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ABSTRACT
Background/Aims: Gastric cancer (GC) is one of the most common gastrointestinal malignancies. Many studies have demonstrated 
that serum microRNAs have potential applications as non-invasive biomarkers for cancer diagnosis. The aim of the present study was 
to investigate the expression of serum miR-551b-3p in patients with GC and to explore its potential as a diagnostic biomarker in GC.
Materials and Methods: The expression of miR-551b-3p was detected using quantitative reverse transcription polymerase chain re-
action in preoperative serum samples of 50 patients with GC and 53 healthy individuals. An analysis was performed to determine the 
correlation between serum miR-551b-3p levels and clinicopathological characteristics of patients with GC. The receiver operating char-
acteristic curve was generated, and the cut-off point of serum miR-551b-3p for the diagnosis of GC was selected. The clinical value of 
serum miR-551b-3p for GC was analyzed by a consistency test.
Results: The expression of serum miR-551b-3p was significantly lower in patients with GC than in healthy individuals (p=0.000). Low 
level was positively associated with tumor size (p=0.014), depth of invasion (p=0.001), and Tumor-Node-Metastasis stage (p=0.022). 
The area under the curve for serum miR-551b-3p distinguishing patients with GC from healthy individuals was 0.860 (95% CI: 0.787-
0.933, p=0.000), with a specificity of 96.2% and a sensitivity of 70%. The kappa consistency test had a kappa value of 0.667 (p=0.000) 
in GC.
Conclusion: Serum miR-551b-3p may potentially serve as a diagnostic biomarker for GC.
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INTRODUCTION
Gastric cancer (GC) is one of the most common malig-
nancies worldwide. It is an important cause of cancer-re-
lated death; its incidence ranks fourth among all ma-
lignant tumors worldwide, and the mortality rate ranks 
second in the world (1). Most GC-related deaths can be 
prevented through early diagnosis and surgical removal 
of the early tumor. Thus, effective early screening and 
diagnosis are keys to increasing the survival rate of pa-
tients with gastric carcinoma, but invasive gastroscopy is 
unpopular with patients. The specificity and sensitivity of 
clinical carcinoembryonic antigen, carbohydrate antigen 
19-9, carbohydrate antigen 72-4, and other serum bio-
markers are not sufficient for the diagnosis of GC. There-
fore, there is an urgent need for new effective biomarkers 
to promote the detection of GC in clinical practice.

Recent studies have demonstrated that microRNAs 
(miRNAs), a class of highly conserved, small, non-coding 

RNAs, are abnormally expressed in a variety of tumor tis-
sues and remain stable in the blood (2). These features 
suggest that serum miRNAs can be molecular tools for 
detecting and monitoring various types of cancer (3).

In the early stage, miRNA microarray results showed that 
30 miRNAs were significantly differentially expressed in 
GC tissues compared with adjacent normal tissues. Our 
research group selected miR-551b-3p from 30 miRNAs 
and confirmed that miR-551b-3p showed low expres-
sion in GC by molecular biology techniques (4). Howev-
er, the expression level of miR-551b-3p in the serum of 
a patient with GC remains unclear. In the present study, 
real-time fluorescence quantitative polymerase chain 
reaction (qPCR) was used to evaluate the level of miR-
551b-3p in the serum of patients with GC. Furthermore, 
we investigated the correlation between its expression 
and clinicopathological characteristics and explored its 
potential as a diagnostic biomarker of GC.
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MATERIALS AND METHODS

Specimen collection
A total of 103 serum samples were collected in the pres-
ent study, with 50 GC samples and 53 normal control 
samples. All GC samples were obtained from preopera-
tive fasting venous blood of patients with GC who had 
been confirmed by pathology in the oncology Depart-
ment of Gastroenterology, The First Hospital of Lanzhou 
University. All normal control specimens were collected 
from healthy individuals who had no tumor history, no 
precancerous lesion, and normal biochemical indexes at 
the Medical Center of Lanzhou University. All subjects 
filled out a questionnaire. Informed consent was obtained 
from the patients to participate in the study. The ethics 
committee of Lanzhou University approved the study.

Serum RNA extraction and RT-qPCR
Total RNA was extracted from 300 μl serum using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s protocol. Then, the RNA was reverse 
transcribed using TIANScript M-MLV (Tiangen Biotech 
Beijing Co., Ltd., Beijing, China). hsa-miRNA-16 (miR-16) 
was used as an internal reference in the present study. 
qPCR to detect the expression levels of miR-551b-3p 
was performed using a LightCycler PCR System (Roche, 
Mannheim, Germany) with a 10 μl quantitative reverse 
transcription polymerase chain reaction (RT-qPCR) reac-
tion mixture, comprising forward primer (0.5 μl), reverse 
primer (0.5 μl), cDNA (2 μl), SYBR Premix Ex Taq II (Tli 
RNase H Plus, 2×) (5 μl), and RNase/DNase-free water (2 
μl). The reaction was incubated in a 96-well plate at 95 °C 
for 30 s, followed by 50 cycles of 95 °C for 5 s and 60 °C 
for 30 s. The relative expression of serum miR-551b-3p 
was calculated using the 2−ΔCt method. The results were 
normalized to the expression of miR-16. Table 1 shows 
the primers used in the present study.

