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Abstract. Gastric cancer (GC) is a common type of cancer, 
particularly in China. Numerous studies have demonstrated that 
circulating microRNAs (miRNAs) have potential applications 
as noninvasive biomarkers for cancer diagnosis and prognosis. 
Microarray-based serum miRNA profiling was performed on 
the serum of 12 paired pre- and post-operative GC patients 
to screen differentially expressed serum miRNAs. Twelve 
different serum miRNAs between pre- and post-operative 
GC patients were identified. Those miRNAs were verified by 
real-time quantitative polymerase chain reaction in 110 paired 
pre- and post-operative serum samples from 55 GC patients. 
miR-20a was confirmed and demonstrated potential as a 
GC-associated biomarker. Furthermore, the levels of serum 
miR-20a were significantly different between GC, naso-
pharyngeal cancer, colorectal carcinoma, breast cancer and 
non-cancerous controls. In addition, it was found that serum 
miR-20a levels correlated with age, tumor stage, differentiated 
degree and lymph node metastasis in GC. Survival analysis 
indicated that GC patients with elevated levels of serum 
miR-20a had poor survival. Thus, serum miR-20a may serve 
as a molecular marker for diagnosis, evaluating therapeutic 
efficacy and prognosis, as well as monitoring recurrence in 
GC patients.

Introduction

Although the incidence of gastric cancer (GC) is declining 
overall, it remains the fifth most common type of cancer 
and is the third leading cause of cancer-associated mortality 
worldwide (1). In 2012, China accounted for >40% of novel 
gastric cancer cases and associated mortalities (1). Patients 
with GC were often diagnosed at a late stage and had a low 
survival rate. The 5-year overall survival rate of gastric cancer 
is closely associated with neoplasm staging. Stage I patients 
have a 5-year survival rate of >90%, compared with <5% in 
stage IV patients (2). Therefore, early diagnosis and treatment 
are crucial to improving the prognosis of GC patients.

Circulating microRNAs (miRNAs) are considered to be 
ideal as disease biomarkers (3). Recent studies demonstrated 
that circulating miRNAs have potential as molecular tools 
for detecting, predicting and monitoring various types of 
cancer (4-6). Circulating miRNAs may be encapsulated in 
exosomes or bound to proteins and lipoproteins, increasing 
their stability in circulating blood and protecting them from 
endogenous RNAses (7). In addition, the levels of serum or 
plasma miRNAs are similar in healthy individuals. The 
levels of circulating miRNAs alter with the development and 
progression of different types of cancer (8). Therefore, these 
characteristics give circulating miRNAs great potential as 
molecular tumor markers.

Tsujiura et al (9) first reported that miRNAs were stable 
and detectable in all GC plasma samples, and that detection 
of circulating miRNAs may provide novel complementary 
tumor markers for GC. Circulating miRNAs may also be used 
to predict metastasis, early recurrence and poor prognosis in 
stomach cancer. Imaoka et al (10) found that serum miR-203 
had the potential to serve as a noninvasive molecular marker 
for predicting metastases and prognosis. As the release of 
circulating miRNA from donor cells and its uptake in recipient 
cells is not fully understood there are few studies regarding 
the association between circulating miRNAs and GC treat-
ment. However, certain studies have shown that circulating 
miRNAs could be used to treat cancer. At present, treatment 
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focuses on delivering antisense miRNAs or tumor suppres-
sive miRNAs into target tumor cells via microvesicles (MVs) 
or exosomes (11). Fonsato et al (12) revealed that delivering 
anti-miRNAs (miR-451, miR-223, miR-24, miR-125b and 
miR-31) by MVs derived from human adult liver stem cells 
inhibits tumor growth induced in severe combined immuno-
deficiency mice with primary hepatocellular carcinomas (12).

