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Abstract

Approximately 80% of the human genome harbors biochemical marks of active transcription that its majority transcribes
to noncoding RNAs, namely long noncoding RNAs (IncRNAs). LncRNAs are heterogeneous RNA transcripts that regulate
critical biological processes such as cell survival and death. They involve in the progression of different cancers by affect-
ing transcriptional and post-transcriptional modifications as well as epigenetic control of numerous tumor suppressors and
oncogenes. Recent findings show that aberrant expression of IncRNAs is associated with tumor initiation, progression,
invasion, and overall survival of patients with gastrointestinal (GI) cancers. Some IncRNAs play as tumor suppressors in
all GI cancers, but others play as tumor promoters. However, some other IncRNAs might function as a tumor suppressor
in one GI cancer, but as a tumor promoter in another GI cancer type. This fact highlights possible context dependency of
the expression patterns and roles of at least some IncRNAs in GI cancer development and progression. Here, we review the
functional relation of IncRNAs involved in the development and progression of GI cancer by focusing on their roles as tumor
suppressor and tumor promoter genes.
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Introduction

Failure in regulatory mechanisms involved in the mainte-
nance of homeostasis of the human body causes cancer,
the severe health problem worldwide nowadays [1, 2]. The
gradual accumulation of genetic and epigenetic changes and
combined interaction between two groups of critical genes
named proto-oncogenes and tumor suppressor genes pro-
mote the progression of the basic properties of this serious
threat of human life [3, 4]. These two types of genes usually
control the main cellular processes such as growth, division,
differentiation, DNA repair, survival, and programmed cell
death [3, 5]. Therefore, mutations or epigenetic alterations
which activate or destroy the expression of proto-oncogenes
or tumor suppressors, respectively, may change the cellular
destination toward the cancer initiation or progression [6].
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The FANTOM and ENCODE, two large-scale genomic
projects, elucidated that about 80% of the human genome
harbors biochemical marks of active transcription. However,
2% of the genome codes for proteins and its majority tran-
scribe to noncoding RNA (ncRNA) molecules [7, 8]. Long
noncoding RNAs (IncRNAs), one of the major subclasses
of ncRNAs, comprise a class of newly discovered effectors
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of gene expression [9, 10]. They are more than 200 nucleo-
tides in length and embrace more than 80% of the cancer-
associated variations [9, 11]. These regulatory molecules
are usually transcribed by RNA polymerase II and undergo
processing and splicing events like mRNA [9]. Accord-
ing to genomic origin, they are totally categorized as: (a)
Intergenic (unique transcription units between two protein
coding genes), (b) Sense, (c) Antisense overlapping IncR-
NAs (having at least one exon or part of it in common with
a respective protein coding gene in the sense or antisense
direction), (d) Intronic (originate from the intronic region of
a gene), (e) Bidirectional (use the promoter of a neighboring
gene in the opposite direction), and (f) Enhancer, 3’ untrans-
lated region (UTR) and 5’ UTR associated IncRNAs which
are transcribed from regulatory, 3" and 5" UTR regions of a
gene, respectively [12—14]. These molecules implicate in
many cellular processes such as growth, apoptosis, splicing,
genomic imprinting, signal transduction, and disease condi-
tions [9, 15]. They act through the direct interaction with
chromatin as well as other molecules such as transcription
factors, RNA-binding proteins, and micro-RNAs (miRNA)
in order to regulate the structure, localization, degrada-
tion, and gene expression efficiency [9, 16]. In a consen-
sus manner, their mechanism of action can be divided into
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four groups including signal which fluctuation in response
to different stimuli makes it a proper marker for significant
biological events, molecular decoy that acts as a molecular
sponge and keep regulatory factors such as transcription
factors and micro-RNAs away from their native targets in
order to regulate them negatively, dynamic scaffold provid-
ing a central platform on which transient ribonucleoprotein
complexes are assembled and guide which as its name sug-
gests, directs regulatory factors to their correct location on
the genome [9, 17] (Fig. 1). Due to vital regulatory roles
of IncRNAs in biological processes, numerous studies have
focused on their function in cancer as a disease of genome
and epigenome. Moreover, it has been revealed that aberrant
expression of IncRNAs is associated with tumor initiation,
progression, invasion, and overall survival by mostly con-
tributing to epigenetic control of many oncogene and tumor
suppressor genes [10, 15, 18, 19].

Despite the elucidation of potential mechanistic roles, the
biological functions of the vast majority of IncRNAs are not
clear [20]. Due to their ability to be tissue/cell specific [3,
9, 20, 21], they might be considered as intricate molecular
regulators or fine-tuners as described by Adriaens et al. [22].
In gastrointestinal (GI) cancer, a group of cancers which
affect the digestive system including oral and esophageal
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Fig.1 LncRNA functional mechanism in regulation of gene expres-
sion and cellular processes. LncRNAs can affect gene expression
through interaction with wide range of partners like transcription fac-
tors, chromatin modifying complexes, micro-RNAs, etc. They sponge
their partners away from their true targets (decoy), make a central
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platform to facilitate the functional complexes assembly (scaffold)
or localize a factor at proper genomic loci (guide). In this way, they
control cell proliferation, apoptosis, splicing, genomic imprinting, or
other cellular processes
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squamous cell carcinoma (OSCC and ESCC), gastric, colo-
rectal, hepatocellular, pancreatic, and gallbladder cancers,
the implication of IncRNAs have been documented. Based
on their roles, we categorized some of these IncRNAs into

Table 1 An overview of the
related IncRNAs to different
types of gastrointestinal cancers

three groups; tumor promoter (oncogenic), tumor suppres-
sor, and tumor promoter/suppressor which function of the
last group might be considered as tissue or context depend-
ent (Table 1). Finally, we provide further details on how the

