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Abstract

Gastric cancer (GC) is one of the most common cancers, with high incidences in East Asia countries. Most
GC patients have been reported with low early diagnosis rate and show extremely poor prognosis. Therefore, it
is necessary to develop novel and more sensitive biomarkers to improve early diagnosis and therapy in order to
provide longer survival and better quality of life for gastric cancer patients. MicroRNAs (miRNAs) play crucial
roles in GC development and progression. miRNAs have emerged as a novel molecular biomarker for cancer
diagnosis, prognosis and therapy with surprising stability in tissues, serum or other body fluids. This review
summarizes major advances in our current knowledge about potential miRNA biomarkers for GC that have

been reported in the past two years.
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Introduction

Gastric cancer (GC) is one of the most common
cancers. Despite a steady decrease of GC incidence and
mortality during the last decade, GC still ranked second
in global cancer mortality (Wu et al., 2006), especially in
East Asia (Jemal et al., 2011). Although currently radical
surgery and chemotherapy can be curative for early-stage
GC, however, the five-year survival rate is only 20-30%
(Crew and Neugut, 2006). Therefore, it is necessary to
develop novel and more sensitive biomarkers to improve
early diagnosis and therapy in order to provide longer
survival and better quality of life for gastric cancer
patients.

MicroRNAs (miRNAs) are a small class of nucleic
acids (approximately 20-24 bases) that function in
transcriptional and post-transcriptional regulation of gene
expression (Lee et al., 2003). Since the first discovery of
two miRNAs (lin-4 and let-7) in the 1990s, an increasing
number of miRNAs have been successfully identified in
various organisms. Currently the latest miRBase release
(v20, June 2013), which contains 24 521 microRNA loci
from 206 species, is estimated to control more than 30%
of all genes. The regulation of miRNAs expression plays
important roles in pathogenesis of gastric cancer, such
as proliferation, invasion, metastasis, apoptosis, and

Helicobacter pylori infection. Moreover, a number of
miRNAs have been shown to be associated with tumor
type, tumor stage, and patient survival. Furthermore, as
miRNAs in tissue, FFPE, plasma/serum, urine, saliva and
milk (Ma et al., 2013b) (Lasser, 2013) are well protected
from RNases, they remain stable under harsh conditions
including boiling, low/high pH, extended storage time, and
freeze-thaw cycles (Chen et al., 2008). Hence, the levels
of miRNAs are stable, reproducible, and consistent among
individuals of the same species even for several years
(Keller et al.,2011) (Sun et al., 2012). Their stability and
easily testable length (about 22 bp) make them well suited
for being utilized as biomarker for the early detection and
prognosis of GC. Therefore, aberrantly expressed miRNAs
have received a great deal of attention as potential sensitive
and accurate molecule biomarkers for GC diagnosis,
prognosis, and therapeutic target. This review summarizes
major advances in our current knowledge about potential
miRNA biomarkers for gastric cancer that have been
reported in the past two years.

MicroRNAs’s Function in Gastric Cancer

Aberrant miRNA expression has been associated with
oncogenesis. Some miRNAs act as tumor suppressors,
whereas others as oncogenes, depending on their targets
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(Ekimler and Sahin, 2014). It is known that miRNAs
play pivotal roles in various biological processes, such as
proliferation, invasion, metastasis, cell cycle, resistance
to apoptosis, angiogenesis and Helicobacter pylori
infection (Tian et al., 2014). An emerging understanding
of miRNASs’s function has provided insight into the novel
biomarkers of GC (Hayes et al.,2014; Tufekci et al.,2014).