Materials and methods

Serum samples. The study was approved by the Ethics 
Committee of the University of South China (Hengyang, 
China). Informed consent was obtained from all partici-
pants included in the study. Serum samples (1-2 ml; n=194) 
were collected from 127 individuals, including 67 paired 
pre- and post-operative GC patients, and 12 cases of each 
of GC, nasopharyngeal cancer (NPC), colorectal carcinoma 
(CRC), breast cancer (BC) and non-cancerous controls 
(NC). All the malignant tumor patients were diagnosed by 
two independent professors of pathology. The tumor serum 
samples were collected from patients who had not undergone 
therapy, such as radiotherapy or chemotherapy. The paired 
post-operative GC blood specimens were obtained on the 
seventh day post-surgery. The individuals with no evidence 
of carcinoma were selected as the NC subjects. The serum 
samples were collected from the consenting individuals from 
the First Hospital Affiliated of University of South China 
and Second Hospital Affiliated of University of South China 
from February 2012 to July 2013, according to our previously 
published protocol (13). According to AJCC cancer staging 
manual, each GC patient was staged (14).

Serum treatment and RNA extraction. Serum samples (4 ml 
venous blood) were collected in the morning before breakfast 
from all of the study subjects. Samples were incubated at room 
temperature (15-25°C) for 1 h and centrifuged at 1,200 x g at 
4˚C for 10 min. The upper phase of the serum was collected 
and stored in a refrigerator at -80˚C. For the RNA isolation, a 
human serum sample (volume, 200 µl) was used for extracting 
total RNA with an miRNeasy Serum/Plasma kit (Qiagen 
GmbH, Hilden, Germany) according to the manufacturer's 
protocol. During the RNA extraction, cel-miR-39 was spiked 
at a fixed concentration and served as an internal control. The 
total RNA was eluted in 12 µl RNase-free water. Finally, the 
reverse transcription (RT) reaction was prepared according to 
the instructions of the miScript II RT kit (Qiagen GmbH). The 
template cDNA was removed, according to the manufacturer's 
protocol, and diluted to 200 µl with RNase-free water for use 
in the quantitative polymerase chain reaction (qPCR).

Serum miRNAs profiling assay. Six paired pre- and post-opera-
tive GC serum samples were mixed at the same volume (50 µl) 
for microarray analysis using miScript miRNA PCR Array 
(MIHS-106ZC; Qiagen GmbH), which contains 84 circulating 
miRNAs associated with human cancer. The experiment was 
repeated once with six alternative paired pre- and post-opera-
tive GC serum samples.

RT-qPCR and data analysis. Serum samples (n=170) from 
GC, NPC, CRC, BC and NC were used for the validation of 

differentially expressed serum miRNAs. Cel-miR-39 served as 
internal reference controls and RT-qPCR was performed using 
a miScript SYBR-Green PCR kit (Qiagen GmbH), according 
to the manufacturer's protocol, to quantify specific serum 
miRNAs. Relative expression of miRNAs was calculated 
using ΔCq (ΔCq=CqmiRNA-CqCel-miR-39) and the fold change was 
calculated using 2-ΔΔCq (ΔΔCq = ΔCqsample 2 - ΔCqsample 1) (15).

Statistical analysis. SPSS 18.0 (SPSS, Inc., Chicago, IL, 
USA) was used to perform Kaplan-Meier survival analysis. In 

Table I. Differentially expressed serum miRNAs screened by 
microarray in paired pre- and post-operative GC samples.

  Fold-change
  (pre- vs.
 Expression in post-operative)
 post-operative ------------------------------------------------------
Gene name GC patients Microarray 1 Microarray 2

hsa-miR-15b-5p Downregulated -2.60 -3.34
hsa-miR-20a-5p Downregulated -3.58 -3.25
hsa-miR-29a-3p Downregulated -45.89 -3.34
hsa-miR-30a-5p Downregulated -7.78 -3.34
hsa-miR-30c-5p Downregulated -2.79 -2.04
hsa-miR-30e-5p Downregulated -11.16 -9.78
hsa-miR-130a-3p Downregulated -2.60 -3.01
hsa-miR-130b-3p Downregulated -3.36 -2.95
hsa-miR-181b-5p Downregulated -3.16 -3.20
hsa-miR-424-5p Downregulated -2.11 -4.63
hsa-let-7d-5p Downregulated -4.56 -3.63
hsa-let-7g-5p Downregulated -5.39 -79.89

miRNA, microRNA; GC, gastric cancer.

Table II. Differences between the expression levels of the 
12 miRNAs from 15 cases of paired pre- and post-operative 
gastric cancer patients.

