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1. Introduction 

Gastric cancer (GC) is the most of common cancers, and is especially common in the Andean 

region of South America and in the Far East (Parkin, Pisani and Ferlay 1999). It can spread 

throughout the stomach and to other organs, including the esophagus, lungs, lymph nodes 

or liver. Therefore, gastric cancer is the second leading cause of cancer-related death in the 

world (Kim et al. 2011). Currently, it remains as one of common cancer types and still be a 

leading cause of cancer-related death. The development and progression of gastric cancer 

have been characterized by multiple genetic mutations of proto-oncogenes and tumor-

suppressor genes (Wu et al. 2010, Wang et al. 2010).  

MicroRNAs (miRNAs) are endogenous non-protein-coding short RNAs of 21-23 

nucleotides (Kim, 2005; Bartel, 2004). It was initially discovered in Caenorhabditis elegans 

and thousands have been identified in many organisms, including human, mammals, 

invertebrates, insects, plants and viruses. In humans, miRNAs play important roles in 

cellular physiology, development, and disease by negatively regulating gene expression 

(Kim, 2005; Bartel, 2004). miRNAs regulate their target genes through targeting 3-UTR 

region of the gene. While miRNA is imperfect pairing with target gene mRNAs, it may 

lead to translational repression. Therefore, when perfectly paired with targeting genes, 

the result was cleavage of the target mRNAs. Depending on their respective target genes, 

miRNAs could act as tumor-suppressive or in an oncogenesis role. Tumor suppressive 

miRNAs have usually repressed growth-promoting genes, and oncogenic miRNAs 

targeted cell growth inhibiting genes.  

Previous studies have used an miRNA profiling approach to investigate the function of the 

miRNA in gastric cancer, showing many miRNAs aberrantly overexpressed or 

downregulated in gastric cancer progression. Various mechanisms contribute to miRNA 

aberrant expression during gastric carcinogenesis, including genetic mutation, epigenetic 

silencing and deregulated transcriptional activity. In this review, we will discuss the 

detailed mechanisms of miRNA deregulation, such as epigenetic alteration and transcriptional 

activity in gastric cancer progression. Based on their target genes, we further discuss miRNAs 

involved in important biological process related to cell growth, cell cycles, apoptosis and cell 
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migration. These miRNA candidates can be used as candidate biomarkers for the detection 

of gastric cancer and monitoring recurrence. 

2. Alteration of miRNA in gastric cancer 

Since miRNA had been shown as a significant factor during gastric cancer progress, global 
miRNA expression profiles have been performed using microarray, real-time PCR, or next-
generation sequencing approaches. The identified dysregulated miRNAs in gastric cancer 
are listed in Table 1 (Katada et al., 2009a; Guo et al., 2009; Ueda et al., 2010; Ribeiro-dos-
Santos et al., 2010; Luo et al., 2009; Tsukamoto et al., 2010). 
 

 

Table 1. Summary of the dysregulation of miRNAs in gastric cancer 

However, the factors causing miRNA dysregulation are very complex. The process is 
composed of multiple steps, including (1) pri-miRNA transcriptional regulation; (2) miRNA 
maturation process; (3) genetic alteration. The miRNAs serve as tumor suppressors or 
oncogenes depending on their target genes. Therefore, we have reviewed previous studies 
which have elucidated the mechanism of dysregulated miRNAs and their confirmed targets 
during gastric cancer progress, and we have listed these important studies in Table 2.     

3. Mechanism of miRNA deregulation in gastric cancer 

There is a lot of information on aberrantly expressed miRNAs and their tumorigenic effect 
in gastric cancers, but the clear mechanisms of such miRNA deregulation remain poorly 
understood. Recent studies have identified some possible mechanisms including epigenetic 
alteration and deregulated transcription. 
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3.1 Epigenetic regulation of miRNAs expression in gastric cancer  

Epigenetic regulation includes histone modification and DNA methylation, processes which 
are involved in regulation of cell growth and development in mammals. DNA methylation 
 

 

