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Abstract Gastric cancer is the fourth most prevalent

malignancy worldwide and remains the second most

common cause of cancer-related death globally. Under-

standing the molecular structure of gastric carcinogenesis

might identify new diagnostic and therapeutic strategies for

this disease. Thus, early detection of gastric cancer is a key

measure to reduce the mortality and improve the prognosis

of gastric cancer. There have recently been several reports

that microRNAs (miRNAs) circulate in highly stable, cell-

free forms in blood. Because serum and plasma miRNAs

are relatively easy to access, circulating miRNAs also have

great potential to serve as non-invasive biomarkers.

Although a number of miRNAs associated with gastric

cancer have been identified, the underlying mechanism of

these miRNAs in tumorigenesis and tumor progression

remains to be investigated. The purpose of this study is to

identify the potential of serum miRNAs as biomarkers for

early detection of gastric cancer patients. RNA was isolated

using the High Pure miRNA Isolation Kit (Roche) fol-

lowing the manufacturer’s protocol. cDNA and preampli-

fication protocols were obtained from the isolated plasma

miRNAs. The BioMarkTM 96.96 Dynamic Array (Fluidigm

Corporation) for real-time qPCR was used to simulta-

neously quantite the expression of 740 miRNAs. All sta-

tistical analyses were performed using the Biogazelle’s

qbase PLUS 2.0 software. In this study, among 740 miR-

NAs that we analyzed only miR-195-5p was significantly

(p \ 0.05, fold changes = 13, 3) down-regulated in gastric

cancer patients compared with control. We demonstrated

that miR-195-5p is a novel tumor suppressor miRNA and

may contribute to gastric carcinogenesis. The miRNA

expression profile described in this study should contribute

to future studies on the role of miRNAs in gastric cancer.
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Introduction

Gastric cancer is the forth common malignancy and the

second leading cause of cancer-related death in the world

[1]. However, little is known about the mechanism

involved in the carcinogenesis of gastric cancer. Recent

studies on diagnostic techniques and peri-operative man-

agement have increased the early detection of gastric

cancer and decreased the mortality. Therefore, it is very

important to increase the sensitivity and specificity of

diagnostic markers and/or methods for the treatment and

prevention of gastric cancer [2]. Serum tumor markers,

such as carcinoembryonic antigen and carbohydrate
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antigen 19–9, have been used as appropriate diagnostic

assays for gastric cancer. Although these conventional

serum markers facilitate early detection of cancer, they are

lack sufficient sensitivity and specificity [3]. Recent studies

have shown that microRNAs (miRNAs) are stably detect-

able in plasma or serum. Serum and plasma miRNAs are

relatively easy to access circulating miRNAs also have

great potential to serve as non-invasive biomarkers [4].

miRNAs are small, endogenous, single-stranded, non-

coding regulatory RNA molecules that regulate the

expression of a wide range of genes involved in develop-

ment, growth, proliferation, apoptosis, tumorigenesis and

the development of various cancers. miRNAs negatively

regulate gene expression by binding to perfect or near-

perfect complementary sequences present at the 30 UTR of

target genes. miRNA-mediated gene repression comprises

two major mechanisms. The first and the predominant

mechanism is blocking the translation of gene transcripts

and the second one is binding of miRNAs to the target

sequence leads to the degradation of the transcript [5, 6].

While individual miRNAs have been specifically linked

to critical developmental pathways, the dysregulation of

many miRNAs also has been shown to have functional

significance for various human diseases such as cardio-

vascular disorders, inflammatory diseases, infections,

developmental disorders muscular disorders, neurodegen-

erative diseases and many cancers, including gastric cancer

[7, 8].

Many recent experimental and clinical studies have

revealed that the aberrant expression of miRNAs is asso-

ciated with the stage, progression, and metastasis of can-

cers [9]. It has been shown that miRNAs can function as

tumor suppressors or oncogenes in cancer [10].

Although scientists made major advances in the under-

standing of cancer biology and pathogenesis as well as in

the development of new targeted therapies, the progress in

developing improved early diagnosis and screening tests

has been inadequate. As a result, most cancers are diag-

nosed in advanced stages, leading to poor outcomes.

Intense research today is focused on seeking specific

molecular changes that are able to identify patients with

early cancer or precursor lesions. The development of

biomarkers that help detect cancer at an early stage is

important since early detection has a direct impact on

prognosis and clinical outcome. Considering the simplicity,

less invasive nature and stability in plasma and serum,

miRNA expression profiling can be utilized as a blood-base

biomarker for cancer diagnosis [11].

It has been observed that a general down regulation of

miRNAs in tumors compared with normal tissues. Also, it

was successfully classified poorly differentiated tumors

using miRNA expression profiles, whereas mRNA profiles

were highly incorrect when carried out the same samples.

