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The rising trend of gastrointestinal (GI) cancer has become a global burden due to its aggressive nature and poor prognosis. Long
noncoding RNAs (IncRNAs) have recently been reported to be overexpressed in different GI cancers and may contribute to cancer
progression and chemoresistance. They are featured with more than 200 nucleotides, commonly polyadenylated, and lacking an
open reading frame. LncRNAs, particularly urothelial carcinoma-associated 1 (UCAI), are oncogenes involved in regulating
cancer progression, such as cell proliferation, invasion, migration, and chemoresistance, particularly in GI cancer. This review was
aimed to present an updated focus on the molecular regulatory roles and patterns of IncRNA UCAI in progression and che-
moresistance of different GI cancers, as well as deciphering the underlying mechanisms and its interactions with key molecules
involved, together with a brief presentation on its diagnostic and prognostic values. The regulatory roles of IncRNA UCAI are
implicated in esophageal cancer, gastric cancer, pancreatic cancer, hepatobiliary cancer, and colorectal cancer, where they shared
similar molecular mechanisms in regulating cancer phenotypes and chemoresistance. Comparatively, gastric cancer is the most
intensively studied type in GI cancer. LncRNA UCA1 is implicated in biological roles of different GI cancers via interactions with
various molecules, particularly microRNAs, and signaling pathways. In conclusion, IncRNA UCAI is a potential molecular target
for GI cancer, which may lead to the development of a novel chemotherapeutic agent. Hence, it also acts as a potential diagnostic
and prognostic marker for GI cancer patients.
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1. Introduction

Gastrointestinal (GI) cancer has become one of the major
challenges in the health sector in recent decades. GI cancer is
a group of cancers that affect the GI tract, such as esophagus,
stomach, gallbladder, liver, biliary tract, small intestine, and
large intestine [1, 2]. In 2018, GI cancer contributed 26%
among all cancer cases and 35% of cancer-causing death
worldwide [3]. There are five major GI cancers, namely,
gastric cancer (GC), hepatobiliary cancer, esophageal cancer
(EC), pancreatic cancer (PC), and colorectal cancer (CRC),
accounting for approximately 1 million, 840,000, 570,000,
460,000, and 1.7 million new cases were reported in 2018,
respectively [4]. Comparatively, EC, GC, and liver cancer
(LC) are predominant in Asian population, whereas CRC
shows more incidence in Europe and North America [3].
Apart from that, GI cancer shows a reduced 5-year survival
rate and a poor prognosis at the late stage of cancer [5].
Generally, several factors have been reported to be the
contributing risk factors for GI cancer, including tobacco
smoking, alcohol consumption, diet, and obesity and in-
tections, such as Helicobacter pylori in GC and hepatitis virus
in LC [3, 6, 7].

With the recent advancement in RNA sequencing
technology transcriptome knowledge, there are increased
interests in long noncoding RNAs (IncRNAs) as they play
an important role in tumorigenesis, particularly gene
regulation [8, 9]. LncRNA is characterized by possessing
more than 200 nucleotides that would not be translated
into protein [10]. It can be found in both nucleus and
cytoplasm where the chromatin remodeling, transcrip-
tional regulation, and RNA processing take place in the
nucleus, while its interaction with mRNA and signaling
pathway occurs in the cytoplasm [11, 12]. One of the re-
ported cancer-related IncRNAs is urothelial carcinoma-
associated 1 (UCAI) that was first discovered in 2006 as it
was found to be overexpressed in bladder cancer (BC) cells,
a cancer close to but not belonged to GI cancer [13]. It
belongs to human endogenous retrovirus H family and is
located at 19p13.12 of the chromosomes positive-strand
with three exons and two introns [13]. To date, three
IncRNA UCAI isoforms produced by RNA splicing have
been discovered, and each of them with different sizes,
including 1.4, 2.2, and 2.7 kb [14, 15]. Among them, 1.4kb
IncRNA UCA1 is the most assessed and abundant isoform,
while 2.2kb isoform is relatively more participated in
chemoresistance [14]. For instance, Wang et al. showed
that IncRNA UCAI significantly associated with cancer
chemoresistance toward cisplatin, gemcitabine, 5-fluoro-
uracil, tamoxifen, and imatinib. Interestingly, the che-
mosensitivity of these drugs was significantly increased
when IncRNA UCAI was silenced [16].

Apart from these, IncRNA UCA1 has been detected to be
overexpressed in various cancers, particularly GI cancers,
such as CRC, esophageal squamous cell carcinoma (ESCC),
hepatocellular carcinoma (HCC), and GC [17-19]. Among
IncRNAs, IncRNA UCA1I has been demonstrated to have
significant regulatory roles in cancer progression, including
cell proliferation, invasion, migration and metastasis, and
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chemoresistance in BLS-211 BC cells [13]. In the last decade,
the regulatory roles of IncRNAs have been intensively in-
vestigated in which most studies have suggested that the
mechanistic pathways underlying the regulatory roles of
IncRNA UCAL In this context, its interaction with the key
genes or proteins is the key causative factor that leads to the
development of GI cancer.

Therefore, this review aims to provide a detailed insight into
the regulatory roles of IncRNA UCAI in GI cancer progression
and chemoresistance, as evidenced in preclinical and clinical
studies. In addition, it also discusses various molecular
mechanisms underlie and the key molecules involved, intending
to present its potential as a novel molecular target, as well as a
diagnostic and prognostic marker for GI cancer.

2.LncRNA UCA1

Over the past few years, there is a bloom of transcriptome
studies associated with the advancement in RNA sequencing
technology, which enables the view of the complexity of
eukaryotic gene expression [20]. This advanced technology
leads to the discovery of IncRNAs [21]. More than 98% of the
genomes transcribed into ncRNAs are categorized, either as
structural RNAs or regulatory RNAs, where IncRNA is
classified under regulatory RNAs [22]. LncRNAs are dis-
covered as an important new player in cell differentiation
and development, as well as organogenesis and genomic
imprinting [23, 24]. Additionally, most IncRNAs, including
IncRNA UCAI, are much like mRNAs where they are
transcribed by RNA polymerase II with similar chromatin
states to mRNAs, and they usually 5'capped, spliced, and
polyadenylated [25, 26]. The biogenesis of IncRNA UCAI is
illustrated in Figure 1.

It has been reported that several IncRNAs participate in
the special processing events, including DNA organization.
In this event, genomic DNA is packed in the nucleus with a
special genomic organization, depending on both histone
and chromatin modifications that are regulated by epige-
netic complexes and affect the transcriptional activity
[27, 28]. For instance, IncRNA metastasis-associated lung
adenocarcinoma transcript 1 (MALATI) and IncRNA nu-
clear enriched abundant transcript 1 (NEATI) are localized
at the nuclear speckles and nuclear paraspeckles, respec-
tively, after processing at 3’ ends by RNA polymerase II to
form tRNA-like small RNA products and mature IncRNAs
[25, 29, 30]. However, the exact DNA organization for
IncRNA UCAI remains to be confirmed. Functionally,
IncRNAs are involved in chromatin and epigenetic modi-
fications [31, 32]. LncRNA UCAI also acts as an miRNA
decoy and miRNA sponge, which sequester miRNA intra-
cellularly and compete with other genes for miRNA binding,
leading to an increased level of miRNA target gene ex-
pression [1, 33].