 ΔCq pre-operative -
 ΔCq post-operative 
Gene name (mean ± SEM) 95% CI P-value

hsa-miR-15b-5p -0.491±1.225 (-1.170, 0.187) 0.143
hsa-miR-20a-5p -1.422±0.614 (-1.762, -1.082) 0.000
hsa-miR-29a-3p -0.256±0.598 (-0.587, 0.075) 0.120
hsa-miR-30a-5p -0.157±1.368 (-0.915, 0.600) 0.663
hsa-miR-30c-5p -0.251±0.798 (-0.694, 0.191) 0.243
hsa- miR-30e-5p -0.123±0.903 (-0.668, 0.422) 0.632
hsa-miR-130a-3p -0.607±1.178 (-1.259, 0.046) 0.066
hsa-miR-130b-3p -0.423±0.976 (-0.964, 0.117) 0.115
hsa-miR-181b-5p -0.726±1.530 (-1.574, 0.121) 0.087
hsa-miR-424-5p 0.361±0.967 (-0.175, 0.896) 0.171
hsa-let-7d-5p -1.198±0.842 (-1.664, -0.732) 0.000
hsa-let-7g-5p -1.339±0.918 (-1.847, -0.830) 0.000

CI, confidence interval.
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addition Cluster 3.0 (Stanford University, Stanford, CA, USA) 
and GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla, 
CA, USA) software were used. Matched-pairs t-test was used 
to compare paired pre- and post-operative GC serum samples. 
The Mann-Whitney U test was used to analyze the difference 
between two groups, and the differences among three groups 
were compared using one-way analysis of variance. P<0.05 
was considered to indicate a statistically significant difference 
and all P-values were two-tailed.

Results

Differentially expressed serum miRNA profile between 
pre- and post-operative GC patients. The miRNA expres-
sion profiling of the serum between pre- and post-operation 
GC patients was analyzed following preliminary screening 
with microRNA Array analysis. The principles for screening 
differentially expressed serum miRNAs are as follows: i) The 
fold-change of miRNAs in serum between the pre- and 
post-operative GC samples is >2; ii) the miRNA Cq value 
should be <35 in pre- or post-operative GC samples. Based 
on these principles, the initial screening of the following 
12 differentially expressed serum miRNAs between pre- and 
post-operative GC: miR-15b-5p, miR-20a-5p, miR-29a-3p, 
miR-30a-5p, miR-30c-5p, miR-30e-5p, miR-130a-3p, 
miR-130b-3p, miR-181b-5p, miR-424-5p, let-7d-5p, let-7g-5p 
were subjected to the next step of verification (Table I).

Validation of the miRNAs differentially expressed in paired 
pre- and post-operative GC serum samples using RT-qPCR. 
RT-qPCR was performed to verify the 12 miRNAs in the 

15 paired pre- and post-operative GC serum samples. The 
data was analyzed using the relative quantitative method. The 
expression levels of miR-20a-5p, let-7d-5p and let-7g-5p were 
identified to be significantly downregulated in the post-opera-
tive group (P<0.05; Fig. 1 and Table II). miR-20a-5p, let-7d-5p 
and let-7g-5p were verified further in the remaining 40 paired 
GC serum specimens. The results demonstrated that these 
three serum miRNAs were significantly different between the 
pre- and post-operative groups (P<0.05, Fig. 2A); miR-20a-5p, 
let-7d-5p and let-7g-5p were downregulated in all 55 paired 
serum samples following surgery. Among these three miRNAs, 
the difference between the GC patient pre- and post-operative 
serum miR-20a-5p expression levels was the largest (Fig. 2B 
and Table III).

Detecting the serum levels of miR-20a-5p in healthy 
volunteers and in subjects with other common tumors. The 
expression levels of miR-20a-5p were measured in the serum 
of 12 cases of each of GC, 12 NPC, 12 CRC, 12 BC and 12 
NC. The results indicate that the serum levels of miR-20a-5p 
in GC, NPC, CRC and BC are significantly higher than the NC 
(P<0.05; Fig. 3). While no significant difference was identified 
between the four tumor groups. The present study proposes 
that serum miR-20a-5p may serve as a novel biomarker to 
diagnose gastric carcinoma and may also be used to detect 
NPC, CRC and BC.