These findings highlight the potential of miRNA profiling

in cancer diagnosis [9].

In this study, we tried to identify the amounts of cir-

culating 740 miRNAs in plasma samples from both gastric

cancer patients and controls, and compared the relation-

ships between the results and clinical findings to assess the

diagnostic potential of serum miRNAs as biomarkers for

early detection of gastric cancer patients.

Materials and methods

Patients and samples

In this study, 20 blood samples from gastric cancer patients

aged from old were collected from the Department of

General Surgery, at Mersin University School of Medicine

as well as from 190 healthy volunteers for test-scale

analysis. All primary gastric cancers were diagnosed by

operation and histological confirmation. The healthy sub-

jects were random people who were fully employed, pro-

ductive people. These subjects were aged 18 and older, not

taking medications, and had not been hospitalized for at

least one year prior to participation. Patients and controls

were interviewed to collect demographic characteristics,

medical history, and lifestyle habits. Risk factor prevalence

was determined by physician diagnosis for hypertension,

hyperlipidemia, and diabetes. After receiving an approval

(confirmation) from Mersin University Faculty of Medicine

Ethical Committee (07.04.2011, #2011/70), all individuals

participating in the study were informed about the study

and written consent at the time of enrollment.

RNA isolation, reverse transcription and qPCR

Blood samples drawn into EDTA tubes and centrifuged at

4,000 rpm for 15 min for plasma separation. Plasma

transferred into a clean micro centrifuge tube and centri-

fuged again at 13,000 rpm for 5 min and 200 ll of plasma

stored at -80 �C until analysis. RNA was isolated using

High Pure miRNA Isolation Kit (Roche, Mannheim, Ger-

many) according to the manufacturer’s instructions and

then stored at -80 �C until use.

Reverse transcription reaction

Isolated RNA samples were reverse-transcribed into cDNA

in 5 ll final reaction volumes using TaqMan MicroRNA

Reverse Transcription Kit (catalog number: 4366596;

Applied Biosystems, Foster City, CA, USA). All reactions

were performed as specified in the manufacturers protocol:

2 ll total RNA were added to 3 ll of the RT reaction mix

(Megaplex RT Primers 109, dNTPs with dTTP 100 mM,
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MultiScribe Reverse Transcriptase 50 U/ll, 109 RT Buf-

fer, MgCl2 25 mM, RNase Inhibitor 20 U/ll and Nuclease-

free water). Reverse transcription was performed using the

LightCycler 480 Real-Time PCR System (Roche, Mann-

heim, Germany). Reaction conditions: 16 �C for 120 s,

42 �C for 60 s, 50 �C for 1 s, and these three steps repeated

for 40 cycles. Finally, 85 �C for 300 s and 4 �C for at least

600 s until further processing or storage. cDNA samples

were kept at -80 �C until PCR analysis.

Pre-amplification

We performed a pre-amplification after the reverse tran-

scription using the TaqMan PreAmp Master Mix 29 (PN

4391128; Applied Biosystems, Foster City, CA, USA) as

well as the Megaplex Human Primer Pools Set v3.0 (PN

4444750; Applied Biosystems, Foster City, CA, USA). All

reactions were performed as specified in the protocols of

the manufacturer. For pre-amplification 2 ll 1/5 diluted RT

product were added to 3 ll of the PreAmp mix. The

reaction volume was 5 ll. miRNA TaqMan PreAmp

Thermal Protocol was performed using The LightCycler

480 Real-Time PCR System (Roche, Mannheim, Germany)

as follows: 95 �C for 600 s, 55 �C for 120 s and 72 �C for

120 s, followed by 18 cycles with 95 �C for 15 s, 60 �C for

240 s, finally 600 s at 99.9 �C; rest period at 4 �C.

qRT-PCR

Quantitative Real-Time PCR reactions (qRT-PCR) were

performed using the high-throughput BioMark Real-Time

PCR system (Fluidigm, South San Francisco, CA). Pre-

amplified cDNA samples were diluted with Low EDTA

(0.1 mM) TE Buffer (1:5). About 490 ll TaqMan Uni-

versal PCR Master Mix, No AmpErase UNG, (Applied

Biosystems, Foster City, CA, USA), and 49 ll 209 GE

Sample Loading Reagent (Fluidigm, PN 85000746) mixed

and pipetted into a 96 well plate as 3.85 and 3.15 ll of 1:10

diluted PreAmplified cDNA pipetted into each well and

mixed then 5 ll of this mixture pipetted into sample inlets

of a 96.96 Dynamic Arrays (Fluidigm, South San Fran-

cisco, USA) 4.0 ll 1:1 diluted 209 Assays pipetted into

assay inlets of a 96.96 Dynamic array (Fluidigm). The

BioMark IFC controller HX (Fluidigm, San Francisco, CA)

was used to distribute the assay mix and sample mix from

the loading inlets into the 96.96 Dynamic array reaction

chambers for qRT-PCR by Fluidigm’s Integrated Fluidic

Circuit Technology. Real-Time PCR step performed by

using BioMark System by using this protocol; firstly

thermal mix protocol is followed by 50 �C for 120 s, 70 �C

for 1,800 s, 25 �C for 600 s. Then UNG and Hot start

protocol is followed by 50 �C for 120 s and 95 �C for

600 s. Finally, PCR cycle is followed by 40 cycles with

95 �C for 15 s (denaturation) and 60 �C for 60 s

(annealling).

