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Abstract

Background:CirculatingmiRNAs in serummay serve as prom-

ising diagnostic biomarkers for patients with gastric cancer.

Methods:Using qRT-PCR-based Exiqonpanel, we identified 58

differentially expressed miRNAs from three gastric cancer pool

samples andonenormal control (NC)pool in the initial screening

phase. Identified miRNAs were further validated in the training

(49 gastric cancer vs. 47 NCs) and validation phases (154 gastric

cancer vs. 120 NCs) using qRT-PCR. The expression levels of the

miRNAs were also determined in tissues, arterial serum, and

exosomes.

Results: Consequently, six serum miRNAs (miR10b-5p,

miR132-3p, miR185-5p, miR195-5p, miR-20a3p, and miR296-

5p) were significantly overexpressed in gastric cancer compared

with NCs. The areas under the receiver operating characteristic

curve of the six-miRNA panel were 0.764 and 0.702 for the

training and validation phases, respectively. miR10b-5p and

miR296-5pwere significantly upregulated in gastric cancer tissues

(n ¼ 188). In addition, patients who did not receive adjuvant

chemotherapy with high expression of miR10b-5p or miR296-5p

in tissues tended to suffer worse overall survival. Furthermore,

the expression levels of miR10b-5p, miR195-5p, miR20a-3p, and

miR296-5p were significantly elevated in exosomes from gastric

cancer serum samples (n ¼ 30).

Conclusions:We identified a six-miRNApanel in serum for the

detection of gastric cancer.

Impact: Our findings provide a novel serum miRNA signature

for gastric cancer diagnosis, and will serve as the basis of the

application of circulating miRNAs in clinical for the detection of

gastric cancer in the future. Cancer Epidemiol Biomarkers Prev; 26(2);

188–96. �2016 AACR.

Introduction

Gastric cancer is still a severe public health problemworldwide,

particularly in Eastern Asia (1). According to the updated cancer

statistics in China, gastric cancer is still the second leading cause of

cancermortality (2). Recently, gastric cancer has been divided into

four molecular subtypes according to The Cancer Genome Atlas

(TCGA) project, which further elucidated the immense heteroge-

neity of gastric cancer (3). Because of the lack of early diagnosis

and late presentation, a fair number of gastric cancer patients were

diagnosed at advanced stages (4). Currently, gastroscopy is still

the criterion standard test for diagnosing gastric cancer. In Japan

and Korea, a screening program based on endoscopy has been

carried out to detect early gastric cancer for years (5). However,

this cancer screening is too expensive and invasive to be popu-

larized in China. Moreover, noninvasive or minimally invasive

markers such as carcinoembryonic antigen (CEA) and carbohy-

drate antigen 19-9 (CA19-9) are widely used in clinical, but these

similar markers are not sensitive and specific enough to facilitate

early detection of gastric cancer (6). With the development of

genomics, proteomics, and metabolomics, an increasing number

of biomarkers have been identified and studied (7). Promisingly,

novel noninvasive markers with potential clinical value will be

discovered to detect early gastric cancer and then improve the

prognosis for gastric cancer patients.

miRNAs are endogenous �22 nt noncoding RNAs that post-

transcriptionally regulate gene expression and function as onco-

genes or tumor suppressors by degrading target mRNAs or block-

ing their translation (8, 9). Accumulating evidence has indicated

that miRNAs are specific for different tumor types and microRNA

expression profiles can distinguish between normal and tumor

tissues, including gastric cancer (10, 11).Meanwhile,miRNAs can

be stably detected in circulating plasma or serum. Circulating

miRNAs have emerged as excellent noninvasive biomarkers for

the early diagnosis and the prediction prognosis of cancer (12).

Recently, miRNA expression profiles have become more heated
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and accurate than mRNA expression profiles (10). Up to date,

several studies have screened out some circulating miRNA bio-

markers with diagnostic and prognostic value for gastric cancer

from numerous differentially expressed miRNAs (13–15). How-

ever, because of different research methods and populations

(source, sample size, and clinical factors), these selected miRNAs

showed inconsistency between laboratories. In our previous

study, a five-miRNA signature in the peripheral plasma for the

detection of gastric cancer was identified (13). Herein, we char-

acterized the serum miRNA expression profile in gastric cancer

patients and healthy controls viamiRCURY LNAmicroRNA Array

followed by two phases of qRT-PCR validation. Furthermore,

dysregulated serum miRNAs were assessed in tissue samples.

