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Abstract

Non-coding RNAs (ncRNAs) play key roles in devel-
opment, proliferation, differentiation and apoptosis.
Altered ncRNA expression is associated with gastric
cancer occurrence, invasion, and metastasis. More-
over, aberrant expression of microRNAs (miRNAs) is
significantly related to gastric cancer tumor stage, size,
differentiation and metastasis. MiRNAs interrupt cel-
lular signaling pathways, inhibit the activity of tumor
suppressor genes, and affect the cell cycle in gastric
cancer cells. Some miRNAs, including miR-21, miR-
106a and miR-421, could be potential markers for the
diagnosis of gastric cancer. Long non-coding RNAs
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(IncRNAs), a new research hotspot among cancer-
associated ncRNAs, play important roles in epigenetic,
transcriptional and post-transcriptional regulation. Sev-
eral gastric cancer-associated IncRNAs, such as CCAT1,
GACAT1, H19, and SUMO1P3, have been explored. In
addition, Piwi-interacting RNAs, another type of small
ncRNA that is recognized by gastroenterologists, are
involved in gastric carcinogenesis, and piR-651/823
represents an efficient diagnostic biomarker of gastric
cancer that can be detected in the blood and gastric
juice. Small interfering RNAs also function in post-
transcriptional regulation in gastric cancer and might be
useful in gastric cancer treatment.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Non-coding RNA; MicroRNA; Piwi-interact-
ing RNA; Long non-coding RNA; Small interfering RNA;
Gastric cancer

Core tip: Non-coding RNAs (ncRNAs) are closely as-
sociated with gastric cancer occurrence, invasion,
and metastasis. MicroRNAs interrupt cellular signal-
ing pathways, inhibit the activity of tumor suppressor
genes, and affect the cell cycle in gastric cancer cells.
Long non-coding RNAs (IncRNAs) represent a new re-
search hotspot in the field of gastric cancer-associated
ncRNAs. The global IncRNA expression profile in gastric
cancer has been determined. In addition, Piwi-interact-
ing RNAs are involved in gastric carcinogenesis. Small
interfering RNAs function as post-transcriptional regula-
tors in gastric cancer, and they might be used for the
treatment of gastric cancer.
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INTRODUCTION

Non-coding RNAs

Non-coding RNAs (ncRNAs) refer to a class of RNAs
with no protein-coding function that are widely ex-
pressed in organisms. NcRNAs can be divided into 2
groups: housekeeping ncRNAs and regulatory ncRNAs.
According to their size, the latter can further be divided
into three types: (1) short ncRNAs, including small inter-
fering RNAs (siRNAs), miccoRNAs (miRNAs) and Piwi-
interacting RNAs (piRNAs); (2) mid-size ncRNAs; and (3)
long non-coding RNAs (IncRNAs)" . Short ncRNAs are
shorter than 50 nucleotides (at), those between 50 nt and
200 nt are referred to as mid-size ncRNAs, and IncRNAs
are longer than 200 nt"*.

In the past, most ncRNAs were considered to be “junk
RNAs”. However, in recent years, advances in molecular
biology have demonstrated that ncRNAs play important
basic biological roles, and the mutation or aberrant ex-
pression of ncRNAs is important in the occurrence and
development of diseases, including cancer.

Gastric cancer

Gastric cancer, one of the most common malignant tu-
morts in the wotld, accounts for the second most cancet-
related death wotldwide and is a major cause of cancer-
related mortality in China'. Gastric cancer originates in
the surface of epithelial cells in the stomach. Each site
of the stomach can potentially harbor cancer, but the
gastric antrum and pylorus display the highest incidence
of gastric cancer. The gastric cardia is the second most
prevalent site for cancer, and a slightly lower incidence is
reported for the gastric body. However, the occurrence
of gastric cancer is a complex process of progressive de-
velopment that involves multiple factors, multiple steps,
coding and non-coding genes.

Helicobacter pylori (H. pylori) infection, a major risk fac-
tor for gastric cancer, is mainly related to the distal intes-
tinal type of gastric cancer. Although the mechanism of
H. pylori carcinogenesis is not clear, gene methylation is
an important mechanism that leads to the formation of
gastric cancer. H. pylori infection may increase the level of
methylation of certain miRNA genes, and aberrant DNA
methylation could induce gastric cancer.

