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Abstract: A large number of long non-coding RNAs (IncRNAs) have been discovered by genome-wide transcriptional
analyses. Emerging evidence has indicated that IncRNAs regulate gene expression at epigenetic, transcription, and
post-transcription levels, are widely involved in various pathobiology of human diseases, and may play an important
role in the biology of cancer stem cells. Alterations of specific INcRNAs have been revealed to interact with the major
pathways of cell proliferation, apoptosis, differentiation, invasion and metastasis in many human malignancies,
such as gastrointestinal cancer. This review summarizes the current understandings in biological functions and

implications of IncRNAs in gastrointestinal cancer.
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Introduction

For many years, the so-called central dogma of
molecular biology has been dominant in bio-
medical fields, including cancer research [1],
which assumes that the information flow in a
cell is uniquely directed from DNA to RNA to
protein, and that proteins are ultimately respon-
sible for cell phenotype. However, recent
advances in genomics technology, such as til-
ing arrays and RNA deep sequencing, have led
to the explosive discovery of pervasive tran-
scription activity in most of the eukaryotic
genomic regions that were once considered
“junk DNA” or “deserts” [2-4]. The studies have
revealed that approximately 97% of eukaryotic
genomes are transcribed, whereas only 3% of
the genome encodes proteins [5]. This sug-
gests that a large proportion of the genome
produces an unexpected plethora of RNA mol-
ecules that have no protein coding potential.
These are collectively called noncoding RNAs
(ncRNAs). Based on their size, ncRNAs include
long (or large) non-coding RNAs (IncRNAs) and
short ncRNAs, including ribosomal-RNAs
(rRNAs), ransfer-RNAs, small interfering RNAs
(siRNAs), Piwi-RNAs (piRNAs), as well as microR-
NAs. The human and other mammalian

genomes produce thousands of IncRNAs [6-8].
To date, only a handful of IncRNAs have been
studied functionally and/or mechanistically.
However, IncRNAs have recently drawn intense
attention with the bright perspective that they
may represent a new regulatory layer in the
complexity of mammalian gene regulatory net-
works underneath a wide range of pathobiology
of human diseases. Evidence shows that
IncRNAs could play crucial roles in development
and progression in gastrointestinal cancer.
Here, we provide an overview on IncRNAs and
discuss the current and future research that
may shed further light on understanding the
functional role of IncRNA in gastrointestinal
cancetr.

Basic biology of IncRNAs
The definition of IncRNAs

LncRNA is conventionally defined as an endog-
enous and a non-protein-coding RNA molecule
longer than 200 nucleotides, which lacks pro-
tein-coding capability [9]. This length is a conve-
nient cut-off to exclude small RNAs in a RNA
purification procedure, but include pseudo-
genes, microRNA precursors as well as RNAs
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Figure 1. LncRNAs can be divided into five categories according to their location relative to nearby protein-coding
genes. (D Sense IncRNAs sequence overlaps with the sense strand of a protein-coding gene; @ Antisense IncRNAs
are transcribed in the opposite direction of protein-coding genes, and overlap at least one coding exon; 3 Bidirec-
tional IncRNAs are transcripts that initiate in a divergent fashion from the promoter of a protein-coding gene; @ In-
tronic INcRNAs are IncRNAs that initiate inside of an intron of a protein-coding gene in either direction and terminate

without overlapping exon.

that interact with epigenetic effectors and
splicing factors. LncRNAs are strikingly similar
to mRNA: they are RNA polymerase Il tran-
scripts, which are capped, spliced and polyad-
enylated, yet do not function as templates for
protein synthesis.

