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Abstract

Long noncoding RNAs (IncRNAs) are a new class of regulators. LncRNAs are defined as endogenous transcribed

RNA molecules with transcript length of >200 nt. Accumulating evidence has shown that IncRNAs are
involved in many physiological processes such as cell cycle regulation, cell apoptosis and survival, cancer
migration and metabolism. However, the biological and molecular mechanisms of IncRNAs in pancreatic
cancer are still unclear. Recent studies have reported that many IncRNAs are dysregulated in pancreatic
cancer and closely associated with tumorigenesis, diagnosis and prognosis. In this review, we described the
regulation and functional role of IncRNAs and the potential underlying mechanism involved in pancreatic
cancer, outlined the roles of IncRNA in pancreatic cancer, and discussed the potential possibility of IncRNAs
as therapeutic targets in clinical practice. Moreover, the potential of IncRNAs used as sensitive biomarkers
for diagnosis, prognosis and prediction of response to therapy in pancreatic cancer will also be discussed.
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INTRODUCTION

Previous studies over the past decades mostly focused on the
protein-coding genes. However, only <2% of the genome
sequences have protein-coding ability, and the remaining is
transcribed into noncoding RNAs (ncRNAs), which were
regarded as transcriptional “noise” or body “garbage”
previously. Recently, there is an explosive expansion in the
understanding of biological function of ncRINA transcripts,
exemplified by the significant role of mictoRNAs (miRINAs)
in various human diseases including cancer. Recently,
other types of short or long ncRNAs, especially the long
noncoding RNAs (IncRNAs), have attracted attention due
to their large number and biological significance. Defined
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as being at least 200 nucleotides in length, IncRNAs are
characterized by their abundant presence in the human
genome, as well as their tissue-specific expression patterns.
Moreover, IncRNAs can affect various physiological
processes such as cell cycle regulation, cell apoptosis and
survival, cancer migration and metabolism.!'"”l Although
IncRNAs have an impact on various human diseases, the
biological function and molecular mechanisms of IncRNA
in human diseases remain largely unknown. Dysregulation
of IncRNA in various cancers is considered as one of
the leading forces during tumorigenesis. LncRNAs could
interact specially with DNA and RNA, and alterations in
IncRNA expression levels could affect a broad spectrum
of genes and phenotypic changes.™
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Pancreatic cancer is a malignant disease with poor
prognosis, ranking the forth lethal malignancy worldwide.
It is estimated that there are ~45,000 new cases diagnosed
annually in United States, and 5-year overall survival rates
are <5%.P! Invasion and metastasis are the characteristics
of pancreatic cancer. Metastasis-associated genes and
proteins have been studied at the genetic level. It is
reported that mutation of KRAS, p16, TP53 and SMAD4
are involved in the metastatic process. However, the
underlying mechanism is still controversial. In spite of
the progress in surgical techniques, chemotherapy and
radiotherapy, the survival of patients with pancreatic
cancer has not substantially improved. One of the main
reasons for the low overall survival is poor understanding
of the complicated molecular mechanism in the progress
of pancreatic cancer, including altered cell physiology,
dysfunction of cell growth and apoptosis signals,
insensitivity to all cycle arrest signals, and evasion from
programmed cell death (apoptosis).) Moreover, tumor
microenvironment, inflammation, oxidative stress and
hypoxia were also involved in promoting pancreatic cancer
initiation, progression and metastasis. Recent studies found
that many IncRNAs are dysregulated in pancreatic cancer.
In this review, we discuss the current understanding of
the IncRNAs regarding their biogenesis and functional
characteristics as well as their roles in cancer development,
outline the roles of IncRNA in pancreatic cancer, and
discuss the potential possibility of IncRNAs as therapeutic
targets and biomarkers in clinical practice.

OVERVIEW OF LNC-RNA IN CANCER

LncRNAs are defined as endogenous transcribed
RNA molecules with transcript length of >200 nt and
those that lack coding potential but possess regulatory
roles in their primary or spliced form."" LncRNAs
are poorly conserved and expressed at various levels,
including chromatin modification, transcription and
posttranscriptional processing. It is estimated that the
numbers of IncRNA in the human genome range from
7,000 to 23,000.F1 According to the genomic location
with respect to protein-coding genes, IncRNAs can be
classified into subtypes that include intergenic, intronic,
exonic, ovetlapping and antisense IncRNA. Based on the
regulatory mechanisms, the IncRNAs can be divided into
four categories: (1) regulators of gene expression, (2) act
as miRNA decoys to free target mRNAs, (3) regulators of
mRNA translation, and (4) regulator of protein activities.