Finally, we detected serum exosomal miRNAs to confirm the

potential form of the identified miRNAs in the circulation. We

aimed to identify a serummiRNA expression profile that could be

a useful biomarker for gastric cancer diagnosis.

Materials and Methods

Study design and clinical samples

A total of 441 histopathologically conformed gastric noncardia

adenocarcinoma patients and 233 normal controls (NC) were

enrolled in this study. All samples were collected from First

Affiliated Hospital of Nanjing Medical University, 458 serum

samples were collected between 2013 and 2015, and 216 tissue

samples were collected between 2010 and 2011. All the proce-

dures were approved by Institutional Review Boards of the First

AffiliatedHospital of NanjingMedical University, and the written

informed consent was obtained from each participant. Our study

was conducted according to the approved guidelines by the

Hospital Ethics Committee.

The study was separated into three stepwise phases (Fig. 1). In

the initial screening phase, serum samples were collected from 30

gastric cancer patients and 10 NCs and pooled as 3 gastric cancer

pool samples and 1 NC pool sample (10 serum samples were

pooled as 1 pool sample). These microarray data have been

deposited in the Gene Expression Omnibus (GEO) database

(accession number GSE86226) to comply with Minimum Infor-

mation About a Microarray Gene Experiment (MIAME) guide-

lines. Differentially expressed miRNAs were assessed by Exiqon

miRNA qPCR panel. Serum samples were collected from 30

gastric cancer patients and 10 NCs and pooled as 3 gastric cancer

pool samples and 1 NC pool sample (10 serum samples were

pooled as 1 pool sample). Differentially expressed miRNAs were

assessed by Exiqon miRCURY-Ready-to-Use PCR-Human-panel-

IþII-V1.M (Exiqon miRNA qPCR panel). Approximately 20 to

25 ng RNA isolated from each pool of serum samples was reverse

transcribed to cDNA by using the miRCURY Locked Nucleic Acid

(LNA) Universal Reverse Transcription (RT) microRNA PCR,

polyadenylation, and cDNA Synthesis Kit (Exiqon miRNA qPCR

panel) following the manufacturer's protocol. Microarrays were

scanned on 7900HT real-time PCR system (Applied Biosystems)

with Exiqon miRCURY-Ready-to-Use PCR-Human-panel-I þ

II-V1.M (Exiqon miRNA qPCR panel), which could detect 168

miRNAs in plasma/serum to identify differently expressed miR-

NAs.Melting curve analyses were performed at the end of the PCR

cycles. Detectable miRNAs were those with a Ct < 37 and five Ct

less than thenegative control (no template control,NTC). AnRNA

spike-in (UniSp6) and a DNA spike-in (Sp3) were used as tech-

nical controls to evaluate if the technical performance of all

samples is similar. The Ct values were normalized based on the

average of the normalizer assays in the panel and this included

miR191-5p,miR423-5p,miR425-5p, andmiR93-5p. The formula

used to calculate the normalizedCt values is: normalized Ct (DCt)

¼ average Ct (assay) – average Ct (normalizer assays). The relative

expression levels of miRNAs between colorectal cancer patients

and NCs were calculated using 2�DDCt method. In the training

phase, the dysregulated miRNAs identified via screening phase

were confirmed using qRT-PCR in 49 gastric cancer samples and

47 NCs. After that, in the validation phase, the validated miRNA

though training phasewere further examined in 154 gastric cancer

samples and 120 NCs. The identified miRNAs were further val-

idated in 188 gastric cancer tissue specimenswhichwere obtained

from gastric cancer patients with radical resection of gastric cancer

and 28 normal gastric mucosa tissues which were obtained from

healthy people with gastroscopy. Serum exosomal miRNAs were

also assessed in 30 gastric cancer patients and 28NCs. In addition,

we have followed up these gastric cancer patients who provided

tissue samples to assess the prognostic value of the identified

miRNAs. The median postoperative follow-up period was 50.2�

14.6 months.