Structures of IncRNAs

Although IncRNAs constitute a large fraction of
the transcriptome, only a few IncRNAs have
been structurally annotated and found to share
some primary sequence features. The
sequenced features in IncCRNAs have been
obtained by analyzing 204 functional IncRNAs
and their splicing variants, including paucity of
introns, low GC content, poor start codon and
ORF contexts [10]. In addition, the presence of
motifs embedded in the IncRNA primary
sequence enables IncRNAs to be specifically
associated with DNA, RNA, and protein. Some
IncRNAs alternate miRNA binding sites to regu-
lation expression levels of protein-coding genes
[11]. The large- or small-scale mutations in the
IncRNA primary sequence are highly correlated
with diseases [12, 13].

LncRNAs lack conservation in many cases even
among closely related species. Many IncRNAs
have a significant secondary structure which is
critical for specific binding and function [14].
For example, INcRNA SRA has a complex struc-
tural architecture, which is organized into four
distinct domains, with a variety of secondary
structure elements to interact with a variety of
proteins [15]. Additionally, non-canonical end
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maturation of MALAT1 IncRNA involves a clo-
verleaf secondary element at its 3’-end [16].

Many IncRNAs have multiple alternatively
spliced forms. For example, IncRNA PVT-1 pro-
duces a wide variety of spliced noncoding RNAs
as well as a cluster of six annotated microR-
NAs: miR-1204, miR-1205, miR-1206, miR-
1207-5p, miR-1207-3p and miR-1208 [17]. The
NCBI AceView database has revealed at least
10 alternative RNA transcripts derived from the
colorectal neoplasia differentially expressed
(CRNDE) locus [18]. Alternative splicing is now
recognized to contribute to the pathogenesis of
many diseases, including cancers [19]. Thus,
structural architecture and identification of
splice variants for IncRNAs may contribute to a
better understanding of the mechanisms
responsible for IncRNAs function.

The origins of LncRNA

There are five possible sources from which the
IncRNA is resulted: (1) a protein-coding gene
acquires frame disruptions and is transformed
into a functional noncoding RNA that incorpo-
rates some previous coding sequence. The Xist
IncRNA originated by undergoing a metamor-
phosis from a previous protein-coding gene
while incorporating transposable element
sequence; (2) following a chromosome’s rear-
rangement, two untranscribed and previously
well-separated sequence regions are juxta-
posed and give rise to a multi-exon noncoding
RNA. A dog noncoding RNA (supported by
ESTsBM537447, C0597044, and DN744681)
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Figure 2. Schematic illustration for cellular functions of IncRNAs (red). 1. IncRNAs can either negatively or positively
affect expression of the coding gene (black) by transcriptional interference; 2. IncRNAs can recruit chromatin modi-
fication complex to regulate coding gene expression by inducing chromatin remodeling and DNA methylation; 3.
IncRNAs can change alternative splicing of various pre-mRNAs; 4. antisense INCRNA can pair to their specific sense
mRNA, generating endo-siRNAs; 5. IncRNAs can interact with proteins to influence protein activity, to alter protein
localization, or to modulate structural component; 6. IncRNAs can be processed to yield miRNAs; 7. IncRNAs can
also act as “miRNA sponge” to influence the mRNA expression mediated by miRNA.

appears to be yielded following such a lineage-
specific change; (3) duplication of a noncoding
gene by retrotransposition generates either a
functional noncoding retrogene or a nonfunc-
tional noncoding retropseudogene; (4) neigh-
boring repeats within a noncoding RNA have
their origins in two tandem duplication events;
and (D) insertion of a transposable element
gives rise to a functional noncoding RNA [20].

The classification of LncRNAs

On the basis of their position relative to protein-
coding genes, INcRNAs can be divided into five
broad categories (Figure 1): (1) sense; (2) anti-
sense, when overlapping one or more exons of
another transcript on the same, or opposite
strand, respectively; (3) bidirectional, when the
expression of a IncRNA and a neighboring cod-
ing transcript on the opposite strand is initiated
in close genomic proximity; (4) intronic, when it
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is derived from an intron of a second transcript
(although these, as noted above, sometimes
may represent pre-mRNA sequences); and (5)
intergenic, when IncRNA lies within the genom-
ic interval between two genes [21].

