (yr), mean±SD 59.73±9.15 61.49±11.64 0.1434
<60 53 32 21
≥60 67 31 36

Gender (cases) 0.5726
Male 77 42 35
Female 43 21 22

Subtype (cases) <0.0001
Early 40 39 1
Advanced 80 24 56

Lymphatic metastasis (cases) <0.0001
No 38 32 6
Yes 82 31 51

Histologic differentiation (cases) <0.9999
No 46 24 22
Yes 74 39 35

p<0.05 was considered significantly different.

Fig. 3. Kaplan-Meier survival analysis for gastric cancer patients based 
on differential expression of miRNA-381. p<0.05 was considered as a sig-
nificant difference. 
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Zhang, et al.34 indicated that miRNA-181a functions as an bio-
marker in GC by targeting certain tumor suppressor genes. 
Moreover, genome-wide miRNA profiles have suggested miR-
378 as a serum biomarker for early detection of GC.35 In the 
current study, AUC analysis based on potential tumor mark-
ers, including miRNA-381, CA199, CA724, and CEA showed 
that the sensitivity and specificity of serum miRNA-381 in the 
diagnosis of GC were superior to the other tumor markers.

In conclusion, we suggest that miRNA-381, which is down-
regulated in GC, might be a novel early diagnosis marker for 
patients with GC. Furthermore, we discovered that the down-
regulation of miRNA-381 is positively correlated with lymph 
node metastasis and advanced stage disease in GC. 
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