Sample preparation and exosome isolation

Briefly, 5 mL of venous blood sample was collected from each

participant before initial treatment. The whole blood was

Screening phase

Exiqon panel

(3 GC pools vs. 1 NC pool)

Identified miRNAs

(n = 58)

Identified miRNAs

(n = 14)

Training phase

qRT-PCR

(49 GCs vs. 47 NCs)

Validation phase

qRT-PCR

(154 GCs vs. 120 NCs)

Candidate miRNAs

(n = 6)

Identification in tissues

qRT-PCR

(188 GCs vs. 28 NCs)

Exploration in exosomes

qRT-PCR

(30 GCs vs. 28 NCs)

Prognostic value in GC

(n = 188)

Figure 1.

The flow chart of the experiment design. GC, gastric cancer; NC, normal control.
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separated into serum and cellular fractions by centrifugation at

1,500 rpm for 10minutes and12,000 rpm for 2minuteswithin12

hours after collection. The serum sample was stored at�80�C for

further processing. Tissue specimens were collected from surgical

patients without preoperative chemoradiotherapy and kept in

liquid nitrogen.

To isolate serum exosome, 200 mL serum was processed with

ExoQuick (System Biosciences) according to the manufacturer's

protocol. All serum samples were incubated with ExoQuick exo-

some precipitation solutions for 30 to 60 minutes at 2 to 8�C,

followed by centrifugation at 13,000 rpm for 2 minutes. After the

supernatants were removed, the exosome pellets were retained for

further RNA extraction.

RNA extraction

Total RNA was extracted from 200 mL serum or exosome using

the mirVana PARIS Kit (Ambion) following the manufacturer's

protocol. Then 5 mL of synthetic Caenorhabditis elegans miR-39

(5 nmol/L; RiboBio) was spiked into each sample after the

addition of denaturing solution (Ambion) for normalization of

the sample-to-sample variation. TRizol (Invitrogen) was used to

extract total RNA from tissue samples. Total RNAwas lysed in 100

mL RNase-free water and stored at �80�C for further use. The

ultraviolet spectrophotometer was used to evaluate the concen-

tration and purity of the extracted total RNA.

qRT-PCR and data normalization

The amplification of miRNAs was conducted using the specific

primers of reverse transcription (RT) and PCR from Bulge-Loop

miRNAqRT-PCR Primer Set (RiboBio). The quantification of PCR

product was evaluated by the level of fluorescence in emitted by

SYBR Green (SYBR Premix Ex Taq II, TaKaRa). RT reactions were

carried out at 42�C for 60 minutes followed by 70�C for 10

minutes. The qRT-PCR was conducted on LightCycler 480 Real-

Time PCR System (Roche Diagnostics) in 384-well plates at 95�C

for 20 seconds, followed by40 cycles of 95�C for 10 seconds, 60�C

for 20 seconds, and then 70�C for 10 seconds. The specificity of

PCR products was evaluated by the melting curve analysis.

The expression of miRNAs in serum was determined using the

2�DDCt method relative to the combination of exogenous refer-

ence miRNA (cel-miR-39) and endogenous reference miRNA

(miR16), DCt ¼ CtmiRNA � (Ctcel-miR-39 þ CtmiR-16) (16, 17). The

relative levels of miRNAs in tissue specimens and exosomes were

calculated using the comparative 2�DDCt method relative to

RNU6B (U6) and cel-miR-39.

Statistical analysis

Mann–Whitney test was used to analyze differential miRNAs

expression between gastric cancer patients and NCs. The associ-

ation between miRNAs and the clinical characteristics was eval-

uated by the one-way ANOVA or x2 test. Receiver operating

characteristic (ROC) curves and the area under the ROC curve

(AUC)were used to estimate the diagnostic value of the candidate

miRNAs for gastric cancer. Logistic regression model for gastric

cancer prediction was applied on the data from the training and

validation phases. Univariate survival analysis was performed

using the Kaplan–Meier method. Survival curves were compared

with the log-rank test. All the statistical analyses were performed

using SPSS software (version 20.0, IBM). A two-sided P value

<0.05 was defined as statistical significance.

