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Abstract. MicroRNAs are a group of small non-coding 
RNAs that modulate gene expression. The de-regulation of 
microRNA expression has been found in several types of 
cancer. To study the role of microRNAs in gastric cancer 
(GC), we analyzed the expression profile of 847 microRNAs in 
GC from Chinese patients. Total RNA was used for hybridiza-
tion on the miRCURY LNA Array (v. 11.0), which contains 
probes specific for 847 human microRNAs. The results from 
the miRNA microarray analysis were validated by real-time 
RT-PCR. A total of 24 miRNAs with a more than 2-fold 
change were differentially expressed between normal gastric 
tissue and GC. Of these, 22 miRNAs (miR-223, miR-106b, 
miR-147, miR-34a, miR-130b*, miR-106a, miR-18a, miR-17, 
miR-98, miR-616*, miR-181a-2*, miR-185, miR-1259, miR-601, 
miR-196a*, miR-221*, miR-302f, miR-340*, miR-337-3p, 
miR-520c-3p, miR-575 and miR-138) were significantly up-
regulated in GC (P<0.05), whereas only miR-638 and miR-378 
were significantly down-regulated in GC (P<0.05) compared 
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 microRNAs 
found by real-time RT-PCR in the same samples. Our results 
show that microRNAs are de-regulated in GC, suggesting the 
involvement of these genes in the development and progression 
of gastric cancer.

Introduction

Gastric cancer (GC) is the fourth most prevalent malignancy 
worldwide and remains the second most common cause of 
cancer-related death globally. The distribution of GC is not 

uniform between different populations, as the prevalence in 
East Asia, including Japan and China (where 42% of cases 
occur), Eastern Europe and South America is higher than 
elsewhere (1). The prognosis of GC is poor, with an estimated 
relative 5-year survival rate of less than 20% (2).

Gastric cancer is a genetic disease that develops from a 
multi-step process (3). Single or multiple mutations in genes 
related to growth control, apoptosis, invasion and metastasis 
form the molecular genetic basis of malignant transformation 
and tumor progression (4). Therefore, a better understanding 
of the molecular basis of tumor-host interactions may lead to 
significant progress in the development of new therapeutic 
agents.

The discovery of miRNAs has been a landmark milestone 
in molecular biology. miRNAs can post-transcriptionally 
regulate the expression of hundreds of their target genes, 
thereby controlling a wide range of biological functions, such 
as cellular proliferation (5), differentiation (6) and apoptosis 
(7). Recent evidence indicates that miRNAs may function 
as tumor suppressors or oncogenes, and that alterations in 
miRNA expression may play a critical role in tumorigenesis 
and cancer progression (8,9). miRNAs have been found to 
be involved in known oncogenic pathways, including the p53 
(10,11), Bcl2 (12) and K-Ras (13) pathways. Finally, miRNAs 
appear to be markedly significant prognostic factors in patients 
with various tumors (14-17), and could be useful for treatment 
(18). However, current and comprehensive data on the miRNA 
signature of GC in the Chinese population are limited.

In this study, the miRNA expression profile of three pairs 
of gastric cancer and normal gastric tissue was analyzed. In 
all three pairs, 20  miRNAs were found to be differentially 
expressed.

Materials and methods

Patients and tissue specimens. We analyzed frozen specimens 
of GC tissue and normal tissue from ten patients who under-
went surgical resection of GC at the First Affiliated Hospital 
of Medical College of Xi'an Jiaotong University between 
November and December 2008. The patients had not received 
adjuvant chemotherapy. This study was approved by the 
Institutional Review Board of the Hospital. Written informed 
consent was obtained from the patients.
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miRNA microarray analysis. Three pairs of specimens were 
analyzed by miRNA microarray. Total RNA was harvested 
using TRIzol (Invitrogen) and an RNeasy Mini Kit (Qiagen) 
according to the manufacturer's instructions. After RNA quan-
tification using a Nanodrop spectrophotometer, the samples 
were labeled using the miRCURY Hy3/Hy5 Power Labeling 
Kit and hybridized to the miRCURY LNA Array (v. 11.0). 
The samples were hybridized using a hybridization station 
and the arrays were scanned with the Axon GenePix 4000B 
Microarray Scanner. The raw intensity of the image was read 
using GenePix Pro V6.0. The intensity of the green signal was 
calculated after background subtraction, and four replicated 
spots for each probe on the same slide were averaged. The 
Median Normalization Method was used to obtain ̒ Normalized 
Data’ [Normalized Data = (foreground-background)/median]. 
The median was defined as the 50% quantile of microRNA 
intensity that was >50 in all samples after background correc-
tion. The statistical significance of the differentially expressed 
miRNA was analyzed using the Student's t-test.