Furthermore, IncRNA has also shown to play an im-
portant role in embryogenesis where it has been identified to
be upregulated after 28 weeks of gestational in the tissue of
heart, urinary bladder, and uterus, but downregulation is
detected in liver, kidney, lung, spleen, intestine, stomach,
skin, and cervix. In adult tissues, IncRNA UCA1I expression
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is relatively conserved at a low expression level, except for
heart, spleen, and placenta [34]. In short, the ideal ex-
pression of IncRNA UCAI is remarkably essential for cell
growth and development, particularly in embryogenesis
stage.

3. Molecular Regulatory Roles, Patterns,
Mechanisms, and Interactions of LncRNA
UCA1 in Different Gastrointestinal Cancers

It has been reported that high expression levels of IncRNA
UCA1 are detected in GI cancer cells [35, 36]. Thus, IncRNAs
may play an important role for GI tumorigenesis. The
positive association of IncRNA UCAI with the overall
survival of GI cancer patients was revealed in a meta-analysis
[35]. The pooled result of 14 studies indicated that poor
overall survival in patients with digestive malignancies was
associated with IncRNA UCA1I overexpression [35]. Since
then, different studies were conducted to further discover
the association between GI cancer and IncRNA UCA as well
as identify the possible mechanisms responsible for GI
cancer progression. In this review, the expression pattern,
regulatory roles and patterns, mechanistic pathways, and
interactions of key molecules that are associated with
IncRNA UCAI in GI cancer progression and chemo-
resistance, including EC, GC, hepatobiliary cancer, PC, and
CRC, are summarized (Table 1). A brief insight of the po-
tential role of IncRNA UCAI as a diagnostic and prognostic
marker, wherever applicable in different GI cancers, is also
presented. The interaction of IncRNA UCAI that affects the
target gene expression of miRNAs and activation of pivotal
signaling pathway are illustrated in Figures 2 and 3,
respectively.

3.1. Esophageal Cancer. In ESCC patients, the most pre-
dominant deadly types of EC, IncRNA UCA I has been reported
to be overexpressed and contributed to poor prognosis [37].
Jiao et al. showed that IncRNA UCAI was strongly associated
with EC cell proliferation by functioning as a competing en-
dogenous RNA (ceRNA) to regulate the expression of Sry-
related high-mobility group box 4 (Sox4), a target protein of
IncRNA UCA1 [38]. Additionally, IncRNA UCAI also can
directly interact with miR-204 to reduce miR-204-mediated
Sox4 degradation; thus, Sox4 can exert its biological role as a
tumor-promoting protein to stimulate EC progression [38].
Apart from that, overexpressed IncRNA UCAI could also
promote cell proliferation and metastasis by enhancing aerobic
glycolysis through Warburg effect [39]. These happened when
IncRNA UCAI sequestered miR-203, which then increased the
levels of hexokinase 2 (HXK2) [39].

Despite several studies have reported a positive corre-
lation between overexpressed IncRNA UCAI and tumor
progression; however, contradictory findings were reported.
For instance, Wang et al. discovered that overexpression of
IncRNA UCA1 suppressed ESCC cell growth via the inhi-
bition of Wnt signaling pathway by suppressing f3-catenin
activity [40]. They claimed that IncRNA UCAI could reduce
the expression of active 3-catenin protein expression in the

cell nucleus and myelocytomatosis proto-oncogene (C-
myc), which is a target protein of Wnt signaling pathway in
regulating cell cycle. This action ultimately reduced cancer
cell proliferation, migration, and invasion [40]. Similarly,
Zhu et al. also demonstrated that IncRNA UCA1I was lowly
expressed in EC tissues and plasma exosomes, which is a
lipid-bilayer extracellular vesicle used as a cargo system for
various molecules, including IncRNAs, for implicating in the
pathogenesis of many diseases, including cancer, by regu-
lating intercellular communication. They specifically found
that exosomal IncRNA UCA 1 could act as a growth inhibitor
in EC as its overexpression inhibited cell proliferation,
migration, invasion, and colony formation significantly, as
well as tumor growth in vivo via direct targeting of high
levels of miR-613 [41]. It also acts as a potent diagnostic
biomarker for EC, with great sensitivity (86.7%) and spec-
ificity (70.2%) [41]. However, these findings need to be
further assessed as there is increasing evidence showing that
IncRNA UCAI acts as an oncogenic IncRNA instead of
having tumor-suppressing function. Taken together, further
molecular studies of IncRNA UCAI should be conducted to
elucidate its associated molecular mechanisms of regulatory
roles in EC clearly.

3.2. Gastric Cancer. GC is one of GI cancers that contribute
to high mortality due to late diagnosis [3, 77]. Intriguingly,
Gao et al. suggested that IncRNA UCAI could be a potential
diagnostic and biomarker target in the early stage of GC,
owing to the fact that highly expressed IncRNA UCA1 can be
easily found in the plasma of GC patients and therefore
provides simplicity for sample extraction [42]. Similarly, it
has also been discovered that IncRNA UCAI is overex-
pressed in both GC tumor and cell lines [43]. Moreover, it
was also reported to play a role in GC cell migration and
invasion via the induction of epithelial-mesenchymal
transition (EMT) by competitively binding to miR-203,
increasing the expression of its target protein, Zinc Finger
E-Box Binding Homeobox 2 (ZEB2) [44].

In addition to miR-203, IncRNA UCAI also interacts
with miR-495-3p, supporting the role of UCAI acting as a
ceRNA [45]. Sun et al. reported that IncRNA UCAI ex-
pression could be regulated by special AT-rich-binding
protein 1 (SATB1), which was involved in chromatin
modification in both MKN-45 and BGC-823 GC cells [45].
However, IncRNA UCAI only regulated the protein levels
of SATBI in MKN-45 GC cells but not in BGC-823 cells
[45]. Thus, further investigation is required to discover the
rationale for obtaining such findings.

Similarly, IncRNA UCAI has also found to regulate
miR-590-3p expression that results in the activation of
cAMP-responsive element-binding protein 1 (CREBI1),
which is an oncogenic protein [46]. In addition, it plays a
role in suppressing the immune system of GC cells by
elevating the expression of programmed death-1 ligand-1
(PDL1) via sponging miR-193a and miR-214 [47]. In
addition, Wang et al. also reported that IncRNA UCAI
could sponge other miRNAs, for instance, miR-26a and
miR-26b, thereby reducing their expression levels [47].
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FIGURE 1: Biogenesis of IncRNA UCAI. LncRNA UCAI is pro-
duced by transcriptional process mediated by RNA polymerase II
from DNA template. It then undergoes special posttranscriptional
processing events, including 5’-capping, splicing, polyadenylation,
and chemical base modification, to become a mature form.

This finding indicated that IncRNA UCAI could function
as an miRNA sponge to reduce miRNA expression in the
cells, subsequently reducing its inhibitory effects on the
target protein. On the other hand, reduced ki-67 protein
levels and increased levels of cleaved poly [ADP-ribose]
polymerase 1 (PARP1) and cleaved caspase 3 were ob-
served in GC cells after IncRNA UCAI silencing [47].
However, the exact mechanism of IncRNA UCAI in
regulating ki-67, PARP1, and caspase 3 is unknown, and
further confirmation is required, particularly in identi-
fying miRNAs or proteins associated with the regulation
of IncRNA UCAI.

