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High throughput methodologies have revealed the existence of an unexpectedly large number of long noncoding RNAs (lncRNAs).
The unconventional role of lncRNAs in gene expression regulation and their broad implication in oncogenic and tumor suppressive
pathways have introduced lncRNAs as novel biological tumor markers. The most prominent example of lncRNAs application in
routine clinical practice is PCA3, a FDA-approved biomarker for prostate cancer. Regarding digestive system malignancies, the
oncogenic HOTAIR is one of the most widely studied lncRNAs in the preclinical level and has already been identified as a potent
prognostic marker for major malignancies of the gastrointestinal tract. Here, we provide an overview of recent findings regarding
the emerging role of lncRNAs not only as key regulators of cancer initiation and progression in colon, stomach, pancreatic, liver,
and esophageal cancers, but also as reliable tumormarkers and therapeutic tools. lncRNAs can be easily, rapidly, and cost-effectively
determined in tissues, serum, and gastric juice, making them highly versatile analytes. Taking also into consideration the largely
unmet clinical need for early diagnosis and more accurate prognostic/predictive markers for gastrointestinal cancer patients, we
comment upon the perspectives of lncRNAs as efficient molecular tools that could aid in the clinical management.

1. Introduction

Gastrointestinal (GI) cancer is an umbrella term which refers
to a diverse group of tumors that affect the digestive system
and accessory organs, including the esophagus, stomach,
gallbladder, liver, pancreas, and small and large intestine
[1]. According to recent GLOBOCAN data, 4.06 million
new cases and 3.03 million deaths of GI cancer occurred
in 2012, worldwide. Liver (LC), gastric (GC), and colorectal
(CRC) cancers are ranked second to fourth in terms of
worldwide cancer-related mortality, behind only lung cancer
[2]. Pancreatic cancer incidence is increasing rapidly and
prognosis remains poor, with a 5-year survival rate of as little
as 6% [3]. Esophageal cancer is a virulent malignancy of the
upper GI tract and overall 5-year relative survival remains
below 20% [4].

One of the common features of digestive system carcino-
mas, which can partially explain the abovementioned dismal
statistics, is the lack of early alarming clinical symptoms.

Early neoplastic lesions aremacroscopically similar to normal
tissues and this complicates their detection with endoscopic
and/or imaging approaches [1]. Adding to this perplexity,
robust diagnostic biomarkers for most GI cancers are not yet
available. For instance, even serum carbohydrate antigen 19-9
(CA19-9) has relatively poor specificity and sensitivity, towar-
rant its use as a screening biomarker for pancreatic cancer [1,
5]. Furthermore, a large proportion of GI cancer patients who
have undergone treatment, suffer from frequent relapse and
metastatic recurrence of disease. Unpredictable chemother-
apy resistance is another major contributor to the poor
clinical outcome of advanced stage GI cancer patients [6–8].

An in-depth understanding of the previously uncharted
molecular pathways that promote the multistep process of GI
cancer initiation, progression, and chemoresistance could be
effectively translated into biomarkers that will accelerate the
realization of an optimal clinical management for GI cancer
patients. One such molecular mechanism, as suggested by
continuously growing body of evidence, is the regulation
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by long noncoding RNAs (lncRNAs), a species of RNA
molecules that are steadily becoming the next frontier for
cancer translational research.

2. Long Noncoding RNAs:
An Unconventionally Unique Component of
the Human Transcriptome

The application of high-throughput sequencing technolo-
gies and bioinformatic methods, uncovered the existence
of an extraordinary number of non-protein coding RNAs
(ncRNAs) expressed by the human genome [9]. These
untranslated RNA transcripts are categorized into short and
long ncRNAs according to their size, which in turn, can
be divided into subclasses based on their functional and
structural features [10]. Although research interest has long
been monopolized by short ncRNAs, such as microRNAs,
a lot of attention is now focused towards the abundant and
diverse class of lncRNAs.

lncRNAs are endogenous cellular RNA molecules more
than 200 nucleotides long, which do not possess open reading
frames (ORFs) of significant length. Although compelling
evidence shows that lncRNAs lack protein-coding capacity,
it is possible that a subset of lncRNAs with small ORFs,
may indeed code for short peptides [11, 12]. lncRNAs are
predominantly transcribed by RNA polymerase II and are
subsequently subjected to 5-end capping, 3-end polyadeny-
lation, and splicing. However, multiple lncRNAs are pro-
duced byRNApolymerase III and remain nonpolyadenylated
[13]. lncRNAs are localized to the nucleus and cytoplasm
where they can interact with DNA, RNA, and proteins
and act as gene expression regulators at the transcriptional
and/or posttranscriptional levels. Moreover, lncRNAs display
tissue-, cell-, developmental-, and disease-specific expression
patterns [14] and are detectable in several bodily fluids, such
as blood and urine [15].

Recently, Ma et al. [16] thoroughly devised lncRNAs
according to their genomic location, their distance of the
target gene, the targeting mechanisms, and their exact mode
of action. Based on their genomic position, lncRNAs are
characterized as sense, antisense, intronic, and intergenic
lncRNAs (lincRNAs). A lncRNA molecule can be either
a cis-acting agent, regulating the expression of a neighbor
gene of the same chromosome, or a trans-acting element,
inducing epigenetic changes on a distant gene of the same
or different chromosome. In terms of targeting mechanisms,
lncRNAs act as (1) markers for the spatiotemporal expression
of the target genes (signal), (2) adaptors for the assembling
of functional protein complexes (scaffold), (3) factors that
tether specific proteins and determine the proper localization
of the resultant complex (guide), and (4) molecules that
prevent the interaction of another RNA or protein with
its natural targets (decoy). Based on their mechanism of
action, lncRNAs are categorized into three subgroups that
regulate gene transcription, posttranscriptional events, and
other procedures such as RNA interference [16].

3. Noncoding Does Not Mean Nonfunctional:
Mechanisms of Action of lncRNAs and
Their Role in Physiology

The first human lncRNA gene, H19, was cloned and
sequenced by Brannan et al., in 1990 [17]. A year later, the
X-inactive-specific transcript (XIST) was identified [18]. Cur-
rently, the estimated number of lncRNAs genes in the human
genome is 56 018 [19], the exact functions of which are only
beginning to be unraveled. lncRNAs are considered as ideal
orchestrators of RNA-based regulatorymechanisms, adding a
new layer to the, already complex, network of gene expression
control. Although information regarding the exact mecha-
nisms of action of lncRNA remain scant, mounting experi-
mental data suggest that they are involved in each step of the
gene information processing, via distinct mechanisms [20].

lncRNAs play crucial roles in epigenetic regulation of
gene expression. In this case, cis- or trans-acting lncR-
NAs (e.g., XIST and HOTAIR, resp.), serving as scaffold
molecules, direct the recruitment of histone or chromatin
modifying complexes to the target gene and induce its
repression. Besides, activating lncRNAs, known as enhancer-
associated lncRNAs, mediate the remodeling of chromatin
landscape so as active enhancers to be gathered in close
proximity to the target gene (e.g., HOTTIP) [21, 22].