Evidences show that microRNAs are associated with
gastric cancer proliferation, migration and invasion.
For example, miR-125a-5p serves as a potential tumor
suppressor gene in gastric carcinogenesis. The regulation
of miR-125a-5p is associated with gastric cancer
metastasis by targeting E2F3. Ectopic expression of miR-
125a-5p substantially inhibits the proliferation, migration
and invasion by targeting E2F3 in gastric cancer cells
(Xuetal.,2014b). In addition, Liu et al identified that the
expression of miR-126, which regulates tumor suppressor
genes like, PLK?2, was decreased in gastric cancer cells
and tissues (Liu et al., 2014b). Another study identified
that the expression of miR-449a was decreased in gastric
carcinoma and the up-regulation of miR-449a expression
resulted in the inhibition of MGC-803 cell proliferation
(Li et al., 2014b). Furthermore, miR-124 can inhibit the
growth and invasion of gastric cancer by targeting ROCK1
(Hu et al., 2014a). miR-410 can suppress the migration
and invasion by targeting MDM2 in gastric cancer (Shen
et al., 2014a). miR-129-1-3p can promote proliferation
of BGC-823 cells by targeting PDCD2 (Du et al., 2014).
miR-92 mimics significantly promoted, while its antisense
oligos inhibited gastric cancer cell proliferation and
invasion (Duan and Fang, 2014). miRNA-21 stimulates
gastric cancer growth and invasion by inhibiting the
tumor suppressor effects of programmed cell death
protein 4, phosphatase, and tensin homolog (Li et al.,
2014a). miR-520d-3p contributes to GC progression via
the regulation of EphA2, which could serve as a novel
prognostic and therapeutic marker (Li et al., 2014c). miR-
375 is negatively regulated by Snail gene and involved
in gastric cancer cell migration and invasion potentially
by targeting JAK2 (Xu et al., 2014c). Over-expression
of miR-126 inhibits GC cells invasion by targeting Crk.
miR-129-1-3p inhibits the BGC-823 cell migration by
targeting BDKRB2 (Li et al., 2014d). Down-regulation
of microRNA-155 accelerates cell growth and invasion
by targeting c-myc in human gastric carcinoma cells (Sun
et al., 2014). These findings indicate the importance of
miRNA in gastric cancer.

Recent studies have revealed the important roles of
miRNA in the regulation of angiogenesis. For example,
miR-382 induced by hypoxia promotes angiogenesis and
acts as an angiogenic oncogene by repressing PTEN (Seok
et al., 2014). Another study (Zheng et al., 2013) showed
that miR-145 suppresses Ets1 expression via the binding
site in the 3’-UTR, thus inhibiting the invasion, metastasis,
and angiogenesis of gastric cancer cells.

Also, miRNA is involved in cell cycle arrest and
apoptosis, for example, tumor suppressor miR-24 restrains
gastric cancer progression by down-regulating RegIV.
Ectopic expression of miR-24 in SGC-7901 GC cells
suppressed cell proliferation, migration and invasion in
vitro as well as tumorigenicity in vivo by inducing cell
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cycle arrest in GO/G1 phase and promoting cell apoptosis
(Duan et al., 2014). Microarray analyses of AGS cells
demonstrated that CDK2, BMI-1 and Girdin, which are
targets of miR-1246, miR-302a and miR-4448, were
suppressed by treatment with SAHA and DZNep, leading
to cell cycle arrest, apoptosis, and reduced migration of
AGS cells (Hibino et al.,2014). miR-30b, as a novel tumor
suppressor gene, regulats the apoptosis of cancer cells by
targeting PAI-1 (Zhu et al.,2014a). The overexpression of
miR-421 promotes gastric cancer cell growth and inhibited
apoptosis of BGC-823 gastric cancer cells (Wu et al.,
2014). These findings suggest the possibility for miRNA
as a therapeutic target in GC.

Helicobacter pylori (H. pylori) infection caused
progressive damage to the stomach may eventually results
in gastric atrophy and increases the risk of GC (El-Zimaity
et al., 2002). miRNA have the potential to affect on the
outcome of the bacteria-host interaction, which leads
to the identification of miRNA in association with the
inflammatory response initiated by the H. pylori infection.
A study shown that miR-375 was down-regulated in
response to H. pylori infection in gastric epithelial cells,
demonstrating that the miR-375 regulated JAK2-STAT3
pathway is involved in H. pylori-induced inflammation
by affecting the expression of BCL-2 and TWIST1 (Miao
etal.,2014). The findings indicate a potential therapeutic
target for inflammation-related cancers. Additionally, the
decreased expression of miR-204 in H. pylori-associated
GC promotes cancer cell proliferation and invasion by
targeting SOX4. miR-204 may act as a tumor suppressor
in H. pylori induced gastric cancer (Zhou et al., 2014).
Kiga et al., finds that DNA methylation of the miR-210
gene increased in Hp-positive human gastric biopsies as
compared with Hp-negative controls (Kiga et al., 2014).
Their results highlight inflammation-induced epigenetic
silencing of miR-210 as a mechanism of induction of
chronic gastric diseases, including cancer, during Hp
infection.