Real-time RT-PCR. qRT-PCR was performed in duplicate. Both 
a minus reverse transcription (RT) control and a no template 
control were included to assess genomic DNA contamination 
and to ensure a lack of background amplification, respectively. 
The RT reaction for miR-551b and miRNA-765 consisted of 
2 µl 10X RT Buffer (Epicentre), 2 µl dNTPs (0.25 mM each; 
HyTest), 1 µl RT Primer (1 µM each; Applied Biosystems), 
0.3  µl RNase Inhibitor Protein 40 U/µl (Epicentre), 2  µl 
MMLV-RT 10 U/µl (Epicentre) and 2 µg total RNA in a final 
volume of 20  µl. The reactions were incubated at 16˚C for 
30 min, 42˚C for 42 min and 85˚C for 5 min. Following the RT 
reaction, 1 µl of the RT product was transferred into a 25 µl 
PCR mix containing 2.5 µl 10X PCR Buffer (Epicentre), 1.5 µl 
25 mM magnesium chloride (Promega), 2.5 µl dNTPs (2.5 mM 
each; Ambion), 0.25 µl 10,000X Sybr Green I (Invitrogen), 
1 µl forward primer (10 µM), 1 µl reverse primer (10 µM), and 
1 unit of Taq (Promega). The sequence of the primers used is 
listed in Table I. The PCR cycling parameters were: template 
denaturation at 95˚C for 5 min and then 40 cycles of 95˚C for 
10 sec, 60˚C for 20 sec, 72˚C for 20 sec and 78˚C for 20 sec. 
The PCR was performed on a Rotor-Gene 3000 Real-time 
PCR Cycler (Corbett Research). The threshold and baseline 
were manually determined, with the thresholds typically set 
between 0.05-0.1 paired with a baseline starting at 1-3 and 
ending at 15-17 Cts.

Real-time RT-PCR data analysis. We chose the relative 
quantification method to determine the changes in the 
expression of the target miRNAs (19). The change in 
amplification was normalized to the expression of the U6 
RNA. The fold change in expression was calculated for each 
sample using 2-ΔΔCt, where ΔΔCT = (Ct target gene-CtU6)
cancer-(Ct target gene-CtU6)normal. A 2-ΔΔCt >1.5 or <0.67 
was considered differentially expressed miRNA.

Results

Differentially expressed miRNAs in gastric cancer. miRNA 
expression profiling studies were conducted using the miR-
CURY LNA microRNA Array (v. 11.0), which contains probes 

for 847 human microRNAs. A total of 161 miRNAs were 
overexpressed in GC, while 165 were underexpressed (Fig. 1). 
Of these, 105 miRNAs with a more than 2-fold change were 
differentially expressed between the normal gastric tissue 
and GC, and 24 miRNAs were significantly differentially 
expressed (P≤0.05). These included miR-223, miR-106b, 
miR-147, miR-34a, miR-130b*, miR-106a, miR-18a, miR-17, 
miR-98, miR-616*, miR-181a-2*, miR-185, miR-1259, miR-601, 
miR-196a*, miR-221*, miR-302f, miR-340*, miR-337-3p, miR-
520c-3p, miR-575, miR-138, miR-638 and miR-378. The top 
five putative targets identified with TargetScan are shown in 
Tables II and III.

Table I. Sequence of RT-PCR primers.

Primer	 Sequence

U6 F	 5'GCTTCGGCAGCACATATACTAAAAT3'
U6 R	 5'CGCTTCACGAATTTGCGTGTCAT3'
miR-185 GSP	 5'GGTGGAGAGAAAGGCAGT3'
miR-185 R	 5'TGCGTGTCGTGGAGTC3'
miR-638 GSP	 5'AAGGGATCGCGGGCG3'
miR-638 R	 5'TGCGTGTCGTGGAGTC3'

Figure 1. Hierarchical clustering of gastric cancer samples. The analyzed 
samples are in columns and the micro-RNAs are presented in rows. The 
miRNA-clustering tree is shown on the left and the sample-clustering tree 
appears at the top. The color scale shown at the top illustrates the relative 
expression level of a miRNA; red represents a high expression level, green 
represents a low expression level.
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yao et al:  MicroRNA profiling of human gastric cancer968

Based on the hierarchical clustering observed in the 
miRNA expression patterns, the samples were divided into 
two groups: GC and normal tissue. Among the different GC 
samples, the miRNA expression profile was consistent. Cancer-
associated genes were primarily up-regulated and miR-18a 
(20), miR-302f, miR-337-3p, miR-196a* and miR-616* were 
clustered into one group, while miR-17 (21), miR-106a (22), 
miR-223 (23), miR-520c-3p and miR-98 (24) were clustered 
into the other group.

Validation of miRNA microarray results by qRT-PCR. In order 
to confirm the results obtained from the miRNA microarray, 
the expression of miR-638 and miR-185 was analyzed by 
qRT-PCR in the samples analyzed on the microarray. Consistent 
with the results from the miRNA microarrays, miR-185 was 
up-regulated and miR-638 was down-regulated in each of the 
three gastric cancer samples (Fig. 2).