Table 2. Studies confirming aberrant miRNAs expressed in gastric carcinoma 

plays an important role in regulation of gene expression through establishing and 
maintaining the DNA methylation status of gene promoters. Previous studies have 
demonstrated that abnormal methylation patterns lead to gastric carcinogenesis through the 
hypermethylated promoter of tumor suppressor genes (Watanabe & Maekawa, 2010). The 
basic transcription mechanism of miRNA is fundamentally similar to that of classic protein-
coding genes, hence, the hypermethylated promoter region of tumor-suppressive miRNAs 
may result in gastric cancer formation and progression. Recently, we identified the 48 
methylation-regulated miRNAs in AGS cells using a real-time PCR microRNA expression 
profile (Tsai et al., 2009). In this profile, our laboratory first identified a primate-specific 
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miRNA cluster (C19MC) comprising 46 pre-miRNAs, C19MC, which could be co-regulated 
in placenta tissue by methylating its distal CpG-rich domain (Tsai et al., 2009; Noguer-Dance 
et al., 2010). A recent study showed that C19MC displays a maternal-specific methylation 
imprint acquired in oocytes (Noguer-Dance et al., 2010). Saito et al. reported that epigenetic 
activation of miR-512-5p induces suppression of Mcl-1, resulting in apoptosis of gastric cancer 

cells (Saito et al., 2009). Accumulating evidence indicates that several tumor-suppressive 
miRNAs have been shown to contain the aberrant hypermethylation of their promoter 
regions in human cancers, including miR-9, miR-34b/c, miR-129, miR-137, miR-181C, miR-
199a, miR-212, miR-512 and miR-516 (Cheung et al., 2011; Luo et al., 2009; Saito et al., 2009; 
Shen et al., 2010; Suzuki et al., 2010; Tsai et al., 2009; Tsai et al., 2011; Xu et al., 2010) (Figure 
1).  
 

 

Fig. 1. Schematic diagram depicting miRNA dysregulation and its function in gastric 
carcinogenesis. 

Hypermethylation silencing miR-129 expression is associated with a poor clinical outcome 

in gastric cancer, and restoration of miR-129 downregulated SOX4 and Cdk6 expression. 

Overexpression of miR-129-2 could inhibit cell growth and induce apoptosis through 

suppression of its target genes in gastric cancer cells (Shen et al., 2010; Tsai et al., 2011; Wu et 

al., 2010a). Hypermethylation leads miR-9 underexpression and affects cell growth and the 

cell cycle through regulating NF-B1, CDX2, RAB34 (Luo et al., 2009; Rotkrua et al., 2011; 

Wan et al., 2010). Transfection of an anti-miR-9 molecule significantly inhibited cell growth 
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by promoting G1 cell cycle arrest in MKN45 cells similarly to the effect of CDX2 (Rotkrua et 

al., 2011).  

Tumor-specific transcriptional repression via promoter hypermethylation is often associated 
with the silencing of tumor suppressive miRNA. Interestingly, a DNA-methylation-
dependent transcriptional regulation of oncomir, miR-196b, was dramatically overexpressed 
in gastric cancer tissue samples with a hypomethylated promoter (Tsai et al., 2010). 
Therefore, DNA methylation plays a critical role in gastric cancer, and involved in the 
control of the imprinting genes during developmental stages, or tumor-suppressive 
miRNAs / oncomirs in gastric tumor development (Figure 2). 
 

 

Fig. 2. Schematic diagram depicting miRNA regulation by DNA methylation in gastric 
carcinogenesis. 

3.2 Deregulated transcription of miRNAs in gastric cancer 
Like the classic protein-coding genes, the possibility of up- or downregulation of miRNAs 
could also be controlled by transcription factors. E2F1 transcription factor could directly 
upregulate the transcription of miR-106b-25 cluster in gastric cancer cells. Conversely, miR-
106b and miR-93 regulate E2F1 expression, establishing a miRNA-directed negative 
feedback loop (Petrocca et al., 2008). Shin et al. found that miR-16 and miR-21 are directly 
regulated by the transcription factor NF-B in nicotine-treated gastric cancer cells (Shin et 
al., 2011). miR-34 was thereby demonstrated to be involved in the network and tumor 
suppressing pathways of p53 as a downstream target of p53 (Ji et al., 2008). Alteration of 
genes involved in miRNA processing could also contribute to miRNA deregulation. Recent 
studies reported that both Ago2 and TNRC6A are related to the execution of the gene-
silencing function of miRNA, and are observed in gastric cancer with high microsatellite 
instability (Kim et al., 2010). It has been reported the expression of Dicer1 and Drosha are 
different in non-neoplastic and neoplastic gastric tissues (Tchernitsa et al., 2010). 