Distinct mechanisms have been described regarding the
function of lncRNAs in transcriptional regulatory programs.
For example, these molecules are able to interact with a
variety of transcription factors and to promote their acti-
vation/inactivation or to determine their subcellular local-
ization. Moreover, lncRNAs can inhibit Pol II or conversely
facilitate the binding of this enzyme to the gene promoter
[23]. lncRNAs can also regulate gene expression in the post-
transcriptional level. More precisely, lncRNAs act as miRNA
“sponges” where, the lncRNA-miRNA base pairing modifies
the latter’s posttranscriptional effect and alters the expres-
sional profile of their mRNA-target (e.g., HULC) [24]. Addi-
tionally, lncRNAs are implicated in alternative mRNA splic-
ing. The most prominent example is the lncRNA MALAT1,
which is proposed to interact with and control the activity
of serine/arginine-rich protein, a central component of the
splicing machinery [20].

lncRNAs have emerged as fine-tuners of cell differentia-
tion and are implicated in various events in the life cycle of
eukaryotes, ranging from gametogenesis to the formation of
multicellular tissues and regulation of homeostasis. lncRNAs
are also major parts of the transcriptional networks that
induce or maintain ESC (Embryonic Stem Cells) pluripo-
tency [25, 26]. Moreover, lncRNAs are involved in embryo-
genesis, since they are essential for dosage compensation
(e.g., XIST), genomic imprinting (e.g., Kcnq1ot1), and the
control of Hox gene expression [26]. The multifunctionality
of lncRNAs allows them to take part in the complicated
regulatory programs that govern the differentiation and
development of distinct organs and tissues such as the central
neural system, muscles, mammary gland, heart, skin, and
adipose tissue [21, 25, 26].
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4. The Extensive Implication of lncRNAs in
Cancer Pathobiology: Can It Be Translated
to Clinical Practice?

The established involvement of lncRNAs in a wide range of
biological procedures has ushered in a new era of molecular
genetics, where previously uncharacterized molecules seem
to contribute to the etiology of humandiseases.Modifications
in the structure of lncRNAs, which are induced by large- or
small-scale mutations, as well as their abnormal expression,
have been linked with the onset of several pathological
conditions and, most importantly, cancer [27, 28]. The aber-
rant expression of lncRNAs, across both solid and human
hematological malignancies, brought these molecules to the
forefront of cancer research and accelerated the investigation
of their mechanistic roles in these multifactorial disorders.
Dysregulated lncRNAs promote neoplastic transformation
through the malfunction of common biological procedures
such as epigenetic and transcriptional regulation, apopto-
sis, and epithelial-mesenchymal-transition (EMT). Although
many functional aspects of lncRNAs still need to be clarified,
accumulating in vitro and in vivo studies strengthen their role
as oncogenes (e.g., HOTAIR, ANRIL,MALAT1, SRA,HULC,
UCA1, PCA3, PCAT-1, PCGEM1, and PRNCR1) or tumor
suppressors (LincRNA-p21, GAS5, MEG3, TERRA, PANDA,
and TUG1) [29].

Several lncRNAs with oncogenic potential have already
been reported. For instance, HOTAIR, promotes metastasis
via a polycomb repression complex 2- (PRC2-) dependent
pathway, simultaneously mediating the repression of several
metastasis-suppressor genes and the activation of metastasis-
enhancing genes [30]. A recent study indicates that HOTAIR
may serve as regulator of EMT [31] and, vice versa, its
expression is controlled by signaling pathways andmolecules
that control EMT (WNT/𝛽-catenin signaling pathway and
TGF-b) [29]. Similar to HOTAIR, ANRIL guides a PRC-
mediated silencing of the INK4b/ARF/INK4a locus. These
genes encode for three tumor suppressor proteins (p15, p14,
and p16) which play crucial roles in cell cycle block, senes-
cence, and stress-induced apoptosis. Abnormal silencing of
the aforementioned genes by ANRIL is a possible mechanism
for cancer initiation. MALAT1 is also implicated in metas-
tasis; chromosomal translocation is the main mechanism
behind its marked upregulation in cancer [15]. Malfunction
of MALAT1 affects cancer cells’ mobility, invasiveness, and
survival through the abnormal splicing of genes that are
involved in oncogenesis- and metastasis-related procedures
(e.g., WNT and MAPK signaling, cytoskeletal organization
and cell cycle, EMT) [29, 32].

Contrariwise, tumor-suppressor lncRNAs have also been
described. The currently known tumor suppressor lncRNAs
are mainly implicated in apoptosis and cell cycle control,
albeit they are characterized by dissimilar modes of action.
For example, Linc-p21, PANDA, and TUG1 are involved in
the p53 signaling and thus control the expression of genes
that are related with apoptosis and cell cycle [33]. MEG3
also facilitates p53 signaling by activating and promoting
p53 binding to the target genes. A p53-independent mode of
action, which includes the control of Rb and the inhibition of

cell proliferation, was also described recently for MEG3 [29].
GAS5 influences cell survival fate by activating the apoptotic
machinery. Specifically, GAS5 competes with Glucocorticoid
Response Elements (GRE) for binding to the glucocorticoid
receptor (GR) and induces transcriptional suppression ofGR-
related genes that act as inhibitors of apoptosis [34].

Apart from their regulatory role in oncogenic and tumor-
suppressor pathways, the tissue- and cancer-specific expres-
sion patterns that lncRNAs commonly demonstrate [15]
along with the advances in high-throughput expression anal-
ysis technologies have paved the way for the exploitation of
these molecules in the clinical setting of oncology. Indeed, a
bulk of experimental data denotes not only the dysregulation
of lncRNAs in various cancers but also their association with
patients’ prognosis and response to treatment, rendering
lncRNAs as an untapped source of diagnostic, prognostic,
and predictive markers as well as a novel class of therapeutic
targets.

The greatest example of the dynamics of lncRNAs as diag-
nostic biomarkers is the 2012-FDA approved PCA3 urine test
for prostate cancer [35, 36]. Interestingly, the lncRNA UCA1
(Urothelial Carcinoma Associated 1) can also be detected
in urine sediment and represents a promising noninvasive
diagnostic marker of bladder cancer [37]. Investigating the
potential role of lncRNAs as prognostic and predictive mark-
ers has already provided encouraging results. In particular,
HOTAIR is upregulated in both primary and metastatic
breast tumors and is a robustmarker of unfavorable prognosis
regarding overall survival (OS) andmetastasis [32]. MALAT1
is significantly overexpressed in metastasizing non-small cell
lung cancer (NSCLC) tumors and serves as an independent
prognostic indicator of poor survival for stage I NSCLC
patients [38]. Moreover, H19 is a potent predictor of early
recurrence in bladder cancer patients [24]. Expectations
have also been raised regarding the potential of lncRNAs as
predictive markers. For instance, XIST is correlated with the
therapeutic response in ovarian cancer [15], and MALAT1
expression in osteosarcoma is correlated with poor response
to chemotherapy [39].

The possible application of lncRNA-based therapies in
clinical practice has attracted much pharmaceutical research
interest and the first clinical trials are already underway
(e.g., the DTA-H19 vector in bladder, ovarian, and pancreatic
cancer) [40, 41]. Another approach, regarding the use of
lncRNAs in cancer therapy, is the combined use of siRNAs
against certain lncRNAs with conventional chemotherapeu-
tic agents, which seems to result in effective sensitization
of tumors to the latter [33, 42]. Antisense oligonucleotides
represent an alternative option to achieve lncRNA targeting
and recent studies demonstrated that this strategy can result
in inhibition of MALAT1 and arrest of metastasis in mouse
models [42].