In addition, Zuo et al. demonstrated that the induction
of high IncRNA UCA1 expression in GC cells was mediated
by transforming growth factor f1 (TGF-f1) [48]. The
overexpressed IncRNA UCAI consequently promoted EMT
by regulating the expression levels of EMT-related proteins,
such as E-cadherin, vimentin, snail, and zonula occludens-1
(ZO-1) [48]. For instance, the mRNA levels of epithelial cell
markers, such as E-cadherin and ZO-1, were reduced, while
an elevation was observed for mesenchymal cell markers,
namely vimentin and snail [48]. This finding indicated that
apart from regulating other genes or proteins, IncRNA
UCALI also can be regulated by other genes or proteins.

Meanwhile, IncRNA UCAI has also been reported to
regulate phosphatidylinositol-3-kinase (PI3K)/AKT/mamma-
lian target of rapamycin (mTOR) signaling pathway and their
downstream mediators [49]. The overexpressed IncRNA UCA1
increased the expression levels of key molecules in the PI3K/
AKT/mTOR signaling pathway, including AKT serine/threo-
nine kinase 3 (AKT3), phosphorylated mammalian target of
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rapamycin (p-mTOR), and ribosomal protein S6 kinase (S6K),
while reducing the eukaryotic translation initiation factor 4E
(EIF4E) protein levels in GC cells [49]. Consequently, the
regulation of these proteins promoted GC cell growth and
proliferation [49]. This finding showed that IncRNA UCAI
could regulate multiple proteins involved in a signaling
pathway.

On the other hand, Wang et al. reported that specificity
protein 1 (SP1) promoted the expression of IncRNA UCAI
in GC cells by binding to the core promoter of UCAI [50].
The expressed IncRNA UCA 1 was then activated AKT/GSK-
3 B/cyclin D1 axis by interacting with enhancer of zeste
homolog 2 (EZH2), a histone methyltransferase [50].
Meanwhile, the interaction of IncRNA UCAI enhanced
EZH2 expression, which subsequently elevated the expres-
sion of cyclin D1 to promote cell cycle [50]. These findings
supported the previous hypothesis that the association of
IncRNA UCAI in regulating other genes via epigenetic
modification, which is histone modification in this case. The
association of IncRNA UCA1I with AKT/GSK-3B/cyclin D1
was also identified in HCC [60].

In addition to EMT, IncRNA UCAI can induce GC
metastasis by regulating G protein-coupled receptor kinase 2
(GRK2) degradation and Casitas B-lineage Lymphoma (Cbl-
c)-mediated ubiquitination, resulting in the activation of
extracellular-signal-regulated kinase (ERK)/matrix metal-
loproteinase-9 (MMP-9) signaling pathway [51]. Wang et al.
demonstrated that IncRNA UCALI interacted with GRK2 and
led to the exposure of GRK2 ubiquitination sites toward Cbl-
¢ for its degradation [51]. Consequently, the degraded GRK2
activated ERK/MMP-9 signaling pathway, which increased
MMP-9 protein levels, to promote cell membrane degra-
dation, facilitating cancer cell migration and invasion [51].
This finding showed that IncRNA UCAI could regulate the
level of another protein by direct binding for degradation.

LncRNA UCAI also plays a prominent role in chemo-
resistance via miRNA signaling. For instance, the silenced
IncRNA UCAI could upregulate the mRNA levels of miR-
27b and lead to reduced ICs, of doxorubicin, cisplatin, and
5-fluorouracil, as well as promoting doxorubicin-induced
apoptosis in doxorubicin-resistance SGC-7901 GC cells [52].
In other words, the reduction of IncRNA UCAI expression
could improve the chemosensitivity of chemotherapeutic
agents, at least for doxorubicin, cisplatin, and 5-fluorouracil
in GC therapy. Correspondingly, Cheng et al. reported that
IncRNA UCAI silencing enhanced GC chemosensitivity
toward cisplatin by regulating the expression of miR-513a-
3p and Cytochrome P450 1B1 (CYP1B1) [53].

Chemoresistance is also affected by cancer microenvi-
ronment, such as hypoxic microenvironment, that claims to
block the exposure of chemotherapeutic agents to cancer
cells [54]. Yang et al. reported that GC cells could survive in
the hypoxic environment via the interaction of IncRNA
UCA1 with miR-7-5p, elevating the expression of epidermal
growth factor receptor (EGFR) in hypoxia-resistant GC cells
[54]. Nonetheless, chronic hypoxia environment with a
slight increment in the protein levels of hypoxia-inducible
factor-lalpha (HIF-1a) could reduce IncRNA UCAI ex-
pression [54]. Taken together, these findings demonstrated



(7]

[1%]

[o%]

l6€]

[8¢]

[L€]

DD JO U01}3)9p
o) 10§ dduewrroyrad onsouderp 1oydiy papraoxd 1yH) VNYOU[ euseld (11)
syuaned Do jo ewse[d pue anssn DO YI0q UL [ VD) VNYOU[ Passaidxaran (1)
S[[20 D Ul ¢19-YNYIw pajoSiey Aoa1ip 1yDH) VNYOU[ [ewosoxy (IIr)
0A1A U1 YIMOIS TOWIN) PI)IQIYUL SE [[9M SB UOTJBULIOJ
Auofod pue ‘uonerdrur ‘uorseAur ‘uonesdyijoid [[25 pAIqIYUI [ YD) VNIIUT (I1)
sawrosoxa ewse[d pue sanssn D Ul pasea1ddp sem uotssaidxa DN VNYOUT (1)
uorssardxa urejord urud)es-g 2ande pue dAwW-0) PadNpar [y VNYIUT (1)
Kemyyed Surreusts Jupm jo uoniqryut era DOSH passaaddns 1yoN VNIOUT (11)
anssy I0WNjuou
juaoelpe o) 03 paredurod anssy sowny ur passardxa AMo[ 1V VNYOUT (1)
1090 Sinqrep\ padoueyud ur SUnNSaI S[PAI H
aseandur 0) goz-yrur Surnaysanbas £q sts[004[3 pajoword 1y VNIOUT (11)
sisejsejowr pue uonerdjroxd (90 pajowoid 1Y) VNYOU[ passardxaiaa( (Ir)
sisouSoxd 100d yym pajernosse sem
pue sade)s D paouerApe YIIm sanss) D UT passa1dxa1oao sem [ D) VNIIUT (1)
[9A9] FOZ-JIW paonpal [yVD VNYUT (1)
VNY2
s pajoe pue [y)) VNYOU[ Jo duad jo81e) 10211p € Se paynuapl sem £xos (Ir)
sisougoxd 100d 0) paynquIIUOd pue passardxa1dA0 sem [V VNIOUT (1)
uorseAut pue ‘uonjediu ‘uonerdfiod [[95 pasea1dsp [y ] VNYOU[ PIOUITIS (11)
sisoudoxd 100d 0) paynquIIuOd pue passardxaioAo sem [y VNYOUT (1)

SINSST) SNOIIIULOUOU sardures
I90Ued OINSED)
paymew-red oAy pue sanssy Do aar]  ewsed paysjew-ired pue sjuened jo sojdures ewserd o

. . syuaned
OFHN PUE 0¥ THSAN "810d DA Jo sanssy [ewriou judde(pe pue sanssy DY paired ¢1

DDSH pareanun Asnoradxd

ERIEICIEN |

asuodsax onstueypaw/Surpury

60104 pue 1oued Arewrnid ym syuanjed pasouderp Aimau 901
I20URd

VI-1PH sanssn [eadeydosy

PUE ‘0STHSAM ‘904601 ‘6010d ‘TOH  snolownjuou jusde(pe jo paired (9 pue sanssy OF 011
e UOT)I3$31
HSAN PU® 90L6Dd [eo18ans juamiopun sjuanjed roued [eafeydoss 99
T4N pue A1381ms d
JUSIMIIPUN OYM SJUITJE