4. Putative role of miRNAs in gastric cancer 
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Previous studies revealed a broad variety of oncogenes and tumor suppressor genes 
regulated by different miRNAs in gastric cancer cells. Recent research has revealed evidence 
showing that miRNAs play roles in the initiation and progression of cancer (Volinia et al., 
2006). Some of these miRNAs modulate expression of known oncogenes or tumor 
suppressor genes, whereas others function as so-called onco-miRs or tumor-suppressor-
miRs. Furthermore, evidence for regulation of carcinogenesis by miRNAs has been 
obtained, including promotion of proliferation, migration, invasion and anti-apoptosis. 

4.1 miRNAs and the cell cycle 

Increased cell proliferation is a common feature of gastric carcinogenesis. The miR-222-221 

and miR-106b-25 clusters have been found abnormally upregulated in gastric cancer tissues 

and reported to suppress the p21 family of CDK inhibitors (p57Kip2, p21Cip1, and p27Kip1) 

(Kim et al., 2009). Ectopic expression of miR-222-221 and miR-106b-25 clusters result in 

activation of CDK2 activity and facilitates the G1/S phase transition. Inhibition of miR-372-

suppressed proliferation, arrested the cell cycle at G2/M phase, and increased apoptosis 

through downregulation of a tumor suppressor gene, LATS2 in gastric cancer cells (Cho et 

al., 2009). Deregulation of E2F1 activity is characteristic of gastric tumorigenesis and Guo et 

al. found that overexpression of miR-331-3p blocked G1/S transition in gastric cancer cell 

lines. miR-331-3p functions in cell cycle control by targeting cell cycle-related molecule E2F1 

(Guo et al., 2010). A previous study provided evidence that downregulation of miR-663 in 

tumor cells may contribute to aberrant cell hyperplasia by indirectly affected upregulation 

of cyclin B, leading to the development of gastric cancer. Therefore, miR-663 might function 

as a potent suppressor of tumor growth (Pan et al., 2010). miR-126 was significantly 

downregulated in gastric cancer tissues. Ectopic expression of miR-126 potently inhibited 

cell growth by inducing cell cycle arrest in G0/G1 phase in gastric cancer cells. miR-126 may 

function as a tumor suppressor, and was capable of regulating Crk in gastric cancer (Feng et 

al., 2010). Restoration of the miR-137 expression downregulated the Cdc42 expression and 

induced cell cycle G1 arrest in gastric cancer cells. The miR-137 expression was found to be 

inversely correlated with CDC42 expression in gastric cancer. miR-137 is downregulated in 

gastric cancer and is a indirectly negative regulator of Cdc42 (Chen et al., 2011). Cyclin-

dependent kinase 6 (CDK6) is found to be upregulated in gastric cancer and has been 

implicated in tumor initiation and progression. Feng et al. have identified miR-107 as a 

potential regulator of CDK6 expression. Ectopic expression of miR-107 reduced both mRNA 

and protein expression levels of CDK6, inhibited proliferation, induced G1 cell cycle arrest. 

miR-107 may have a tumor suppressor function by directly targeting CDK6 to inhibit the 

proliferation in gastric cancer cells (Feng et al., 2011). Otsubo et al. demonstrated that SRY 

(sex determining region Y)-box 2 (SOX2)  plays important roles in growth inhibition through 

cell cycle arrest and apoptosis, and that SOX2 expression is frequently downregulated in 

gastric cancers. They found miR-126 targets SOX2 in gastric cancer cells. Aberrant 

overexpression of miR-126 and consequent SOX2 downregulation may contribute to gastric 

carcinogenesis (Otsubo et al., 2011). These findings suggest that aberrant miRNA expression 

may enhance cell-cycle progression through direct or indirect regulation of cell-cycle 

regulators. 