5. lncRNAs as a Novel Class of Cancer-
Related Molecules and Novel Biomarkers
in Digestive System Malignancies

An exponentially increasing number of studies report that
lncRNAs are deregulated in GI neoplasms. Analyses of
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Figure 1: Representative mechanisms of lncRNAs implication in gastrointestinal cancer cell proliferation. (a) Promotion of gastric and
colorectal cancer cell proliferation by H19. (b) Inhibition of gastric and pancreatic cell proliferation by GAS5; CRC: colorectal cancer, GC:
gastric cancer, HCC: hepatocellular carcinoma, and PC: pancreatic cancer.

aberrantly expressed lncRNAs, though mechanistic studies,
provide new insights into their ubiquitous implication in
pathways that govern hallmark processes of cancer, including
cell proliferation, evasion of apoptosis, tumor invasion, and
metastasis.

5.1. Mechanistic Aspects of lncRNA Involvement in Digestive
SystemMalignancies. lncRNAs play important roles at initial
stages of GI tract tumorigenesis by either promoting or
repressing cancer cell proliferation (Figure 1). The lncRNA,
GHET1, is involved in cell proliferation in GC. Yang et al.
demonstrated that enhanced expression of GHET1 promotes
cell proliferation both in vitro and in vivo, whereas the
inhibition of GHET1 expression via siRNA, hinders cell pro-
liferation in vitro. In a series of experiments, it was shown that
GHET1 exerts its proproliferative role through upregulation
of c-Myc expression, by binding IGF2BP1 and enhancing the
interaction between IGF2BP1 protein and c-MycmRNA [43].
H19 is another lncRNA, which affects cancer cell prolifera-
tion.TheH19 gene is paternally imprinted and is expressed by
the maternal allele. Loss of H19 imprinting [44] and overex-
pression was reported in several GI cancers such as GC, hep-
atocellular (HCC), and esophageal carcinomas [45]. Several
mechanisms have been proposed for the oncogenic activity
of H19 in GI cancers. In GC cell lines, ectopic expression of
H19 results in increased cell proliferation and depletion of its
expression promotes cell apoptosis.Themechanism underly-
ing these observations was found to be the association of H19

with p53,which in turn affects the tumor suppressive function
of the latter [46]. Additionally, a different study revealed that
H19 expression can be induced by the oncogene c-Myc in
vitro, and in GC tissue samples the expression of H19 posi-
tively correlates with c-Myc levels. The same research group
revealed that depletion of H19 results in decreased prolifera-
tion ofGC cells [47]. Furthermore,H19 is the primary precur-
sor of miR-675, which in turn acts as the mediator of the H19
tumorigenic function in CRC cells via targeting the tumor
suppressor protein RB [45]. Similarly to H19, c-Myc can also
induce the transcription of CCAT1, also known as CARLo-5
(cancer-associated region long noncoding RNA), transcrip-
tion and its ectopic expression was able to promote CRC cell
proliferation in vitro [48]. CARLo-5 expression is regulated
by a physical interaction between the MYC enhancer region
and the active regulatory region of the CARLo-5 promoter.
By performing siRNA-mediated silencing of CARLo-5 in
various CRC cell lines, Kim et al. suggested that CARLo-5
inhibitsG1 phase arrest by regulating the expression of several
cell-cycle-related genes such asCDKN1A [49]. A similar study
in GC cells, confirmed the regulatory role of CARLo-5 in
cell proliferation and apoptosis. Briefly, it was found that
knockdown of CARLo-5 resulted in decreased expression of
PCNA (proliferating cell nuclear antigen), which is essential
for DNA replication and increased synthesis of the cell-
cycle regulators p16, p21, and p27. Moreover, siCARLo-5 cells
were characterized by common features of late apoptosis and
altered expression profiles of apoptosis-related proteins [50].



Gastroenterology Research and Practice 5

Additionally, the lncRNA HEIH plays an important role
in cell-cycle regulation. In HCC cells, depletion of HEIH
resulted in reduced cell proliferation and contributed to cell-
cycle arrest mainly by p16, p27, and p21 protein upregulation.
It was postulated that the association of HEIH with the
enhancer of zeste homolog 2 (EZH2) is required for the
repression of the EZH2 target genes, which include cell-
cycle regulation genes [51]. HULC is a strongly upregulated
mRNA-like lncRNA in liver cancer that localizes to the cyto-
plasm and is associated with ribosomes. Interestingly, knock-
down of HULC RNA in HCC cells results in a significant
up- or downregulation of different genes that have been pre-
viously reported to be involved in liver carcinogenesis [52].
HULC can also repress the expression of the tumor suppres-
sor p18, enhancing in this wayHCCproliferationmediated by
Hepatitis B virus X protein (HBx) [53].The transcription fac-
tor CREB can activate HULC expression in a cancer-specific
manner through a regulatory loop which involves miR-372
and its target gene cAMP-dependent protein kinase catalytic
subunit b (PRKACB) [54]. Additionally, knockdown of PVT-
1 inhibits cell proliferation in vitro and promotes apoptosis
through the activation of TGF-𝛽 signalling pathway-related
genes such as SMAD4 [55].Wang et al., have shown that RNA
interference-mediated silencing of MALAT1 in GC cells,
results in cell cycle arrest in G0/G1 phase and suppression
of cell proliferation. MALAT1 was found to affect GC cell
proliferation partly through the modulation of expression
levels and nuclear distribution of SF2/ASF, a member of
the serine/arginine (SR) splicing factors. This observation,
in addition to the fact that MALAT1 is localized in nuclear
speckles, implies that it may affect the alternative splicing of
pre-mRNAs, through the modulation of SR factors [56].

On the contrary, overexpression of GAS5 can reduce GC
cell proliferation and induce apoptosis both in vitro and in
vivo, whereas knockdown of GAS5 can promote cell prolifer-
ation. Interestingly, inhibition of GAS5 expression resulted in
increased protein levels of E2F1 and Cyclin D1, which are two
major players in the retinoblastoma protein (pRB) pathway,
as well as in decreased P21 levels which has a critical role
in cell cycle arrest [57]. In pancreatic cancer cells, inhibition
of GAS5 expression increases CDK6 protein levels thereby
facilitating cell cycle progression [58]. MEG3 is abundantly
expressed in normal human tissues and its expression is often
lost in cancer, suggesting that it functions as a tumor suppres-
sor lncRNA. Transfection of GC and CRC cells with MEG3
resulted in inhibition of cell proliferation and promotion of
apoptosis, partly through activation of p53 [59, 60]. Ectopic
expression of MEG3 in nude mice confirmed the tumor
suppressive nature of this lncRNA, since MEG3 upregulation
resulted in inhibition of CRC proliferation [60]. Further in
vitro studies indicate that overexpression of MEG3 activates
p53 and is able to inhibit cell proliferation, through the
stimulation of endogenous p53 target genes [61]. In a series
of in vitro experiments, Braconi et al. demonstrated thatHCC
cells with enforced MEG3 expression, have reduced capacity
for anchorage-dependent and -independent growth; MEG3
expression induced also apoptosis in these cell lines.The same
study showed that hypermethylation of MEG3 promoter is
the main mechanism behind the decreased expression of