It was suspected for many years that IncRNAs play an
important role in cancer, however this notion lacks critical
supporting evidence. Recently, accumulating evidence
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demonstrates that IncRNAs, such as protein-coding
genes, are central players in cancer development. Thus,
they may open a new strategy for cancer therapy. The
underlying mechanisms are proposed as followed: (1)
mediators on signaling pathway - IncRNAs can be a part
of molecular signals pathway in the process of gene
regulation; (2) molecular guides - IncRNAs can serve as
guides by binding specific proteins and then localizing them
to specific targets; (3) scaffold function - some IncRNAs
can take specific proteins altogether to form scaffolding
complexes; these IncRNAs provide central platforms for
molecular assemble; and (4) molecular decoys - IncRNAs
can downregulate their targets or specific microRNAs
via the decoy effect.”” LncRNAs are classified oncogenic
IncRNAs, tumor-suppressor IncRNAs and biomarker
IncRNAs, according to their role in cancer development.
Oncogenic IncRNAs contribute to initiate the inappropriate
activation and cellular transformation process, thus resulting
in progressive and uncontrolled cell growth. Several
examples of oncogenic IncRNAs include MALAT1, H19
and HOTAIR. Conversely, tumor-suppressor IncRNAs
such as GAS5 and p21 protect cells against deleterious
mutations and delay cancer progress.'”! The types of
oncogenic IncRNAs and tumor-suppressor IncRNAs are
summarized in Table 1. The expression of IncRNA in
cancer can be regulated by epigenetic alteration, genetic
polymorphism and transcription factors, such as p53, Sox2,
MYC and Oct4.” The following parts mainly focus on the
potential role of IncRNA in pancreatic cancer progression
and prognosis.

ROLE OF LNC-RNA IN BIOLOGICAL ACTIVIVITY
OF PANCREATIC CANCER

Recently, increasing studies have demonstrated that
IncRNAs play crucial roles in tumorigenesis of pancreatic
cancer, which are involved in a variety of biological
processes by regulating cell proliferation, migration,
invasion and epithelial-mesenchymal transition (EMT).
LncRNAs expression is significantly different between
pancreatic cancer tissues and noncancerous tissues by a
complementary DNA (cDNA) microarray interrogating
putative IncRNAs analysis. Moreover, the expression
profiles of IncRNA between primary adenocarcinoma
samples and metastatic samples collected from secondary
tumors are also different. In total, 355 differentially
expressed transcripts including 221 protein-coding
mRNAs and 134 noncoding RNAs were found in a
metastasis-associated signature.l""! The expressions of
oncogenic IncRNAs, such as HOTAIR, MALAT1 and
H19, are higher in pancreatic cancers than that in the
adjacent normal pancreatic tissue and are associated with
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Table 1: Examples of oncogenic and tumor-suppressor IncRNAs

Types LncRNA Gemomic location Role in pancreatic cancer Molecular mechanism Refs.
Oncogenic HOTAIR Intergenic, Hox Enhance metastasis; increase cell Gene silencing by binding PRC2 and 17-20
IncRNAs Clocus proliferation; altered cell cycle LSD1/CoREST complexes. Interacting
progression; decrease apoptosis with EZH2
MALAT1 Intergenic,Chr11q13 Facilitates cell growth, migration and Contributory to nuclear paraspeckle 21-26
invasion; induces EMT function
HOTTIP 5" tip of the HOXA Increase proliferation, prevent Interacting with HOXA13 29-31
locus apoptosis, and induce migration;
chemo-sensitivity resistance
PVT1 human chromosome Increase proliferation, decrease Closed interaction between PVT1 and 33-35
8q24 apoptosis, and induce mobility and MYC in nucleus; binds to miR-200 family
invasion; chemo-sensitivity resistance
H19 IGF2 locus in Chr11  Promotes cell growth and proliferation; ~ Controls imprinting; 40-43
regulates EMT Containing miR-675;
activated by cMYC
ATB Promotes cell invasion; induces EMT Binding miR-200 family members, 36
upregulates ZEB1 and ZEB2
Tumor-suppressor GAS5 Intergenic,Chr1g25.1 Induces apoptosis and Binds GR and block 12
IncRNAs growth arrest; decreased in pancreatic  transcriptional induction by GR
cancer tissues
LincRNA-p21 Intergenic,upstream Induces apoptosis Induced by p53 upon 12