Results

Characteristics of the subjects

Our experiment was divided into two stages after the screen-

ing phase: the training phase and the validation phase as

showed in the flow chart (Fig. 1). The clinical and demo-

graphics features of the gastric cancer patients and NCs are

listed in Table 1. A total of 370 participants, including 203

gastric cancer patients and 167 NCs, were enrolled in our study

to assess the differently expressed miRNAs in the serum of

gastric cancer patients. In each stage, there was no significant

difference in the distribution of gender or age between gastric

cancer patients and NCs.

miRNA profiling in the screening phase

To identify candidate serum miRNAs for gastric cancer diag-

nosis, the Exiqon miRCURY-Ready-to-Use PCR-Human-panel-

IþII-V1.Mwas conducted based on the qRT-PCR platform. A total

of 179miRNAswere initially screened in 3 gastric cancer and 1NC

pooled serum samples and 51 upregulated miRNAs and 7 down-

regulated miRNAs showed at least a 1.5-fold altered expression

(Supplementary Table S1). In addition, we included five miRNAs

(miR185-5p, miR20a-5p, miR210, miR25-3p, and miR92b-3p)

that were previously identified by our research team in plasma of

gastric cancer patients (13).

Evaluation of candidate miRNAs by qRT-PCR

The selected miRNAs in the screening phase were validated

in the training stage including 49 gastric cancer patients and

47 NCs using qRT-PCR analysis. After that, 14 differentially

Table 1. Clinical characteristics of 203 gastric cancer patients and 167 NCs

Training phase (n ¼ 96) Testing phase (n ¼ 274)

Variables Cases (%) Controls (%) Cases (%) Controls (%)

Number n ¼ 49 n ¼ 47 n ¼ 154 n ¼ 120

Age (mean � SD) 60.66 � 10.63 53.76 � 12.05 58.74 � 10.39 50.72 � 15.83

Gender

Male 30 (61.2) 25 (53.2) 89 (57.8) 68 (56.7)

Female 19 (38.8) 22 (46.8) 65 (42.2) 52 (43.3)

Differentiation grade

Well/moderate 32 (65.3) 98 (63.6)

Poorly 17 (34.7) 56 (36.4)

TNM stage

I 11 (22.5) 35 (22.7)

II 10 (20.4) 33 (21.4)

III 23 (46.9) 65 (42.2)

IV 5 (10.2) 21 (13.6)

Huang et al.
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expressed miRNAs were identified and then were confirmed in

the validation phase with a larger sample set. Ultimately, six

miRNAs (miR10b-5p, miR132-3p, miR185-5p, miR195-5p,

miR20a-3p, and miR296-5p) showed significantly elevated

expression levels in gastric cancer serum and were selected for

the following analysis. The differential expression patterns of

the six miRNAs between gastric cancer patients and NCs were

concordant between the training and the validation phase

(Supplementary Fig. S1). In addition, all the six miRNAs had

significantly higher expression levels in serum of gastric cancer

patients as compared with NCs when the results of the two

stages were combined (Fig. 2).

Diagnostic value of the candidate miRNAs

ROCcurve analysiswas utilized to evaluate the diagnostic value

of the six miRNAs in discriminating gastric cancer patients from

NCs. The AUCswere 0.627, 0.652, 0.637, 0.683, 0.637, and 0.652

for miR10b-5p, miR132-3p, miR185-5p, miR195-5p, miR20a-

3p, and miR296-5p, respectively (Supplementary Fig. S2). Fur-

thermore, when the six miRNAs were combined together as a

panel, it showed a higher accuracy than any individual miRNA in

discriminating gastric cancer patients from NCs (AUC: 0.703;

95% CI, 0.651–0.756; Fig. 3A). Meanwhile, the diagnostic value

of the six-miRNA panel was also assessed in the training and

validation phases separately and the AUCs were 0.764 (95% CI,
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Figure 2.

Expression levels of the six miRNAs in the serum of 203 gastric cancer patients and 167 NCs (in the training and validation phases). A, miR10b-5p; B, miR132-3p;

C, miR185-5p; D, miR195-5p; E, miR20a-3p; F, miR296-5p; N, normal controls; T, tumor. Horizontal line: mean with 95% CI.
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0.669–0.859; Fig. 3B) and 0.702 (95% CI, 0.640–0.763; Fig. 3C),

respectively.

We further analyzed the expression levels of the six miRNAs in

serum frompatientswithdifferent TNMstages in the total training

and validation phases. All six miRNAs were found to be elevated,

miR10b-5p, miR185-5p, and miR296-5p were significantly upre-

gulated inpatientswith stage IIIþ IV compared to thosewith stage

I þ II (Supplementary Fig. S3).