MEG3 in HCC [62]. In GC, it was shown that miR-148a
can indirectly induce the overexpression of MEG3, through
downregulation of DNAmethyltransferase 1, thereby inhibit-
ing GC cell proliferation [63]. Moreover, loc285194 which is a
p53-regulated tumor suppressor lncRNAwas found to inhibit
CRC cell growth both in vitro and in vivo [64].

lncRNAs are key players in the complex and multi-
step process of cancer progression, invasion, and metastasis
(Figure 2). HOTAIR epigenetically regulates the expression
of essential metastasis-suppressor genes through the coordi-
nation of histone modification complexes, PRC2 and LSD1.
In CRC, HOTAIR closely correlates with members of the
PRC2 complex and ectopic overexpression of HOTAIR pro-
moted invasion of cancer cells in vitro [65]. Additionally,
HOTAIRmay promote migration and invasion of HCC cells,
partially through the negative regulation of RNA binding
motif protein 38 (RBM38) [66]. A different mechanism for
HOTAIR oncogenic activity was provided by a recent study
using in vitro assays inHCC. Silencing ofHOTAIR expression
reduced HCC cell proliferation and negatively regulated the
expression levels of matrix metalloproteinase-9 (MMP9) and
angiogenic factor VEGF, which are known to be involved in
metastasis and angiogenesis, respectively [67]. Likewise, in
GC cell lines, knock-down of HOTAIR, reduced invasiveness
and the expression ofMMP1 andMMP3. Another interesting
finding was that HOTAIR silencing reversed EMT through
regulation of Snail, which is one of the main transcription
factors that controls EMT and cell motility [31]. HOTAIR can
also act as an endogenous miRNA “sponge” which restrains
miR-331-3p activity on HER2, thus enhancing HER2 onco-
genic activity in GC cells [68]. Ma et al. showed that in gall-
bladder cancer cells HOTAIR is a direct target of c-Myc and
its activity may be partially explained by the downregulation
of miR- 130a, via promoter methylation [69]. MALAT1 is one
of the most prominent oncogenic lncRNAs and is reported
to be highly expressed in several GI cancers such as GC,
CRC, and HCC. A number of studies provided evidence that
ectopic expression of MALAT1 promotes proliferation and
migration of cell lines in vitro and enhances tumor growth
and metastasis in vivo. In CRC cells, MALAT1 was found to
bind the tumor suppressor SFPQ protein, which in turn leads
to release of the oncogenic PTBP2 from the SFPQ/PTBP2
complex, thereby promoting cell proliferation andmigration.
Additionally, the same research group showed that MALAT1
could promote metastasis of CRC cells in nude mice [70].
The abovementioned effects of MALT1 were confirmed by
a recent study where the newly identified mechanism for
gene induction, named RNAa, was used. According to these
results, MALAT1 upregulation induces CRC cell growth and
cell cycle G1/S phase transition in vitro and promotes CRC
growth in vivo. Additionally, using orthotopic tumor models
in nude mice, it was found that MALAT1 induction resulted
in a significant increase of tumor metastatic potential. These
effects were attributed to the induction of MALAT1 target
gene AKAP-9 [71]. The overexpression of CCAT2 promotes
tumor growth and metastasis in CRCmouse xenograft mod-
els. It was demonstrated that CCAT2 directly interacts with
the transcription factor TCF7L2, thereby activating WNT
signaling pathway, while CCAT2 is also a downstream target
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Figure 2: Representative mechanisms of lncRNAs implication in gastrointestinal cancer invasion and metastasis. (a) Promotion of gastric
and colorectal cancer invasion and metastasis by HOTAIR. (b) Inhibition of hepatocellular carcinoma cell invasion by Dreh; CRC: colorectal
cancer, GC: gastric cancer, HCC: hepatocellular carcinoma, and PC: pancreatic cancer.

of WNT. Additionally, CCAT2 can increase the expression of
WNT target genes including MYC and MYC-regulated miR-
NAs such as miR-17-5p, and miR-20a, by TCF7L2-mediated
transcriptional regulation [72]. Moreover, H19 is highly
expressed in liver cancer cell lines, and hypoxic conditions
strongly upregulate H19 levels. Tumor hypoxia affects cancer
progression and metastasis, and it renders tumors resistant
to anticancer therapy [73]. In contrast with the above, Zhang
et al. demonstrated that H19 may activate miR-200 family
members, resulting in subsequent suppression of their target
genes, E-cadherin transcriptional repressors (ZEB1/2). The
miR-200 family plays an important role in repression of EMT,
through direct targeting of ZEB1/2 [74].

On the other side of the spectrum, LET acts as an
inhibitor of metastasis in HCC under conditions of hypoxia.
This lncRNA is downregulated in certain GI cancers, includ-
ing HCC and CRC and its mechanism of action has been
studied in orthotopic tumormodels in nude mice. According
to these results LET is a component of a positive feedback
loop which includes the hypoxia-inducible factor 1, alpha
subunit (HIF-1a) the histone deacetylase 3 (HDAC3), and
the NF90. Upon hypoxia, LET is suppressed by HDAC3,
and LET-NF90 interaction is disturbed. As a consequence,
the stabilization of NF90 is enhanced, resulting in increased
expression of HIF-1a, which has a well-documented role in
hypoxia-induced invasion and metastasis [75]. The deple-
tion of Dreh expression is found to be associated with

increased invasion in vitro and in vivo. A mechanistic study
showed that Dreh exerts its action through the binding
of vimentin, a major cytoskeletal protein, thus leading to
arrest of metastasis. In Dreh-transfected cells, repression of
vimentin expression and changes regarding the vimentin
organization and localization have been reported, which are
related with inhibition of cell migration [76]. LEIGC (lower
expression in gastric cancer) is a newly identified lncRNA
with a tumor suppressive role in GC, which prevents cell
migration and EMT in vitro. In more details, Han et al.
performed gain- and loss-of-function experiments in GC cell
lines and found that LEIGC silencing resulted in increased
migration potential of the cells and was accompanied by
morphological characteristics which are indicative of trans-
differentiation from epithelial to mesenchymal phenotype.
The latter was confirmed by both decreased expression of
epithelial cell-related genes and proteins, such as CDH1 and
E-cadherin, and upregulation of mesenchymal-cell markers
like snail, slug, twist and zeb, and vimentin [77].