4.2 miRNAs and apoptosis 
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Escape from the process of apoptosis is a hallmark of cellular transformation. miRNA 
dysregulation has been shown to regulate apoptosis by altering the expression of Bcl-2 
family members in gastric cancer. Disturbances in apoptotic pathways lead to uncontrolled 
cell proliferation which indicates a critical step in tumor development.  
Forced expression of miR-21 significantly promoted cell proliferation and inhibited 
apoptosis in gastric cancer cells. Zhang et al. have identified RECK as the direct target of 
miR-21. RECK is a tumor-suppressor gene in gastric cancer and the oncogenic effect of miR-
21 may be mediated by regulation of RECK (Zhang et al., 2008). miR-218 expression was 
reduced significantly in gastric cancer tissues and overexpression of miR-218 inhibited cell 
proliferation and induced apoptosis in gastric cancer cells through direct targeting of 
Epidermal growth factor receptor-coamplified and overexpressed protein (ECOP), a positive 

regulator of NF-B transcriptional activity. Overexpression of miR-218 also inhibited NF-B 
transcriptional activation and transcription of cyclooxygenase-2, a proliferative and anti-

apoptotic gene regulated by NF-B (Gao et al., 2010). Overexpression of miR-150 in gastric 
cancer could promote proliferation and growth of cancer cells through directly targeting the 
tumor-suppressor EGR2, whose activation induces apoptosis (Wu et al., 2010b). 
RUNX3 is an important tumor suppressor that is inactivated in many cancer types. miR-
130b expression was significantly higher in gastric tumors, and overexpression of miR-130b 

has also been reported to suppress TGF-mediated Bim expression and apoptosis by 
targeting RUNX3 in gastric cancer cells (Lai et al., 2010). miR-375 was greatly 
downregulated in gastric cancer tissues, and its ectopic expression in gastric carcinoma cells 
reduced cell viability via the caspase dependent apoptosis pathway. miR-375 suppresses the 
Akt phosphorylation pathway through direct targeting of PDK1, a kinase that 
phosphorylates Akt. In addition to PDK1, miR-375 also targets 14-3-3zeta, a potent anti-
apoptotic gene, indicating that miR-375 is a candidate tumor suppressor miRNA in gastric 
carcinoma (Tsukamoto et al., 2010).  
Chen et al. previously found that miRNA-200c could not only induce the expression of E-

cadherin, but also increase the sensitivity of gastric cancer cells to cisplatin. miRNA-200c can 

indirectly regulate apoptosis through E-cadherin in gastric cancer cells, which may be a 

possible mechanism of miRNA-200c in inhibiting proliferation (Chen et al., 2010). SOX2 

plays important roles in growth inhibition through cell cycle arrest and apoptosis, and that 

SOX2 expression is downregulated in gastric cancers. Otsubo et al. revealed that miR-126 

inhibited SOX2 expression by targeting two binding sites in the 3'-untranslated region (3'-

UTR) of SOX2 mRNA. In addition, the authors found that expression of the placenta-specific 

1 (PLAC1) gene was significantly downregulated by SOX2. These results indicate that miR-

126 is a novel miRNA that targets SOX2, and PLAC1 may be a novel downstream target 

gene of SOX2 in gastric cancer cells (Otsubo et al., 2011). Hou et al. showed decreased 

expression of miR-146a in gastric cancer and low expression of miR-146a was correlated 

with increased tumor size and poor differentiation. Overall survival time of patients with 

high miR-146a expression was significantly longer than that of patients with low expression 

of miR-146a. Overexpression of miR-146a inhibited cell proliferation and induced apoptosis 

in gastric cancer cells. miR-146a has potential as a novel suppressor gene in gastric cancer 

(Hou et al., 2011). 

