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Abstract

Our understanding of the mechanisms underlying the
development of pancreatic cancer has been greatly ad-
vanced. However, the molecular events involved in the
initiation and development of pancreatic cancer remain
inscrutable. None of the present medical technologies
have been proven to be effective in significantly im-
proving early detection or reducing the mortality/mor-
bidity of this disease. Thus, a better understanding of
the molecular basis of pancreatic cancer is required for
the identification of more effective diagnostic markers
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and therapeutic targets. Non-coding RNAs (ncRNAs),
generally including microRNAs and long non-coding
RNAs, have recently been found to be deregulated in
many human cancers, which provides new opportuni-
ties for identifying both functional drivers and specific
biomarkers of pancreatic cancer. In this article, we
review the existing literature in the field documenting
the significance of aberrantly expressed and functional
ncRNAs in human pancreatic cancer, and discuss how
oncogenic ncRNAs may be involved in the genetic and
epigenetic networks regulating functional pathways
that are deregulated in this malignancy, particularly
of the ncRNAs’ role in drug resistance and epithelial-
mesenchymal transition biological phenotype, with the
aim of analyzing the feasibility of clinical application of
ncRNAs in the diagnosis and treatment of pancreatic
cancer.
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Core tip: The deregulation mechanisms of pancreatic
cancer remain inscrutable. ncRNAs have recently been
found to provide new opportunities for identifying both
functional drivers and specific biomarkers of pancre-
atic cancer. Here, we review the expression profile of
ncRNAs in human pancreatic cancer, with the aim of
analyzing the feasibility of clinical application of hcRNA
in pancreatic cancer’s diagnosis and treatment.
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INTRODUCTION

Pancreatic cancer is a lethal malignancy with poor prog-
nosis due to advanced stage disease at initial diagnosis,
frequent recurrence and the absence of treatment strate-
gies that specifically and effectively target these tumors'".
Only 15% of pancreatic adenocarcinoma patients are
candidates for surgical resection at the time of diagno-
sis'. Chemotherapy is considered the main treatment
option for unresectable cases, while chemo-radiotherapy
may improve survival and quality of life™. However,
even with advancements in medicine, pancreatic cancer
is still extremely resistant to the currently available regi-
mens. The burden of pancreatic disorders is expected to
increase over time™. This situation represents a challenge
for doctors as well as scientists in seeking the best active
regimen with the least side effects'”. Therefore, there is
an urgent need to understand the molecular mechanisms
undetlying this disease, including the genetic and epigen-
etic networks influencing the malignant transformation,
metastasis and chemo-resistance mechanisms of pancre-

atic cancet.

In recent years, it has become increasingly apparent
that the non-protein-coding portion of the genome is of
crucial functional importance: in relation to both normal
physiology and diseases”. The relevance of the non-cod-
ing genome to human disease has mainly been studied
in the context of the widespread disruption of miRNA
expression and function in human cancers. Research is
also being conducted aimed at understanding the nature
and extent of other ncRNAs in disease, such as PIWI-in-
teracting RNAs (piRNAs), small nucleolar RNAs (snoR-
NAs), transcribed ultraconserved regions (T-UCRs) and
large intergenic non-coding RNAs (lincRNAs)". Along
with miRINAs, dysregulation of these ncRNAs is being
found to show key relevance to pancreatic tumorigenesis.
Consequently, exploring ncRNAs as therapeutic targets
and biomarkers for the diagnosis and prognosis of pan-
creatic cancer is of interest.