MicroRNAs as Diagnostic Biomarkers

miRNA expression profiles and next-generation
sequencing have revealed that miRNA aberrant expression
could be used for tissue specificity and classify cancer
types, suggesting the potential of using miRNAs for
cancer diagnosis. For example, the expression of miR-
106b~25 cluster in tumor tissues was correlated with
tumor size, borrmann type, depth of tumor invasion (T),
lymph node metastases (N), distant metastasis (M) and
TNM stage (Zhang et al., 2014a). Higher expression
of Lin28B is associated with poorer prognosis in GC.
Multivariate analysis revealed that the expression level
of Lin28B (P<0.001), TNM stage (P<0.001) as well as
differentiation grade (P<0.001) were the three potential
independent prognostic factors in the study (Hazard ratio
(HR) =2.108 and P=0.017, HR=1.994 and P=0.018,
HR=1.939 and P=0.046, respectively) (Hu et al.,2014b).
The receiver operating characteristics (ROC) curve
analyses suggested a considerable diagnostic accuracy of
miR-222 for GC, and yielded an AUC (the areas under
the ROC curve) of 0.850 with 66.1 % sensitivity and 88.3
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Table 1. MicroRNAs’s Function in Gastric Cancer

Sample Method MicroRNA (up/ Target gene Function(clinical patho- Ref
down-regu- logical factors)
lated)
GCTs/ANTT qRT-PCR miR-125a- E2F3 Proliferation/ invasion/ (Xu et al.,2014a)
Spldown] migration/metastasis
GCTs and GCCLs/ qRT-PCR miR- PI3KR2 and Crk, Proliferation/ invasion/ (Liu et al., 2014)
(SGC-7901) 126[down] and the tumor sup- migration/metastasis
pressor PLK?2.
GCTs and GCCLs qRT-PCR miR- Rho-associated Inhibits growth and inva- | (Huetal.,2014)
124[down] protein kinase sion
(ROCK1)
GCCLs QRT-PCR miR- MDM2 Suppresses migration and | (Shen et al., 2014)
410[down] invasion
GCCLs/(BGC- QRT-PCR miR-129-1-3p | programmed cell Promote cell prolifera- (Duetal., 2014)
823) death 2 (PDCD?2) tion
GCTs QRT-PCR miR-92[up] | farnesoid X recep- | Promotes gastric cancer (Duan and Fang,
tor (FXR) cell proliferation and 2014)
invasion
GCTs and GCCLs QRT-PCR miR-520d-3p EphA2 Inhibits gastric cancer (Lietal., 2014b)
[up] cell proliferation, migra-
tion, and invasion
GCCLs QRT-PCR miR- JAK2. (Xu et al., 2014b)
375[down]
GCTs and GCCLs QRT-PCR miR-126 Crk (v-crk sarcoma (Lietal., 2014c)
[down] virus CT10 onco-
gene homolog)
GCTs and QRT-PCR miR-129-1-3p Inhibits cell migration (Du et al., 2014)
GCCLs(BGC-823)
GCTs and GCCLs miR- c-myc Accelerates cell growth (Lietal., 2014a)
155[down] and invasion
GCTs/ANTT/ Quantitative (q) miR-449a CDK6 Apoptosis (Sun et al., 2014)
GCCLs(MGC803) PCR down-regulated
GCCLs Microarray miR-1246, DYRKIA (Hibino et al.,
miR-302a and 2014)
miR-4448
GCTs / GCCLs/ miR- plasminogen ac- Apoptosis (Zhu et al., 2014)
Nude mouse xeno- 30b[down] tivator inhibitor-1
graft model (PAI-1)
GCTs and GCCLs miR-421[up] Bax and Bcl-2 Oncogenes (Wu et al.,2014)
miR-362 NF-kappaB Apoptosis resistance (Xiaet al., 2014)
GCCLs(MKN1) Microarrays miR-382 phosphatase and Angiogenesis (Seok et al., 2014)
tensin homolog
(PTEN)
GCTs and GCCLs miR-145 Ets1 (oncogene Angiogenesis (Zheng et al.,
homolog 1) 2013)
GCCLs miR-375 by blocking JAK2- Inhibits Helicobacter (Miao et al., 2014)
STAT3 signaling pylori-induced gastric
carcinogenesis
Hp-positive tissues qRT-PCR miR-204 SOX4 Promotes cancer cell (Zhou et al., 2014)
[down] proliferation and invasion
Hp-positive human PCR /DNA miR-210 STMNI1 and (Kiga et al., 2014)
gastric biopsies / methylation DIMT1
Hp-negative con-
trols.