Due to the increasing early detection of cancer and
the widespread implementation of radical surgery, the
overall survival of patients with gastric cancer has im-
proved[g’g]. However, the prognosis of advanced gastric
cancer remains poot, and safe and effective adjuvant ther-
apy options are limited. Therefore, identifying valuable
early markers of gastric cancer is extremely important for
the diagnosis of gastric cancer.

Cancer stem cells (CSCs) are a small fraction of cells
that are present in the tumor, and these cells have self-
renewal and differentiation potential[m]. Ghaffarzadehgan
et al' reported that CD44" gastric cancer stem-like cells
(GCSCs) displayed enhanced metastatic capacity and
depth of invasion compared to their CD44 counterparts.
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CSCs display abnormal activation of several signaling
pathways, such as Notch, Wnt, and others. Previous re-
ports demonstrate that B-elemene, a naturally occurring
compound extracted from Curcumae Radix, suppresses
the growth of GCSCs!'? by interfering with Notch-1 ex-
pression''?,

Similar to CSC studies, research on ncRNAs is be-

coming a new field for gastric cancer.

miRNAS AND GASTRIC CANCER
miRNAs

miRNAs are a class of small ncRNAs containing ap-
proximately 19-24 nt. Most genes encoding miRNAs are
single copy, multiple copies or gene clusters; other forms
exist in the spacer region of protein coding genes or
introns. They are highly conserved, temporal and tissue-
speciﬁcm]. Although miRNAs do not code for proteins,
they regulate gene expression at the post-transcriptional
level. Through complete or incomplete complementary
binding to the 3’-untranslated regions (3>-UTRs) of target
mRNAs, miRNAs promote targeted-mRNA degradation
or translational suppression and negatively regulate the
expression of target genes“*m.

Growing evidence indicates that miRNAs are involved
in crucial biological processes, including development,
differentiation, proliferation, apoptosis, invasion and me-
tastasis'' "\, Various aberrantly expressed miRINAs have
been identified in gastric cancer (Table 1). Several studies
have demonstrated that miRNAs can be used not only as
biomarkers but also as potential therapeutic targets for

[20.21]
cancer .

Discovery of miRNAs and their synthesis

In 1993, using a classical positional cloning approach, Lee
et al” identified lin-4, the first miRNA molecule. In 2000,
Reinhart e a/”” identified let-7, another miRNA, and dis-
covered its role in the post-transcriptional regulation of
gene expression.

For miRNA synthesis, the primary transcript (pri-
miRINA), which is hundreds to thousands of nt in length,
is first transcribed from genomic DNA by RNA poly-
merase I in the nucleus. Then, the pri-miRNA is cut by
the Drosha enzyme of RNase 3 endonuclease enzyme
family into hairpin precursors of miRNA (pre-miRNA),
which are approximately 70 nt and present in the nu-
cleus™. Finally, the synergistic effect of Ran-GTP and
transporter protein Exportin 5 transports pre-miRNA
out of the nucleus, and the enzyme Dicer cuts it to pro-
duce the approximately 22 nt mature miRNA®.

With the use of microarray technology, bioinformat-
ics and other genetics methods, the ectopic expression of
miRNAs in gastric cancer has been found to be closely
related to its occurrence, development, invasion, and
metastasis. By decreasing the expression of tumor sup-
pressor genes or enhancing the expression of oncogenes,
miRNAs play an important role in the regulation of
cancet-related genesm]
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Table 1 Aberrant expression of microRNAs in gastric cancer

Expression miRNAs

Up miR-9, miR-21, miR-25, miR-106a, miR-106b, miR-130b,
miR-191, miR-214, miR-421, miR-650

Down miR-31, miR-29a, miR-148a, miR-155, miR-195, miR-218,

miR-375, miR-378, miR-429

miRNA: microRNA.

Cellular signaling pathway-associated miRNAs in
gastric cancer

Abnormal regulation of the transcription factor E2F1
and transforming growth factor-f (T'GF-f) plays a criti-
cal role in gastric carcinogenesis. E2F1 activates its own
promoter. Petrocca ef al”” reported that miR-106b-25
cluster expression is activated by E2F1 in parallel with its
host gene, Mcm?7; it is also involved in E2F1 post-tran-
scriptional regulation. Furthermore, the TGF-f3 tumor
suppressor pathway was impaired by over-expression
of the miR-106b-25 cluster, and the expression of CD-
KN1A (p21¥"/“") and BCL2L11 (Bim) was effected
as well. Finally, CDKN1A and BCL2L11 disrupted the
G1/S checkpoint and conferred resistance to TGF-B-
dependent apoptosis, respectively (Figure 1).