Statistical analysis
All statistical analyses and graphics were performed us-
ing Statistical Package for Social Sciences version 24.0 
(IBM Corp.; Armonk, NY, USA) and GraphPad Prism 5.0 
(GraphPad Software, San Diego, CA, USA). Values are 
expressed as median (lower quartile and upper quartile). 
The Mann-Whitney U tests were used to compare the se-
rum miR-551b-3p levels between patients with GC and 
healthy controls. Analyses of the miR-551b-3p expres-
sion levels and the clinicopathological parameters in GC 
were performed using the Mann-Whitney U tests. The 
diagnostic efficacy of serum miR-551b-3p as a biomark-
er was assessed by the receiver operating characteristic 

(ROC) curve analysis and the kappa consistency test. A p 
value <0.05 was considered statistically significant.

RESULTS

Serum miR-551b-3p is downregulated in the GC group 
compared with healthy controls
We detected the expression status of miR-551b-3p in 50 
patients with GC and 53 healthy controls using RT-qPCR. 
As shown in Figure 1, the results indicated that compared 
with healthy controls, the GC group showed significantly 
downregulated levels of serum miR-551b-3p (p=0.000).

Clinical significance of serum miR-551b-3p expression 
level in the GC group
The serum miR-551b-3p expression status of 50 patients 
with GC was analyzed prior to surgery. Table 2 shows the 
serum miR-551b-3p levels along with the clinicopatho-
logical features of patients with GC. As summarized in 

Table 1. The primer sequence of serum miR-551b-3p and miR-16

Genes Primer sequences

miR-551b-3p

Forward 5′-ACACTCCAGCTGGGGCGACCCATACTTGG-3′

Reverse 5′-ACTGGTGTCGTGGAGTCG-3′

miR-16

Forward 5′-ACACTCCAGCTGGGTAGCAGCACGTAAATA-3′

Reverse 5′-ACTGGTGTCGTGGAGTCG-3′

Figure 1. The relative expression of serum miR-551b-3p in the 
gastric cancer group and healthy control group

HC: healthy control; GC: gastric cancer
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Table 2, the serum levels of miR-551b-3p were signifi-
cantly correlated with tumor size (p=0.014), depth of 
invasion (p=0.001), and Tumor-Node-Metastasis (TNM) 
stage (p=0.022). However, there was no association be-
tween serum expression levels of miR-551b-3p and oth-
er clinicopathological features, including age, gender, his-
tological grade, and lymph node metastasis (p>0.05).

Diagnostic accuracy of serum miR-551b-3p for GC
For evaluation of the diagnostic accuracy of serum miR-
551b-3p as a GC biomarker, we generated the ROC curve 
of miR-551b-3p in the GC group and healthy control 
group. As shown in Figure 2, the area under the ROC 
curve was 0.860 (95% CI: 0.787-0.933, p=0.000). The 
sensitivity and specificity of this method were 70% and 
96.2%, respectively. The Youden index was 0.662, and 
the cut-off point was 0.0175. The ROC curve analysis 
demonstrated that serum miR-551b-3p was a potential 
biomarker for screening patients with GC.

Clinical application value of serum miR-551b-3p in the 
diagnosis of GC
For assessment of the clinical value of serum miR-551b-
3p in the diagnosis of GC, we performed a kappa con-
sistency analysis of the serum miR-551b-3p diagnosis 
and pathological diagnosis for GC. Using pathological di-
agnosis as the gold standard for cancer, we obtained the 
cut-off point (0.0175) of serum miR-551b-3p with ROC 
curve analysis (Figure 2). As indicated in Table 3, GC was 
a positive result, and non-cancer was a negative result. 
The test results showed that the diagnostic sensitivity 
and specificity of serum miR-551b-3p were 70% and 
96.2%, respectively. The misdiagnosis (α), omission diag-
nostic (β), diagnostic coincidence (π), positive predictive 
value (PV+), negative predictive value (PV−), and consis-
tency test kappa rates were 3.8%, 30%, 83.5%, 94.6%, 

Figure 2. Diagnostic value of serum miR-551b-3p expression for 
gastric cancer patients

Table 2. Correlations of serum miR-551b-3p expression levels and 
clinicopathological parameters of patients with gastric cancer

Clinical  
parameters

Case  
(n=50)

Expression levels of 
serum miR-551b-3p

p  
(two-sided)

Age (years) 0.755

≥60 22 0.0061  
(0.0013, 0.0251)

<60 28 0.0067  
(0.0012, 0.0306)