Clinical significance of serum miR-20a-5p expression levels 
in the pre-operative GC patient group. The serum miR-20a-5p 
expression levels of the 55 GC patients were analyzed prior 
to surgery. The pre-operative serum was divided into high 

Figure 1. Relative expression levels of 12 miRNAs in 15 cases of paired pre- and post-operative gastric cancer patients. The expression levels of miR-20a, let-7d 
and let-7g were significantly downregulated in the post-operative group. miRNA, microRNA.
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miR-20a-5p and low miR-20a-5p expression level groups 
according to the median value, and is presented in combina-
tion with the clinicopathological parameters of GC patients 
in Table IV. Next the concentrations of serum miR-20a-5p 
was compared among different clinicopathological char-
acteristic groups and the clinical value was evaluated. As 
shown in Table IV and Fig. 4A, the expression levels of 
serum miR-20a-5p were significantly associated with age, 

tumor stage (14), degree of differentiation and lymph node 
metastasis (Table IV). The serum levels of miR-20a-5p in 
TNM stage II, III and IV were significantly higher than TNM 
stage I, with no difference between TNM stages II, III and IV. 
Concentrations of miR-20a-5p in the well-differentiated group 
were lower than that of the moderately- and poorly-differen-
tiated groups, whereas no significant difference was noted 
between the moderately- and poorly-differentiated groups. 
GC patients with lymph node metastasis exhibited higher 
miR-20a-5p expression levels than those patients who had no 
metastasis.

Predictive ability of serum miR-20a-5p levels for GC prog-
nosis. To evaluate the potential prognostic value of miR-20a, 
The 55 GC patients who had undergone surgery were followed 
up. At 34 months, 27 cases had succumbed during the process 
of investigation and the overall survival rate was 50.9%. 
The results of Kaplan-Meier survival analysis indicate that 

Table IV. Association between the expression levels of serum 
miR-20a and clinicopathological characteristics of patients.

 Expression level of
 serum miR-20a
Clinical -------------------------------------- P-value
parameter Nos. Low High (2-sided)

Gender    0.396
  Male 35 17 18
  Female 20 11 9
Age (years)    0.048
  ≥60 33 15 18
  <60 22 13 9
TNM stage (14)     0.000
  I 19 13 6
  II 14 6 8
  III 17 5 12
  IV 5 4 1
Differentiation     0.000
  PDAC 29 16 13
  MDAC 19 7 12
  WDAC 7 5 2
Lymph node     0.002
metastasis
  Yes 35 15 20
  No 20 13 7
Tumor size (cm)    0.777
  ≥3 30 15 15
  <3 25 13 12

PDAC, poorly differentiated adenocarcinoma; MDAC, moderately differ-
entiated adenocarcinoma; WDAC, well differentiated adenocarcinoma.

Table III. Differences of miR-20a, let-7d and let-7g between 
all 55 paired pre- and post-operative gastric cancer serum 
samples.

 ΔCq pre-operative -
 ΔCq post-operative
Gene name (mean ± SEM) 95% CI

hsa-miR-20a-5p -1.994±0.700 (-2.183, -1.805)
hsa-let-7d-5p -1.581±0.645 (-1.756, -1.407)
hsa-let-7g-5p -1.221±0.885 (-1.459, -0.982)

CI, confidence interval.

Figure 2. Relative expression levels of miRNAs in paired pre- and post-oper-
ative serum samples of gastric cancer patients. The relative expression levels 
of (A) miR-20a, let-7d and let-7g in 55 paired pre- and post-operative serum 
samples of gastric cancer patients. (B) Comparison of miR-20a, let-7d and 
let-7g expression levels in the detected paired pre- and post-operative gastric 
cancer serum samples. The fold changes (post-operative/pre-operative) are 
presented.

Figure 3. Serum miR-20a expression levels in NC, GC, NPC, CRC and BC 
(presented as means ± standard deviation). NC, non-cancer; GC, gastric 
cancer; NPC, nasopharyngeal cancer; CRC, colorectal cancer; BC, breast 
cancer.
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the overall survival rate of those patients who exhibited low 
serum miR-20a-5p expression levels was significantly higher 
than the GC patients who had high serum expression levels 
of miR-20a-5p (P<0.05; Fig. 4B). Thus, the serum miR-20a-5p 
expression levels may be used for predicting the prognosis of 
GC patients.