In another study, miR-375 suppressed tumor growth
by targeting Janus kinase 2 (JAK2), influencing the pro-
liferation of gastric cancer cells®. miR-375 markedly in-
hibited JAK2 expression viz its mRNA 3-UTR region'.
However, over-expression of miR-375 in gastric cancer
significantly reduced the protein level of JAKZ2, while the
level of JAK2 mRNA was not greatly affected”. These
results suggest that miR-375 affects JAK2 expression at
the post-transcriptional level.

miR-9 is down-regulated in human gastric adeno-
carcinoma. Nuclear factor of kappa light polypeptide
gene enhancer in B-cells 1 (NF-kB1) is a direct target of
miR-9. To demonstrate the role of miR-9 in tumor cell
proliferation, Wan ez al” transfected gastric cancer cells
with a vector containing pri-miR-9. They reported that
cell growth and proliferation were significantly inhibited.
Meanwhile, over-expression of miR-9 not only inversely
regulated endogenous NF-kB1 protein expression but
also decreased endogenous NF-kB1 mRNA levels™

miRNAs and tumor suppressor genes in gastric cancer

miR-214 is up-regulated in several human gastric cancer
cell lines, including BGC-823, MKN45 and SGC-7901,
compared with the normal gastric mucosal cell line,
GES-1™. Phosphatase and tensin homolog deleted on
chromosome ten (PTEN), a famous tumor suppres-
sor gene, is a target of miR-214, and its expression is
inversely correlated with miR-214 expression. miR-214
promoted the proliferation of cancer cells, and the down-
regulation of miR-214 induced G1 phase arrest in cancer

Zhang et alM used a luciferase reporter assay to dem-
onstrate that inhibitor of growth 4 (ING4), a tumor sup-
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Figure 1 Functions of microRNA-106b-25. By interfering with the expression
of CDKN1 (p21"*"") and BCL2L11 (Bim), the interaction of miR-106b-25 with
E2F1 and transforming growth factor- (TGF-p) affects the cell cycle and apop-
tosis. miR: microRNA.

pressor, is a direct target of miR-650. Over-expression of
miR-650 in gastric cancer cells may inhibit the expression
of ING#4 through post-transcriptional repression. More-
over, ectopic expression of miR-650 significantly pro-
moted tumorigenesis and proliferation in gastric cancer
cells, at least partially through ING4"",

Runt-related transcription factor 3 (RUNX3) is a new-
ly discovered tumot suppressor gene that is inactivated in
a variety of tumors. Research showed that miR-130b was
significantly higher in gastric cancer tissues than in nor-
mal tissues. RUNX3 is a target of miR-130",

Altered expression of miR-106a was related to the
expression of the tumor suppressor gene Rbl and the
transcription factor E2F1™), More importantly, miR-106a
expression is positively associated with TNM stage, indi-
cating that miR-106a could be used as a novel diagnosis
biomarker of gastric carcinoma™. Other miRNAs, such
as miR-31 and miR-421, might also be potential tumor
biomarkers. #iR-31 is located on 9p21.3. Our group
found that in gastric cancer, the expression of miR-31
was significantly down-regulated and could be used as
an cfficient biomarker for the diagnosis of gastric car-
cinoma”™. In contrast to miR-31, miR-421 is 2 miRNA
with oncogenic properties. Our group reported that
miR-421 was up-regulated in gastric cancer via three tar-
gets: RBMXL1 (RNA binding motif protein, X-linked-
like 1), CNTN-1 (contactin 1) and CBX7 (chromobox
homolog)pij. Furthermore, the expression of miR-421 in
the gastric juice might be used as a potential marker for
the diagnosis of early gastric cancer"™,

miRNAs and epigenetics in gastric cancer

DNA methylation, as an important type of epigenetic
modification, plays a critical role in the process of gastric
cancer by regulating gene transcription. Our group dem-
onstrated that miR-195 and miR-378 expression levels
were down- regulated in gastric cancer compared to those
in non-tumor tissue”” due to CpG island methylation
in their promoters. Furthermore, treatment with their
mimics restored the expression of these miRNAs"". The
mimics inhibited tumor cell growth and promoted the
growth of normal gastric epithelial cells (Figure 2).
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Figure 2 Roles of microRNA-195/microRNA-378 in gastric cancer. Due
to promoter methylation, miR-195 and miR-378 are down-regulated in gastric
cancer compared with non-tumor tissue. miR-195 and miR-378 mimics inhibited
tumor cell growth and promoted the growth of normal gastric epithelial cells.
miR: microRNA.