Gender 0.05

Male 37 0.0047  
(0.0005, 0.0198)

Female 13 0.0168  
(0.0060, 0.0444)

Tumor size (cm) 0.014

≥5 24 0.0129  
(0.0041, 0.0551)

<5 26 0.0028  
(0.0003, 0.0084)

Histological grade 0.349

Well and moderate 7 0.0020  
(0.0006, 0.0266)

Poor and others 43 0.0071  
(0.0015, 0.0320)

Depth of invasion 0.001

T1 and T2 20 0.0016  
(0.0002, 0.0063)

T3 and T4 30 0.0113  
(0.0045, 0.0571)

Lymph node metastasis 0.117

Present 23 0.0076  
(0.0035, 0.0568)

Absent 27 0.0052  
(0.0004, 0.0266)

TNM stage 0.022

I and II 28 0.0020  
(0.0003, 0.0228)

III and IV 22 0.0078  
(0.0045, 0.0604)

TNM: Tumor-Node-Metastasis
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77.3%, and 0.667, respectively (p=0.000, <0.0001). These 
data indicated that the consistency of the two diagnostic 
methods was good.

DISCUSSION
Owing to the ease of sample collection, rapid detection, 
and patient acceptance, detection of serum tumor mark-
ers has been a good tool for diagnosis and screening of 
cancer, evaluation of curative effect, and patient prog-
nosis. Recently, miRNAs, which are widely found in mul-
ticellular organisms and participate in various biological 
processes, have attracted increasing attention owing to 
their abnormal expression in many tumor tissues and tu-
mor cells. Multiple studies have confirmed that miRNAs 
are stable in various body fluids, such as blood, urine, and 
saliva, and can be stored in vitro for a long time without 
degradation (2,5). Therefore, miRNAs have obvious ad-
vantages as tumor markers (6-8).

In recent years, researchers have performed multiple 
studies on the application of miRNAs in the diagnosis and 
treatment of cancer and prognosis. A number of studies 
have shown that the abnormal expression of serum miR-
21 is closely related to the development of various tumors 
(9-12). In the past few years, the abnormal expression 
of many miRNAs was detected in the serum of patients 
with non-small cell lung cancer (5,13-17), prostate can-
cer (2,18,19), breast cancer (20-23), and colorectal cancer 
(24,25). These miRNAs all had potential as ideal tumor 
markers. Moreover, there were many studies about serum 
miRNAs in GC. Liu et al. (26) identified the serum expres-
sion of miR-1, miR-20a, miR-27a, miR-34, and miR-423-
5p in GC. Liu et al. (27) confirmed that miR-378 is highly 
expressed in the serum of patients with GC and can be 
used as an early screening marker for GC. Recently, the 
aberrant expression of serum miR-17 (28), miR-106b (28), 
miR-107 (29), miR-200c (30), miR-203 (31), miR-204 
(32), miR-503 (33), miR-21 (12), and miR-331 (12) was 
confirmed to be closely related to GC, and these molecules 
may be candidate serum diagnostic markers for GC.

The aim of the present study was to evaluate the serum 
miR-551b-3p levels of patients with GC and to explore 
its potential as a diagnostic marker for GC. The results 
showed that serum miR-551b-3p expression decreased 
markedly in patients with GC compared with normal con-
trols. Analysis of the correlations between serum miR-
551b-3p expression and clinicopathological features of 
GC indicated that there were no correlations between 
serum miR-551b-3p expression and age, gender, tumor 
differentiation, and lymph node metastasis, but the cor-
relations with tumor size, depth of invasion, and TNM 
stage were statistically significant. The optimal diagnostic 
cut-off value (0.0175) of serum miR-551b-3p obtained 
by ROC analysis defined the positive and negative results. 
In addition, we compared the serum miR-551b-3p diag-
nosis results with the pathological diagnosis results using 
a consistency test. The results showed that the sensi-
tivity of serum miR-551b-3p diagnosis of GC was 70%, 
specificity was 96.2%, the diagnostic coincidence rate 
was 83.5%, PV+ was 94.6%, PV− was 77.3%, the kappa 
value was 0.667, and p=0.000 (p<0.0001). The diagnostic 
consistency of the two methods was good. In summary, 
miR-551b-3p may be a new candidate biomarker for GC.

There were some limitations in the present study. These 
include the small number of samples and specimens 
from the same area. The overall results were statistically 
significant, but whether miR-551b-3p can be used as a 
reliable diagnostic indicator of GC and can be used clin-
ically requires further research and verification. These 
findings should be confirmed and evaluated in prospec-
tive, large-sample, multicenter, randomized clinical trials.
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Table 3. Comparison of serum miR-551b-3p diagnosis for gastric 
cancer and pathological diagnosis

Pathological diagnosis Total

Positive Negative

miR-551b-3p 
diagnosis

Positive 35 2 37

Negative 15 51 66

Total 50 53 103
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