of p21/cdknia

DNA damage; binds hnRNP-k

IncRNA: Long noncoding RNA; HOTAIR: HOX transcript antisense RNA; MALAT1: Metastasis-associated lung adenocarcinoma transcript 1;
HOTTIP: HOXA transcript at the distal tip; PVT1: Plasmacytoma variant translocation gene 1; ATB: Activated by transforming growth factor;
GASS5: Growth arrest-specific 5; IGF2: Insulin-like growth factor 2; CDKN1A: Cyclin-dependent kinase inhibitor 1A; PRUNE2: Protein prune homolog 2;
EMT: Epithelial-to-mesenchymal transition; PRC2: Polycomb repressive complex 2; LSD1: Lysine-specific demethylase 1; EZH2: Enhancer of zeste
homolog 2; ZEB: Zinc finger E-box-binding homeobox; GR: Glucocorticoid receptor; hnRNP-k: Heterogeneous nuclear ribonucleoprotein K

more aggressive tumors, whereas the tumor suppressor
IncRNAs expression such as gas5 and ENST00000480739
was remarkably decreased in pancreatic cancer tissues
compared with their corresponding nontumorous tissues.
Abnormal expression level of IncRNA indicates the
functional importance of IncRNA in pancreatic cancer
tissue and their possible use as novel prognostic and
diagnostic biomarkers.

Impact of IncRNA on the biological capacities of
pancreatic cancer

Recently, the analysis of IncRNA expression has found
the crucial role of IncRNAs on pancreatic cancer
proliferation, apoptosis, invasion and metastasis, and
angiogenesis [Figure 1]. Here, we focus on characterized
IncRNAs which can impact biological process of pancreatic
cancer through targeting various key regulators.

HOTAIR is a 2158-bp IncRNA localized to a boundary
in the HOXC gene cluster. HOTAIR binds to polycomb
repressive complex 2 (PRC2) and is required for histone
H3 lysine-27 trimethylation of the HOD locus."” PRC2 is a
histone methyltransferase that affects epigenetic regulation
during different biological processes. Studies have shown
that increasing HOTAIR expression in epithelial cancer
cells could increase invasive and metastatic abilities, whereas
decreasing HOTAIR expression in highly metastatic,
mesenchymal cancer cells, inhibited cell invasiveness and
metastasis. Moreover, gene expression analysis showed that
hundreds of genes were regulated by HOTAIR. Knocking
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Figure 1: The functions and regulatory mechanisms of dysregulated
long noncoding RNAs (IncRNAs) in regulating the proliferation of
pancreatic cancer. The red ellipse diagrams imply the dysregulated
IncRNAs in pancreatic cancer, and the green ellipse diagrams are their
downstream proteins

down HOTAIR expression decreased expression of 552
genes and increased expression of 454 genes in pancreatic
cancer cell line.” HOTAIR is a negative prognostic factor
and shows pro-oncogenic activity in pancreatic cancer
progression. The expression of HOTAIR was higher in
pancreatic tumors compared with the normal pancreas
and was more highly expressed in advanced tumors.!"*
HOTAIR knockdown decreased pancreatic cancer cell
proliferation, altered cell cycle progression and induced
apoptosis. HOTAIR includes EZH2, SUZ12 and EED
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major subunits, which play a key role in the methyltransfer
process. HOTAIR interacts with EZH2 in a region that
could be bound by BRCA1. Overexpression of BRCA1
could inhibit the binding of HOTAIR to EZH2 and
decrease HOTAIR-induced recruitment of PRC2 to its
target genes. Other mechanisms of HOTAIR involved
in cancer progression include recruiting LSD1, H3K27
methylation and H3K4 demethylation, and ultimately
gene regulation. However, the precise mechanism of
how HOTAIR overexpression enhances pancreatic
cancer progression is still controversial and needs further
investigation.!"!