4.3 miRNAs and proliferation 
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miR-27a is upregulated in human gastric adenocarcinoma and was identified as an 
oncogenic miRNA in a gastric cancer cell line, in which it targets the tumor suppressor 
prohibitin, an evolutionary conserved and ubiquitous protein interacting with pRb and its 
family members. Downregulation of prohibitin by miR-27a may explain why suppression of 
miR-27a can inhibit gastric cancer cell growth (Liu et al., 2009). In p53-mutant human gastric 
cancer cells, overexpression of miR-34 increases caspase-3 activation and impairs the 
tumorsphere formation and growth, accumulating the cells in G1 phase. Restoration of miR-
34 expression resulted in a downregulation of Bcl-2, Notch1 and HMGA2, indicating that 
miR-34 may be involved in gastric cancer stem cell self-renewal/differentiation pathways (Ji 
et al., 2008). The expression of oncogene macrophage migration inhibitory factor (MIF) has 
been shown to be targeted by miR-451, whose expression is downregulated in gastric 
cancer. Bandres and colleagues show that the restoration of miR-451 in gastric cancer cells 
led to downregulation of the MIF gene, which is accompanied by reduction in cell 
proliferation and increased sensitivity to radiotherapy. In addition, a significant inverse 
correlation was found between miR-451 and MIF expression in gastric cancer biopsies 
(Bandres et al., 2009). Human miR-141, a member of the miR-200 family, has been reported 
to be associated with various tumorigenesis processes. Du et al. found that miR-141 was 
expressed at significantly low levels in primary gastric cancer, and overexpression of miR-
141 could inhibit the proliferation of gastric cancer cell lines. These results suggest that miR-
141 may be involved in the development of gastric cancer through its inhibitory effect on 
cell proliferation (Du et al., 2009). 

miR-9 was downregulated in gastric cancer and targeted NF-B1 and thereby suppressing 

NF-B transcriptional activity. Restoration of miR-9 expression suppressed the proliferation 

of gastric cancer cells. NF-B has been shown to be directly targeted by miRNA in gastric 

cancer. Aberrant activation of NF-B signaling as a result of miRNA dysregulation may be 

an important molecular event in gastric tumorigenesis (Wan et al., 2010). Besides PDK1 and 

14-3-3zeta, forced expression of miR-375 in gastric cancer cells significantly reduced the 

protein level of Janus kinase 2 (JAK2), indicating that JAK2 may be a miR-375 target gene. 

Moreover, ectopic expression of JAK2 can partially reverse the inhibition of cell proliferation 

caused by miR-375 and a significant inverse correlation between miR-375 expression and 

JAK2 protein level in gastric cancer (Ding et al., 2010). 

Zhang et al. show that miR-650 is involved in lymphatic and distant metastasis in human 

gastric cancer. Ectopic expression of miR-650 promotes tumorigenesis and proliferation of 

gastric cancer cells through directly targeting the Inhibitor of Growth 4 (ING4) protein 

(Zhang et al., 2010). Ectopic expression of miR-29s significantly reduced the expression of 

Cdc42 and its downstream molecular PAK1 phosphorylation levels, and inhibited 

proliferation and migration in gastric cancer cells (Lang et al., 2010). miR-221 and miR-222 

were discovered to induce cell growth and cell cycle progression via direct targeting of 

p27Kip1 in various human cancers. Upregulation of miR-221 and miR-222 induced the 

malignant phenotype of gastric cancer cells, in addition, knockdown of miR-221 and miR-

222 inhibited cell growth and invasion and increased the radiosensitivity of gastric cancer 

cells. These results demonstrate that miR-221 and miR-222 regulate radiosensitivity, and cell 

growth and invasion, possibly via direct modulation of PTEN expression (Chun-Zhi et al., 

2010). Previous study showed that miR-23a was significantly upregulated in gastric 

adenocarcinoma tissues and miR-23a has been found to function as a growth-promoting 

factor in gastric cancer cells. Zhu et al. identified IL6R as a direct target gene for miR-23a 
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and demonstrated that miR-23a can target IL6R and promote the growth activity of gastric 

adenocarcinoma cells in vitro (Zhu et al., 2010a). Song et al. found that miR-199a is highly 

expressed in gastric cancer tissues. miR-199a positively regulated gastric cancer cell 

proliferation through directly targeting the mitogen-activated protein kinase kinase kinase 