Given the active involvement of lncRNAs in cancer
progression, along with their aberrant expression which is
often associated with clinicopathological characteristics and
prognosis of cancer patients and their tissue- or cancer-
specific expression patterns, it is probable that lncRNAs
could soon outperform the currently suggested mRNA or
protein markers. lncRNAs have just begun to prove their
dynamics as diagnostic, prognostic, and predictive molecular
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Table 1: An overview of the biomarker potential of lncRNAs for colorectal and gastric cancer.

lncRNA Cancer type Sample Expression Clinical application Reference
CRNDE (splice
variants) CRC Tissue Up Diagnosis [78]

CRNDE h CRC Plasma Up Diagnosis [78]
ncRuPAR CRC Tissue Down Diagnosis [79]
MALAT1 CRC Tissue Up Unfavorable prognosis [87]
PVT1 CRC Tissue Up Unfavorable prognosis [55]
UCA1 CRC Tissue Up Unfavorable prognosis [88]
PCAT-1 CRC Tissue Up Unfavorable prognosis [89]
91H CRC Tissue Up Unfavorable prognosis [90]
LOC285194 CRC Tissue Down Favorable prognosis [93]
ncRAN CRC Tissue Down Favorable prognosis [94]
RP11-462C24.1 CRC Tissue Down Favorable prognosis [95]
u.73 CRC Tissue Down Favorable prognosis [96]

H19 GC Plasma Up Diagnosis [114]
GC Tissue Up Unfavorable prognosis [104]

Linc00152 GC Gastric juice Up Diagnosis [115]
AA174084 GC Gastric juice Up Diagnosis [110]
AC138128.1 GC Tissue Down Diagnosis [109]
ANRIL GC Tissue Up Unfavorable prognosis [105]
GHET1 GC Tissue Up Unfavorable prognosis [43]
HULC GC Tissue Up Unfavorable prognosis [106]
CCAT2 GC Tissue Up Unfavorable prognosis [120]
FENDRR GC Tissue Down Favorable prognosis [111]
GACAT1 GC Tissue Down Diagnosis/favorable prognosis [112]
LET GC Tissue Down Favorable prognosis [121]
BM742401 GC Tissue Down Favorable prognosis [122]

CCAT1
(CARLo-5)

CRC Tissue/blood Up Screening/diagnosis/monitoring
of disease progression [81]

GC Tissue Up Unfavorable prognosis [119]

HOTAIR CRC Tissue/blood Up (blood) Unfavorable prognosis [65, 85, 86]
GC Tissue Up Unfavorable prognosis [100, 101, 103]

LSINCT5 CRC Tissue Up Unfavorable prognosis [92]
GC Tissue Up Unfavorable prognosis [92]

GAS5 CRC Tissue Down Favorable prognosis [97]
GC Tissue Down Favorable prognosis [57]

MEG3 CRC Tissue Down Favorable prognosis [60]
GC Tissue Down Favorable prognosis [59]

markers for GI malignancies and further elucidation of
specific mechanisms of action can pave the way for designing
novel anticancer therapeutic approaches.

5.2. lncRNAs as Biomarkers for Colorectal Cancer

5.2.1. lncRNAs in CRC Screening and Diagnosis. A number of
lncRNAs may serve as molecular markers for CRC diagnosis
(Table 1). Graham et al. showed that CRNDE splice variants
are upregulated in early stage neoplastic colorectal tissues

including adenomas and adenocarcinomas. Additionally,
CRNDE splice variant h expression levels could efficiently
discriminate adenomas from normal tissues and measure-
ment of CRNDE-hRNA levels in plasma samples using qPCR
resulted in a sensitivity of 87% and specificity of 93%, for
detecting CRC [78]. The diagnostic performance of a newly
detected lncRNA ncRuPAR was recently studied by Yan et al.
The expression of ncRuPAR is downregulated in cancer and
can effectively differentiate CRC from benign tissues, with
high sensitivity [79].
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CCAT1 has also been proposed as a potential biomarker
for screening and diagnosis of CRC.This lncRNA is found to
be overexpressed in tissues and in peripheral blood samples
obtained from CRC patients compared to healthy controls
[80]. Moreover, CCAT1 expression was studied across a
spectrum of tissues from different stages of CRC progression.
CCAT1 upregulation is evident in premalignant conditions
and in all disease stages including distant CRC metastasis,
suggesting that CCAT1 can also be used for monitoring of
disease progression [81]. Interestingly, Kam et al. developed a
CCAT1-specific peptide nucleic acid (PNA) based molecular
beacon and showed that it can serve as a valuable tool for both
imaging and in situ detection of CRC [82]. Single nucleotide
polymorphisms (SNP) in lncRNA genes are associated with
CRC susceptibility. In particular, two SNPs located in the
lncRNA PRNCR1 gene (rs13252298 and rs1456315) are con-
nected with decreased risk for CRC, while patients harboring
two different SNPs, namely, rs7007694C and rs16901946G,
have low risk to develop poorly differentiated CRC. On the
contrary, the rs1456315G SNP is linked to increased risk for
the development of CRC with poor differentiated status [83].
Similarly, Xue et al. reported that aHOTAIRSNP is associated
with risk of CRC development. Briefly, the rs7958904 CC
genotype is related with decreased risk of CRC compared to
the rs7958904 GG genotype [84].

5.2.2. lncRNAs in CRC Prognosis. A recent study demon-
strated that increased HOTAIR expression, as assessed by
qPCR in CRC tissues, positively correlates with advanced
tumor stage, high recurrence rate, and short metastasis-
free and OS intervals of the patients [65, 85]. Additionally,
HOTAIR overexpression in blood samples obtained from
CRCpatients is significantly associatedwith reducedOS [86],
a fact that strengthens HOTAIRs’ vast potential as a prog-
nostic biomarker. The prognostic significance of MALAT1
in stage II/III CRC patients is also revealed. Patients with
elevated MALAT1 expression have significantly higher risk
for metastasis after radical surgery, and MALAT1 expression
is an independent prognostic factor of both disease-free sur-
vival (DFS) and OS of CRC patients [87]. Furthermore, PVT1
expression is found to be a powerful prognostic indicator in
CRC. Patients with high PVT1 expression levels present a
more adverse outcome as indicated by shorter OS periods,
compared to thosewith lowPVT1 expression.Moreover,mul-
tivariate analysis revealed that PVT1 expression in CRC pre-
dicts an increased risk of death, independently of important
clinicopathological factors [55]. UCA1, exhibits high expres-
sion in CRC tissues and correlates with larger tumor size and
unfavorable prognosis of the CRC patients [88]. Similarly,
overexpression of PCAT-1 is an indicator of distantmetastasis
and an independent predictor of poor OS of patients [89].
The levels of lncRNA 91H expression are significantly upreg-
ulated in CRC compared to noncancerous tissues, and 91H
constitutes an independent predictor of poor prognosis in
CRC [90]. The expression of BANCR is positively associated
with lymph node metastasis and tumor stage; however, its
prognostic significance, in terms of patients’ survival, has not
yet been reported [91]. LSINCT5 upregulation is associated
with more aggressive disease phenotypes as well as with

shorter DFS and DSS periods, revealing its possible role as
an indicator of poor prognosis in CRC [92].

On the other hand, the expression levels of numerous
lncRNAs are reported to be downregulated in CRC. Reduced
expression levels of LOC285194 are associated with more
aggressive features of tumors and correlate significantly with
shorter DFS [93]. Low ncRAN levels are detected in high
histological grade tumors and more importantly decreased
expression of this lncRNA seems to be an independent prog-
nostic factor of poorOS [94]. Focusing onRP11-462C24.1, low
expression levels are found in patients with metastasis and
multivariate analysis revealed that decreased RP11-462C24.1
expression can serve as an independent prognosticator of
poor DSS of CRC patients [95]. The expression of a novel
class of lncRNAs, transcribed ultraconserved regions (T-
UCRs), namely, uc.73 and uc.388, is reported to decrease
in CRC and uc.73 is found to be associated with OS of
CRC patients [96]. Additionally, patients with low GAS5
expression had significantly shorter OS than those with high
GAS5 expression and GAS5 expression was identified as
an independent indicator of CRC prognosis [97]. Likewise,
MEG3 downregulation is associated with advanced TNM
stages, deeper tumor invasion and inferior OS intervals.
Moreover, MEG3 is an independent indicator of favorable
prognosis in terms of OS in CRC patients [60].