Statistical analysis

All statistical analyses were performed using the Bioga-

zelle’s qbase PLUS 2.0 software which uses global means

normalization method in order to troubleshoot the house

keeping gene problem in circulation. This qPCR profiling

platform that consists of 740 miRNAs were analyzed

together by using global mean normalization. Statistical

analysis of miRNAs between gastric cancer and control

groups were compared with the Mann–Whitney U test.

p \ 0.05 was considered statistically significant.

Results

This study was included 20 patients with gastric cancer and

190 healthy subjects. The information about gender and

smoking, hypertension and diabetes mellitus percentage,

average age and family history on the control and patient

specimens are included in Table 1. In this study quantita-

tive real-time PCR was used to obtain the miRNA

expression profiles of gastric cancer. 27 miRNAs were

found to be expressed, of which 14 were down-regulated

and 11 up-regulated in gastric cancer comparing with

control groups (Fig. 1). Among these miRNAs, miR-195-

5p had more than 13-fold changes in expression was sig-

nificantly down regulated in gastric cancer comparing with

control groups (p \ 0.05). Due to small number of samples

some miRNAs such as miR-1274a, miR-199a-3p, miR-

603, and miR-25-3p and miR-451a expression was not

statistically significant. If the number of samples is

increased with the further studies, these miRNAs may be

significant (respectively p = 0.082, p = 0.082, p = 0.082,

p = 0.094, p = 0.094). However, there was no significant

difference in the expression levels of 166 miRNAs between

gastric cancer patients and controls. Besides, 548 miRNAs

don’t express in both groups.

Discussion

Gastric cancer causes nearly one million deaths worldwide

per year. Although Helicobacter pylori infection is the

main risk factor, in about 80 % or more of gastric cancers,

the molecular pathway underlying Helicobacter pylori

infection leading to the development of gastric cancers

remains unclear. It is necessary to develop new effective

therapeutic strategies to improve the long-term clinical

outcome [12]. MiRNAs represent a class of naturally

occurring small, non-coding RNA molecules. They
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regulate gene expression at the post-transcriptional level

and control thereby cellular mechanisms including devel-

opmental transitions, organ morphology, apoptosis and cell

proliferation. As might be expected from molecules with

these roles, miRNAs are involved in cancer development,

and deregulation of several miRNAs has been found in

various cancer types. Recently accumulating evidence

suggests that miRNAs may regulate diverse biological

processes and plays an important role in several

malignancies, such as lymphoma, colorectal cancer, tongue

cancer and ovarian cancer [13–16]. Several studies have

identified tumor-specific alterations in plasma/serum miR-

NAs of cancer patients and have shown the potential of

plasma circulating miRNAs to be new noninvasive bio-

markers in patients with various cancers [11].

Gastric carcinogenesis is a multistep process involving

genetic and epigenetic alteration of protein coding proto

oncogenes and tumor suppressor genes. It has become

Table 1 Clinical characteristics

of subjects

n number of subject

Clinicopathological variable Patients n = 20 Healthy controls n = 190

n (%) n (%)

Gender

Male 14 (70.0) 117 (61.6)

Female 6 (30.0) 73 (38.4)

Age

Median 63.70 29.94

Range 44–85 18–69

Smoking

Yes 3 (15.0) 84 (44.2)

No 17 (85.0) 106 (55.8)

Hypertension

Yes 4 (20.0) 47 (24.7)

No 16 (80.0) 143 (75.3)

Diabetes Mellitus

Yes 6 (30.0) 48 (25.3)

No 14 (70.0) 142 (74.7)

Family history of cancer

Yes 8 (40.0)

No 12 (60.0)

Fig. 1 miRNA profiles in GC

patient versus control group.

p \ 0.05 was considered to be

significant to control group
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apparent that miRNAs are also key factors in cancer,

playing both oncogenic and tumor suppressing roles in

gastric cancer [17]. The discovery of miRNAs provides a

new and powerful tool for studying the mechanisms,

diagnosis and treatments of cancer. These findings guided

us to investigate the beneficial of miRNAs in patients with

gastric cancers. In the present study, we found that miR-

195-5p was significantly decreased in gastric cancer than in

control group (p = 0.075). The median fold-change in

gastric cancer patients is 13.3 times than that in control

group. The miRNA profiling results demonstrated that 16

miRNAs were markedly up regulated whereas 11 were

down-regulated in gastric cancer patients compared to

controls. However, it remains largely unclear as to how

miR-195-5p exerts its function and modulates the malig-

nant phenotypes of gastric cancer, because our under-

standing of miR-195-5p signaling pathways is limited.