*GCTs:gastric cancer tissues; GCCLs:gastric cancer cell lines;ANTT:adjacent non-tumor tissues; LN: Lymph node
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% specificity in discriminating GC from healthy controls
(Fu et al., 2014). Results from Zhu et al., suggested that
miR-106a was similarly up-regulated in gastric cancer
regardless of sample types although fragmentation existed
inevitably in formalin-fixed, paraffin-embedded (FFPE)
tissues. Their research indicated that FFPE samples can
serve as an important research tool for miRNA field, and
the early changes of miR-106a detected in such samples
may have clinical application as a potential biomarker for
the discovery and diagnosis of gastric cancer (Zhu et al.,
2014b). Researches from Yang et al., indicated that the
expression levels of miR-9, miR-433, miR-19b and miR-
370 were down-regulated in GC, which provides diagnosis
of this disease (Yang et al., 2014b). Yan et al., identified
fourteen GC related miRNAs, three of which (miR-211,
let-7b, and miR-708) were for the first time reported to be
associated with GC by system biological analysis, ROC
analysis, and literature mining (Yan et al., 2014). Liu et

Table 2. MicroRNAs as Diagnostic Biiomarkers

al., (Liu et al., 2014a), found high levels of has-miR-105,
-213 *,-514b, and -548n in cancerous tissues, indicating
the aberrant expression of miRNAs in GC. Studies
from Han et al. (2014) (Han and Hur, 2014), indicated
the loss of miR-29c expression is an early event in the
initiation of gastric carcinogenesis. Studies from Guo
et al., revealed the potential use of monitoring miRNAs
expression as diagnostic biomarkers and regulating
miRNAs expression in future treatment for GC (Guo et al.,
2013). The expression of miR-21,-103, -106a, -221 and
-222 in GC are significantly higher than those of normal
controls. Conversely, the expression of miR-143 and
-195 in cancer tissues are significantly lower than those
of normal tissues. A multivariate analysis demonstrated
that the expressions of miR-143 and -195 are associated
with clinicopathological parameters, including depth of
invasion and lymph node metastasis, suggesting new
diagnostic biomarkers for future treatment of GC. Besides,

Sample Method MicroRNA (up/down- Clinical pathological factors References
regulated) Clinical application
GCTs and GC QRT-PCR miR-106b-25 TNM diagnosis and predic- | (Zhang et al.,2014)
plasma cluster(miR-106, miR-93, tive prognosis
miR-25)[up]
GCTs Lin28B[up] Prognosis (Hu et al., 2014b)
in plasma QRT-PCR miR-222 Lymph node metastasis, (Fuetal., 2014)

TNM stage, serosal invasion

FFPE and fresh

in situ hybridiza-

miR-106a [up]

(Zhu et al., 2014b)

frozen tissues tion
GCTs/normal gastric QRT-PCR miR-9, miR-433, miR-19b Changes in their expres- (Yang et al., 2014)
mucosa and miR-370 [down] sion provide a basis for the
diagnosis
systematic integra- miR-211, let-7b, and Diagnostic biomarkers (Yan et al., 2014)
tive bioinformatics miR-708
framework
GCTs miRCURY array has-miR-105,-213 *, Identification of aberrantly (Zhu et al., 2014b)
LNA miRNA chip -514b, and -548N[up] expressed miRNAs in gas-
:QRT-PCR tric cancer.
GCTs and GCCLs next generation ITGB1 -miR-29¢ Diagnostic and therapeutic | (Han and Hur, 2014)
sequencing(NGS) biomarker
and Q RT-PCR
FFPE Q RT-PCR miR-21,-103, -106a, -221 | Treatment or as a diagnostic (Guo et al., 2013)
and -222 [up]miR-143 and biomarker.
-195 [down]
GCTs and GCCLs miR-18a Circulating miRNA could (Tsujiura et al.,

be a useful biomarker for
screening GC and monitor-
ing tumor dynamics.

2014)

Biomarker for distant metas-
tasis (GC/DM) and gastric
cancer with no distant
metastasis (GC/NDM)

(Chen et al., 2014)

(Zheng et al., 2014)

GC plasma miRNA microarray | miR-122[down] and miR-
192 [up]
miRNA microarray | hsa-miR-196 [up]and hsa-
and QRT-PCR miR-148a [down]
GCCLs miR-135a

Therapeutic and prognostic
targets for EGC.