miRNAs and the cell cycle in gastric cancer
As a novel gene, p42.3 encodes a 42.3 kDa protein of
389 amino acid residues that is associated with cell prolif-
eration and tumorigenicity by regulating the M-phase of
the cell cycle. p42.3 expression is up-regulated in human
gastric cancer and is a direct target of miR-29a. Experi-
ments in gastric cancer cells and tissue samples showed
that miR-29a reduced the expression of p42.3, indicating
that miR-29a may play a role in human gastric cancer””
We recently demonstrated that all miR-129 family
members, miR-129-1-3p, miR-129-2-3p, and miR-129-5p,
were down-regulated in gasttic cancer cell lines compared
with normal gastric epithelial cells™. Purthermore, all
mature products of miR-129 displayed tumor suppressor
activity. To elucidate the molecular mechanisms underly-
ing the down-regulation of miR-129 in gastric cancer, we
analyzed the effects of miR-129 mimics on the cell cycle.
We found that increased miR-129 levels in gastric cancer
cells resulted in significant Go/G1 phase atrest, which is
assoclated with cyclin dependent kinase 6 (CDKGO), a cell
cycle-associated protein involved in Gi1-S transition (Fig-
ure 3). Additionally, we demonstrated that CDK6 and sex
determining region Y-box 4 (SOX4) are the targets of
miR-129"". In addition, miR-429 and miR-148a inhibit
cell growth and proliferation in gastric cancer by targeting
c-Myc and p27, respectively™*!. These proteins are also
cell cycle regulators.

miRNAs and gastric cancer cell invasion and metastasis
Some miRNAs are involved in tumor invasion and me-
tastasis. Reversion-inducing-cysteine-rich protein with
kazal motifs (RECK), which is a target of miR-21, inhib-
its tumor invasion, metastasis and angiogenesis. Zhang
et al™ demonstrated that over-expression of miR-21 in
the gastric cancer cell line AGS enhanced the prolifera-
tion and invasive ability of cells, whereas knockdown of
miR-21 suppressed cell proliferation, invasion and me-
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tastasis, while increasing apoptosis. These processes are
associated with RECK.

Tie et al™ confirmed that miR-218 inhibited the inva-
sion and metastasis of gastric cancer iz vivo and in vitro
by targeting the Robol receptor. miR-218 expression in
gastric cancer was closely related to clinical stage, lymph
node metastasis and prognosis'*’

miR-155, a typical multifunctional miRNA, plays an
important role in the process of gastric cancer. It was
reported that miR-155 was remarkably down-regulated
in gastric cancer™. Li et al* reported that transfection
of gastric cancer cells with synthetic miR-155 mimics
decreased the migratory and invasive capacity of cells
compared to the control sample, as determined by scratch
wound healing assay, transwell migration assay and tran-
swell invasion assay. Thus, miR-155 may act as a tumor
suppressor, and it plays a pivotal function in gastric cancer
metastasis. miR-155 expression levels were restored after
treatment with 5-aza-dC, a DNA-demethylating agent*,
These data suggest that dysregulation of miR-155 expres-
sion in gastric cancer may be partially due to DNA meth-
ylation.

piRNAS AND GASTRIC CANCER
PiRNAs

piRNAs are a class of newly discovered small non-coding
RNAs that are approximately 24-33 nt in length. piRNAs
only bind specifically with Piwi protein family members.
Similar to miRNAs, the 5” ends of piRNAs also contain a
strong uracil bias. To date, piRNAs are thought to mainly
exist in the intergenic region and rarely in the gene region
and repeat region. In July, 2006, piRNAs were first identi-
fied as being closely related with germ cell development™.

Studies have shown that piIRNAs mainly exist in
mammalian germ cells and stem cells by binding to the
Piwi subfamily protein to form the piRNA compound
(piRC) to regulate gene silencing pathways'™. Genetic
analysis and time characteristics of piRNA accumulation
revealed that piRC plays an important role in gameto-
genesis. Only 17% to 20% of mammalian piRNA repeat
sequences correspond to transposons and retrotranspo-
sons'’, Thus, piIRN'As may have different functions in
epigenectic programming, repressing transcription and
post-transcriptional regulation.