Cancer IncRNAs  OC/OSCC  ESCC GC CRC HCC PC/PDAC  GBC
PVTI1 NR Up Up Up Up Up Up
CCAT1 NR Up Up Up Up Up Up
GAPLINC NR NR Up Up NR NR NR
SNHG20 Up Up Up Up Up NR NR
FAL1 NR Up Up Up Up NR NR
GHET!1 NR NR Up NR Up NR NR
DAXUP10 NR Up Up Up NR Up NR
CASC9 Up Up Up NR Up NR NR
FOXD2-AS1 NR NR Up Up Up NR NR
ANRIL Up Up Up Up Up Up Up
HOTAIR Up Up Up Up Up Up Up
NEAT1 NR Up Up Up Up Up NR
H19 Up Up Up Up Up Up Up
NR CRNDE NR NR Up Up Up Up NR
HOXD-AS1 NR NR Up Up Up NR NR
DANCER NR Up Up Up Up NR NR
SOX20T NR Up Up Up Up Up NR
SNHG6 NR Up Up Up Up NR NR
ROR NR Up Up Up Up Up Up
TUGI1 Up Up Up Up Up Up Up
MALATI1 Up Up Up Up Up Up Up
XIST NR Up Up Up NR Up NR
CCHEL1 NR NR Up Up NR NR NR
DLEU1 Up NR Up Up NR Up NR
HAND2-AS1 NR Down NR Down NR NR NR
HOTAIRM1 NR NR Down  Down Down NR NR
MIR22HG NR NR Down NR Down NR NR
FER1L4 NR Down Down  Down Down NR NR
LncRNA LET NR Down Down NR Down NR Down
MEG3 Down Down Down  Down Down Down Down
linc00675 NR Down NR NR NR NR NR
TUSC7 NR Down Down  Down Down NR NR
GASS NR Down Down  Down Down Down NR
NKILA NR Down NR NR Down NR NR
AC012456.4 Down NR NR NR NR NR NR
FENDRR NR NR Down NR Down NR NR
TINCR NR Up Up Down Up NR NR
TP73-AS1 NR Up Up Up/Down  Up NR NR
LINC00052 NR NR Up NR Down Down NR
UCAL Down Down/Up  Down  Down Down Down Down
NR linc01133 Down Down Down  Down Up Up NR
SNHG16 Up Up Up Up Up/Down  NR NR
HNF1A-AS1 Up Up Down  Up Up/Down  Down NR
SOX21-AS1 Down NR NR Up Up NR NR
NR not reported
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candidate IncRNA implicates in GI cancer development and
progression. Some characteristics including chromosomal
location, exon count, implicated GI cancer type, function,
target gene(s), and implicated signaling pathway(s) of the
IncRNAs have been outlined in a supplementary file 1 (sup
1). Moreover, considering that there is an approved link
between inflammation and cancer susceptibility [23], supple-
mentary file 2 (sup 2) summarizes the list of some IncRNAs
involved in the principal gastrointestinal tract inflammatory
diseases especially, inflammatory bowel disease (IBD).

Tumor Promoter or Oncogenic IncRNAs

Some IncRNAs were recognized as tumor promoter in
all studied types of GI cancers. Table 2 summarizes their
characteristics such as function, signaling pathway(s) and
implicated GI cancer type and provides a brief view of the
mechanism by which they exert oncogenic function. Many
of the IncRNAs listed in Table 2 were reviewed elsewhere
[9, 10, 14, 19, 20, 24],and hence, we discuss ones that have
been reviewed less in the literature (Fig. 2).

Plasmacytoma Variant Translocation 1 (PVT1)

PVT1 is a 1716 nucleotide length oncogenic IncRNA that
maps to human chromosome 8q24 (near c.Myc). Upregu-
lation of PVT1 shows oncogenic activity in gastric (GC)
[25, 26] and colorectal cancer (CRC) [27], hepatocellu-
lar carcinoma (HCC) [28], pancreatic cancer (PC) [29],
ESCC [30], and gallbladder cancer (GBC) [31] through
affecting chemosensitivity, TGF-f and p53 signaling
pathways, epithelial-mesenchymal transition (EMT) and
also glucose metabolism. The promoter of PVT1 is induc-
ible through the attachment of signal transducer activator
phospho-STAT3 and FOXM1 (Forkhead box protein M1),
two cell-cycle regulators. In a positive feedback loop, they
finally lead to angiogenesis and gastric tumor invasion [32,
33]. Association of this IncRNA and Enhancer of Zeste
Homolog 2 (EZH2), which epigenetically modulate the
p15 and p16 expression to affect the gastric cancer devel-
opment [34], is also involved in HCC progression through
stabilizing of MDM2 (Mouse double minute 2 homolog)
and preventing the p53 tumor suppressor signaling path-
way (Fig. 2) [28]. In another mechanism, PVT1 is targeted
by lots of micro-RNAs such as a cluster of miRNAs, con-
sisting of miR-1204, miR-1205, miR-1206, miR-1207-5p,
miR-1207-3p, and miR-1208 [35] in order to participate
in oncogenesis. Overexpression of PVT1 in ESCC keep
miR-203 away from LASP1 (LIM and SH3 domain protein
1) binding so releases LASP1 and promotes cell migra-
tion [30]. Direct interaction and negative association of
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PVT1 with miR-186 and miR-152 in GC cells can affect
the expression of HIF-1a, CD151, and FGF2, respectively
[36, 37]. Competing endogenous effect of this oncogenic
IncRNA on miR-143 positively regulates the Hexokinase
2 (HK?2) expression in GBC [31]. Upregulation of HK2,
a key metabolic enzyme in glucose uptake, is involved in
GBC malignancy via promoting glycolysis [31].

Colon Cancer-Associated Transcript 1 (CCAT1)