(Shin et al., 2014)

GCTs:gastric cancer tissues;GCCLs: gastric cancer cell lines; FFPE:formalin-fixed, paraffin-embedded; TNM:depth of tumor
invasion (T); lymph node metastases (N); distant metastasis (M)
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circulation is important for detecting and monitoring GC.
For example, miR-18a in plasma is significantly higher in
GC patients than healthy controls. The plasma miR-18a
levels are significantly lower in postoperative patients
as compared to preoperative patients. Therefore, the
circulating of miR-18a could be a useful for GC screening
and monitoring (Tsujiura et al., 2014). Additionally,
Chen et al. (2014b) reported potential novel biomarkers

Table 3. MicroRNAs as Prognostic Biomarkers

of plasma miR-122 and miR-192 for the early detection
of distant metastasis (DM) of GC. High plasma level of
miR-122 in GC indicates a favorable prognosis for GC
with DM. Furthermore, hsa-miR-196a and hsa-miR-148a
have the potential to serve as candidate biomarkers for
early gastric cancer (EGC) (Zheng et al., 2014). Shin et
al., confirm the tumor-suppressive role of miRNA-135a,
and demonstrate its role in lymph node (LN) metastasis

Sample  Method (normalization)  MicroRNA (up/down-regulated) Clinical application References
GC plasma qRT-PCR miR-222 Prognosis (Fuetal.,2014)
GCTs/ANTT qRT-PCR miR-193b[down] miR-196a[up]  Prognosis (Mu et al., 2014)
GCTs qRT-PCR miR-215/192[up] Prognosis. (Xu and Fan, 2014)
GC plasmas qRT-PCR miR-21 [up] Post-operative plasmas were an (Komatsu et al., 2013)
independent prognostic factor
GCTs qRT-PCR miR-185 [down] Prognostic factor associated (Tan et al., 2014)
with clinical stage and
lymph node metastases.
GCTs/ANTT QRT-PCR miR-22 [down] Prognostic marker (Wang et al., 2013)
GCTs/ANTT miR-206[down] (Yang et al., 2013)

GCTs:gastric cancer tissues; GCCLs: gastric cancer cell lines; ANTT:adjacent non-tumor tissues

Table 4. Polymophism of MicroRNAs as Prognostic Biomarkers

Sample Method (Case/control) SNPID MiRNA Allele Risk(OR and 95%CI) References

(Population)

Japanese 63/67 rs3746444 miR-499 A/IG 0.33(0.18-0.75) (Tahara et al., 2013)

Chinese 579GC/ 649atrophic gastritis 1s629367 CC miR-let-7 A/C 1.83(log-rank P=0.004) (Xuetal.,2014a)
(AG)/721control PCR-RFLP. poor prognosis

Asians gastrointestinal cancer s2292832 miR-149 T/C 1.15 ( 1.03-1.30) (Lietal., 2013)

Chinese PCR-RFLP 1s2910164 rs895819  miR-146a miR-27a  G/C 1.42(1.03-1.97) (Song et al., 2013)

Chinese  case-control population study rs11671784 miR-27a G/A (Yang et al., 2014b)

Chinese 240/240 Tagman-PCR rs928508 pre-miR-30c A/G 1.83(1.07-3.05) (Mu and Su, 2012)

*PCR-RFLP:polymerase chain reaction-restriction fragment length polymorphist

Table 5. microRNAs as Therapeutic Target

Sample Method Targed MicroRNA Clinical applica- Ref
tion
GCCLs tumor xenografts | SOX4 and CDK6 | miR-129 therapeutic target | (Fesler et al.,
and biomarker 2014)
Serum samples and | RT-PCR and miR-218 reverse the multi- | (Zhang et al.,
GCCLs(SGC7901) | miRNA microarray drug resistance of | 2014b)
chips gastric cell line
GCCLs qRT-PCR /situ radixin miR-196a and therapeutic poten- | (Tsai et al., 2014)
hybridization / im- -miR-196b tial in suppressing
munohistochem- GC metastasis
istry
GCTs and GCCLs | RT- PCR IGFIR and BCL2 | miR-503 (Wang et al., 2014)
GCTs and GCCLs | RT-PCR IGFIR, IRS1, miR-1271 (Yang et al.,
mTOR, and BCL2. 2014b)
FFPE miRNA oligo miR-92b, increase the (Omura et al.,
chips miR422a, miR- clinical efficacy 2014)
4732-5p and miR- | of DNA damage-
4758-3p inducing chemo-
therapeutic drug
HDACI1 miR-520h chemotherapy (Shen et al.,
2014b)
GCTs and GCCLs RhoE miR-200c chemotherapy (Chang et al.,
(SGC7901 and 2014)
SGC7901/DDP)

microRNAs as therapeutic target
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in early gastric cancer. miRNA-135a and its target gene
ROCKI1 may be novel therapeutic and prognostic targets
for EGC (Shin et al., 2014).