It has been indicated that IncRNA classification
may reflect functional characterization. Clark et
al [22] determined the half-lives of approxi-
mately 800 IncRNAs in the mouse Neuro-2a
cell line and revealed that intergenic and cis-
antisense IncRNAs were more stable than
those derived from introns. Additionally, they
found that many human large intergenic non-
coding RNAs could be associated with chroma-
tin-modifying complexes and affect gene
expression [23]. Therefore, the classification of
IncRNAs can provide crucial pieces of informa-
tion for studying the potential function of
IncRNAs in some extent.
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Table 1. IncRNAs that have been or might be linked to gastrointestinal cancers

IncRNAs Expression Cancers Emerging roles References
HOTAIR Up-regulation CRC Metastasis, prognosis 31,58
GC Metastasis 32,59,60

CCAT1 Up-regulation GC Proliferation 34,52

H19 Up-regulation GC Diagnosis, apoptosis and proliferation 33,44,53,54
CCAT2 Up-regulation CRC Microstellite stability 36

p21 Down-regulation CRC 37
BM741401 Down-regulation GC Prognosis,metastasis 38,

CCAT1 Up-regulation CRC Diagnosis 39
AC096655.1-002 Down-regulation GC Diagnosis 40

MEG3 Down-regulation GC Prognosis, apoptosis 41

CRNDE Up-regulation CRC Diagnosis 19

PVT1 Up-regulation CRC Proliferation, apoptosis 49
MALAT1 Up-regulation CRC Metastasis 56

PCAT-1 Up-regulation CRC Metastasis 62

The functions of IncCRNAs

Although a functional IncRNA known as Xist
was discovered and characterized in the early
1990s [24-26], only a small percentage of
IncRNAs have been studied in detail. Increasing
numbers of INcRNAs have been shown to func-
tion in development and participate in a wide
variety of molecular genetic and cellular pro-
cesses, such as chromosomal dosage compen-
sation, control of imprinting, chromatin modifi-
cation, chromatin structure, transcription, splic-
ing, translation, cellular differentiation, integrity
of cellular structures, cell cycle regulation,
intracellular trafficking, reprogramming of stem
cells and the heat shock response [27]. Figure
2 shows how IncRNA functions at molecular
level: (1) transcription from an upstream non-
coding promoter affect expression of the down-
stream gene; (2) It affects the expression of the
downstream gene by inhibiting RNA polymerase
Il recruitment or inducing chromatin remodel-
ing; (3) an antisense transcript is able to hybrid-
ize to the overlapping sense transcript and
block recognition of the splice sites by the spli-
ceosome, thereby resulting in an alternatively
spliced transcript; or (4) alternatively, hybridiza-
tion of the sense and antisense transcripts can
allow Dicer to generate endogenous siRNAs. By
binding to specific protein partners, a noncod-
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ing transcript can modulate the activity of the
protein; (5) serve as a structural component
that allows a larger RNA-protein complex to be
formed or altered where the protein localizes,
or to modulate proteins activity in the cell; (6)
IncRNAs can be processed to yield small RNAs,
such as miRNAs, piRNAs, and other less well-
characterized classes of small transcripts [28];
and (7) IncRNAs can also act as “miRNA
sponge” to influence the mRNA expression
mediated by miRNA.

The relation between gastrointestinal cancer
and IncRNAs

Although only a small percentage of human
IncRNAs have been characterized so far.
Notably, it has been shown that the roles for
INcRNAs as drivers of tumor suppressive or
oncogenic functions have appeared in diverse
cancer types [29]. Currently, IncRNAs have
been found to be deregulated in gastrointesti-
nal cancer, and elucidated to influence the hall-
marks of cancer, including cell proliferation,
apoptosis, invasion and metastasis (Table 1).