11. The level of miR-199a expression in gastric cancer significantly correlated with clinical 

progression (Song et al., 2010). Expression of miR-203 was not significant in gastric cancer 

tissues compared to non-tumor counterparts, but miR-203 was correlated with tumor size, 

macroscopic type, and pT stage and miR-203 can inhibit the cell proliferation in gastric 

cancer cells. miR-203 may be associated with the proliferation of gastric cancers (Chiang et 

al., 2011). 
Ectopic miR-16 or miR-21 expression has exhibited an effect on cell proliferation, and is 
mediated via EP2/4 receptors (Shin et al., 2011). MicroRNA microarray analyses revealed 
that miR-192 and -215 were significantly more upregulated in gastric carcinomas than in 
non-neoplastic stomach. In addition, expression levels of ALCAM were significantly lower 
in gastric cancers. Western blotting and luciferase assays were performed to confirm direct 
activated leukocyte cell adhesion molecule (ALCAM) targeting by miR-192 and -215. Both 
miR-192 and -215 are overexpressed in vivo and exert cell growth -promoting effects in vitro 
(Jin et al., 2010). Previous studies have revealed that miR-148a and miR-152 are significantly 
downregulated in gastrointestinal cancers. The purpose of this study was to elucidate the 
molecular mechanisms by which miR-148b acts as a tumor suppressor in gastric cancer. 
Song et al. showed significant downregulation of miR-148b in gastric cancer tissues and four 
gastric cancer cell lines. The authors also found that miR-148b could inhibit cell proliferation 
in vitro and suppress tumorigenicity in vivo. CCKBR was identified as a target of miR-148b 
in cells, and inverse correlation was observed between the expression of CCKBR protein and 
miR-148b in gastric cancer tissues. These findings indicated that miR-148b targets CCKBR 
and is significant in suppressing gastric cancer cell growth (Song et al., 2011). Ectopic 
expression of CDX2, a caudal-related homeobox protein, is known to be associated with the 
development of gastric tumorigenesis. The inverse correlation between the miR-9 and CDX2 
protein levels was demonstrated in gastric cancer cell lines. Inhibition of miR-9 significantly 
inhibited cell growth by promoting G1 cell cycle arrest in gastric cancer cells. Therefore, 
miR-9 might directly repress CDX2 expression resulting in the promotion of cell 
proliferation in gastric cancers (Rotkrua et al., 2011).  