According to the known function of Piwi proteins,

scientists speculate that piRNAs may have three aspects
[48,49]

of function " transcriptional gene silencing, maintain-
ing germline stem cell function and regulating translation

and mRNA stability.

Roles of piRNAs in gastric cancer

There are several reports investigating the association
between piRNAs and gastric cancer. Our study demon-
strated that piR-823 was significantly down-regulated in
gastric cancer tissues”™ . In vifro studies also revealed that
piR-823 analogues effectively inhibited gastric cancer
cell proliferationlso]. The expression of another piRNA,
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Figure 3 Molecular mechanisms of the microRNA-129 family in regulating the cell cycle in gastric cancer. Cyclin dependent kinase 6 (CDKB6) is a target of
three members of the miR-129 family. Thus, increased miR-129 in gastric cancer cells might decrease CDKG levels, affecting G:-S transition. miR: microRNA.

Table 2 Abnormal expression of long non-coding RNAs in
gastric cancer

Expression IncRNAs
Up H19, CCAT1, H19, HMlincRNA717, BM709340, BQ213083,
'AK054978, DB077273, SUMO1P3
Down GACAT1, FER1L4, uc0011sz, BG491697, AF131784,
uc009ycs, BG981369, AF147447, HMIlincRNA1600,
AKO054588

IncRNAs: Long non-coding RNAs.

piR-651, was significantly up-regulated in gastric cancer,
and transfection with piR-651 inhibitors blocked gastric
cancer cell growth and induced G2/M phase arrest”",
Our study also illustrated that piR-651 was up-regulated
in other types of cancers. To explore the potential clini-
cal application of piRNAs, we used real-time reverse
transcription-polymerase chain reaction (RT-PCR) to
detect circulating tumor cells (CTCs) in patients with
gastric cancer and found that piRNAs, such as piR-651
and piR-823, were more sensitive than serum carcino-
embryonic antigen (CEA) and carbohydrate antigen 19-9
(CA19-9)"%. These results indicate that piRNAs may be
promising molecular markers for the diagnosis of gastric
cancer.

IncRNAS AND GASTRIC CANCER

IncRNAs
IncRNAs are transcripts longer than 200 nt that are rarely
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involved in protein coding™. IncRNAs play roles in
epigenetic, transcriptional and post-transcription regula-
tion”*", They have important physiological and bio-
chemical functions, such as X-inactivation, development
and differentiation”. In structural characteristics and
sequence composition, IncRNAs are similar to protein-
coding RNAs, with highly tissue specific and time specific
properties”™. IncRNAs participate in gene imprinting (ge-
netic imprinting), chromatin modification, transcriptional
activation, interference, cell cycle regulation, splicing and
translation regulation . Researchers are paying more
attention to IncRNAs in various biological processes and
their roles in the disease process. Some studies found that
ectopic expression of IncRNAs was associated with dis-
ease occurrence, development, proliferation, metastasis,
and invasion™*¥. Moreover, researchers observed the ab-

normal expression of various IncRNAs in gastric cancer

(Table 2).

Roles of IncRNAs in gastric cancer

Our group investigated the global IncRNA expression
profile in gastric cancer™. In total, we identified 135
IncRNAs whose expression levels between tumor and
non-tumorous tissues were altered more than two-fold
(GEO accession numbers is 47850; http://www.ncbi.
nlm.nih.gov/geo/quetry/acc.cgiracc=GSE47850). The
most down-regulated IncRNAs in gastric cancer tis-
sues were FER11L4, uc001lsz, BG491697, AF131784,
uc009ycs, BG981369, AF147447, HMIlincRNA1600,
and AK054588; while the most up-regulated IncRNAs
were H19, HMIincRNA717, BM709340, BQ213083,
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AK054978, and DB077273"). Furthermore, the expres-
sion level of gastric cancer-associated transcript 1 (GA-
CAT1), or AC096655.1-002, was associated with lymph
node metastasis, distant metastasis, tumor-node-metas-
tasis stage, and differentiation, suggesting that GACAT1
might serve as a potential biological marker for the clini-
cal diagnosis of gastric cancer ™",

H19 is an IncRNA widely expressed from the ma-
ternal allele and is only separated from the neighboring
insulin like growth factor 2 (IGF2) gene by 90 kb. H19
expression is up-regulated in various human cancers, in-
cluding hepatocellular carcinoma, bladder cancer, gastric
cancer and breast cancer, suggesting that it has oncogenic
properties™, Using real-time RT-PCR, flow cytometry,
RNA immunoprecipitation and other methods, Yang ez
al”" confirmed that H19 expression in gastric cancer ac-
celerated cell proliferation. Furthermore, siRNA-mediat-
ed knockdown of H19 induced apoptosis and inactivated
P53, These results suggest that H19 may have a poten-
tial application for the treatment of gastric cancer.