Metastasis-associated lung adenocarcinoma transcript
1 (MALATT1) is an evolutionarily highly conserved and
ubiquitously expressed IncRNA. MALAT-1 expression
levels were upregulated in cancer tissue compared
with adjacent noncancerous controls. It is not only
overexpressed in early-stage metastasizing nonsmall cell
lung cancer but also in breast, pancreas, colon, prostate and
liver cancers. MALAT-1 serves as an oncogenic IncRNA
that promotes malignancy phenotypes of pancreatic cancer.
Elevated expression level of IncRNA MALAT-1 facilitates
cell growth, migration and invasion in pancreatic cancer.'
Knockdown of MALAT-1 inhibited tumor cell growth.
Moreover, MALAT1 associated with clinical parameters
and promoted tumor cell invasion and metastasis. Liu
¢t al. study showed that the relative level of MALAT1 was
significantly higher in pancreatic cancer compared with
the adjacent normal pancreatic tissues. The expression
of MALATT1 was significantly associated with tumor size,
tumor stage and depth of invasion in normal pancreatic
tissues. Overexpression of MALAT1 was an independent
predictor of disease-specific survival. Patients with
higher MALAT1 expression had a poorer disease-free
survival.'”" The hypothesis of underlying mechanisms
includes (1) MALAT-1 enhances stem-like phenotypes in
pancreatic cancer cells and regulate sstem-like cell marker
expression; (2) MALAT-1 induces EMT by activating
Wat-signaling pathway; (3) Downregulation of MALAT-1
could induce the G2/M cell cycle arrest, thus promoting
cell apoptosis.l'” Therefore, MALAT-1 may be used as a
potential therapeutic target of pancreatic cancer in clinic.

Role of IncRNAs in regulating chemotherapy sensitivity
The optimized treatment of pancreatic adenocarcinoma is
to remove the entire tumor. However, curative surgery can
be performed in <20% of patients, because of the absence
of specific symptoms and the lack of eatly detection.
Chemotherapy plays a critical role in prolonging overall
survival of patients with pancreatic cancer. Unfortunately,
the biological features of pancreatic cancer result in
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resistance to chemotherapy. Recent studies suggest that
IncRNAs are significantly involved in chemotherapy
sensitivity. Hou ef a/. identified differentially expressed
IncRNAs and mRNA using microarray profiling of lung
squamous cell carcinoma patients treated with cisplatin. The
results showed that compared with the progressive disease
samples, 953 IncRNAs were consistently upregulated and
749 IncRNAs were downregulated in partial response
patients.?'! To uncover the precise role played by IncRNAs
in cancer chemotherapy, sensitivity has potential to
overcome chemotherapy resistance.

HOXA transcript at the distal tip (HOTTIP), located
at the 5' tip of the HOXA locus, is associated with the
polycomb repressor complex 2 (PRC2) and WD repeat
containing protein 5 (WDRS5)/mixed lineage leukemia
1 (MLL1) chromatin modifying complexes. It directly
controls the HOXA locus gene expression via interaction
with the WDR5/MLL1 complex. A recent paper showed
a regulatory loop between HOTTIP and its target, Hoxa13
in hepatocellular carcinomas (HCCs). The expression of
HOTTIP is increased in pancreatic cancer tissues and cell
lines. Knockdown of HOTTIP in pancreatic cancer cells
decreased proliferation, induced apoptosis, and decreased
migration. Moreover, HOTTIP knockdown enhances
the chemosensitivity of human pancreatic cancer cells to
gemcitabine 7 vitro and in vivo. HOTTIP exerts its function
in pancreatic cancer at least partly by controlling Hoxa13.
There is positive correlation between HOTTIP and Hoxa13
expression. Decreased expression of Hoxa73 led to a
significant reduction of HOTTIP expression in pancreatic
cancet. HOTTIP/Hoxal3 axis plays a critical role in
pancreatic cancer tumorigenesis as well as chemotherapy
sensitivity.”! However, Cheng ¢/ al. showed that HOTTIP
regulates not Hoxa13 but several other HOX genes such as
Hoxal0, Hoxbh2, Hoxal1, Hoxa9 and HoxaT in Pancl cells,**
indicating that regulation of HOTTIP expression and the
agents that target this IncRNA is complicated.