Oncogenic IncRNA CCAT1 with 2628 nucleotides in length
is located on “hot spot” area of chromosome 8q24.21, near to
c-Myc, offering multiple genetic alternations in cancers [38].
CCAT1 upregulated in several cancers has been introduced
as a potential biomarker for early detection of gastrointesti-
nal cancers [39]. This IncRNA increases the risk of colorec-
tal cancer by promoting IBD pathogenesis [23]. In this way,
CCAT1 sequesters miR-185-3p and promotes the function of
myosin light chain kinase (MLCK). Increased phosphoryla-
tion of myosin II regulatory light chain (p-MLC) following
MLCK activity changes the permeability of the tight junc-
tion protein, disrupts the intestinal epithelial barrier func-
tion, and promotes the IBD pathogenesis [23]. Recently, an
association between CCAT1 polymorphisms and CRC risk
as well as different clinical stages of CRC in Chinese popula-
tion has also been reported [40]. It was reported that aberrant
expression of CCAT1 promotes cell proliferation, invasion
and migration in cancers. Through E-box element in the pro-
moter region of CCAT1, c-Myc directly binds and activates
transcription of this IncRNA in gastric and colon cancer [41,
42]. CCAT1 acts as a sponge and antagonizes the effects of
miR-410 on the expression of its target ITPKB in CRC [43].
Furthermore, by targeting miR-219-1 (a tumor suppressor in
colon cancer), CCAT1 affects growth and metastasis in GC
[44]. Likewise miRNA-218-5p and miR-490 both sponge to
CCATI, but, CCAT1/miR-490/hnRNPA1 axis appears to be
more effective in promoting the migration of GC [45]. The
key role of CCAT1 in GC cell proliferation and migration
was highlighted by a recent study on DRE (dandelion root
extract)-mediated anti-tumorigenesis effect. DRE exerted
the suppression effect via targeting CCAT1 in GC cells
[46]. This c-Myc-induced IncRNA also acts as a sponge of
let-7 tumor suppressor and therefore rescues expression of
HMGAZ2, c-Myc, and then itself to promote hepatocellular
carcinoma progression (Fig. 2) [47, 48]. Moreover, CCAT1
plays a pivotal role in GBC malignancy via sponging of
miR-218-5p and facilitating the expression of its target gene,
Bmil, a polycomb ring finger oncogene that negatively
regulates cell-cycle inhibitor genes [39]. Overexpression of
this IncRNA has also been detected in PC and ESCC which
affects target genes especially through acting as a scaffold
for polycomb repressive complex 2 [49, 50].
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Table 2 Tumor promoter or oncogenic IncRNAs
IncRNA Cancer type  Pathway Function IncRNA Cancer type ~ Pathway Function
ANRIL GC Notch, mtor EMT, cell prolif- HOTAIR OSCC Glycolysis Chemoresistance,
ESCC TGFp1 signaling,  eration, chem- ESCC PI3K/Akt and autophagy,
CRC NF-KB, Wnt oresistance GC Whnt/B-catenin stemness, snail-
HCC pathway CRC signaling path- mediated EMT
oC ATM-E2F1 HCC ways
PC pathway PC NF-kB signaling
GBC GAC
NEAT1 GC PI3K/AKT, Cell proliferation, H19 OSCC Whnt/B-catenin EMT
oSsccC GSK3B chemoresist- ESCC pathway lymph node metas-
ESCC pathway, Wnt ance, EMT GC tasis
CRC pathway CRC
HCC HCC
PC PDAC
GAC
CRNDE GC PI3K/AKT, Lymph node DUXAP10 ESCC Cell proliferation
CRC RAS/MAPK, metastasis, GC Lymph node
PC Wnt, GSK3B chemoresist- CRC metastasis
HCC pathway ance PC
HOXD-AS1 GC JAK/STAT3 Lymph node DANCR ESCC EMT
CRC pathway metastasis (SNHG13) GC
HCC MAPK CRC
HCC
FAL1 ESCC FAL1-DRP1, FAL1 abolishes ~ SOX20T ESCC EMT
GC STAT3 pathway  mitochondrial GC cell-cycle progres-
colon cancer fission—fusion CRC sion
CRC balance and HCC stemness
HCC apoptosis PDAC
CCAT2 ESCC snail2 induced Lymph node SNHG6 ESCC JNK pathway Lymph node
GC EMT metastasis HCC metastasis
CRC EMT CRC
HCC GC
PDAC
ROR ESCC p53 signaling, Stemness CASC9 ESCC AKT signaling Chemoresistance
GC,PC DNA repair radioresistance OSCC and DNA dam-
CRC chemoresistance HCC age sensing
HCC EMT GC
GBC
TUGI1 OSCC wnt signaling Chemoresistance FOXD2-AS1 ESCC EMT and the Cancer progression
ESCC JAK2/STAT3 cell proliferation GC Notch signaling
GC,PC pathway EMT CRC pathway
CRC hedgehog path- glycolytic HCC
HCC way metabolism
PDAC EMT pathway
GBC
MALAT1  OSCC wnt signaling EMT LncRNA-XIST  ESCC EMT
ESCC PI3K/AKT, JAK/ cell proliferation GC
GC STAT autophagy-related CRC
CRC ERK/MAPK chemoresist- HCC
HCC ance PC
PDAC Lymph node
GBC metastasis
SNHG20 OScCC ATM-JAK-PD- Stemness LncRNA-CCHE1l GC ERK/COX-2 Lymph node
ESCC L1, lymph node CRC pathway involvement and
GC GSK-3p/p-catenin  metastasis HCC ERK/MAPK vascular invasion
CRC signaling EMT pathway
HCC

@ Springer



386

Digestive Diseases and Sciences (2021) 66:381-397

Table 2 (continued)

IncRNA Cancer type  Pathway Function IncRNA Cancer type ~ Pathway Function

DLEU1 0OSCC HA-CD44 signal- Migration, inva- PVT1 ESCC, STAT3/VEGFA  Lymph node
GC ing sion GC,PC signaling, metastasis, chem-
CRC CRC, HCC, TGF- signal- oresistance
PDAC GAC ing pathway

Fig.2 The regulatory network of GI cancers,

constructed by
Cytoscape_v3.1. Most of the IncRNAs in the network benefit from
the EZH2 and PTEN to control the GI cancer progression. In the
network, the diamond-shaped pink nodes represent IncRNAs and
the circle green, V-shaped red and rectangle blue nodes demonstrate
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proteins, miRNAs and molecular pathways, respectively. T-shaped
arrows indicate inhibitory effect, delta-shaped arrows are promoter
and square-shaped ones stabilize the target. About the last one in this
figure, HuR is an exception which is sequestered by MIR22HG and
cannot stabilize the B-catenin (Dash square-shaped arrow)
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Gastric Adenocarcinoma Predictive Long Intergenic
Noncoding RNA (GAPLINC)

This oncogenic IncRNA locates on chromosome 18p1 and
encodes a 924-bp-long noncoding RNA. The strong cor-
relation between GAPLINC expression and tumor size,
patient survival, and occurrence of lymph node metastasis
makes it a potential biomarker for gastric cancer and CRC
diagnosis and prognosis [51, 52]. GAPLINC functions as
miRNA sponge and competes with CD44 to decoy the miR-
211-3p, which targets both CD44 and GAPLINC, resulting
in decreased degradation of CD44 mRNA and increased
gastric cancer proliferation, migration and angiogenesis
[51]. GAPLINC binding to miR-378 increases MAPK1
expression that leads to advanced cell proliferation of gas-
tric cancer cells (Fig. 2) [53]. The upregulation of GAPLINC
under hypoxia revealed that HIF-1a controls transcriptional
activation of GAPLINC via binding to its promoter region
that leads to the acceleration of GC tumor progression and
decreases its apoptosis [54]. GAPLINC also plays a key role
in colorectal cancer cell invasion by binding to non-POU-
domain-containing octamer binding (NONO) protein and
PTB-associated splicing factor (PSF) to upregulate SNAI2
[52]. Besides, it can positively regulate the c-MET proto-
oncogene through the GAPLINC/miR-34a/c-MET axis in
CRC cells [18].