‘OTSASAM ‘0STASAM 90L60d ‘6010d P b ’ DOSH 06

aury 12D 102(qns £pnig 2d£) 10ue)

Journal of Oncology

*IdUed [H JO SaNSST) pue Saul[ [[90 uewny Ul D) VNYIUJ JO S9[0x \Aaou—mﬁﬂwoh pue Qoﬂwww.ﬁwww 9} passasse Jel) saipnis ay] Jo ENEESW i HIAV],



Journal of Oncology

stxe YO /dg-£-yru

[v<] eIA S[[90 DO jueysisai-erxodLy jo uoneidrur ayy pajowoid 1y VNYOUT (1) £¢8-0Dd PuP €08-DOIN B
TATdAD paresdpd pue de-eeTg-yrur paonpar VD] VNI2UT (1)
stisojdode [[oo
[gs] Sunnpur £4q unerdso 03 Ay1ANISUS paseaIdur [y ) VNYU[ JO umopyoouy (1)  /8N-IDN PUE SOV ‘S-NNS ‘1-STD sanss1) [ewIOU judde(pe pue sanssiy HO) jo sired ¢
SaNSST) I0WNJUOU
judde(pe s)1 ueyy sanssy Do) ur passaidxa A[ydry sem 1yHN VNYOUT (1)
~yrw Surssaadar A 0 doue)sisal Snipnmy (1 N4/106£ Aderayporper 10 Adersygjowayd
[z<] QT4 ! Q094 ! PRI (11) 008 PUE ‘4AA/I06L-098 UAY oo porp ! . k! J—
‘ - I paaradar jou pey oym syuaned Do Arewrad gz
anssn DO Ul passaIdxaIaA0 SYNOU] Y3 JO U0 Sem [YD) VNIUT (1) /106£-09S ‘T06£-0DS ‘106£-0DS
Aemyped Surreudts gJINIA-YYT Y} PAIeAnde YoTgMm
[1¢] ‘uonepeidap 7YYD Supnput £q siseiserour sowm) pajoword 1O YNIRUT (1) . LsE 55 yi susned 65
SaNSST Iownjuou pue ‘L8N-IDON ‘L2-ODH ‘€08-ODOIN
judde(pe s ueyy sanssy Do) ur passardxe A[ydiy sem 1D YNYOUT (1)
STXE
1A WIPA/GE-MSD/INV PAIeAnde UondRIdIUL [V)) VNY2U[ pue tHZA (1) ‘
ST-NIN Pu® “L8N-ION
Suf paonpur i3 ym syuaned
[0s] IvoN VNY . h:mw: put 1ds (1) “Sh-NOIAL SOV “1062-098 €78-794 0D i ned 6¢
JOWNJUOU PIYDJRUI ST UBY) sanssT) Do) ur passardxa A[ySiy 1y VNIOUT (1)
Lemyyed Surreusts YO LW-PV-NEId PaIeande [v00 YNIoUT (11)
[6%] SOSTISEIIW [-SHD PUe ‘5p-NAW ‘€28-004 £1931ms Juamiapun oym syuaned 1ooued onsed o1
opou ydwidy pue a8e)s AN YIIM PIIL[OLIOD ST JT PUB ‘SINSST) SNOIDULIUOU ‘€08-DDIN ‘106£-DDS ‘8T-NIIIN 190UED JLISE
juaoe(pe ueyy anssy DO ur 1YSIY Sem DO Ul [y ) JO uoissardxarano Y7, (1) HISED
0 UOIJRI3[3008 PUB UOIBAI[D Su[ paonpur- i3
- LINH JO uoneIsaode p w.uamz W%m%ﬁ [ Poonpur-19491, (1) [-S95 PUE ‘1062098 €78 sonssn)
Juaoe(pe 03 paredwod anssy uewny DO Ul [V)] VNYOU[ Passa1dxaang (1) -0DG L8N-IDN ‘€08DDIN LZDHH  [ewiou judde(pe durpuodsariod pue sanssiy DO paired /¢
I1pd payemsaxdn [y VNIOUT (1)
UOTORIUT JO2I1P Y3noIy .
(L¥] uorssa1dxa F1Z-YIw pue ‘ege-YIw ‘q/egz-yYrw passaidar [y VNYOUT (11) [INS pu® €08 s2dures anssy dpsed snozownjuou
SANSST) STIOIPIULIUOU -ODN “€78-0D4 ‘106£-0DS SOV Juaoe(pe Surpuodsariod pue senssn DO Arewnd (p
judde(pe 0y paredwod anssiy uewny HO Ul [y ) VNYOU[ passardxaiaa( (1)
uorssaxdxa -
(9] 19D paseanur 0y Surpes] ‘dg-pgs-yrw passardar 1y VNIOUT (11) . . 1545 v. . uo1dasal [ed1dins juomiapun oym syuaned Do 79
saut d SP-NIIN “106£-0DS “8T-NIIN SOV
I[ [[92 DO pue anssy uewny Do Ul [yD),) VNYIU[ passaidxaraaQ (1)
uorssaxdxa §)1 paonpar pue YN
(5] e se s Jey) dg-gep-yiw o) punoq A[Annadwiod [y VNYU[ pue [gLVS (1) ‘T-SHD PUB ‘SH-NMIN ‘SOV eury) ur syuoned
¥ sanss ‘€78-D94 T064-DDS ‘€08-DDN U} WOIJ SaNssT) [BWIOU snordduedered ua) pue Doy ud],
snoxadouesered 0) paredwos o ur 1oydry sem uorssaxdxo [yH) VNIIUT (1)
uo1ssa1dxa19A0
(¥7] g7 ur dunmsai ‘coz-yiw Surduods £q siseyseiow pajoword 1 yD) VNRIPUT (1) 106£-D9S pue €78-099 syuaned asaury)
syuaned DO Jo sanssy) Jowny Ul [yD) VNYOU[ PaIead[d (1)
a8e1s ANLL pue dop uorseaur ozis [-s90 pue
[¢¥] I0WN) ‘UOHIIUIIIPIP SIOM (LM PIJB[21100 uolssaxdxa [y VNYOU[ YSIH (1) o o . i DD ym pasouderp syuoned 711
SauI[ [[22 DD pue 2aNssI} uewWny DO Ul [y),] VNYOU[ passaxrdxaraaQ (1) SOV BTNAI "£28-DD4 "106£°008
ERlCICIEN | asuodsar onstueydaw/3urpury aury oD 103(qns Apmig 2d£) 10ue)