MicroRNAs as Prognostic Biomarkers

Various miRNAs have been proven to be associated
with the clinical outcome of cancer. For example, unique
miRNAs are associated with the prognosis of gastric
cancer. Our recently study demonstrated that a strong
correlation between the overall survival of patients and
the expression of miR-193b and miR-196a (Mu et al.,
2014). Also, miR-222 level is correlated with disease-free
survival and overall survival and miR-222 is identified as
an independent prognostic marker (Zhang et al., 2014a).
Scirrhous type GC is highly metastatic with rapid disease
progression and poor prognosis. Besides, MicroRNA-145
is a potential prognostic factor of scirrhous type gastric
cancer (Naito et al., 2014). Moreover, miR-215/192
participates in gastric cancer progression. The up-
regulation of miR-215 or -192 has been reported to be
associated with lymph node metastasis (Xu and Fan,
2014). Postoperative plasma miR-21 expression could be a
novel potential biomarker for GC prognosis and evaluation
of surgery outcomes, especially in patients without a
family history (Ma et al., 2013a). Researches from Tan
et al., demonstrated that miR-185 could suppress tumor
metastasis in gastric cancer, suggesting an independent
prognosis factor (Tan et al.,2014). Furthermore, integrated
miRNA network analyses identified a poor-prognosis
subtype of gastric cancer, which characterized by the
miR-200 family. Song et al., have uncovered a key miRNA
regulatory network that defines the mesenchymal gastric
cancer subtype significantly associated with poor overall
survival in gastric cancer. Three of the miRNAs (miR-
200c, miR-200b, and miR-125b) targeting the most genes
in the network are associated with survival. Functional
experiments demonstrated that miR-200b could suppress
ZEB1 and augment E-cadherin, which results in cell
migration inhibition and tumor suppression in a mouse
model (Song et al., 2014). In addition, studies from Wang
et al., (Wang et al., 2013) provided the evidence that the
reduced expression of miR-22 is associated with malignant
development of GC indicating the potential use of miR-
22 in cancer therapy. Moreover, the down-regulation of
microRNA-206 expression is a potent prognostic marker
for patients with GC (Yang et al., 2013). Likewise, the
plasma level of circulating miR-21 could be a reliable
prognostic marker for the patients with GC (Komatsu et
al., 2013). A meta-analysis showed that over-expression
of miR-21 is associated with worse tumor differentiation,
lymph node metastasis, and TNM stage, suggesting a
prognostic value of miR-21 in patients with gastric cancer
(Wang et al., 2014b). All the studies indicate the potential
use of these small molecules miRNAs in predicting
prognosis in gastric cancer after surgery.

Polymophism of MicroRNAs as Prognostic
Biomarkers

Single-nucleotide polymorphisms (SNPs) in miRNA
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genes are a novel class of genetic variations in the human
genome that are currently being identified and investigated
in human cancers. Common SNPs in pre-miRNAs can be
useful in the prognoses of gastric cancer. For example, the
1s3746444 A allele carrier in the hsa-mir-499 is associated
with better prognosis in advanced GC performing
chemotherapy (Tahara et al., 2014). Beside, a new
polymorphism biomarker rs629367 is associated with
increased risk and poor survival of Chinese GC patients
(Xu et al.,2014a). Moreover, two miRNA variants (miR-
499, miR-149) are associated with gastrointestinal cancer
(GI) (Lietal.,2013). A marginally elevated GI cancer risk
was discovered in the recessive model for miR-149 (TT
vs. TC+CC: OR=1.15, 95%ClI= 1.03-1.30, P (h) =0.68,
P=0.02). Stratifying the results by ethnicity revealed a
slight association between the recessive model and the
Asian population (TT vs. TC+CC: OR=1.14, 95%ClI:
1.01-1.29, P (h)=0.79, P=0.03). miR-149 may confer
increased risk of susceptibility to gastrointestinal cancer,
especially for Asians. A Chinese population study showed
that genetic polymorphisms of miR-146a and miR-27a
might contribute to the evolution of H. pylori-associated
gastric lesions in this high-risk population (Song et al.,
2013). Results from Yang et al., indicated that the G/A
polymorphism in miR-27a gene (rs11671784) reduced
miR-27a expression, leading to a reduced gastric cancer
risk (Yang et al., 2014c). In addition, our recent finding
suggested that polymorphism rs928508 in pre-miR-30c
increasing risk of gastric cancer is associated with AA
genotype compared with GG genotype in a Chinese
population (adjusted OR=1.83, 95%CI: 1.07-3.15 ,
P=0.029) (Mu and Su, 2012) .