Small Nucleolar RNA Host Gene 20 (SNHG20)

SNHG?20 is a IncRNA producing a 2183-bp transcript with
chromosome 17q25 genomic location. It was originally
reported as a IncRNA promoting hepatocellular carcinoma
cell proliferation [55]. The upregulation of SNHG20 has
been reported in multiple cancers including CRC [56]. This
molecule influences cell proliferation, migration, inva-
sion, and cell-cycle progression in CRC cells via regulat-
ing of p21 and Cyclin A1 expression which highlights its
therapeutic potential [57]. A strong association between
SNHG20 expression, tumor size, and lymphatic metastasis
in GC patients has also been reported. Recently, it has been
shown that SNHG20 acts as a competing endogenous RNA
(ceRNA) for miR-495-3p and regulates zinc finger protein
X-linked (ZFX) expression, emphasizing the main role of
SNHG20/miR-495-3p/ZFX in GC proliferation and invasion
[58]. Furthermore, SNHG20 can bind to EZH2 and modu-
late the GSK-3p/p-catenin signaling pathway that leads to
epigenetically silencing of the p21 and E-cadherin expres-
sion and promoting the EMT in gastric cancer (Fig. 2) [55].
On the other hand, overexpression of this IncRNA in HCC
and oral squamous cell carcinoma is associated with cancer
progression and stemness [56, 59, 60]. Sequestered miR-197
by an excessive level of SNHG20 leads to the release of the
LIN28 stem factor which promotes cancer stem cell (CSC)

properties and oncogenesis in OSCC cells [56]. Interaction
between SNHG20 and EZH2- a part of the PRC2 complex-
results in E-cadherin repression and EMT progression in
HCC (Fig. 2) [61]. In ESCC cells, this IncRNA also partici-
pates in EMT and metastasis through enforcing the expres-
sion of ATM-JAK-PD-L1 (programmed cell death 1 ligand
1) signaling pathway effectors [62].

Focally Amplified IncRNA on Chromosome 1 (FAL1)

FAL1 or FALEC (focally amplified long noncoding RNA in
epithelial cancer) encoding a 2276 bp transcript from 1q21
is remarkably upregulated in tumor tissues and serum exo-
some [3, 63, 64]. This IncRNA regulates the expression of
many tumor proliferation and metastasis-related genes, such
as Bcl-2, TGF-p, NF-xB, and PCNA [3]. Overexpression
of FAL1 in ESCC is associated with reduced expression of
mitochondrial fission protein DRP1 which plays an essential
role in intrinsic apoptosis [65]. This IncRNA also promotes
the cell proliferation of gastric cancer through regulating
the phosphatase and tensin homolog (PTEN) which is the
natural inhibitor of phosphoinositide 3-kinase (PI3K)/AKT
pathway (Fig. 2) [66]. Moreover, FAL1 plays a critical role
in CRC and HCC development and progression by acting
as a ceRNA. It sponges miR-637 to rescue the expression
of NUPRI in CRC cells and miR-1236 to promote the AFP
and ZEBI effect on cell proliferation and migration of HCC
[63, 64]. Downregulation of FAL1 in CRC increases the
level of the epithelial marker E-cadherin and decreases the
level of the mesenchymal marker Vimentin and inhibits the
EMT [63]. On the other hand, It interacts with STAT3 to
promote its phosphorylation, and therefore, it plays a key
role in regulating the proliferation and apoptosis of colon
cancer cells (Fig. 2) [3].

Gastric Carcinoma Highly Expressed Transcript 1
(GHET1)

Gastric carcinoma highly expressed transcript 1, located
on the chromosome 7q36.1 with 1913 bp in length, is ini-
tially found to be overexpressed in gastric carcinoma [67].
Growing studies have reported that GHET1 is upregulated
in diverse gastrointestinal carcinomas, including gastric,
colorectal, hepatocellular, esophageal squamous cell and
pancreatic cancer [68—71]. The knockdown of GHET1
in cancer cells inhibits cell proliferation and migration
and induces cell apoptosis [68, 69]. In gastric cancer,
downregulation of GHET1 is associated with reduced
expression of the cell-cycle promoters such as cyclin D,
CDK4, CDKS6, cyclin E, and CDK?2 [68]. Knockdown of
this IncRNA results in induced expression of Numb pro-
tein which inhibits cell growth and stimulates apoptosis
by blocking the Cyclin D1, MMP-2, and MMP-9 protein
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expression [72]. GHET1 mediates the physical interaction
between insulin-like growth factor 2 mRNA-binding pro-
tein 1 (IGF2BP1) and c-Myc mRNA to increase c-MYC
protein stability that leads to GC cell growth promotion
in vitro and in vivo (Fig. 2) [67]. This IncRNA also affects
the stability of ATF1 mRNA, a transcription factor regu-
lating target genes related to HCC development [73], and
suppresses the Kriippel-like Factor 2 (KLF2) expression
by recruiting the PRC2 complex to the promoter of this
gene (Fig. 2) [21].

Double Homeobox A Pseudogene 10 (DUXAP10)

DUXAP10 is a pseudogene which derived from long non-
coding RNA located on 14q11.2 and has 2398 nt length
[74]. Several studies have shown that the downregulation
of DUXAPIO0 leads to decreased cell proliferation and
metastasis, as well as increased apoptosis in cancer cells
[75-77]. Mechanistically, DUXAP10 can interact directly
with polycomb repressive complex 2 members like EZH2
and also LSDI to epigenetically block the expression of
tumor suppressor genes like p21, LATS1, KLF2, SMAD4,
and PTEN in ESCC, gastric, pancreatic cancers, and CRC
(Fig. 2) [75-78].