Recently, a prognostic lncRNA signature consisting of
six different lncRNAs was identified by Hu et al., using a
microarray data mining approach and CRC data sets from
GEO database. Based on this signature they divided CRC
patients into high- and low-risk groups and showed that
patients belonging to the former group had shorter DFS [98].

5.3. lncRNAs as Biomarkers for Gastric Cancer

5.3.1. lncRNAs in GC Diagnosis. Many studies imply the
presence of differential levels of several lncRNAs between
cancerous and noncancerous conditions, not only in tissues
but in biofluids as well [46, 57, 59, 68, 99–113] (Table 1). Arita
et al. showed not only a significant overexpression of H19 in
the plasma of GC patients compared to healthy controls, but
also a substantial reduction of the levels of circulating H19
in plasma after gastrectomy [114]. The expression levels of
Linc00152 were analyzed in gastric juice from GC patients
and normal controls and a significant increase of Linc00152
in patients was observed [115]. AA174084 is another lncRNA
with possible diagnostic value in GC, as it was significantly
upregulated in gastric juice from GC patients compared to
the gastric juice derived from patients with other gastric dis-
orders or to normalmucosa [110]. According to the analysis of
global expression profile of lncRNAs in GC, many lncRNAs
exhibited different expression patterns in paired GC and
normal adjacent tissue samples [116, 117]. Recently, Mizrahi
et al. compared the expression levels of CCAT1 in GC tissues
to normal ones, obtained from patients with morbid obesity,
revealing a statistical significant increase inGCpatients [118].

5.3.2. lncRNAs in GC Prognosis. HOTAIR, seems to be an
indicator of poor prognosis in GC patients, since its over-
expression was associated with advanced TNM and patho-
logical stage, large tumor size, increased tumor invasiveness,
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and metastatic potential as well as with an adverse outcome
in terms of OS [68, 99–103]. Moreover, increased expression
of H19 was significantly associated with shorter OS periods;
highlighting its value as a biomarker of unfavorable prognosis
[104]. A recent study revealed that ANRIL upregulation is an
independentmarker of unfavorable prognosis inGC, since its
expression positively correlates with advanced disease stage
and large tumor size as well as with limited DFS andOS [105].
CCAT1 and CCAT2 are also considered as indicators of poor
prognosis. Specifically, high expression levels of CCAT1 were
associated with tumor growth, lymph node metastasis [119],
and advanced TNM stage [50], whereas CCAT2 overexpres-
sionwas relatedwith increasedmetastatic and invasive poten-
tial of the tumor. Moreover CCAT2 is an independent
prognostic indicator of decreasedDFS andOS intervals inGC
patients [120]. Similarly, HULC upregulation was associated
with increased tumor metastatic potential, unraveling the
role of this lncRNA as an indicator of poor prognosis [106].
LSINCT5 is also an independent marker of unfavorable
prognosis and its expression positively correlates with sev-
eral clinicopathological parameters of poor prognosis in
GC (advanced TNM stage, large tumor size, lymph node
metastasis, and deeper invasion depth) as well as with shorter
DFS and DSS periods [92]. Finally, overexpression of GHET1
is significantly related to tumor size and invasion and to poor
OS of the patients [43].

On the other hand, lncRNAs such as FENDRR, MEG3,
LET, GAS5, BM742401, andGACAT1were found to represent
indicators of favorable prognosis. In particular, FENDRR
decreased expression seemed to be an independent prog-
nostic indicator of decreased DFS and OS intervals and
was associated with deeper tumor invasion, advanced tumor
stage, and lymphnodemetastasis [111]. ConcerningMEG3, its
downregulationwas associated not only withmarkers of poor
prognosis, namely, large tumor size, advanced pathological
stage and increased depth of invasion, but also with shorter
OS [59]. Similarly, LET expression was negatively associated
with tumor invasiveness and TNM stage, and decreased
LET expression levels consist an independent prognostic
marker of limited OS of GC patients [121]. GAS5 and
BM742401 are additional markers of favorable GC patients’
prognosis since decreased expression levels were associated
with poorer survival [57, 122]. In advanced disease stages,
the downregulation of GACAT1 was related with increased
tumor invasiveness and metastatic potential [112] (Table 1).

5.4. lncRNAs as Biomarkers for
Hepatocellular Carcinoma (HCC)

5.4.1. lncRNAs in HCC Diagnosis. Xie et al. reported that
HULC plasma levels were significantly higher in HCC
patients than in the healthy control group and that HULC tis-
sue expression demonstrated adequate sensitivity and speci-
ficity to discriminate malignant from normal liver tissues
[123]. Additionally, HULC seems to be a hepatocarcinogene-
sis-specific lncRNA since it is only slightly overexpressed
in cirrhotic liver disorders. Recently, it was reported that
lncRNA-uc003wbd and lncRNA-AF085935 serum levels can
effectively discriminate HCC from HBV infection as well

as HCC and HBV-affected patients from healthy volunteers
[124]. lncRNAs such as HULC,HOTAIR, H19, HEIH,MVIH,
and PVT1 are upregulated in HCC, in contrast to MEG3,
hDREH, GAS5, and LET that exhibit lower expression in
this malignancy [125]. Particularly, HEIE seems to be linked
with pathological conditions of liver, since it was found to be
overexpressed both in cancer and cirrhosis [51]. According
to a recent microarray-based analysis of the expression pro-
file of lncRNAs in HCC, 214 lncRNAs exhibited aberrant
expression in HCC tissues compared to normal ones [126].

5.4.2. lncRNAs in HCC Prognosis. HULC is a marker of poor
prognosis in HCC since patients with higher Edmondson
grades or with positive HBV (Hepatitis B Virus) status dem-
onstrated higher HULC levels both in plasma and tissue
[123]. HOTAIR upregulationwas associatedwith lymph node
metastasis [67] and large tumor size [127] as well as inferior
DFS after resection or transplantation [125], revealing its
potential as marker of unfavorable patients’ prognosis. HEIH
is an independent prognostic indicator of shorterOS andDFS
in HBV-related HCC [51], whereas MVIH is an independent
marker of poor outcome after hepatectomy, as its upregu-
lation is related to lower DFS and OS probabilities [128].
According to recent data, four additional lncRNAs, namely,
URCH, lncRNA-ATB, HOTTIP, and PVT1, seem to have
a role as markers of poor prognosis. Specifically, increased
URCH levels were associated with inferior OS intervals [129];
upregulation of lncRNA-ATB exhibited a strong association
with liver cirrhosis and microvascular and macrovascular
invasion and encapsulation [130] and HOTTIP levels, along
with the mRNA HOXA13, were associated with patients’
clinical progression and were able to predict disease outcome
[131]. Regarding PVT1, its expression levels were analyzed in
tissues obtained from patients subjected to liver transplan-
tation, and significant associations of PVT1 overexpression
with advanced TNM stages, higher recurrence rate, and
increased AFP levels were observed. Additionally, PVT1
seems to be an independent predictor of poor DFS in HCC
patients after liver transplant [132].