Figure 2. Validation of miRNA microarray results by qRT-PCR in the gastric 
cancer sample. (A) The expression level of miR-638 in three pairs of samples 
analyzed by miRNA microarray and by qRT-PCR. (B) The expression level 
of miR-185 in three pairs of samples analyzed by miRNA microarray and by 
qRT-PCR.
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The expression of miR-185 and miR-638 in ten pairs of samples. 
The miRNAs with a more than 2-fold change were considered 
to be differentially expressed between the gastric tissue and 
gastric cancer. We evaluated the expression of miR-185 and 
miR-638 in ten pairs of samples by real-time PCR. miR-638 
was down-regulated in eight of ten GC samples and miR-185 
was up-regulated in seven of ten GC samples (Fig. 3).

Discussion

There have been a number of studies that have directly profiled 
miRNA expression in cancer, including head and neck squamous 
cell carcinoma (25) and lung (26), hepatocellular (27), breast 
(28) and colon (29) cancer. Furthermore, groups of miRNAs 
have been identified that either characterize neoplastic tissue 
or act as prognostic markers for patients (30,31). However, 
current and comprehensive data on a microRNA signature of 
GC in the Chinese population have not been reported.

We used a miRNA expression array to determine the 
miRNA profiles of GC and normal gastric tissue. Our results 
show that the miRNA expression profile can distinguish GC 
from normal gastric tissue. Furthermore, GC samples can 
be grouped into one cluster (Fig. 1). The expression level of 
miR-638b and miR-185 was verified by qRT-PCR and was 
consistent with the results obtained using miRNA microarray 
in the same samples (Fig. 2). Most of the miRNAs that were 
differentially expressed in GC showed an expression pattern 
similar to other cancers in previously published studies.

The microRNAs encoded by the oncogenic miR-17-92 
cluster and its paralog, the miR-106b-25 cluster, are among 
those that have been found to be differentially expressed in 
human cancers. The oncogenic miR-17-92 cluster is composed 
of miR-17, miR-18a, miR-19a, miR-20a, miR-19b-1 and miR-
92a-1. Recently, a large-scale analysis of the miRNA profiles 
of solid tumors detected an up-regulation of the human 
miR-17-92 cluster in many cancers, including lung (32) and 
colorectal cancer (33). The miR-17-92 paralog is composed of 
the highly conserved miR-106b, miR-93 and miR-25 genes, 
which accumulate in different types of cancer, including 
gastric, prostate and pancreatic neuroendocrine tumors, 
neuroblastoma and multiple myeloma. Both the miR-106b-25 
and the miR-17-92 clusters have been shown to regulate 
the MYC/E2F1/TGFh network. MYC and E2F1 induced 
the expression of the MCM7 and C13ORF25 miRNA host 
genes. The subsequent overexpression of the miR-106 family 
(miR-106b, miR-93, miR-17 and miR-20a) down-regulated 
the cell cycle inhibitor p21, thereby impairing TGFh-
dependent cell cycle arrest. In contrast, the overexpression of 
miR-25/miR-92 interfered with TGFh-induced apoptosis and 
inhibited BIM expression (34). In this study, we observed the 
up-regulation of miR-18a, miR-17, miR-106a and miR-106b 
(Table II), which is consistent with a study by Guo et al (35). 
miR-18a expression has been shown to be significantly higher 
in various cancer tissues compared to normal tissue (36,37). 
Furthermore, a miR-18a  inhibitor moderately attenuated 
anaplastic thyroid cell growth (38), and recent studies have 
identified estrogen receptor-α (ERα) as a target of miR-18a. 
The overexpression of miR-18a decreased the ERα level 
but stimulated the proliferation of hepatoma cells (20). 
Some additional miRNAs identified in our study, including 
miR-147 (39), miR-185, miR-340* (40) and miR-575 (41), have 
been shown to be highly expressed in other types of cancer 
as well. Furthermore, miR-616*, miR-181a-2*, miR-1259, 
miR-601, miR-196a*, miR-221*, miR-302f, miR-337-3p and 
miR-520c-3p have also been found to be highly expressed in 
cancer cells.

Some putative tumor-suppressor miRNAs were up-
regulated in GC (Table II), including miR-138 (42), miR-223 
(43) and miR-34a (44); however, only miR-638 and miR-378 
were significantly down-regulated in GC (Table III). The up-
regulation of miR-638 has been observed in lung fibroblasts 
upon hydrogen peroxide-induced premature senescence. 
In our study, miR-638 was down-regulated in eight of ten GC 
samples (Fig. 3A). The down-regulation of miR-378 was also 
found in a study by Guo et al (35).

Our results show that the expression of microRNAs is de-
regulated in GC, suggesting the involvement of these genes in 
the development and progression of GC.

Figure 3. The expression level of miR-638 and miR-185 in ten pairs of 
gastric cancer and normal tissue samples. (A) The expression level of miR-638 
in ten pairs of GC and normal tissue samples. (B) The expression levels of 
miR-185 in ten pairs of GC and normal tissue samples.
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