Cancer Susceptibility Candidate 9 (CASC9)

The chromosome region contributed to the CASC9
IncRNA (8q21.11) is highly conserved among primates,
which indicates the evolutionary importance of it [79, 80].
Multiple studies have found that CASCO9 is overexpressed
in cancer cells and tumors. It has been revealed that the
higher expression level of this IncRNA is associated with
deep invasion, poor differentiation, and lymph node metas-
tases [79, 81, 82] through multiple mechanisms. CASC9
mediates the EZH?2 enrichment on the promoter region of
PDCD4, leading to the downregulation of this tumor sup-
pressor gene and inducing the cell proliferation of ESCC
(Fig. 2) [80]. CASC9 interacts with the transcriptional
coactivator, CREB-binding protein (CBP), concentrating
on the LAMC?2 promoter, which leads to the modification
of histone acetylation in its promoter and finally upregula-
tion of the LAMC?2 expression [83]. Upon LAMC2-inte-
grin ligation, focal adhesion kinase (FAK) is phosphoryl-
ated and activated PI3K/AKT signaling pathway in HCC
(Fig. 2) [84]. It also physically interacts with HNRNPL.
This protein which participates in RNA processing regu-
lates the expression of target genes associated with PI3K/
AKT signaling pathway in cancers including HCC [81,
85]. Moreover, CASC9 IncRNA can activate the PI3K/
AKT/mTOR signaling pathway in OSCC [86].
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FOXD2 Adjacent Opposite Strand RNA 1
(FOXD2-AS1)

FOXD2-AS1 IncRNA that located on the human chromo-
some 1p33 has only a transcript length of 2527 nucleo-
tides [87]. Downregulation of FOXD2-AS1 suppresses cell
proliferation, invasion, and migration in vitro and in vivo
[88-91]. FOXD2-AS1 boosts CRC development via EMT
and Notch signaling pathways, because its knockdown
influences the expression levels of EMT-related proteins:
E-cadherin and N-cadherin, as well as notch signaling-
related proteins: Hes-1 and NICD [88]. It attracts EZH2
and LSD1 to the EphB3 promoter and induces histone
modification and finally inhibits EphB3 transcription in
order to gastric carcinoma promotion (Fig. 2) [91]. Acting
as a ceRNA, in CRC, FOXD2-AS1 sequesters miR-185-5p
to regulate the expression of CDC42 (cell division con-
trol protein 42) which is predicted to be a miRNA-185-5p
direct target [92], and sponges miR-206 and so increases
the level of ANXAZ2 through decoying of this tumor sup-
pressor micro-RNA in HCC [89].

Tumor Suppressor IncRNAs

Expression of IncRNAs might be downregulated in cancer,
acting as a tumor suppressor. Some IncRNAs that function
as a tumor suppressor in all studied GI cancers are listed in
Table 3. Here we provide some details on how they affect
GI cancer development and progression (Fig. 2).

HAND2 Antisense RNA 1 (HAND2-AS1)

HAND?2-AS1 IncRNA that also known as UPH, DEIN,
and NBLAOO301 is located on chromosome 4q34.1, and
its role as a tumor suppressor has been demonstrated in
several cancers such as osteosarcoma and endometrioid
endometrial carcinoma [93]. Studies on gastrointestinal
cancers such as esophageal squamous cell carcinoma,
colorectal cancer, and hepatocellular carcinoma have
revealed that downregulation of HAND2-AS1 in cancer-
ous tissues is negatively correlated with the tumors inva-
sion and advanced tumor stages [93-95]. Functionally,
this IncRNA attenuates tumor progression and invasion
through sponging an oncogenic micro-RNA, miR-21, in
ESCC [93], facilitating the expression of KLF14, as a
member of Kruppel like factor family (KLF) of transcrip-
tion factors in CRC [95]. Both KLF14 and HAND2-AS1
are the target of miR-1275, so overexpression of HAND2-
AS1 suppresses the effect of miR-1275 on KLF14 and its
downstream targets [93] to detract CRC tumor progression.
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Table 3 Tumor suppressor IncRNAs

IncRNA Cancer type Pathway Function IncRNA Cancer type ~ Pathway Function
MEG3 OScCC Wnt pathway EMT linc00675 (TME  ESCC wnt/B-catenin
ESCC ER stress pathway cell proliferation M238L)
GC p53 pathway apoptosis
CRC chemosensitivity
HCC
PC
GBC
TUSC7 ESCC EGFR/AKT Chemosensitivity = HAND2-AS1 ESCC
GC G1 arrest of cell CRC
CRC cycle HCC
HCC EMT
GASS ESCC PTEN/AKT/Mtor  Angiogenesis NKILA ESCC NF-KB signaling Chemosensitivity
GC wnt/B-catenin Apoptosis HCC
CRC NF-KB, ERK1/2 chemosensitivity,
HCC hippo signaling stem like proper-
PC ties, EMT
AC012456.4 OSCC JAK/STAT, FENDRR GC
MAPK HCC
HOTAIRM1 GC PI3K/AKT Proliferation, FER1L4 GC Cell proliferation
CRC wnt pathway migration, apop- colon cancer and invasion,
HCC tosis ESCC apoptosis
HCC
MIR22HG  HCC wnt/B-catenin IncRNA LET GC Apoptosis, lymph
GC NOTCH?2 signal- (NPTN-IT1) GAC node metastasis
ing ESCC

HOXA Transcript Antisense RNA, Myeloid-Specific 1
(HOTAIRM1)

The short arm of the chromosome 7 (7p15.2) between
HOXAT1 and HOXA2 genes, codes for a tumor suppressor
IncRNA named HOTAIRM1 or HOXA1-AS1 in colorectal
tissue [96]. Decreased expression of this IncRNA is associ-
ated with tumor progression especially through affecting the
PI3K/AKT pathway in gastric cancer. HOTAIRM1 acts as a
competing endogenous RNA for miR-17-5p which is related
to the PI3K/AKT pathway by suppressing phosphatase and
tensin homolog (PTEN)—the negative regulator of the cell-
cycle expression (Fig. 2) [97]. Although Zhou et al. [98]
reported that upregulation of HOTAIRMI1 was correlated
with the pancreatic ductal adenocarcinoma progression, and
nonetheless, its expression decreases in HCC, CRC, and GC
[99]. It was documented that HOTAIRM1 downregulation
in HCC is associated with the declined expression level of
apoptosis driver factor Bax and increased expression of Bcl2
and Bid through affecting the Wnt pathway [99].