MicroRNAs -Based Therapeutic Approaches

miRNA-based cancer diagnostics and prognostics
started to be used in clinical applications in order to
improve current cancer treatment plans. miRNA-based
therapeutics have been tested in both preclinical and
clinical settings, and accumulating evidence suggests
the therapeutic and diagnostic/prognostic potential use
of miRNA. For example, miR-129 has been used as a
novel therapeutic target and biomarker in gastrointestinal
cancer (Fesler et al., 2014). In addition, drug resistance-
related miRNAs may be used to optimize the therapeutic
strategies for cancer patients. The over-expression of
miR-362 is reported to induce cell proliferation, colony
formation, and resistance to cisplatin-induced apoptosis in
BGC-823 and SGC-7901 gastric cancer cells (Xia et al.,
2014). Moreover, miR-218 expression was upregulated
more than 8 fold in gastric cancer after cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy,
which results in an increased chemosensitivity to cisplatin.
The expression of miR-218 has been demonstrated to
increase gastric cancer cell chemosensitivity to cisplatin
in vitro and inhibit gastric cell tumor growth in nude
mice in vivo. The results suggested a new strategy for the
treatment of GC by reducing multi-drug resistance through
targeting miR-218 (Zhang et al., 2014b). Moreover,
Overexpression of miR-196a/-196b enhances GC cell
migration and invasion. Further, radixin was identified as a
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target gene of miR-196a/-196b. Elevated miR-196a/-196b
expression in GC cells led to reduced radixin protein levels
and vice versa. Taken together, miR-196a/-196b inhibitory
oligonucleotides or overexpression of the radixin may thus
have therapeutic potential in suppressing GC metastasis.
miR-503 regulates cisplatin resistance of human gastric
cancer cell lines by targeting IGF1R and BCL2. An in vitro
drug sensitivity assay showed that over-expression of miR-
503 sensitized SGC7901/DDP cells to cisplatin (Wang et
al., 2014a). miR-1271 regulates cisplatin resistance of
human gastric cancer cell lines by targeting IGFIR, IRS1,
mTOR, and BCL2 (Yang et al., 2014a). Studies from
Omura et al., indicated that miR-92b, miR422a, miR-
4732-5p and miR-4758-3p are closely associated with
relapse following S-1 adjuvant chemotherapy in gastric
cancer (Omura et al., 2014). On the other hand, studies
from Shen et al., found that doxorubicin down-regulates
HDACI protein expression, by inducing the expression
of HDAC -targeting miR-520h, providing a new strategy
to increase the clinical efficacy of DNA damage-inducing
chemotherapeutic drugs by reducing the drug resistance
(Shen et al., 2014b). Results from Chang et al., 2014
suggested that miRNA-200c can regulate the sensitivity
of chemotherapy by cisplatin in GC through targeting
RhoE (Chang et al.,2014). In addition, miR-1207-5p and
miR-1266 are significantly decreased in GC tissues, and
their ectopic expression inhibits gastric tumor growth in
vitro and in vivo by suppressing hTERT. Delivery of these
two miRNAs represents a novel therapeutic strategy for
GC treatment (Chen et al., 2014a).

Future Perspectives and Conclusions

MicroRNAs are small noncoding RNAs that have
emerged as important translational gene regulators in
cancer cells. Although the development of miRNA
biomarkers is still in its early stages, these small molecules
possess enormous potential in future applications
including early detection, prognosis, prediction of disease
recurrence, monitoring of therapeutic response, and patient
selection for therapy in gastrointestinal cancers. miRNA
biomarkers will be used to improve the long-term survival
and mitigate disease burden for GC patients.
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