ponunuo) 1 dIdV],



Journal of Oncology

‘uotssaxdxa 1D VNJAU[ paroword SYY (1)
dg-p6s-yrw SurSuods

/D9H [ewzou pue suswpads Jown) Dy Ul dseqerep
BIA 0 uorssaxdxa 9y} aseardur o} 20 © se pajoe ouy (1
Lo mmsvantjo v b anssn ameﬁ PORE IVON VNIUT () puy < ¢ozam ‘962undiN 20682 VODL WOL SPAI] VNN 1VD/) VNUOU] JO SISA[eury
uey) suawads rown) Hyd ur passardxe A[ydry sem 1D VNIOUT (1)
Kemyped
Sureudts oddrp] e1a uorseaur pue uoneidiur [[25 pajowoid 1yHN VNYOUT (11) I-DNVd saseqejep YOOI pue VIAVYd Wwoy
[99] stsoudoxd 10od yym pajeprod pue sanssn pue ‘8868NIEd ‘066IMS ‘€-DdXd  swaned DJ Ul [V VNYIU] JO S[PAI] YN W JO SIsA[euy I90UEd
sneasoued [ewLIou Uey) sanssy D Ul [y ] VNYIU[ JO S[PAd] YN 1oyStH (1) RJSLERRT IR
uorssaxdxa ¢OX (O paseardur ur Sunnsal ‘9g-y1w passaxdar [y VNIOUT (1) s
[s9] sanssy DJ . fU‘m v oo uonoasal [ed1dins juamispun syusned D 9¢
ur sy NYOU[ passa1dxaIaAo o) Jo U0 sem [y ] VNIU[ SYNY2U] 61 Jo QO (1) PUE 0661 MS "T-ONVd 'SA-DdH
egeyIw paguods [yD VNRPUT (AD) dddH PU® ‘I-NVdVD ‘I-ONVd d
[¥9] sout dxo A1ug Py oo ‘ syuwaned Dd 05
I ]9 pue $anssn D Ul [y VNYoU[ passardxe A[ysi () T-eDRRIN ‘€-DdXd ‘0661 MS
urajoxd ,£zd passaxddns 1y VNYOUT (1) £-D99ddH pue juauIyeaI)
[£9] SOUI| [[20 pue anss1y DJ ur passardxa1ono 1y VNYOUT (1) “0661-MS‘T-uede) ‘c-odxg ‘7-oueq  orwa)sds [entur se uonerado paadar syusned D 871
uorssaxdxa urroypes-g pue 1¢d passarddns Aqpeonsuadidy (1)
upraypes-q pue 1zd jo 1owod ayy 03 gHZH JO 1udUNMIdNY (1) UO[}29S21 JIAI] JuamIapun oym sjuaned wory
[29] suaned o3 ‘ ds-049 pue ZON g 3
ned Do ur awry [BAIAINS J10YS pue 9Fe)s AN, ‘SISe)sejouw apou sansst) snoxaouedsuou SurroquSou pue sanssy DGO SF
yduw4 ‘ozis 1owny ym pajerdosse sem 1)) VNIOU] Jo uoissaxdxa ySry (1)
Kemyyed
[19] SurreusIs MAVIA/IA JO UOHANR pue [DITD/IT1-dIW Jo uonemsay (1) . | oddmH pue wompesar earfans Suaroex stuaned VOO 77
sanssy ewourdresered 87YNY ‘6£6040 TATID OSSTAdIT
s pasedwod yHO ur yNoU[ passardxe AySiy sem 1y00 VNIOUT (1)
uorssazdxa TANDD Pajead]e SIxe Je-MSH/INV pareanoy (1) OA4IH
[09] Lemuped ¢-asedseo/z-ppg ySnoxy sisoydode payquyur 1yon VNIRUT (1) pue ‘I-4700 O ‘TLOONH syuaned vDD 89
saul[ [[20 pue sanss) YOO Ul passaidxarso sem [y VNUOUT (1) ‘8Z-YnH ‘6£6040 AIY 0186-DD0H
Aemypyed voniqryur
£3eydoine yog0,d/ O LW pareanse Jey) [NIDSO Sunead[d pue y81-yIrw
Surssaxdax Aq ssams oruasie Jsurede syed DDH pa1otoid 1y VNIOUT (1)
l65] < aSeudorns 8 7odoy —
p o18eydone Sunpolq
Aq yyeap (2o paonpur-orussie Jo sa[o1 2a19)01d pajoword 1D YNYOUT (I1) SN,
1VD VNYJ2U[ Paonpul $saxs d1uasty (1) Krerqoyedapy
GAN |PIm
(8]  TANS jo uonoedul ayy ySnoxyy uotssaidxs 1yD) VNIOU[ paonpur TANS (11) 7odoH pue 1g67 MIH $39s ejep sutquo woy syuaned DOH 05
SINSST) [RULIOU UeY) sanssty DDH Ul [ANS passaidxaioaQ (1)
pTI-yiw pue
IVON VNY2U JO uoissardxa ) 193)j€ 10U PIp SUONIJUI ADH Pue AGH (A1)
uorssaxdxa [y YNYOU[ paonpar 1DOY (1)
(£s] INDON passardar pz1-ra (1) 67F-NINS PUe 86¢-NNS syuaned DOH pasouserp AMau 99
sonssty Ayjpeay
0) paredwod sanssty DD UI Pajodjap sem [yD] VNYOU[ passardxaraaQ (1)
OIXH Pu® [VDN VYU Jo uotssaidxa ayy paonput 1g-191, (1)
[9s] syuaned DDH 88 Jo Ino syuaned ¢z ur passaxdxa L[Sy 1vHN VNIIUT (1) £4nH pue zodoH siwaned DOH 88
Nad
pue D Sunafe noym uorssaxdxa 7D PRINPUI [V VNIOUT (11) s[[oo ewojeday uoTD3saI [eJI3INS 1)y A[PIRIPIWWI PaUTE}qO SANSST)
[s¢] uotdax 12jowod 1dpyzed uo uoneihuaw sty e Surssardxa-x: ue S[[eo I9AT] SnOIOWNjUOU judde(pe pue snorowny paired
uorssaxdxa g Zg pasearour pue uorssaxdxa 1dnyzgd paonpar 1y VNIOUT (11) : dH PUe S[2 2011 1 Y } pEP } paded 09
sayhooyeday ur uorssaxdxa [yDH) VNYOU[ paonput XgH (1)
ERlEIEIEN] asuodsax onstueypaw/Surpury aur| 12D 102(qns £pnig 2d£) 10ue)

ponunuo) 1 dIdV],



Journal of Oncology

[69]

[89]

SaUI0SOX2 YdnoIy
S[[9D 2ATJISUIS 0] S[[2D JULISISII WO PALIDJSULI} 9q UL [YD)] VNYIUT (AD)
uorssaxdx? 1yDN
VNRYOU[ I9)[E P[NOD S[[3D JUB)SISII-QRWIXNISD WO} PIJeuISLIo saurosoxy (Ir)
syuaned
OYD JO WNIdS dY) UT A[qe)s PUEB J[qBIIIIP SeM [D/] VNIIU[ [BWOSOXH (Ir)
SIUIOSOXd
II2Y) PUB S[[2d JURISISAI-qeUIxNIdd ur pajenSardn s[pAd] 1V VNYOUT (1)
uorssaxdxa
I8TIN7Z pa1eadd Apuanbasuoo pue dg-qez-yrur paguods 1y VNYOUT (11) . . Ay1anisuas [peIoIoNf-g s syuaned YD
stsoydode pajiqryur pue ASeydone pajowoid jey) souepunqe LE6T PUT '0TIMS "08¥MS G PuE 20UR)SISAT [IoRINOION]-G M sjuaned DD ST
TVDN VNYOU[ M PIJRIDOSSE Sem YD) JO 0URISISAI [I0RINOION]-S (1)
UNUIWIA
PUe ‘TgAZ ‘6dNIN ‘TIWIN Sunpax 4qQ LINF PaNqIYul [¥DN VNYPUT (1) SHA uon»asal [ea1dms