The candidate miRNAs in tissue samples

To validate the consistency of the six miRNAs in serum and

tissue of gastric cancer patients, we detected the expression levels

of the six miRNAs in 188 gastric cancer tissue specimens and 28

normal gastric mucosa tissues. The clinical characteristics of these

patients are listed in Supplementary Table S2. As shown in Fig. 4,

only the expression of miR10b-5p and miR296-5p was signifi-

cantly higher in tumor samples than in normal tissues (Fig. 4).

Next, to evaluate whether the six candidate miRNAs were

associatedwith theprognosis of gastric cancer patients, 188 gastric

cancer patientswere followed up. Themedian overall survival and

disease-free survival (DFS) times were 50.5 � 14.5 and 48.3 �

17.6months, respectively. At the end of follow-up, Aug 2015, 145

(77.1%) patients were still alive. The cutoff value for high or low

miRNA expression was the median expression levels of each

miRNA. As a consequence of the Kaplan–Meier survival analysis,

either the OS or DFS showed no significant difference between

highmiRNA expression and lowmiRNA expression of individual

six miRNAs (Supplementary Fig. S4A and S4B). Taking into

account the use of adjuvant chemotherapy, subgroup analysis

was performed to further explore the association between miR-

NAs and gastric prognosis. For patients who did not receive

adjuvant chemotherapy, high expression of miR10b-5p and

miR296-5p might lead to worse OS and DFS (Supplementary

Fig. S5A and S5B). The clinical characteristics of 55 gastric cancer

patients without adjuvant chemotherapy were showed in Sup-

plementary Table S3. However, the expression levels of the six

miRNAs showed no significant difference in patients who under-

went adjuvant chemotherapy (Supplementary Fig. S6A and S6B).

Comparison of miRNAs in arterial and venous serum

Next, we explored the expression levels of the sixmiRNAs in six

arterial serum samples and sixmatched peripheral serum samples

to identify the differences in miRNA expression between periph-

eral and arterial serum. All the six miRNAs showed higher expres-

sion levels in peripheral serum, but due to the relatively small

sample size, the results were not statistically significant (Supple-

mentary Fig. S7).

Exploration of miRNAs in serum exosomes

For further research, esoxomal miRNAs extracted from 30

gastric cancer and 28 NC serum samples were explored to assess

the potential form of the identified miRNAs in peripheral serum.

Compared to NCs, all the six miRNAs were upregulated in gastric

cancer serum exosomes, but only miR10b-5p, miR195-5p,

miR20a-3p, and miR296-5p had significance in statistics (Fig. 5).

Discussion

Emerging evidence shows that stable circulating miRNAs play

an increasingly important role in the diagnosis of gastric cancer.

Recently, researchers continually focus on finding out specific

miRNA panels for the detection of gastric cancer. Microarray

profiling followed by qRT-PCR validation is currently acknowl-

edged as the standard method for miRNA quantification (18). In

this study, Exiqon miRNA qPCR panels were used to analyze

differential expression profiling of serummiRNAs in three gastric

cancer and one NC pooled samples in the screening phase. This

platform was proved to be of better sensitivity and linearity than

TaqMan platformwhereas less abundant miRNAs weremeasured

(19). In the following validation stages conducted by qRT-PCR,

the key was to choose proper endogenous reference miRNAs for

data normalization. Ideal reference miRNAs should belong to

different functional classes, significantly reducing the possibility

of confounding coregulation (20). In addition, referencemiRNAs

should be stable and detectable in circulation. However, to date,

there is still no consensus endogenous reference for miRNA

quantification has been established. Currently, miR16-5p has

been selected as endogenous reference in accumulating studies

and is relatively stable in the circulation (21–23). In our previous

study, the specificity of PCR products was evaluated by the

melting curve analysis and the expression level of plasmamiRNAs

was assessed as absolute concentration based on a standard curve

constructed with the use of synthetic miRNAs. Considering these

synthetic miRNAs were exogenous references, which could not

fully reflect the degradation degree of different samples. Thus, we

added miR16 as an internal reference to further normalize the

sample-to-sample variation. After validation in the training and

validation phases,miR10b-5p,miR132-3p,miR185-5p,miR195-

5p, miR20a-3p, and miR296-5p were confirmed to be signifi-

cantly upregulated in gastric cancer serum, whereas miR10b-5p,

miR185-5p, and miR296-5p were significantly upregulated in

patients with advanced stage (III and IV). The diagnostic value

of the six miRNAs was verified in gastric cancer tissues and serum

exosomes, and the encouraging results increasingly demonstrated

the important roles for the six miRNAs in tumorigenesis and

progression.