4.4 miRNA and metastasis 
Migration and invasion are essential aspects of cancer cells metastasis. The high mobility 
group A2 (HMGA2) overexpression is a hallmark of gastric cancer. Motoyama and 
colleagues demonstrated that HMGA2 is negatively regulated by the let-7 miRNA family in 
gastric cancer cell lines. There is an inverse relationship between the expression of let-7 and 
HMGA2 in gastric cancer cell lines and primary gastric cancer tissues. High expression of 
HMGA2 in gastric cancer correlates with tumor invasion and is an independent prognostic 
factor (Motoyama et al., 2008). Zhang et al. also demonstrated that knockdown of miR-21 
significantly decreased cell invasion and migration of gastric cancer cells (Zhang et al., 
2008). miR-27a was found correlated between the tumor size and lymph node metastasis 
and may be associated with the prognosis in undifferentiated gastric cancer patients (Katada 
et al., 2009b). Downregulation of miR-218 is also implicated in metastatic gastric cancer. 
Robo1, one of several Slit receptors, is negatively regulated by miR-218. It has been shown 
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that reduced expression of miR-218 in gastric cancer results in upregulation of its target 
Robo1, one of several Slit receptors, enhancing Slit/Robo1 signaling. Tie et al. demonstrated 
that restoration of miR-218 expression inhibits invasion and metastasis of gastric cancer cells 
in vitro and in vivo (Tie et al., 2010). Lang et al. found that ectopic expression of miRNA-29s 
inhibited migration in gastric cancer cells. Members of the miR-29 family can obviously 
inhibit migration and invasion of gastric cancer cells by targeting Cdc42 (Lang et al., 2010). 
The expression of let-7a was significantly lower in gastric carcinomas with lymph node 
metastasis than in those without metastasis (Zhu et al., 2010c). let-7 miRNAs generally play 
a tumor-suppressive role as shown in targeting oncogenes such as RAS and HMGA2 
(Ohshima et al., 2010). The expression of miR-101 is downregulated in gastric cancer tissues 
and cells, and ectopic expression of miR-101 significantly inhibits cellular migration and 
invasion of gastric cancer cells. miR-101 may inversely regulate EZH2, Cox-2, Mcl-1 and Fos. 
These might indicate that miR-101 may function as a tumor suppressor in gastric cancer, as 
it has an inhibitory role in cellular proliferation and metastasis (Wang et al., 2010). Li et al. 
demonstrate that miR-107 is frequently upregulated in gastric cancers and its 
overexpression is significantly associated with gastric cancer metastasis. Furthermore, 
subsequent investigation characterized DRCE1 as a direct target of miR-107. These results 
suggested that miR-107 is an oncogene miRNA promoting gastric cancer metastasis through 
downregulation of DRCE1 (Li et al., 2010). miR-199a is highly expressed in metastatic gastric 
cancer tissues. MiR-199a positively regulated gastric cancer migration and invasion. Further 
studies showed that mitogen-activated protein kinase kinase kinase 11 was significantly 
downregulated by miR-199a and the level of miR-199a expression in gastric cancer 
significantly correlated with clinical progression (Song et al., 2010). Expression levels of both 
miR-192 and -215 were significantly higher in gastric cancer. miR-215 inhibits activated 
leukocyte cell adhesion molecule (ALCAM) expression at the posttranscriptional level. In 
addition, expression levels of ALCAM were significantly lower in gastric cancer. 
Overexpression of miR-192or -215 and ALCAM knockdown significantly increased the 
migration of gastric cancer cells (Jin et al., 2010). Takei et al. defined miR-516a-3p involved 
in cancer metastasis as a candidate anti-metastatic miRNA. Sulfatase1 is known to remove 6-
O-sulfates from heparan sulfate proteoglycans on the cell surface, causing release of 
membrane-bound Wnt ligands from cells. The authors documented that Sulfatase1 as a 
direct target of miR-516a-3p (Takei et al., 2011). Feng et al. identified miR-107 as a regulator 
of CDK6 expression. Expression of miR-107 in gastric cancer cell lines was found inversely 
correlated with CDK6 expression. Ectopic expression of miR-107 reduced expression of 
CDK6 and blocked invasion in the gastric cancer cells (Feng et al., 2011).. 

4.5 Multidrug resistance (MDR) 

Xia and colleagues demonstrated significant correlations between miRNA expression 

patterns and multidrug resistance, suggesting that miRNAs may play a role in 

chemoresistance. Up- or downregulation of several miRNAs can lead to modified sensitivity 

to anticancer treatments. miR-15b and miR-16 were downregulated in a multidrug resistant 

gastric cancer cell line. Enforced overexpression of miR-15b or miR-16 caused a significant 

increase of apoptosis after vincristine (VCR) therapy. The chemotherapy-sensitizing effect of 

miR-15b and miR-16 were mediated by modulation of apoptosis via targeting BCL2 (Xia et 

al., 2008). Zhu et al. investigated the role of miR-181b in the development of multidrug 

resistance in human the gastric cancer cell line. miR-181b was downregulated in the 

multidrug resistant human gastric cancer cell line. Enforced miR-181b expression reduced 
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BCL2 protein level and sensitized gastric cancer cells to VCR-induced and cisplatin (CDDP)-

induced apoptosis. These findings suggest that miR-181b could play a role in the 

development of MDR in gastric cancer cells by targeting BCL2 (Zhu et al., 2010b). 