As opposed to the lncRNAs discussed above, hDREH,
LET, and GAS5 may hold value as biomarkers of favorable
prognosis for HCC. In particular, hDREH downregulation
is associated with shorter DFS and OS intervals of HCC
patients [76]. Moreover, LET decreased expression was asso-
ciated with tumor micrometastasis and encapsulation [125],
whereas GAS5 downregulation was associated with markers
of poor prognosis (tumor size, lymph node metastasis, and
clinical stage) and emerged as an independent predictor of
5-year DFS [133] (Table 2).

5.5. lncRNAs as Prognostic Biomarkers for Pancreatic Cancer.
The clinical relevance of lncRNA MALAT1, in pancreatic
ductal adenocarcinoma (PDAC), was investigated by Liu et
al. The expression of MALAT1 was measured in FFPE tissues
using qPCR andwas found to be significantly higher in PDAC
compared to adjacent noncancerous tissues. Additionally,
MALAT1 expression levels were positively correlated with
tumor size, stage, and depth of invasion and the overex-
pression of MALAT1 was independently associated with
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Table 2: An overview of the biomarker potential of lncRNAs for hepatocellular and pancreatic cancer.

lncRNA Cancer type Sample Expression Clinical application Reference

HULC HCC Tissue/plasma Up Diagnosis/unfavorable
prognosis [123]

uc003wbd HCC Serum Up Diagnosis [124]
AF085935 HCC Serum Up Diagnosis [124]
HEIE HCC Tissue Up Unfavorable prognosis [51]
MVIH HCC Tissue Up Unfavorable prognosis [128]
URCH HCC Tissue Up Unfavorable prognosis [129]
lncRNA-ATB HCC Tissue Up Unfavorable prognosis [130]
HOTTIP HCC Tissue Up Unfavorable prognosis [131]
hDREH HCC Tissue Down Favorable prognosis [76]
LET HCC Tissue Down Favorable prognosis [125]
GAS5 HCC Tissue Down Favorable prognosis [133]
MALAT1 PDAC FFPE tissues Up Unfavorable prognosis [134, 135]
ENST00000480739 PDAC Tissue Down Favorable prognosis [3]
BC008363 PDAC Tissue Down Favorable prognosis [138]

HOTAIR HCC Tissue Up Unfavorable prognosis [127]
Pancreatic cancer Tissue Up Unfavorable prognosis [136]

PVT1 HCC Tissue Up Unfavorable prognosis [132]
PDAC Tissue Up Unfavorable prognosis [137]

poorer disease-specific survival of PDAC patients [134]. In
concordance with the aforementioned results, Pang et al.
reported that MALAT1 overexpression in pancreatic cancer
tissues is related to aggressive phenotypes of the disease and is
an independentmarker of poor prognosis regardingOS [135].
HOTAIR is also highly expressed in aggressive pancreatic
tumors and the respective patients had significantly shorter
OS [136]. Furthermore, lncRNA PVT1 is an independent
marker of decreased OS in PDAC and it is associated with
clinical stage and N-classification [137].

A novel lncRNA ENST00000480739 was recently identi-
fied through lncRNA expression microarray. The expression
of this lncRNA is significantly lower in PDAC patients
with lymph node metastasis and its expression is associated
with prolonged OS [3]. Likewise, the lncRNA BC008363 is
found to be downregulated in PDAC compared to paired
noncancerous tissues. Patients with high expression levels
had significantly better OS, suggesting that BC008363 is a
biomarker of favorable prognosis in PDAC [138]. Several
lncRNAs are implicated in metastasis in pancreatic cancer,
suggesting that they are associated with unfavorable progno-
sis of patients. For instance, Tahira et al. identified a set of
134 lncRNAs that correlate with metastasis in PDAC [139]. A
different study revealed that H19 is overexpressed in PDAC
tissues and in primary pancreatic tumors that subsequently
metastasize [140] (Table 2).

5.6. lncRNAs as Biomarkers for Esophageal Cancer

5.6.1. lncRNAs in Esophageal Cancer Screening and Diagnosis.
Esophageal cancer (EC) occurs in two main histological
subtypes, esophageal squamous cell carcinoma (ESCC) and

esophageal adenocarcinoma (EAC), which differ in incidence
and etiology. Several lncRNAs are reported to be aberrantly
expressed in esophageal cancer. For instance, the expression
of ANRIL [141] and POU3F3 [142] is found to be higher in
ESCC compared to noncancerous tissues. Interestingly, Tong
et al. reported a significant increase of POU3F3 plasma levels
in ESCC patients compared to healthy controls. They also
found that the combination of POU3F3with the classic tumor
marker, SCCA, can aid in early detection of ESCC, revealing
its role as a promising diagnostic tool for population screen-
ing [143]. Furthermore, a functional genetic polymorphism
in lincRNA-uc003opf.1 exon was found to be associated
with susceptibility to ESCC. In particular, patients with
rs11752942AG and GG genotypes have lower risk for ESCC
compared to rs11752942AA, revealing their value as markers
for screening high-risk populations [144]. In EAC, HNF1A-
AS1 is strongly upregulated in cancerous tissues compared to
corresponding normal ones, revealing its possible diagnostic
value for this subtype of esophageal cancer [145]. The expres-
sion ofAFAP1-AS1 ismarkedly increased in EAC compared to
normal esophageal tissues and hypomethylation is responsi-
ble for the observed upregulation [146]. Recently, Fassan et al.,
using microarray analysis, identified T-UCR signatures that
were deregulated across the squamous epithelia to Barrett’s
adenocarcinoma sequence of neoplastic progression, suggest-
ing that these signatures may serve as tools for assessing risk
of developing Barrett’s-esophagus associated cancer [147].

5.6.2. lncRNAs in Esophageal Cancer Prognosis and Treat-
ment Response Prediction. Similarly to other GI cancers, an
important correlation with limited DFS and OS of ESCC
patients has been observed for HOTAIR expression [148].
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Table 3: An overview of the biomarker potential of lncRNAs for esophageal cancer.

lncRNA Cancer type Sample Expression Clinical application Reference
HOTAIR ESCC Tissue Up Unfavorable prognosis [148]

LOC285194 ESCC Tissue Down
Favorable prognosis and
prediction of response to

chemotherapy
[158]

POU3F3 ESCC Plasma Up Diagnosis [143]
UCA1 ESCC Tissue Up Unfavorable prognosis [151]
SPRY4-IT1 ESCC Tissue Up Unfavorable prognosis [152]
PCAT-1 ESCC Tissue Up Unfavorable prognosis [153]

A different study showed that increased HOTAIR expression
is also associated with advanced TNM stage ESCC tumors
and lymph node metastasis, a fact that strengthens its
potential as a biomarker of poor prognosis [149]. Moreover,
the association of a newly identified lncRNA FOXCUT
with shorter survival time of patients after surgery, poorly
differentiated tumors and metastasis, indicates its significant
value as a biomarker of unfavorable prognosis of ESCC
patients [150]. According to recent data, UCA1, a lncRNA
with oncogenic role in ESCC, is an independent predictor
of shorter OS and is related to advanced tumor stage and
differentiation grade, increased lymphatic invasion as well as
poor survival rates [151]. Two additional lncRNAs, SPRY4-IT1
andPCAT-1,may serve as indicators of unfavorable prognosis
in ESCC since their expression levels were associated with
markers of poor prognosis, such as lymphatic invasion, and
shorter OS [152, 153]. SPRY4-IT1 is also an independent
prognostic marker of ESCC patients’ OS [152]. Both PEG10
and TUG1 lncRNAs exhibit tumorigenic potential in EC, and
recently they were found to be overexpressed in cancerous
tissues compared to normal ones. It was also reported that
expression levels of lncRNAPEG10 were positively correlated
with lymph node metastasis and tumor differentiation status
[154], whereas higher TUG1 expression levels were observed
in patients with family history of EC as well as with upper
segment of ESCC [155]. High PlncRNA-1 expression is found
in advanced stage tumors (stage III/IV) and in tumors that
spread to lymph nodes, suggesting that it may serve as a
molecular marker of poor prognosis [156].