Aberrant expression of IncRNAs in gastrointes-
tinal cancer

During the past decade, it has been revealed
several examples of differentially expressed
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IncRNAs in cancer, some of which contributes
to neoplasia [30]. Experiments with IncRNA
microarrays to search for abundantly expressed
IncRNAs in gastric cancer have revealed 135
IncRNAs with differential expression levels
between tumor and non-tumor tissues [31].
The well-studied IncRNA, HOTAIR, is identified
to be highly expressed in colorectal cancer
(CRC) and gastric cancer [32, 33]. Yang et al
[34, 35] revealed that IncRNA H19 and colon
cancer associated transcript 1 (CCAT1) levels
were markedly increased in gastric carcinoma
tissues as compared with normal tissues, sug-
gesting a critical role in the progression of gas-
tric carcinoma. LncRNA CCAT2 is highly overex-
pressed in microsatellite-stable CRC [36].

Nevertheless, some IncRNAs exhibit down-reg-
ulated expression level in gastrointestinal can-
cers. LincRNA-p21 expression level was
increased by elevated wild-type p53 induced by
nutlin-3 in HCT-116 CRC cells. lincRNA-p21 was
significantly lower in CRC tumor tissue as com-
pared with the paired normal tissues [37]. Park
et al. [38] performed RNA-seq experiments to
compare gastric cancer with normal tissues
and found differentially expressed transcripts
in intergenic regions. They identified 31 tran-
scripts, including BM742401 which was down-
regulated in cancer [38].

The role of IncRNAs in the diagnosis and prog-
nosis prediction of gastrointestinal cancer

LncRNAs are found in the nucleus, cytoplasm
or both. Intriguingly, many IncRNAs have
restricted tissue- and cancer- specific expres-
sion patterns, which suggest potential applica-
tions in diagnostic and/or prognostic evalua-
tion [6, 7, 23]. As for gastrointestinal cancer,
some IncRNAs may be useful as novel potential
biomarkers for diagnosis and/or prognosis pre-
diction. CCAT1 IncRNA was found to be
expressed in CRC tumors, but not in normal tis-
sues, suggesting that CCAT1 is a powerful diag-
nostic parameter for the specific identification
of CRC [39]. AC096655.1-002, for example,
can be served as a diagnostic marker and pre-
dictor for cancer progression for gastric cancer
patients [40]. AC096655.1-002 was signifi-
cantly downregulated in gastric cancer tissues,
and the sensitivity and specificity of the
AC096655.1-002 in the diagnostic of gastric
cancer was 0.513 and 0.872. In advanced gas-
tric cancer stages, the low expression of
AC096655.1-002 was associated with distant
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metastasis, lymph node metastasis, depth of
invasion and poor survival. Additionally, the
downregulated expression of INcRNA BM742-
401 was correlated with poor survival in gastric
cancer patients [38]. Similarly, the patients
with lower expression of maternally expressed
gene 3 (MEG3) had a significantly poorer prog-
nosis than those with higher MEG3 expression
in gastric cancer [41].

Moreover, similar to circulating miRNAs, some
IncRNAs are demonstrated to be present in
body fluids such as blood and urine, and can be
detected by PCR [42, 43]. CRNDE IncRNA splice
variants were up-regulated in neoplastic
colorectal tissues. The expression level of
CRNDE-h transcript in the plasma of CRC
patients was 5.5 times greater than that of the
healthy individuals. The expression level of
CRNDE-h alone revealed a sensitivity of 87%
and specificity of 93% for predicting the pres-
ence of CRC [18], suggesting that CRNDE tran-
scripts may have clinical utility in screening and
diagnosing CRC. In gastric cancer, plasma H19
level was found significantly higher in patients
than healthy controls and reduced in postoper-
ative samples [44]. The detection of circulating
INcRNAs may provide new complementary
tumor markers for gastric cancer, although the
exact mechanism of the release of IncRNAs
into body fluids remains elusive. It was found
that IncRNAs were relatively stable in plasma
samples, and were protected from the severe
conditions tested by some mechanisms [44].
Given this specificity and accessibility, IncRNAs
may be the biomarkers superior to many cur-
rent protein-coding biomarkers.