MIR22 Host Gene (MIR22HG)

MIR22HG IncRNA codes from chromosome 17p13.3 and
was first discovered as a tumor suppressor in hepatocellular
carcinoma [100], and afterward, its downregulation effect
was reported in more detail in HCC [101, 102], endometrial

[103] and lung [104] cancers. MIR22HG which is also
known as C170rf91 inhibits HCC tumor progression by two
mechanisms. The first mechanism is mediated by HMGB1
(High mobility group box 1) where MIR22HG promotes
the expression of miR-22-3p to target the 3> UTR of the
HMGB1 mRNA and inhibit the HMGB1-mediated gene
expression of matrix metallopeptidase 9 (MMP9) and ERK
[105] which are involved in epithelial to mesenchymal tran-
sition and cell proliferation, respectively (Fig. 2). In the sec-
ond mechanism, MIR22HG competes with oncogenes such
as Bcl2 and B-catenin to bind HuR protein and reduces the
mRNA stability of these oncogenes (Fig. 2) [105]. ELAV-
like protein 1 or HuR is an RNA-binding protein that plays
key roles in the cellular proliferation, growth, and survival
pathways by stabilizing the bound RNA [106]. It has also
been reported that sponging of miR-10a-5p is able to sup-
press the Wnt pathway by inducing the NCOR2 expression
as a transcriptional co-repressor in HCC [107]. Low expres-
sion of this IncRNA in gastric cancer decreases the 5-year
overall survival rate and indicates poor prognosis of the
patients. Moreover, MIR22HG silencing promotes gastric
cancer cell proliferation and invasion through NOTCH2
signaling pathway via enhancing the nuclear localization of
NOTCH2 and inducing its downstream targets especially
HEY1 (Hes-Related Family BHLH Transcription Factor
With YRPW Motif 1) transcriptional repressor expression
[108].
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Fer-1-Like Family Member 4, Pseudogene (FER1L4)

FERI1L4 is a 6.7-Kb IncRNA on chromosome 20q11.22
which was first detected as the most downregulated IncRNA
in gastric cancer [109, 110]. Loss of its expression and tumor
suppressor role has been reported in gastric, colon, liver, and
esophageal cancers [111]. This IncRNA acts as a cceRNA
and inhibits the proliferation and invasion of the above-men-
tioned tumors mainly through the sponging of miR-106a-5p
[110-113]. MiR-106a-5p as an oncogenic micro-RNA sup-
presses the expression of tumor suppressor genes such as
PTEN and RB, hence promoting cell growth by inducing
the GO/G1 to S phase transition [111-114]. Overall, the best-
established mechanism of action of FER1L4 is the seques-
tration of miR-106a-5p and making the PTEN free to prevent
the activation of PI3K/AKT pathway and cell proliferation
in gastrointestinal cancers (Fig. 2) [112, 115].

Low Expression in Tumor (LncRNA LET)

NPTN intronic transcript 1 or NPTN-IT1 mostly known as
IncRNA LET is located on chromosome 15g24.1. It has been
initially reported as a hypoxia inhibited tumor suppressor
in HCC [116, 117] following by several other cancers such
as ESCC [116, 118], gastric cancer [119], and gallbladder
cancer [120]. The significant effect of this IncRNA on tumor
growth prevention makes it the main target of oncogenic
genes like miR-548 k [119] and IncRNA DANCR [121].
The depletion of IncRNA LET expression as a result of
overexpressed miR-548 k is related to poor overall survival
in ESCC [119]. In this axis, IncRNA LET acts as the reg-
ulator of p53 and NF90. Downregulation of this IncRNA
decreases p53, one of the main regulators of gene expres-
sion which inhibits cell cycle and promotes cell death, and
increases NF90 expression hence, promoting the prolifera-
tion and invasion of ESCC cells [116, 119]. NF90 which is
ubiquitylated and degraded after binding to IncRNA LET
is a double-stranded RNA-binding protein that involves in
stabilization, transport, and translation of some metastasis
mediator genes in HCC. Decreased expression of LET in
HCC stabilizes NF90 and leads to hypoxia-induced tumor
invasion and metastasis [117, 120]. Downregulation of LET
in gastric cancer [119, 122] resulted from overexpression
of IncRNA DANCR stimulates the migration of GC cells
[121]. Mechanistically, DANCR acts as a scaffold to tar-
get the EZH?2 and Histone Deacetylase 4 (HDAC4) to the
promoter of IncRNA LET to epigenetically silence its tran-
scription and influence the proliferation and apoptosis of GC
cells [119, 121] (Fig. 2). HDAC4 also involves in hypoxia-
induced HCC progression via preventing the IncRNA LET
expression [123]. Hypoxia-induced IncRNA LET downregu-
lation in GBC is also associated with tumor progression and
poor prognosis. Furthermore, it regulates the cell cycle and
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apoptosis by affecting the expression of p21, Bcl2, Bax, and
caspase 3 [120].

Functionally Context-Dependent LncRNAs

Although some IncRNAs play an obvious tumor promotion
or tumor suppression role in GI cancers, there are IncRNAs
that their function might be considered as tumor or con-
text dependent. The expression patterns of these IncRNAs
depend on the types of GI cancers; upregulating in one or
some types while downregulating in the other types of GI
cancers. Table 4 summarizes the characteristics of some
context-dependent IncRNAs in GI cancers.