Another study reported that IncRNA CCAT1 was up-
regulated in gastric carcinoma tissues, and its expression
was closely related to the transcription factor c-Myc!™,
Abnormal expression of c-Myc increased the activity
of the CCAT1 promoter™. In the CCAT1 promoter
region, c-Myc interacts with the E-box and up-regulates
CCAT1 expression. CCAT1 up-regulation was correlated
with primary tumor growth, lymph node metastasis, and
metastatic disease”. Therefore, these results indicate that
CCAT1 functions as an oncogene, and it may be used as
a biomarker and a therapeutic target in gastric cancer.

Pseudogene-expressed IncRNAs are a major member
of the IncRNA family. Recently, our group reported that
small ubiquitin-like modifier (SUMO) 1 pseudogene 3,
SUMO1P3, was markedly up-regulated in gastric cancer
tissues compared with paired adjacent non-tumor tis-
sues'". Tts expression level was significantly correlated
with tumor size, differentiation, lymphatic metastasis, and
invasion. These results indicate that SUMO1P3 may be a
potential biomarker for the diagnosis of gastric cancer.

siRNAS AND GASTRIC CANCER

siRNAs

siRNAs are exogenous RNA molecules that are double
stranded with a length of approximately 21-25 nt, includ-
ing the sub replication of the RNA virus, transposon
or transgenic target, ez. sSIRNAs are formed by Dicer, a
specific enzyme for double-stranded RNA in the RNase
I family"™, and they play a role by loading to AGO pro-
teins”>™. siRNAs silence RNA by causing target gene
degradation zia perfect complementarity with the target
mRNA. Recent studies have indicated that siRNA-medi-
ated DNA methylation and histone modification lead to
transcriptional gene silencing in mammalian cells” ",

Roles of siRNAs in gastric cancer
Studies demonstrated that the proto-oncogene astrocyte
elevated gene 1 (AEG-1) is involved in many biological
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processes, including cell proliferation, survival, apoptosis,
invasion and metastasis"™”. AEG-1 regulates tumor cell
proliferation through pre-proliferative and anti-apoptotic
effects™. In gastric cancer tissues, AEG-1 expression was
significantly higher than that in normal tissues'™'
ing that it may play an important role in the occurrence
and development of gastric cancer. Therefore, compared
with non-transfected cells and control siRNA transfected
cells, AEG-1 siRNA markedly down-regulated endog-
enous AEG-1 expression at the mRNA and protein lev-
els in gastric cancer cells. Expression of AEG-1 siRNA
inhibited cell proliferation and changed the cell cycle dis-
tribution of gastric cancer cells.

The B lymphocyte/leukemia-2 (Bc/-2) gene is an
oncogene that effectively inhibits cell apoptosis and
prolongs cell vitality. Liu ez al® reported that a specific
siRNA against Bcl-2 increased the apoptosis of gastric
cancer BGC-823 cells. Gao ¢ al” recently demonstrated
that siRNA-mediated knockdown of the phosphatase
of regenerating liver-3 gene effectively inhibited gastric
carcinoma invasion and metastasis. These results indicate
that stRNA mediated-gene knockdown may be promising
for clinical applications.

I suggest-

CONCLUSION

In the mammalian genome, ncRNAs account for ap-
proximately 98% of all transcripts. ncRNAs are a critical
component of highly complex gene regulatory networks
in cells. Their functions include adjusting the timing of
development, cell proliferation, eatly embryonic develop-
ment, tumor development, and stem cell differentiation.
Various aberrantly expressed ncRNAs have been identi-
fied in gastric cancer (Tables 1 and 2). These ncRNAs
may not only be new biological markers for the diagnosis

of gastric cancer but also new targets for gastric cancer

therapy.
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