PVT1 is a copy number amplification-associated IncRN,
which maps to band 4 of region 2 on the long arm of
chromosome 8 (8q24). The location of PVT1 near Myc
at human chromosome 8q24 forms a complexity of
chromosomal translocation breakpoints. Co-amplification
of human Myc and PVT1 has been shown to contribute
to tumorigenesis. There is close interaction between PVT1
and Myc in the nucleus, and depletion of PVT1 results in
the reduction of MYC protein levels. Moreover, PVT1
demonstrates a net-binding preference toward the mir-200
family. PVT1 are involved in many biological processes,
including proliferation, apoptosis, mobility and invasion.
It is a predictor of tumor progression and patient survival
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in various types of cancers, such as ovarian, breast and
colorectal cancer.’™™ You ¢ al. identified PVT1 as a
novel regulator of gemcitabine sensitivity using random
homozygous knockout technology.””! The study showed
that overexpression of antisense PVT1 leads to increased
sensitivity to gemcitabine, whereas overexpression of
sense PVT1 results in decreased sensitivity of pancreatic
cancer to gemcitabine. However, the regulation networks
within the Myc-PVT1 locus and with other gene networks
are complex. Further characterization of PVT1 gene
and its regulation may reveal their roles in regulation of
gemcitabine sensitivity.

Role of IncRNAs in EMT

EMT is a crucial process in tumor progression. It enables
the tumor cells to acquire fibroblast-like properties and
show reduced intercellular adhesion. EMTs are involved in
many biological processes of carcinoma progression, such
as induced proliferation, increased resistance to apoptosis
and chemo sensitivity, the increased ability of invasion
and migration, and the acquisition of stem cell-like
properties.® During the process of EMT, expression of
epithelial markers such as E-cadherin is decreased, and
mesenchymal markers such as vimentin and N-cadherin
can be acquired. It is reported that EMT is induced by
several growth factors involved in tumor progression,
such as VEGF and TGF-B.?% Several molecular factors
have been reported to involve in the process of EMT,
including Snail, Slug, Twist, ZEB1/2, SIP1 and E12/
E47. Accumulating data from high-throughput genomic
approaches demonstrated the existence of IncRNAs
potentially implicated in EMT [Figure 2].

H19 is a paternally imprinted gene located close to the
telomeric region of chromosome 11p15.5. Whether H19

serves as an oncogene or has tumor-suppressor activity is
still controversial. H19 was initially proposed to possess
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Figure 2: The role of long noncoding RNA in promoting epithelial
mesenchymal transition of pancreatic cancer
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tumor-suppressive properties based on its ability to inhibit
tumorigenicity.”'! However, recent evidence showed that
H19 was overexpressed in many types of cancers, including
bladder, hepatocellular, colon and breast cancer.’*! Ma
¢t al. showed that H19 was significantly highly expressed
in pancreatic cancer tissues than corresponding adjacent
nontumorous tissues. Moreover, H19 levels are remarkably
increased in primary tumors that subsequently metastasized
compared with those that did not metastasis, indicating
that H19 might play a role in pancreatic cancer metastasis.
In vitro study showed that H19 promoted migration and
invasion of pancreatic cancer cells, and H19 regulated the
pancreatic cancer cell migration and invasion partly via
regulating let-7. H19 antagonized let-7 and affected its
target Hmga2, which induced EMT in pancreatic cancer
cells. H19-siRNA treatment decreased HMGAZ2 protein
levels, as well as EMT marker vimentin, but increased
E-cadherin. The results demonstrated that H19/let-7/
HMGA2/EMT-signaling axis played important roles in
pancreatic cancer progression via EMT.P!

LncRNA activated by TGF-b (IncRNA-ATB) is a novel
IncRNA, which could be activated by TGF-f. The
expression of IncRNA-ATB was increased in HCC,
gastric cancer and breast cancer. It is reported that
IncRNA-ATB promotes cell invasion by competitively
binding miR-200 family members, upregulates ZEB1
and ZEB2, and inducing EMT in HCC.F! Lnc-ATB
mediated the process of EMT to promote invasion and
metastasis via TGF-B/miR-200s/ZEB-signaling network.
However, there is no report on the role of IncRNA-ATB
in pancreatic cancer progression at present. The agitated
effects of IncRNA-ATB on the invasion-metastasis cascade
suggest that IncRNA-ATB could be an effective target for
antimetastasis therapies.