On the contrary, the expression of 91H is negatively asso-
ciated with depth of tumor invasion, tumor grade, and TNM
stage, demonstrating its favorable prognostic impact in ESCC
[157]. Moreover, Tong et al. performed expression analysis of
LOC285194 using ESCC tissue specimens from of patients
prior to treatment, after chemoradiotherapy (CRT) and sur-
gical resection, and frompatients who underwent esophagec-
tomy alone, in order to unravel the prognostic and predictive
significance of this lncRNA. Interestingly, low LOC285194
expression was associated with adverse clinicopathological
characteristics of the tumors such as TNM stage and distant
metastasis. In the group of patients who received CRT, the
expression of LOC285194 was found to be an independent
predictor of patients’ response to therapy, and in the subgroup
patients after esophagectomy the LOC285194 levels were
found to significantly correlate with their improved DFS and
OS probabilities [158] (Table 3).

6. lncRNAs as Therapeutic Modulators or
Targets in Digestive System Malignancies

The most prominent example of the utility of lncRNAs as
therapeutic tools in targeted anticancer therapy is the con-
struction of a DNA vector, namely, BC-819 (DTA-H19) which
carries the diphtheria toxin A (DTA) gene under the control
of transcriptional regulatory sequences of H19. The BC-819
plasmid takes advantage of the tumor specific expression of
H19 and acts as a “trojan horse” to kill cancer cells through
the expression of DTA [44]. The safety and efficiency of BC-
819 vector is evaluated in clinical trials and so far phase I/II
studies have been completed in pancreatic cancer [40, 44].

The use of small interfering RNAs (siRNA) to inhibit
lncRNAs is another approach with promising results regard-
ing targeted therapy of GI cancers, although only in vitro
data are available so far. In liver cancer cell lines, HOTAIR
silencing inhibited cell proliferation and increased the cells
sensitivity to Cisplatin and Doxorubicin [125]. MRUL (mul-
tidrug resistant-related and upregulated lncRNA) is over-
expressed in two MDR GC cell sublines, and depletion of
MRUL expression via siRNA, increased chemosensitivity of
GC cells to Adriamycin and Vincristine [159]. Recently, a
significant downregulation of snaR was observed in two 5-
fluorouracil (FU) resistant colon cancer cell lines (SNU-C4R
and SNU-C5R) and siRNA silencing of this lncRNA resulted
in increased cell viability after treatment with 5-FU [160].

Modulation of the expression of certain tumor-suppres-
sor lncRNAs can be used as an alternative therapeutic
approach in GI cancers. For instance, H19 upregulation sup-
pressedMDR1 expression and sensitized the cells to Doxoru-
bicin in vitro [161]. Furthermore, PVT1 overexpression in pan-
creatic cancer cells resulted in resistance to Gemcitabine
[162]. Targeting of certain miRNA-lncRNA interaction axes
holds promise as a therapeutic strategy in HCC and GC
patients [163]. In particular, targeting of HOTAIR-miR-331-
3p-HER2 axis is a promising therapeutic perspective for
HER-2 positive GC patients [68].

7. Conclusions

lncRNAs are steadily becoming one of the current trends
in cancer research. In less than two years (2013–2015), an
estimated total of >700 articles regarding the mechanistic
and/or clinical role of lncRNAs in human malignancies has
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been published. It is expected that the profound implication
of lncRNAs in cancer dynamics will be effectively translated
into clinical practice through a novel class of biomarkers
for major gastrointestinal malignancies. In fact, lncRNAs are
endowed with certain characteristics that make them ideal as
novel cancer biomarkers: (i) due to their broad implication in
cancer pathobiology, a single deregulated lncRNA molecule
can reflect changes in multiple cancer-affected pathways, (ii)
they can be assayed in a wide variety of biological specimens,
apart from tissues, such as serum or gastric fluid, where
they show enhanced stability, (iii) they can be determined at
low cost and can be easily assessed by simple methodologies
such as qPCR that have already been introduced in routine
clinical practice. Regarding the clinical management of GI
cancers (Tables 1–3) some of the most promising lncRNA-
oriented studies include: (i) the development of a CCAT1-
specific peptide nucleic acid basedmolecular beacon for both
imaging and in situ detection of CRC [82], (ii) the diagnostic
value ofHULC serum levels inHCC [123], (iii) the prognostic
potential of HOTAIR for all GI cancers [86, 99, 103, 114,
127, 136, 149], and (iv) the predictive role of LOC285194
regarding chemoradiotherapy response in esophageal cancer
[158]. However, there is an imperative need for validation
of the biomarker potential of lncRNAs in GI malignancies,
since up to now only the prognostic role of HOTAIR in GC
[101, 103, 114] and CRC [65, 85, 86] has been demonstrated
by at least two independent studies; in this respect, validation
in prospective cohort studies could provide higher levels of
evidence and accelerate the final clinical evaluation of specific
lncRNAs as biomarkers.

Although the implication of lncRNAs in GI cancer is
a fast expanding field of research, there are still many
gaps that need to be filled. A further unraveling of the
molecular functions of lncRNAs will significantly aid in the
clarification of the genetic and molecular basis of cancer
and is bound to provide novel lncRNA based therapeutics,
apart from the ones currently being investigated in clinical
trials for pancreatic cancer [44, 164]. The elucidation of
miRNA-mRNA-lncRNA axes of interaction, the deciphering
of lncRNA gene methylation patterns, the characterization
of SNPs affecting lncRNA expression levels, and/or function
in GI malignancies could form the starting point in the
identification of a novel therapeutic class of molecules for
major digestive system malignancies.
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DTA: Diphtheria toxin A
E2F1: E2F transcription factor 1
EAC: Esophageal adenocarcinoma
EC: Esophageal cancer
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HDAC3: Histone deacetylase 3
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IGF2BP1: Insulin-like growth factor 2 mRNA
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MEG3: Maternally expressed 3
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PlncRNA-1: Prostate cancer-upregulated long

noncoding RNA 1
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PRNCR1: Prostate cancer associated noncoding

RNA 1
PTBP2: Polypyrimidine tract binding protein 2
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RBM38: RNA binding motif protein 38
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SCCA: Serum squamous cell carcinoma antigen
SF2: Pre-mRNA-splicing factor SF2
SFPQ: Splicing factor proline/glutamine-rich
siRNA: Small interfering RNA
SNPs: Single nucleotide polymorphism
SRA: Steroid receptor RNA activator
TCF7L2: Transcription factor 7-like 2
TERRA: Telomeric repeat-containing RNA
TGF-𝛽: Transforming growth factor beta
TNM: Tumor-nodes-metastasis
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