The role of IncRNAs in the proliferation of gas-
trointestinal cancer

One of the most prominent characteristics of a
cancer cell is its ability to achieve unlimited
growth in the absence of external stimuli [45].
The small ncRNA including well-documented
microRNAs receive the most attention and are
shown to play many important roles in cancer
proliferation [46, 47]. In several types of can-
cer, including CRC and gastric cancer, the
expression of IncRNAs has led to promote or
repress cell proliferation. Amplification of 8q24
is one of the most frequent events in a wide
variety of malignant diseases including CRC
[48]. PVT-1, which encodes a IncRNA, is
mapped to chromosome 8g24 [7]. Takahashi
et al found that 824 copy-number gain pro-
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moted PVT-1 expression, and that aberrant
expression of PVT-1 was of significance and
accompanied by genomic alteration in CRC
[49]. Reducing PVT-1 expression by siRNA
resulted in a significant loss of CRC cell prolif-
eration. In CRC cells with knockdown of PVI-1,
the transforming growth factor beta (TGF-B) sig-
naling and apoptosis signals were significantly
activated [49]. Another example of IncRNA
involved in proliferation is lincRNA MEG3, a
1721 bp noncoding RNA. MEG3 gene is an
imprinted gene belonging to the imprinted
DLK1-MEG3 locus located at chromosome
14932.3 in human. Evidence elucidated that
MEG3 is expressed in normal tissues while its
expression is lost in an expanding list of prima-
ry human tumors and tumor cell lines [50, 51].
In gastric cancer, Sun et al. performed Hoechst
staining analysis for tumor cells with ectopic
over-expression MEG3 and illustrated that
enforced expression of MEG3 significantly
induced apoptosis in vitro, whereas the inhibi-
tion of MEG3 expression promoted the prolifer-
ation of gastric cancer [41]. Besides, another
study showed that CCAT1 was also upregulated
in gastric carcinoma in comparison with adja-
cent normal gastric tissues, and its abnormal
expression promotes the proliferation of gastric
carcinoma cells [52]. Furthermore, one E-box
element located at the promoter region of
CCAT1 and c-Myc could regulate both the pro-
moter activity and expression of CCAT1 through
direct binding to the E-box element. Enforced
expression of c-Myc increased the expression
of CCAT1. On the contrary, the inhibition of
c-Myc also decreased the expression of CCAT1
correspondingly [52]. The up-regulation of H19
was found to contribute to proliferation of gas-
tric cancer cells [53]. It was also indicated that
H19-derived miR-675 could modulate human
gastric cancer cell proliferation by targeting
tumor suppressor RUNX1 [54].