Terminal Differentiation-Induced ncRNA (TINCR)

TINCR which primarily involves in human epidermal dif-
ferentiation has been reported as an upregulated LncRNA
in gastric cancer [124], ESCC [125], and HCC [126]. This
3700-bp IncRNA is expressed from chromosome 19p13.3.
Induced expression of TINCR mediated by nuclear transcrip-
tion factor SP1 and E2F1 involves proliferation, invasion,
migration, and apoptosis of cancer cells [124, 127]. Interac-
tion of TINCR with KLF2 recruits double-stranded RNA
(dsRNA) detecting protein, Staufen 1 (STAU1), leading to
the silencing of KLF2 in gastric cancer cells (Fig. 2) [124].
Therefore TINCR affects the oncogenic potential of GC cells
through inhibiting the KLF2 regulated gene expression such
as CDKN1A/p21 and CDKN2B/p15 cell-cycle regulators
[124]. This regulatory IncRNA suppresses the expression
of CDKN2B through the E2F1/TINCR/STAU1/CDKN2B
signaling axis too. In this pathway, E2F1-promoted expres-
sion of TINCR influences the CDKN2B mRNA stability
by recruiting STAU1 [127]. Moreover, TINCR can act as
a ceRNA and be targeted by miR-375. Sponging of miR-
375 by TINCR leads to the upregulation of PDK1 in gastric
cancer cells, which highlights the oncogenic role of TINCR
in gastric cancer pathogenesis [128]. Furthermore, Tian
et al. [126] showed that the expression of TINCR can be
repressed by miR-133a and miR-137 in hepatocellular carci-
noma, and contributed a tumor-promoting role for TINCR in
HCC differentiation, invasion, and metastasis. On the other
hand, TINCR plays a tumor suppressor role in CRC hence,
its expression downregulates in that cancer [129]. In CRC,
TINCR acts as a Wnt signaling inhibitor and its transcription
is controlled by c-Myc-regulated SP1 (Fig. 2). The c-Myc-
mediated repression of SP1 results in TINCR downregula-
tion, leading to the declined EpCAM protein stability, fol-
lowed by accumulation of EpICD which colocalizes with
B-catenin and induces Wnt downstream gene expression
in colorectal cancer [129]. Moreover, the tumor-suppress-
ing function of TINCR in CRC was also demonstrated by



Digestive Diseases and Sciences (2021) 66:381-397 391
Table 4 Functionally context-dependent LncRNAs
Tumor promoter Cancer type Pathway Function Tumor suppres-  Cancer type Pathway Function
sor
TP73-AS1 ESCC HMGB1/RAGE, Cell growth TP73-AS1 CRC
GC wnt signaling chemoresistance
CRC BCL-2/CAS3 Snail-mediated
HCC pathway EMT
UCAL OSCC wnt signaling Chemoresistance UCAL1 ESCC wnt signaling
ESCC ERK pathway Lumph node
GC metastasis
PC
CRC
HCC
GBC
linc01133 PC Whnt pathway Proliferation, linc01133 oScC whnt signaling
HCC PI3K/AKT EMT GC
PDAC CRC
ESCC
SNHG16 OSCC JAK2/STAT3 Cell prolifera- SNHG16 HCC Chemosensitivity
ESCC pathway tion, EMT
GC chemoresistance
CRC
HCC
HNF1A-AS1 OSCC notch signaling  Proliferation, HNF1A-AS1 GC
ESCC Whnt/B-catenin EMT HCC
CRC signaling Lymph node PC
HCC pathway metastasis
SOX21-AS1 CRC SOX21-AS1 0osccC Its promoter is
HCC hypermethyl-
ated in tumor
TINCR ESCC, GC, HCC TINCR CRC Wnt, PPAR
signaling
pathway
linc00052 GC Whnt/B-catenin linc00052 HCC
signaling PC
pathway

overexpression of TINCR which attenuated CRC tumor
growth through miR-107 sponging [130].

TP73 Antisense RNA1 (TP73-AS1)

LncRNA TP73-AS1 which is transcribed from chromosome
1p36 deregulates in cancer [16]. It was first reported to be
downregulated in oligodendroglial tumors [131]. Moreover,
in colorectal cancer, it functions as a tumor suppressor by
sponging of miR-103, which results in PTEN escape and
halting of the PI3/AKT signaling pathway (Fig. 2) [132].
In contrast, some studies have indicated a tumor-promoting
role for this IncRNA in gastric [16], colorectal [133], and
hepatocellular cancers [134]. It promotes cell proliferation
by sponging the miRNAs as well as the regulation of tumor
suppressor genes. For example, TP73-AS1 modulates HCC
cell proliferation through miR-200a-dependent HMGB 1/
RAGE/NF-kB regulation (Fig. 2) [134]. Furthermore, it was
reported that suppression of TP73-AS1 expression improves

the chemotherapeutic response of gastric cancer cells to Cis-
platin [135].

Long Intergenic Non-protein Coding RNA 52
(LINC00052)

LINC00052 or TMEMS3 codes for a 1786-bp-long noncod-
ing RNA from chromosome 15g25.3. It plays as a tumor
suppressor in HCC and pancreatic cancer cell proliferation
and migration [136-139]. LINC00052 sequesters a set of
miRNAs such as miR-330-3p and miR-452-5p to prevent
their tumorigenesis activity in HCC and pancreatic cancer
[136, 138]. It triggers apoptosis and prevents G1 phase pro-
gression via sponging of miR-330-3p in pancreatic cancer
[136]. Besides, reciprocal repression between miR-452-5p
and IncRNA LINC00052 in HCC forces the depletion of
EPB4K3 and tumor progression [138]. Moreover, overex-
pression of LINC00052 might block the MAPK pathway. It
sponges miR-128 and miR-485 to the liberation of NTRK3,
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which follows by negative control on ERK1/2 and attenu-
ation of the cell invasion and migration of HCC (Fig. 2)
[137]. Furthermore, this IncRNA plays as a tumor suppres-
sor by inducing miR-101-3p activity which diminishes the
oncogenic expression of SOX9 [139]. On the other hand,
LINCO00052 plays as a tumor promoter in gastric cancer. Its
high expression levels in gastric cancer cells as well as in
tumor tissues associate with carcinogenesis and poor sur-
vival of the patients [140]. LINC00052 promotes gastric
cancer cell proliferation and metastasis via activating the
Wnt/B-catenin signaling pathway. It interacts with SMYD2
methyltransferase and improves f-catenin stability by meth-
ylation, leading to the activation of oncogenic Wnt signaling
[140].

LncRNAs and Drug Resistance in Gl Cancer

Dysfunction of IncRNAs is also associated with GI tumor
relapse and progression through contributing to drug resist-
ance. Therefore, it is crucial to explore the molecular mecha-
nisms of this event in order to improve the treatment and
patient survival rate. Here we further discussed the molecu-
lar pathways related to some of the above-mentioned IncR-
NAs involvement in chemoresistance (Fig. 3).