Discussion

miR-20a is a member of the miR-17-92 cluster (including miR-17, 
miR-18a, miR-19a, miR-20a, miR-19b-1 and miR-92a-1), which 
is commonly upregulated in malignant cancer and involved in 
carcinogenesis as the classical oncogene (16). Previous studies 
have reported upregulated expression levels of circulating 
miR-20a in malignant neoplasms, such as non-small cell lung 
cancer (NSCLC), and in cervical, hepatoma, colorectal and 
prostate cancers (17-22). However, the association between 
the expression level of miR-20a and GC is rarely reported. 
miR-20a is usually identified by screening for circulating 
miRNA expression profiles in malignant tumor patients. 

Liu et al (23) reported that five serum miRNAs (miR-1, 
miR-20a, miR-27a, miR-34 and miR-423-5p) had potential in 
GC diagnosis. In addition, the authors demonstrated that the 
areas under the receiver operating characteristic curve of these 
five serum miRNAs (0.879) were markedly higher than those 
of the classical biomarkers, such as carcinoembryonic antigen 
(0.503) and cancer antigen 19-9 (0.600) (23). Du et al (24) 
reported that expression levels of miR-20a were significantly 
upregulated in GC tissue and plasma samples. Their results 
indicated that miR-20a may promote activation of the nuclear 
factor (NF)-κB signaling pathway and downstream targets, 
livin and survivin by targeting NF-κB inhibitor β (24).

In the present study, serum miR-20a expression levels 
in 67 cases of paired pre- and post-operative GC samples 
were evaluated by microarray and RT-qPCR technology. 
The use of paired pre- and post-operative GC samples 
eliminated the individual differences, such as age, gender 
and eating habits. C. elegans spike-in non-human miR-39 
served as an exogenous reference gene in each experiment 
and RT-qPCR amplification was repeated three times in each 

Figure 4. (A) miR-20a expression levels in the serum of the different gastric cancer groups; (B) Kaplan-Meier survival curve analysis of serum miR-20a 
expression levels.
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serum specimen of GC to ensure that the results were highly 
accurate, repeatable and stable. miR-20a was easily detected 
and identified to be downregulated following surgery, indi-
cating that the elevated expression levels of serum miR-20a 
in pre-operative GC patients were released by GC cells. 
Serum expression levels of miR-20a declined following 
surgery; therefore, the expression levels may be useful for 
evaluating the efficacy of GC therapy. In addition, serum 
miR-20a expression levels were identified to be upregulated 
in GC, CRC, BC and NPC patients, demonstrating that serum 
expression levels of miR-20a may be used to diagnose GC 
and other types of cancer, and that the miR-20a observed in 
the serum of tumor patients may be released by various types 
of cancer cell.

In the present study, expression levels of serum miR-20a 
were found to be significantly associated with age, TNM stage, 
degree of differentiation and metastasis. Notably, pre-operative 
GC patients with moderately- or poorly-differentiated cancer 
cells, or with metastasis exhibited the highest expression levels 
of serum miR-20a. GC patients that were ≥60 years exhibited 
higher expression levels of serum miR-20a, which may be due 
to the age distribution of GC, but this requires further investiga-
tion. Patients in the pre-operative group with higher expression 
levels of serum miR-20a demonstrated a poorer survival rate 
when compared with GC patients with low expression levels of 
serum miR-20a. Thus, concentrations of serum miR-20a may 
be used to predict the prognosis and recurrence of GC.

In conclusion, the present results demonstrated that serum 
miR-20a expression levels were upregulated in pre-operative 
GC patients and significantly downregulated in post-operative 
GC patients. Serum miR-20a could, therefore, serve as a 
biomarker for diagnosing GC, as well as evaluating the curative 
effects, predicting the prognosis and monitoring the recurrence 
of GC patients. The exact efficiency of miR-20a as the tumor 
marker remains to be confirmed by further validation.
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