5. miRNAs as biomarkers in gastric cancer 

Most patients have advanced gastric cancer at diagnosis, resulting in a high frequency cause 
of death. The survival and prognosis of gastric cancer patients depends on stage of gastric 
cancer (Fujita, 2009). Unfortunately, highly sensitive and specific biomarkers for diagnosis 
and detection of gastric cancer in early stages are lacking. Therefore, it is essential to identify 
molecular biomarkers for early diagnosis and effective monitoring of the progression of 
gastric cancer, as well as for prospective development of therapeutic pharmacological 
reagents. miRNA is a putative candidate to improve diagnostic sensitivity of tumor markers 
for early stage tumors is beneficial for improving the survival rate of gastric cancer patients. 
Accumulating studies have shown the diagnostic and prognostic values of miRNAs in 
gastric cancer. In our study, clinicopathological analysis indicated that low expression of 
miR-34b and miR-129 is associated with a poor clinical prognosis feature (Tsai et al., 2011). 
Ueda et al. reported that low expression of let-7g and miR-433 and high expression of miR-
214 were associated with poor outcome (Ueda et al., 2010). Katada et al. indicated that miR-
20b or 150 overexpression in undifferentiated gastric cancer, and high level expression is 
associated with poor survival in patients (Katada et al., 2009a). A recent study analyzed the 
miRNA expression profile in 65 gastric cancer patients, 29 patients with recurrence and 36 
patients without recurrence. Their results indicated that the combination of miR-375 and 
miR-142 could predict recurrence risk for GC patients (Zhang et al., 2011). 
Recent studies have shown that quantities of circulating miRNAs exist in body fluids, 
including blood, and these miRNAs are derived generally from cell debris or transporting 
exosomes (Chen et al., 2008; Gilad et al., 2008). Chim et al. and Gilad et al. both demonstrate 
that the high abundance of placental miRNA in serum could reflect pregnancy conditions in 
maternal blood (Chim et al., 2008; Gilad et al., 2008). Mitchell et al. demonstrated that 
circulating miRNAs in serum are released from solid tumor, which could serve as a means 
for cancer detection (Mitchell et al., 2008). This cumulative evidence indicated that 
circulating miRNAs in blood might show promise as useful non-invasive biomarkers for 
diagnosis of gastric cancers. Liu et al. (Liu et al., 2011) identified a profile of five serum 
miRNAs (miR-1, miR-20a, miR-27a, miR-34 and miR-423-5p) as a biomarker for GC 
detection and their expression level was well correlated to tumor stage. In large-scale 
analysis, the plasma concentrations of miRNAs (miR-17-5p, miR-21, miR-106a, miR-106b) 
were significantly higher in GC patients, and significantly decreased in pre-operative serum 
compared with post-operative serum (Tsukamoto et al., 2010). Concluding above result, 
circulating miRNAs have a good potential to be  novel biomarkers for the detection of 
gastric cancer and monitoring recurrence. 

6. Conclusion 

miRNAs represent a recently identified class of small, noncoding RNA molecules which 
control gene expression at post-transcriptional levels. In the past decade, there is a lot of 
evidence on the critical role of deregulated miRNAs in the pathogenesis and progression of 
human tumors, dysregulation of miRNA occurs in gastric cancer as well as other malignant 
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diseases. The mechanisms by which miRNA takes part in tumor promotion and progression 
are various and complex. Most of researchers focus on common signaling mechanisms that 
control cell proliferation, apoptosis and metastasis. The association of miRNA deregulation 
explains great potential of utilizing miRNAs as targets for therapeutic intervention. 
Gene profiling studies have demonstrated a number of significantly deregulated miRNAs 
and identified signatures of both diagnostic and prognostic value in gastric cancer. It has 
been shown that alterations in miRNA expression profiles can be used to estimate and 
monitor the success of potential therapeutic modalities. miRNAs play a role in the 
complicated gene regulation networks, and regulate the expression of multiple genes. Using 
miRNAs in combination with existing therapeutic strategies may synergistically affect the 
results of cancer treatment and improve survival of patients. Therefore, additional studies 
have to be carried out in future to verify the safety and efficiency of such treatment 
combinations in clinical therapies. 
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