PVT1 One of the mainly used drugs in gastric can-
cer chemotherapy is cisplatin (DDP) [26] which triggers
apoptosis via cross-linking of the DNA and causing strand

Fig.3 Some IncRNAs interact
with anticancer drugs. The
influence of IncRNAs on drug
resistance affects the response
of patients to treatment. Accord-
ing to the network, some IncR-
NAs such as PVT1, CASC9,
and GHET]1 are involved

in multidrug resistance by
activating of MDR1 and MRP1
expression. It was also shown
that colon cancers with high
level of CCAT1 are more sensi-

tive to JQ1. Triangle orange \
nodes represent the chemother-
apy drugs. The diamond-shaped
pink, circle green and V-shaped
red nodes demonstrate IncR-
NAs, proteins, and miRNAs,
respectively. T-shaped arrows
indicate inhibitory effect and
delta-shaped arrows are promot-
ers. Octagon light green shapes
are cancer types. GI cancer:
gastrointestinal cancer, GC gas-
tric cancer, ESCC esophageal
squamous cell carcinoma, PC:
pancreatic cancer

5-FU

;
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breaks during cell-cycle progression [141]. According to the
research [26], PVTI can affect the gastric cancer response
to this agent. Increased level of PVT1 in cisplatin-resistant
patients and cells is associated with apoptosis inhibition
through activating several multidrug resistance (MDR)-
related proteins mainly multidrug resistance-1 (MDR1)
and multidrug resistance-associated protein 1 (MRP1) [26].
MDRI1, as an ATP-dependent efflux pump, forces DDP out
of the cell and prevents its access to DNA and apoptosis
promoting [26] (Fig. 3). This IncRNA is also involved in
gemcitabine resistance of pancreatic cancer by blocking
apoptosis [142]. Gemcitabine which acts through the inter-
fering with nucleic acid synthesis is the first-line therapeutic
agent in PC. Although the molecular mechanism of PVT1
involvement in PC cell resistance against this drug needs
further investigation, You and his colleagues demonstrated
the PVT1 regulatory role on Gemcitabine sensitivity in PC
cells (Fig. 3) [142].

CCAT1 Increased expression of CCAT1 in ESCC cells
is closely related to Cisplatin drug resistance. CCAT1
knockdowned cells display better response to DDP treat-
ment through upregulating of apoptosis factors like Bax
and downregulating of cell-cycle-related ones [143]. In
these cells, CCAT1 sequesters a tumor suppressor miR-
143 to promote the Polo Like Kinase 1 (PLK1)/BUBR1
signaling. Given that PLK1 plays a significant role in
provoking cell-cycle progression specially M-phase and

CCAT1
PLK1/BUBR1

ESCC Gemgitabine

j N

PVT1 Cisplatin

GC

CASC9

\ /\:Dm MRP1
GHET1 X}X

Adriamycin

litaxel
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inhibiting apoptosis, this signaling axis makes ESCC cells
resistant to DDP (Fig. 3) [143]. These results suggest that
CCAT1 may be a suitable target to defeat chemoresistance
in esophageal cancer [143]. This IncRNA also affects the
chemosensitivity of colon cancer. JQ1 blocks cell growth
in CIMP (CpG island methylator phenotype) positive
colon cancers by interfering with the Bromodomain-con-
taining protein 4 (BRD4) effect on the c-Myc transcrip-
tion. C-Myc expression in CIMP* cells is dependent on the
CCAT]1 expression, a superenhancer of c-Myc transcrip-
tion [144]. JQ1 inhibits CCAT1 expression which leads
to the inhibition of the c-Myc oncogenic effects on the
CIMP™ colon cancer cells. Therefore, CCAT1 may serve
as a predictive biomarker to determine the tumors which
are more sensitive to JQ1 than others (Fig. 3) [144].

SNHG20 Overexpression of SNHG20 in GC cells
causes Fluorouracil (5-FU) resistance through targeting
miR-140-5p [145]. 5-FU which is analog of uracil exerts
its cytotoxicity in multiple ways such as misincorpora-
tion into DNA or RNA structure and also blocking of
thymidine synthesis. Its anticancer effect is the result of
the interruption in DNA replication and repair [146]. In
gastric cancer, SNHG20 induces the expression of the
NDRG3, one of the main oncogenic targets of miR-140-5p
[145]. The N-myc downstream-regulated gene 3 (NDRG3)
is a member of the NDRG family which are involved in
lots of cellular processes such as cell proliferation and dif-
ferentiation [147, 148]. Enhanced expression of NDRG3
following the sequestration of the miR-140-5p by SNHG20
stimulates 5-FU resistance in GC through regulating cell-
cycle progression in favor of carcinogenesis (Fig. 3) [145].

GHET1 cisplatin resistance is a common event and
major obstacle in gastric cancer treatment [149] and mul-
tidrug resistance factors including MDR1 and MRP1 play
a significant role in this event [150]. Aberrantly expres-
sion of GHET1 in gastric carcinoma benefits these fac-
tors in order to affect the sensitivity of GC cells to DDP
[150]. Upregulation of this IncRNA, which is associated
with GC cell proliferation, bigger tumor size, and worse
survival [67], is able to promote the development of mul-
tidrug resistance [150]. It also exerts its effect by affecting
the Bax and Bcl2 as well as MDR1 and MRP1 expression
(Fig. 3) [150].

CASC9 Paclitaxel (PTX) as a microtubule-stabilizing
drug and adriamycin (ADR) or doxorubicin, an anthracy-
cline, make their anticancer effect through chromosome mis-
segregation on multipolar spindles and mitotic arrest [151]
and intercalation into DNA and topoisomerase II-related
poisoning [152], respectively. CASC9 knockdown elevates
the chemosensitivity of GC-resistant cells to paclitaxel
and adriamycin through decreased expression of MDRI1
protein (Fig. 3) [79]. Although the direct regulatory role
of CASC9 on MDRI needs further investigation, eightfold

high expression of this IncRNA in GC cells makes exactly
a relation between MDR1 expression and GC chemoresist-
ance [79].

Conclusion

LncRNAs implicated in GI cancer development and pro-
gression can be classified functionally as a tumor promoter,
tumor suppressor, or tumor/context dependent. While the
first and second classes played as tumor promoters and
tumor suppressors, respectively, at all reported GI cancer
research, the third class showed a tumor-type-specific func-
tion in GI cancer. This highlights further complications in
IncRNA function and implication in GI cancer development
and progression which needs to be considered in diagnosis,
prognosis, and therapy of GI cancers.
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