Among the six identified miRNAs, miR185-5p has been

reported as a reliable biomarker for discriminating gastric cancer

patients from NCs in our previous study (13). This result sug-

gested that there was uniformity between the expression of

miRNAs in serum and plasma. Even so,miR185-5p demonstrated

inconsistent function in gastric cancer inprevious studies (24, 25).

It is reported that miR185-5p was upregulated in three gastric

cancer molecular subtypes (tumors positive for Epstein–Barr

virus, microsatellite unstable tumors, and tumors with chromo-

somal instability) defined by TCGA project compared to normal

controls (3). In addition, miR20a-5p was identified in our pre-

vious study (13), whereas in this study, another mature form of

miR20a, miR20a-3p, was upregulated in serum of gastric cancer

patients. miR20a is a member of the miR17-92a cluster, which

modulates tumor formation and function as an oncogene by

influencing the translation of E2F transcription factor 1(E2F1;

ref. 26).miR10b-5p has been identified as a prognostic biomarker

in gastric cancer (27) and proved to function as an oncogene in

various cancers such as breast cancer (28), esophageal cancer (29),

and colorectal cancer (30). As a driver of metastasis, miR10b-5p

could enhance cell migration and invasion by binding HOXD10

gene (31).Moreover, both circulatingmiR10b-5p andmiR132-3p

were discovered for the first time to be valuable biomarkers of

gastric cancer in our study. As for miR132-3p, Li and colleagues

(32) suggested that miR132-3p might promote cell growth

through suppression of FoxO1 translation. Besides, miR132-3p
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was highly expressed in the endothelium of human tumors and

hemangiomas, and could function as an angiogenic switch by

suppressing endothelial p120RasGAP expression, leading to Ras

activation and the induction of neovascularization (33). Coinci-

dentally, miR296-5p, another angiogenesis-related angiomiRs,

was upregulated in both serum and tissue samples from gastric

cancer patients. miR296-5p promotes angiogenesis in tumors by

directly targeting the hepatocyte growth factor-regulated tyrosine

kinase substrate (HGS), and thereby reducing HGS-mediated

degradation of VEGFR2 and PDGFR-b (34). When it comes

specifically to gastric cancer, the overexpression of miR296-5p

could promote gastric cancer cell growth through repressing
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Figure 4.

Expression of the six miRNAs in the tumor tissues of 188 gastric cancer patients and 28 NCs.A,miR10b-5p; B,miR132-3p; C,miR185-5p; D,miR195-5p; E,miR20a-3p;

F, miR296-5p. N, normal controls; T, tumor. Horizontal line: mean with 95% CI.
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Caudal-related homeobox 1 (CDX1), which has been reported to

have vital roles in gastric intestinal metaplasia as an intestinal-

specific transcription factor (35). It is reported that miR195-5p

was upregulated in the tissue of gastric cancer patients and could

predict the recurrence of gastric cancer (36). But another study

demonstrated that miR195-5p was a tumor suppressor miRNA in

the circulation of gastric cancer patients (37). Thus, the conflicting

function of miR195-5p is needed to be further investigated. Of

course, further research should be conducted to uncover the detail

mechanism for the deregulation of thesemiRNAs in gastric cancer

formation and development.

These circulating miRNAs identified in our study were also

involved in some other cancers. For instance, circulating miR132-

3p andmiR185-5p was evaluated as to be a diagnostic biomarker

in hepatocellular carcinoma (38).miR10b-5p overexpressionwas

found in serum of esophageal squamous cell carcinoma and

could distinguish esophageal squamous cell carcinoma patients

from cancer-free controls (39). Severino and colleagues (40)

suggested that miR296-5p in circulation might act as a potential

metastatic biomarker for oral squamous cell carcinoma. Obvi-

ously,more efforts need to be devoted to investigate the specificity

of circulating miRNAs.