Ayanisuss Aderarjorper paoueyqua 1)) YNYOUT jo uonemSarumoq (1) . . . .
Adesaorpesowayp pue 0A0T 08FMS FFTTOD ‘OTILOH J21je A[a1erpauutur pa3oafjod syusned DY g€ woxy anssi,

1233 ansst) YD ur 1oySiy passaxdxe Apueoyrudis 1y VNIOUT (1)
uorssaxdxa WYY pue [ UIPAd> pajead[d JESN,
Apueoyrudts pue ¢p1-yrw pue £zd passardar sixe YO LW/TVDN VNIIUT (I11)
AN PU® 087 MS — [e10210[0D)
YOLW Jo uorssaxdxa oy asearour 0} [yD) VNYOU[ paonpur s1yD (11)
SaUI[ [[22 DYO UT [VDN VNIIU[ passaidxarang (1)
Aemyed Surreusis /zdSH/IAVIAVIN
2)eATIOR 0] FIJVIA JO uoIssardxa o) pajesdd [y VNIAUT (1)
$aUI[ [[92 OYO UF TVD VNYIU[ Passaidxarang (1)
YD Jo [eatans pue £3eydojne
pajoage yorym Aemiped SureuSis uruares-q/zdSIM PRIeANdR 1o} TdSIM 6CLH
PUE TLNM Jo uoneadp o} Surpes| ‘dg-gg1-yrw pafuods 1O VNYPUT () PUe ‘0Z9MS 9-OHIH ©081-ADD
saul] [[92 OYO Wl [V VNAU passardxaraaQ (1)
6dININ PUB TdININ PIeAd VO] VNYOUT (1)
SIXe ¢dXOH 9TLLOH PUE ‘087 MS
paseanour Apuanbasqns yorym Pad] dg-gz-yrw passardar [yON VNMUT (1) ‘TOOVO ‘6TLH ‘0TIMS ‘09FINON
SOUI[ [[92 PUe $aNssT) YD UT [y¥D) VNYOU[ PassardxaroaQ (1)
(19242 puv . ApoAnoadsar ‘sanssn
Dgzq4 7129 <S9) sauad 1a8re) syt pajenSardn pue dg-poz-yrur jo uoniqryuy () . 087 MS m:w o>.oq SN0I2dURdUOU JUdE(pe paired I9Y) pue sanssn DYD
20ouR)SISAI (.-G Paonpuy (1) 6CLH 9TLLOH 8LOH \L€6T-HH Arewnid uewmy g1 pue (g SUIpnOUI $11070d YYD OM],

§D-70deD) pue YDH-70doe) qewIxnjad Yim pajean syuaned DYD €S

9-O4dIH pue
0D81-ADD ‘67-LH ‘0T9MS ‘08FMS

syuaned YD 09

uonnqrusIp APAd [0 ¢-4IH-000 siwoned YD) 08
pue ‘sisoydode ‘wonesyrjord qjoo pajoword 1y VNYOU[ passardxaraaQ (1) pue ‘OA0T ‘9T LLDH ‘08FMS ‘T-ODeD :

ADUIJY

asuodsar onstueypaw/3uTpur] aul[ 2D 123(qns Apnig ad£y 190ue))

‘panunuo)) :[ 414V],



Journal of Oncology 9

ROGK) - —— o - @
—» @ (zeb2)  EMT | miR—135al
cerNAy | GRIRAOST3RY — Gatby) —> n?ohioﬁr::t?onn [miRc590:3p) —» Caas) creb)
miRNA
W, g v, |- iz — @
(] — @D ssss) —> @D @ v
(mir2i4) — @ (iR216s) —»> o)
miR-27b| —» Ch ist iR-204-5p | b a
emoresistance miR-204 SP —> @ .I
miR-7-5p [ NS @ vl s
7 (caspase-3)
(miR23b:3p) —> ZNF-281) miR-531a-3p | —» 0
) — @

HBx

4.___________

.

MYB LncRNA UCAI

T
Cancer progression
Chemoresistance

2l
1060

—>  Upregulate/promote

- -p Downregulate
FIGURE 2: Overview of the upstream and downstream regulation of IncRNA UCAI on miRNAs, genes, and proteins in GI cancer. LncRNA
UCAI could be induced by TGF-f1, HIF-1«a, HBx, SND1-MYB complexes, CAFs, SP1, SATB1, and KRAS proteins, while ROCK1 can
repress its expression. In turn, it acts as a ceRNA and an mRNA sponge that can reduce miRNA expression, which further downregulate its

mediating gene expression. Collectively, IncRNA UCAI regulates this interaction network to promote cell proliferation, metastasis, and
chemoresistance in different GI cancers.
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F1GURE 3: The signaling pathway associated with IncRNA UCA1 in GI cancer. LncRNA UCA1 induces EMT by regulating EMT key proteins.
It also promotes the activation of PI3K/Akt/mTOR signaling pathway, ERK/MMP9 signaling pathway, ERK signaling pathway, Hippo
pathway, WISP2/f3-catenin signaling pathway, and MAPKAPK2/HSP27 signaling pathway by regulating their key proteins. Additionally,
IncRNA UCAI also interacts with EZH2 to regulate protein expression.

that the IncRNA UCAI may facilitate GC development,  3.3. Hepatobiliary Cancer. Hepatobiliary cancer comprises
progression, and chemoresistance via the interaction with ~ tumors present in the liver, gallbladder, and bile duct
different molecules, signaling pathways, and/or miRNAs. (cholangiocarcinoma). For instance, Wang et al. showed that
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IncRNA UCA1I was highly expressed in HCC and positively
correlated with postoperative survival and tumor, node, and
metastasis (TNM) stage [78]. In addition, the result also
showed that IncRNA UCAI regulated fibroblast growth
factor receptor 1 (FGFR1)/ERK signaling pathway through
sponging miR-216b that led to downregulation of the mRNA
levels of miR-216b. In contrast, upregulation was detected
for fgfrl gene to activate the ERK signaling pathway [78].

One of the known risk factors for HCC is hepatitis virus
infection [79]. Interestingly, hepatitis B virus (HBV) can induce
IncRNA UCA1I in HCC cells via their produced X protein
(HBx) [55]. LncRNA UCA1 also significantly reduced p27kipl
expression along with the increased expression of EZH2 via
histone methylation on p27kipl promoter region [55]. In
addition, ectopically expressed IncRNA UCAI induced the
expression of cyclin-dependent kinase-2 (CDK2) but not for
CDK4 and CDK6 where CDK2 regulated cell cycle and ap-
optosis, and its activity was regulated by CDK inhibitors (e.g.,
p21 and p27) [55]. However, only p27 expression was sup-
pressed in overexpressed HBx and IncRNA UCAI HCC cells
[55]. Therefore, this finding suggested that the regulating effects
of IncRNA UCA1 are protein-specific despite originating from
the same upstream mediators.

Apart from IncRNA UCA1, TGF-1 and HXK2 were also
found to be overexpressed in HCC patients [56]. Hu et al.
suggested that TGF-f1 promoted HCC cell growth through
the induction of energy metabolism and subsequently
promoted IncRNA UCAI expression and its downstream
regulator HXK2, an isozyme that involves in glycolysis [56].
Most studies have reported that IncRNA UCAI is prone to
regulate miRNA expression, but Zhao et al. revealed that
miR-124, a tumor suppressor mRNA, reduced rho-associ-
ated protein kinase 1 (ROCKI1) to suppress IncRNA UCAI
expression, leading to the inhibition of HCC cell prolifer-
ation, migration, and invasion [57]. They further discovered
that the expression of both IncRNA UCAI and miR-124 was
not affected by HBV and HCV infections [57]. This finding,
however, could be correct if IncRNA UCAI is the down-
stream target protein of miR-124 or incorrect if miRNA and
IncRNA UCA1I are negatively regulated in which miRNAs
usually downregulated when IncRNA UCAI is overex-
pressed as in most cancer types reported.