LNC-RNA AS BIOMARKERS AND THERAPEUTIC
TARGET IN CANCER

Recently, technological advance in high-throughput
sequencing has been applied to identify the dysregulated
expression of IncRNAs in various types of cancer.
LncRNAs may be used as sensitive biomarkers for
diagnosis, prognosis and prediction of response to therapy.

LncRNA diagnostic biomarkers

Some IncRNAs commonly show restricted tissue-specific
and cancer-specific expression patterns. For example,
prostate cancer antigen 3 (PCA3) is a prostate-specific
gene and highly overexpressed in prostate cancer.
A meta-analysis including 13 clinical trials about urine
PCA3 test in the diagnosis of prostate cancer showed
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that the pooled sensitivity and specificity were 0.62 (95%
confidence interval [CI]: 0.59-0.65) and 0.75 (95% CI:
0.73-0.76), respectively. Urine PCA3 test has acceptable
sensitivity and specificity in the diagnosis of prostate
cancer.”'The Progensa® PCA3 test has been approved by
FDA for the detection of prostate cancer.”™ Using PCA3
in conjunction with PSA can improve the performance of
PSA-based diagnostic accuracy. Combination PSA-PCA3
strategies were able to substantially reduce the false-positive
B4 The PCA3 test for diagnosis of prostate cancer
is one of the most effective clinical translations of a
cancer-associated IncRNA gene. Other IncRNA-based
diagnoses for cancer, such as pancreatic cancer, are

tests.

underway and have not been widely used. It is anticipated
that advances in the study of IncRNAs will yield new
sensitive diagnostic biomarkers for early diagnosis of
pancreatic cancer.

LncRNA prognostic biomarkers

Abnormally expressed IncRNAs may have either
oncogenic or tumor suppressor functions during cancer
initiation, development and progression. A complementary
DNA (cDNA) microarray interrogating putative IncRNAs
showed that IncRNAs expression is significantly altered
between pancreatic cancer tissues and noncancerous
tissues.'! Many IncRNAs have been not only been implied
to be involved in the development and progression of
pancreatic cancer but are also the clinical prognostic
indicators. LncRNA H19, HOTAIR, MALAT1, et., are
elevated in pancreatic cancer in comparison to adjacent
normal tissues and correlate with more aggressive
status of pancreatic cancer. These IncRNAs were
independent unfavorable prognostic factors and positively
correlated with overall survival in patients with cancer.
These IncRNAs could become desirable candidates for
monitoring high-risk populations, predicting prognosis
and monitoring recurrence.

LncRNA-based therapies

LncRNA are interesting targets in cancer therapy and have
multiple advantages as novel-specific therapeutic targets.
The role that IncRNA played in apoptosis, proliferation
of cancer is of great relevance for the design of new
drugs. Selectively, silencing oncogenic IncRNAs provides
a new strategy for cancer therapy. LncRNAs can be easily
manipulated through RNAi or LNA GapmeRs. Systemic
administration of siRNA to patients with solid cancers has
been conducted by Davis ¢/ a/. early in 2010 and achieved
great success.””! As another strategy for knockdown of
IncRNAs, LNA GapmeRs consist of a DNA stretch
flanked by LNA nucleotides, which interact selectively with
the IncRNA. LNA GapmeRs degrade the targeted IncRNA
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via an RNAse H-dependent mechanism.*’! However, more
functional and structural studies on IncRNA biology are
necessary before the new therapeutic options are applied.

CONCLUSIONS

In conclusion, there are many studies showing that
IncRNAs fulfill important functions in cancer initiation,
progression, invasion and metastasis, as well as prognosis.
In this review, we have discussed some examples of
IncRNAs and the potential underlying mechanism
involved in pancreatic cancer. LncRNAs may be used as
diagnostic, prognostic biomarkers of cancer and provide
a new strategy for pancreatic cancer treatment. However,
there are still many challenges that remain to be solved.
For example, the biological and molecular characteristics
of most IncRNAs remain unknown and the mechanism
of IncRNA in pancreatic cancer regulation is still not
understood. More studies are needed to elucidate the
association of IncRNAs and pancreatic cancer.
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