Determining the expression ratios of genes or miRNAs

has been reported to be a useful technique to improve

diagnostic potential. For this reason there are a lot of

studies with miRNAs in gastric cancers. To study the role

of miRNAs in gastric cancer, Yao et al. [18] analyzed the

expression profile of miRNAs on the miRCURY LNA

Array (v. 11.0), which contains probes specific for 847

human miRNAs in gastric cancer from Chinese patient.

Among these miRNAs, a total of 24 miRNAs with a more

than 2-fold change were differentially expressed between

normal gastric tissue and gastric cancer. Of these, 22

miRNAs (miR-223, miR-106b, miR-147, miR-34a,

miR-130b* (miR-130b-5p), miR-106a, miR-18a, miR-17,

miR-98, miR-616* (miR-616-5p), miR-181a-2* (miR-181a-

2-3p), miR-185, miR-1259, miR-601, miR-196a* (miR-

196a-3p), miR-221* (miR-221-5p), miR-302f, miR-340*

(miR-340-3p), miR-337-3p, miR-520c-3p, miR-575 and

miR-138) were significantly up-regulated in gastric cancer

(p\ 0.05), whereas only miR-638 and miR-378 were sig-

nificantly down-regulated in gastric cancer (p \0.05) com-

pared to normal gastric tissue. The expression of miR-185

and miR-638, as measured by miRNA microarray analysis,

was in agreement with the expression level of these miRNAs

found by real-time RT-PCR in the same samples. Their

results show that miRNAs are deregulated in gastric cancer,

suggesting the involvement of these genes in the develop-

ment and progression of gastric cancer.

Chen et al. [19] found that miR-181b was significantly

down regulated in human gastric adenocarcinoma tissue

samples compared to the adjacent normal gastric tissues.

Over expression of miR-181b suppressed the proliferation

and colony formation rate of gastric cancer cells. Corre-

spondingly, Tsai et al. [20] examined the relationship

between miR-196a and gastric cancer. They found that the

expression level of miR-196a significantly increased in

primary gastric cancer tissues versus adjacent normal

tissues. Also, extracellular miR-196a detected in condi-

tioned medium was strongly correlated with its cellular

expression status and increased circulating miR-196a in

patient serum was associated with gastric cancer disease

status and relapse. More recently, a study identified four up

regulated gastric cancer associated miRNAs (miR-17-5p,

miR-21, miR-106a and miR-106b) [3] which were not

observed in this study. Besides, another study found five

elevated serum miRNAs (miR-1, miR-20a, miR-27a, miR-

34 and miR-423-5p) in gastric cancer patients [21].

Due to assess the relation between miRNA expression

and progression and prognosis of gastric cancer Ueda et al.

[22] reported that two histological subtypes of gastric

cancer showed different miRNA signatures: eight miRNAs

were up regulated in diffuse-type and four in intestinal-type

cancer. In the progression-related signature, miR-125b,

miR-199a, and miR-100 were the most important miRNAs

involved. Low expression of let-7 g and miR-433 and high

expression of miR-214 were associated with unfavorable

outcome in overall survival independent of clinical

covariates, including depth of invasion, lymph-node

metastasis, and stage.

Xiao et al. [23] have mentioned the clinical significance

of miR-106a in the diagnosis of gastric carcinoma in their

study. They found the level of miR-106a which has

oncogenic activity in humans in cancer tissues was sig-

nificantly higher than that in non-tumor tissues, with an

average 1.625-fold increase. miR-106a level was signifi-

cantly (p \ 0.01) associated with tumor stage, size and

differentiation; lymphatic and distant metastasis; and

invasion. The altered expression of miR-106a was con-

firmed in gastric cancer cell lines. They thought miR-106a

may be a potential biomarker in the diagnosis of gastric

carcinoma.

Song et al. [8] reported that, the miRNA profiling results

demonstrated 16 miRNAs were markedly up regulated in

gastric cancer patients compared to controls. They also

mentioned that, further validation identified a panel of

three serum miRNAs (miR-221, miR-744, and miR-376c)

as potential biomarkers for gastric cancer detection.

In conclusion, our results indicate that, miR-195-5p

which is suggested to function as a tumor suppressor in

gastric cancer development. The results of this study add

new approaches to the accumulating data on the prognostic

and therapeutically role of miRNAs in gastric cancer.
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