As a hot topic, the releasing mechanism of circulating miRNAs

still remains enigmatic. Wang and colleagues (41) believed that

circulating miRNAs were generated from primary tumor tissues,

and then released into the bloodstream. Thus, we assessed the

expression of the six identified serum miRNAs in gastric cancer

tissues. It turned out that all miRNAs (except miR132-3p) were

upregulated in gastric cancer tissues, but only the expression levels

of miR10b-5p and miR296-5p were elevated significantly. There

might be several reasons for the discrepancy between the expres-

sion level of serummiRNAs and tissuemiRNAs. First, themiRNAs

in circulation reflect thewhole status of gastric cancer, butmiRNAs

in tissue only reflect the part changes of local tumor; second, the

degradation and absorption efficiency of miRNAs in circulation

and tissue varies. Subsequently, we followed up the gastric cancer

patients and evaluated the prognostic value of the sixmiRNAs.We

observed that the high expression levels of miR10b-5p and

miR296-5pwere associatedwith poor survival in patientswithout

adjuvant chemotherapy. Therefore, patients with miR10b-5p or

miR296-5p overexpression should be paid more attention to

regular follow-up.

As blood flows from arterial to venous circulation, we specu-

lated that circulating miRNAs released from tumor cells might

present higher expression levels in arterial blood than those in

peripheral serum. Although there were no significant differences,

our result might support the hypothesis in some extent. Further

researches containing larger samples are warranted.

Interestingly, some investigators found that circulating miR-

NAs were originated from the cell-derived exosomes, which could

protect miRNAs against degradation by ribonuclease (42). Exo-

somes are small (40–100 nm) membrane vesicles secreted by

most types of cell including cancer cell.We further explored serum

exosomal miRNAs to better understand the potential form of the

six miRNAs in serum. As a result, miR10b-5p, miR195-5p,

miR20a-3p, and miR296-5p were significantly upregulated in

serum exosomes from gastric cancer patients. Reportedly, exoso-

mal miR10b-5p might play an important role in modulating

tumor microenvironment, leading to outcome in favor of devel-

opment and progression of breast cancer (43). Serum exosomal

miR195-5p was used to distinguish hepatocellular carcinoma

from patients with chronic hepatitis B (44). However, a repre-

sentative study to characterize circulating miRNA complexes in

human plasma and serum revealed that circulating miRNAs not

15 3

2

1

0

10

5

R
e

la
ti

v
e

 e
x

p
re

s
s

io
n

R
e

la
ti

v
e

 e
x

p
re

s
s

io
n

6

4

2

0

R
e

la
ti

v
e

 e
x

p
re

s
s

io
n

0
N T

15

20

miR-195-5p

P = 0.020

miR-20a-3p

P = 0.008

miR-296-5p

P = 0.045

miR-185-5p

P = 0.513

miR-132-3p

P = 0.913

A B C

FED

miR-10b-5p

P = 0.001

10

5

R
e

la
ti

v
e

 e
x

p
re

s
s

io
n

R
e

la
ti

v
e

 e
x

p
re

s
s

io
n

0

8

10

6

4

2

0
N T

15

20

10

5

R
e

la
ti

v
e

 e
x

p
re

s
s

io
n

0
N TN T

N T N T

Figure 5.

Expression of the six miRNAs in the serum exosomes of 30 GC patients and 28 NCs. A, miR-10b-5p; B, miR-132-3p; C, miR-185-5p; D, miR-195-5p; E, miR-20a-3p;

F, miR-296-5p; Error bar: standard error. N: normal controls; T: tumor.
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only cofractionated with vesicles like exosomes but also co-

purified with the Ago2 ribonucleoprotein complex (45).

miR185-5p and miR132-3p might be co-purified with the Ago2

ribonucleoprotein complex other than exosomes in serum,which

might be a possible explanation for the inconsistency of their

expression levels between serum and serum exosomes. Themech-

anism of the generation of circulating miRNAs still needs addi-

tional studies.

Taken together, we identified a serum six-miRNA panel which

could discriminate gastric cancer patients from healthy controls.

In the future, circulating miRNAs will be to function as reliable

biomarkers in diagnosis and prognosis of gastric cancer. Without

doubt, the study on the mechanisms of the identified miRNAs in

gastric cancer demands even greater effort.
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