Furthermore, staphylococcal nuclease and tudor domain
containing 1 (SND1) can induce the expression of IncRNA
UCAI through its interaction with myeloblastosis proto-
oncogene (MYB), a transcriptional activator, by forming
SND1-MYB complex [58]. Meanwhile, SND1 itself acts as an
antiapoptotic factor in HCC [58]. Again, this finding sup-
ported the previous hypothesis that IncRNA UCAI ex-
pression can be induced by another gene or protein.

Meanwhile, an in vitro study involving HCC cells showed
that IncRNA UCAI was substantially induced by arsenic (As) at
10uM/L with >4-fold increase, denoting a protective role
against As-induced cell death [59]. By using RNA-Seq assay,
oxidative stress induced growth inhibitor 1 (OSGIN1) was
uncovered to be the most responsive downstream target of
IncRNA UCA1I, and miR-184 acted as an intermediate for the
regulation of IncRNA UCAI on OSGIN1 expression through
ceRNA mechanism [59]. The IncRNA UCAI/OSGINT1 signaling
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contributed to As-induced autophagic flux blockage through
activating mTOR/ribosomal protein S6 kinase beta-1 (p70S6K)
cascade and therefore resulting in compromised cell death [59].
Nonetheless, this finding did not directly conclude the rela-
tionship of IncRNA UCA1 with HCC progression. However,
the arsenic stress might resemble anticytotoxicity effects as
arsenic induces cell death. Therefore, future studies should be
conducted in order to relate the effects of IncRNA UCA1/
OSGIN1/mTOR/p70S6K with HCC progression.

On the other hand, overexpressed IncRNA UCAI in
cholangiocarcinoma (CCA) showed that it could act as an
independent prognostic factor in CCA patients [60]. Similar
to the finding reported by Wang et al. in GC, Xu et al. also
found that enhanced CCA cell proliferation was via the
activation of AKT/GSK-3f axis that led to upregulation of
cyclin D1 (CCND1) expression [50, 60]. The apoptosis in-
hibition in highly IncRNA UCA I-expressed CCA cells might
be partly due to B-cell lymphoma 2 (Bcl-2)/caspase-3
pathway [60].

LncRNA UCAI has also been reported to play an im-
portant role in CCA metastasis through regulating miR-122/
chloride intracellular channel 1 (CLIC1). For instance, both
IncRNA UCAI and CLIC1 were elevated, while miR-122 was
reduced in bile duct carcinoma [61]. Also, both IncRNA
UCAI and CLIC1 promoted the phosphorylation of ERK
and mitogen-activated protein kinase (MAPK), activating
ERK/MAPK signaling pathway to promote cancer cell
metastasis [61].

Apart from HCC and CCA, IncRNA UCAI is also over-
expressed in gallbladder cancer (GBC) [62]. The overexpressed
IncRNA UCAI regulated tumor progression through the re-
cruitment of EZH2 to the promoter of both tumor suppressor
p21 and E-cadherin that resulted in their suppressed expression
[62]. This observation is opposed to what discovered in HCC
by Hu et al. for p21, which could be probably explained by
different cancer types used.

In short, these findings revealed the association of
IncRNA UCAI in tumor progression, invasion, and me-
tastasis of hepatobiliary cancer by regulating downstream
molecules or be regulated by upstream mediators.

3.4. Pancreatic Cancer. Pancreatic cancer (PC) is the fourth
leading cause of cancer-related deaths worldwide [80, 81].
According to Chen et al., IncRNA UCAI overexpression was
detected in the tissues of 128 pancreatic cancer patients
compared to adjacent nontumor tissues [63]. Moreover,
IncRNA UCAI silencing inhibited cell proliferation and in-
duced apoptosis and cell cycle arrest in PC cells [63]. They also
found the possible association of IncRNA UCAI with the
inhibition of p27 in their previous study on PC [63]. In ad-
dition, IncRNA UCAI was shown to regulate growth and
metastasis by sponging miR-135a in PC [64]. Apart from the
interaction with miR-135a, IncRNA UCAI also inhibited miR-
96, a tumor suppressor mRNA, resulting in the upregulation of
forkhead box O-3 (FOXO3) to promote tumor progression
[65].

In PC cells, IncRNA UCAI demonstrated to promote cell
migration and invasion through Hippo pathway by



Journal of Oncology

interacting with key proteins, such as Mps one binder kinase
activator (MOBI), large tumor suppressor kinase 1 (Latsl),
phosphorylated-Latsl, and Yes-associated protein (YAP)
[66]. LncRNA UCAI bound to MOBI, Latsl, and YAP to
form three shielding composites, retaining YAP activation
and leading to YAP translocation into the nucleus to induce
gene expression for cell proliferation and apoptosis and for
IncRNA UCAL1 expression itself [66]. Moreover, IncRNA
UCALI also interacted with MOBI, Latsl, and YAP to form
ribonucleoprotein complex that could be another reason in
regulating gene expression. In addition, upregulation of
MMP (e.g., MMP14, MMP2, and MMP9) proteins were also
detected in IncRNA UCAI-overexpressed PC cells, sug-
gesting the role of IncRNA UCAI in invasion and migration
[66]. This study indicated that IncRNA UCAI could interact
with key proteins and protein complexes by binding to their
promoter region to enhance PC cell progression.

In pancreatic ductal adenocarcinoma (PDAC), IncRNA
UCAI regulated miR-590-3p to increase the expression of
oncogenic Kirsten rat sarcoma viral oncogene homolog
(KRAS) protein, and KRAS itself can promote IncRNA
UCAL expression [67]. This discovery showed that IncRNA
UCAI and its downstream protein could regulate each other.
Previously, Gu et al. reported that IncRNA UCAI was as-
sociated with miR-590-3p in GCcells via the target gene of
miR-590-3p and crebl [46]. Interestingly, Liu et al. newly
discovered that kras is another target gene of miR-590-3p in
PDAC [67]. Therefore, further studies could be conducted to
identify miRNA target genes associated with IncRNA UCA1
to enhance the understanding of the exact mechanism in
regulating PDAC progression.

Interesting observation by using human PDAC PANC-1
cells showed the potential of ceRNA networks, consisting of
IncRNAs, circRNAs, and mRNAs, to be involved in autophagy
suppression of PDAC caused by chloroquine diphosphate [82].
By using microarrays, numerous ceRNAs exhibited target as-
sociations with miR-663a-5p and miR-154-3p, and negative
associations with the expression of the targeted miRNAs under
the same changes in the autophagic level were determined [82].
The study also demonstrated that AC024560.2 competitively
binds to miR-663a-5p and thus regulates the autophagic level of
PDAC cells by inhibiting the expression of this miRNA [82].
This shows that the ceRNAs including IncRNA could be a
potential molecular target in diagnosis and treatment of PC.

To sum up, IncRNA UCAI plays a significant role in PC
progression that could be a novel independent predictor of
the poor survival of PC patients, as well as a promising
biomarker in cancer therapy.