The relation between IncRNAs and metastasis
in gastrointestinal cancer

Increasing evidence has demonstrated that
cancer patients die from metastases instead of
the primary tumor. Thus, it is still critical for us
to find novel biomarkers to predict the possibil-
ity of metastasis. Interestingly, many IncRNAs
are consistently associated with clinical para-
metric indicatives of metastasis in a wide spec-
trum of tumor types [55]. A notorious example
of such an oncogenic IncRNA is metastasis-
associated lung adenocarcinoma transcript 1
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(MALAT1), which was initially found over-
expressed in lung cancer metastases [56]. In
our laboratory, Xu et al. [13] identified that a
fragments (6918 nt - 8441 nt) located at the 3’
end of MALAT-1 played a pivotal role in the inva-
sion and metastasis of CRC cells. Analogous to
MALAT1, homeobox transcript antisense RNA
(HOTAIR) represents another IncRNA that is
strongly associated with metastatic progres-
sion. HOTAIR is a long non-coding RNA that was
identified from a custom tilling array of the
HOXC locus. HOTAIR can simultaneously inter-
act with both polycomb repressive complexes 2
(PRC2) and LSD1/CO-rest, which catalyze his-
tone H3K27 trimethylation and H3K4 demeth-
ylation, respectively. When over-expressed,
HOTAIR targets these repressive complexes to
inhibit HOXD gene expression, and promotes
tumor invasion and metastasis in breast can-
cer [57]. In colorectal cancer (CRC), HOTAIR
expression level was found higher in CRC tis-
sues than that in the corresponding noncancer-
ous tissues. High expression levels of HOTAIR
correlated with the presence of liver metasta-
sis, and CRC patients with a high HOTAIR
expression level also had a worse prognosis
than those with a low HOTAIR level [58]. In gas-
tric cancer, it was found that the expression
level of HOTAIR was significantly higher in gas-
tric carcinoma lesions as compared to non-can-
cerous lesions, and HOTAIR might contribute to
distant metastasis and/or peritoneal dissemi-
nation rather than direct invasion to neighbor-
ing organs [59]. Furthermore, Xu et al [60] per-
formed the transwell matrigel invasion assays
and showed that down-regulation of HOTAIR by
siRNAs caused a significant decrease in the
cell invasiveness. While representing only a few
examples of an increasing body of literatures,
MALAT1 and HOTAIR provide a solid rationale
for developing more IncRNA-based bests aim-
ing at assessing the pro-metastatic potential of
gastrointestinal cancer.

In addition to above-discussed IncRNAs that
promote metastasis, there are also many
examples of metastasis-suppressive IncRNAs
in gastrointestinal cancer. Among them,
BM742401 exhibits decreased expression in
more aggressive cancers, correlating with met-
astatic properties and decreased survival in
gastric cancer tissues [38]. BM742401 over-
expression significantly reduced the size and
number of foci and inhibited cancer metastasis
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by regulating MMP9. PCAT-1 (prostate cancer-
associated ncRNA transcriptsl), a IncRNA
located in the chromosome 8qg24 gene desert
and -725 kb upstream of the c-MYC oncogene,
has been discovered by RNA sequence and
implicated in the disease progression of
patients with prostate cancer [61]. Recently, Ge
et al. [62] found that PCAT-1 was also up-regu-
lated in colon cancer, and there was a signifi-
cant association between PCAT-1 expression
and distant metastasis, but not other clinical
characteristics.

LncRNAs and cancer stem cells

The role of IncRNAs in the biology of cancer
stem cells begins to gain appreciation in the
study of breast cancer, although how IncRNAs
affect the progression of gastric and intestinal
cancer remains unknown. It has been reported
that Abexinostat, a histone deacetylase inhibi-
tor, can induce differentiation of breast cancer
stem cells, accompanied with low IncRNA Xist
expression [63]. Most recently, IncRNA-ROR
has been reported to regulate an epithelial-to-
mesenchymal transition (EMT) program in
immortalized human mammary epithelial cells
and enhanced breast cancer cell migration and
invasion as well as generated stem cell proper-
ties [64].

Conclusions

LncRNAs have been emerging rapidly as a
diverse group of important regulators of genet-
ic information flow that interact with the epigen-
etic, transcriptional, and posttranscriptional
regulation. Functional alterations of specific
IncRNAs promote tumor formation and progres-
sion in many human malignancies including
gastrointestinal cancer. Some IncRNAs may
provide new clues for the diagnosis and treat-
ment of gastrointestinal cancer. However, only
a small part of gastrointestinal cancer-related
IncRNAs have been well characterized. The
vast majority of IncRNAs exhibit much lower
abundance as compared with typical protein-
coding mRNAs, raising a precaution that some
of them might be the product of transcriptional
noise without any biological function. Moreover,
the functional characteristics of individual
IncRNAs have often been solely based on their
expression pattern correlation with neighboring
protein-coding genes without any mechanistic
understanding. Therefore, more in-depth work
will certainly be necessary to accurately appre-
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ciate the nature of the IncRNA regulatory net-
works and their roles in various biological pro-
cesses as well as human cancers.
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