3.5. Colorectal Cancer. Highly expressed IncRNA UCA1 is also
reported in colorectal cancer (CRC) cells and contributed to
tumorigenic activity [68]. For instance, overexpressed IncRNA
UCAI reduced miR-204-5p expression in CRC cells to enhance
the expression of miR-204-5p target proteins, such as BCL2, ras-
related protein (RAB22A), and CREBI1 [69]. Elevated expres-
sion of BCL2 and RAB22A can promote CRC cell proliferation
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and drug resistance, while CREBI transcription factor involves
in CRC tumorigenesis [69, 83]. In addition to miR-204-5p,
crebl is also a target gene of miR-590-3p [46].

Similarly, IncRNA UCA1I also inhibited miR-28-5p ac-
tivity to cause the overexpression of Homeobox B3
(HOXB3), promoting CRC cell proliferation and migration
[70]. Cui et al. revealed that both IncRNA UCAI silencing
and elevation of miR-28-5p expression reduced the protein
levels of MMP2 and MMP9 that play a crucial role in cancer
cell metastasis [70].

Interestingly, IncRNA UCAI also has an miRNA
sponging activity in CRC. For instance, it sponged miR-185-
5p and led to overexpressed Wnt family member 1 (WNTI)
and WNT1-inducible-signaling pathway protein 2 (WISP2);
both activating WISP2/f-catenin signaling pathway to
regulate autophagy and survival of CRC [71]. Apart from
wntl and wisp2, mapk14 is also a target gene of miR-185-5p,
where upregulation of mapki4 activated mitogen-activated
protein kinase-activated protein kinase 2 (MAPKAPK2)/
heat-shock protein 27 (HSP27) signaling pathway to pro-
mote invasion, migration, and EMT [72].

The interplay of CRC tumor microenvironment on the
expression of IncRNA UCAI has also been studied. Jahangiri
et al. demonstrated that cancer-associated fibroblasts (CAFs)
activated IncRNA UCA1 to induce mTOR overexpression [73].
The active IncRNA UCAI/mTOR axis subsequently reduced
the expression of tumor suppressor p27 and miR-143 while
significantly increased cyclin D1 and KRAS expression [73].
Nonetheless, they further discovered that mTOR can regulate
miR-143, but whether IncRNA UCAI could directly regulate
the expression of miR-143 is unknown.

Interestingly, it was discovered that the expression of
IncRNA UCAI was significantly higher in four CRC human
tissues and CCL244 CRC cells, but no significant difference was
observed in HCT-116 CRC cells after chemoradiotherapy [74].
This observation may indicate that IncRNA UCAI plays a
regulatory role in CRC radioresistance. Nevertheless, when
IncRNA UCA1I was silenced, it enhanced the radiotherapy
sensitivity of CRC cells via X-ray irradiation-induced apoptosis
and prolonged G2/M cell cycle [74]. Yang et al. further showed
that low level of IncRNA UCAI inhibited EMT induction by
significantly suppressing the expression of EMT-regulating
proteins, such as MMP2, MMP9, ZEBI, and vimentin [74]. In
addition, the regulation of IncRNA UCAI in CRC chemo-
resistance is also facilitated by autophagy. For instance, it was
shown to promote 5-fluorouracil resistance in CRC cells by
facilitating autophagy mediated by repressed miR-23b-3p and
elevated zinc finger protein 281 (ZNF281) [75]. Similarly,
IncRNA UCA1 also mediated autophagy to protect BC against
rapamycin by inducing miR-582-5p-regulated autophagy-re-
lated protein 7 (ATG7) [84].

Meanwhile, Yang et al. illustrated that exosomal IncRNA
UCALI could be a promising biomarker for effective diag-
nosis and targeted therapy as exosomal IncRNA UCAI can
be assayed in a noninvasive manner and found to be rela-
tively abundant and stable in the serum of CRC patients [76].
To note, exosomes originated from cetuximab-resistance cell
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can alter the expression of IncRNA UCAI and enhance
resistance to cetuximab in CRC cells in view of the fact that
IncRNA UCAI can transmit cetuximab resistance to sen-
sitive cells [76]. Given this circumstance, exosomal IncRNA
UCALI indeed has a great potential to be used as an evalu-
ation factor for predicting cetuximab chemoresistance in
CRC patients.

In summary, IncRNA UCAI participated significantly in
the CRC progression, invasion, migration, metastasis,
radioresistance, and chemoresistance. Therefore, IncRNA
UCAI can be a promising molecular target to combat CRC
in chemotherapy, as well as in diagnostic and prognostic
purpose of CRC patients.

4. Conclusion

This review has provided an insight into the regulatory roles
and patterns of IncRNA UCAI in GI cancer progression and
chemoresistance, as well as its underlying mechanisms and
interaction with key molecules involved, which may serve as
a novel and highly potential molecular target for GI cancer
therapy. It has discovered that multiple preclinical and
clinical studies supporting the oncogenic role of IncRNA
UCALI in GI cancer. In addition, the potential of IncRNA
UCAI to be used as a prognostic marker has also been
reported in several studies, where its expression correlates
with the TNM stage of GI cancer [85]. Based on the findings
in this review, it was revealed that basic overexpression of
IncRNA UCAI has a positive implication in initiation,
proliferation, invasion, migration, and chemoresistance of
GI cancer, although contradictory findings claim that it also
has anticancer activity, via the interactions with upstream
and/or downstream molecules, signaling pathways, or bio-
logical processes. The regulatory roles of IncRNA UCAI in
GI cancer progression are relatively observed more in GC
followed by CRC. Comparatively, the regulation of che-
moresistance by IncRNA UCAT has so far discovered only in
GC and CRC [16]. In general, IncRNA UCAI interacts with
miRNAs, leading to the reduction of its target gene ex-
pression, such as sponging miR-185-5p, in CRC. Moreover,
a similar miRNA sponging activity by IncRNA UCAI can be
observed in different GI cancers, such as miR-590-3p in GC
and PDAC [46, 67]. LncRNA UCA1 also modulates several
gene expressions through epigenetic regulation, particularly
associated with histone and chromatin modifications. For
instance, IncRNA UCAI interacts with EZH2 to induce
histone methylation as observed in GC, HCC, and CCA
[50, 55, 62].

The strategy of IncRNA UCAI silencing conducted by many
researchers showed a promising result in combating GI cancer
progression and chemoresistance. Moreover, targeted therapies
against IncRNA UCAI can also be developed for cancer therapy.
The approaches that could be taken to achieve this purpose
include IncRNA UCALI silencing via RNA interference (RNAi)
and structural disruption of IncRNA [86, 87]. In addition, the
research of active compounds from the natural products,
particularly plants, also could be considered in order to achieve
this purpose. This is because the active phytochemicals in many
herbal plants have shown to exert potent cytotoxic effects

Journal of Oncology

against various cancers, including GI cancer [88-90]. In con-
clusion, IncRNA UCAI has been identified as a novel and
potential molecular target for GI cancer in the last decade based
on its potent regulatory roles in cancer progression and che-
moresistance. However, to enhance its translation possibility to
clinical trials, more preclinical studies using both in vitro and in
vivo models should be conducted to further explore the key
mechanism of actions underlying its regulatory roles. Also,
IncRNA UCALI, particularly enriched in exosomes, can be a
potential diagnostic and prognostic biomarker compared to
other molecular targets due to its high stability and availability
in various human body fluids, including urine for BC [13],
serum for HCC [91], and plasma sample in early GC [42], as
well as its possible simplicity of extraction and diagnostic testing
procedures.
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