MECHANISMS OF PANCREATIC CANCER
DEREGULATION

The pancreas is a glandular organ of both the digestive
system and endocrine system of vertebrates and displays
an astonishing capacity to carry out cellular functions.
Pancreatic dysfunction can be highly deleterious. As the
fourth leading cause of cancer-related death in United
States and worldwide, pancreatic cancer continues to
remain a devastating disease with only 5.2% of patients
alive for more than 5 yearsm. Genetic analysis of pancre-
atic cancer indicated that multiple mutations accumulate
over time with some of them being more frequent than
others [such as KRAS (about 90%), p16/CDKN2A
(about 75%), TP53 (about 65%), SMAD4 (about 50%)]
in these tumors™'”. However, blocking the activity of
these frequently mutated genes did not turn out to be a
promising therapeutic strategy[“]. Identification of mo-
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lecular mechanisms that are more directly associated with
the sustained proliferation and aggressive of pancreatic
cancer cells is urgently needed. In recent years it has been
proposed that in addition to the accumulated mutations
that favor cancerous growth, epigenetic events may also
play an important role in the development and mainte-
nance of pancreatic cancer”. ncRNAs are already known
as master epigenetic regulators that have a role in regulat-
ing diverse cellular processes including cell proliferation,
development, differentiation, apoptosis and consequently
oncogenesis. In view of the differentially expressed onco-
genic and tumour suppressor ncRNAs targeting multiple
genes in important cancer-relevant genetic and epigenetic
networks in pancreatic cancer, it is logical to suggest that
distinct ncRNA expression signatures may be associated
with different grades and stages and meanwhile provide
therapy strategy for this malignancy.

TYPES OF NCRNAS AND THEIR

FUNCTIONS

RNA is the bridge between stable DNA and versa-
tile proteins. Traditional studies are mainly focused on

protein-coding RNAs, however, the coding exons of
genes account for only 1.5% of the genomem‘. With the
development of new scientific technologies, especially
concerning the widespread use of microarray technol-
ogy in molecular biology research, significant portions
of eukaryotic genomes have been found to give rise to
non-protein-coding RNAs, many of which remain unan-
notated.

In general, ncRNAs are grouped into two major class-
es based on their length (Table 1). Transcripts shorter
than 200 nucleotides (nt) are usually referred to as small
ncRNAs, which include miRNAs, Piwi-interacting RN As,
small-interfering RNAs and some bacterial regulatory
RNAs. The well-documented about 22 nt long miRNAs
serve as important regulators of gene expression and as
intricate components of the cellular gene expression net-
work"™' 1ncRNAs are mRNA-like transcripts ranging in
length from 200 nt to 100 kb; they are poorly conserved
and do not function as templates for protein synthesis.
ncRNAs have recently been discovered to act as robust
regulators of gene expression that are frequently deregu-
lated in human cancers, providing new opportunities
to unravel the aberrantly expressed cellular pathways.
However, as noted above, while the biological functions
and molecular mechanisms of ncRNAs have been widely
investigated in cancer studies (Figure 1), their prognostic
value associated with pancreatic cancer remains to be elu-
cidated.

NCRNAS IN PANCREATIC CANCER

Although all types of ncRNAs are transcribed in human
cells, most of the current findings concerning ncRNAs
are focused on miRNAs. Additionally, IncRNAs are also
galning prominence as emerging key elements of cel-
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Table 1 Types of non-coding RNAs in pancreatic cancer and their functions

Types Name Expression profile Related biological function
Short ncRNAs
miRNAs Let-7""" Up Downregulates STAT3 phosphorylation
miR-15/16""" Up Promoting tumor angiogenesis
miR-34a"" Down Inactivates p53 and modulates pancreatic cancer pathogenesis
miR-132"* Down Transcribed by RNA polymerase II and promoter methylation
miR-200"" Down Leading to drug resistance
miR-421 Up Suppresses expression of DPC4/Smad
piRNAs pi-651* Up? PiRNAs target transposon repression and DNA methylation
snoRNAs U50, SNORD!"™ Up?
Long ncRNAs
lincRNAs PPP3CB/MAP3K1 4/DAPK1 loci Up Metastases associated with the MAPK pathway'*”
HOTAIR™ Up Associates with the polycomb repressive complex 2
Other IncRNAs HSATII (satellite repeat RN As)"") Up Reflect global alterations in heterochromatin silencing

HOTAIR: Homeobox transcript antisense RNA; MAPK: Mitogen-activated protein kinase; STAT3: Signal transducer and activator of transcription 3.
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Figure 1 Biogenesis and functional machinery of small ncRNAs (miRNAs, piRNAs, snoRNAs) and IncRNAs. (1) miRNAs: pri-miRNA is transcribed by RNA
polymerase II, then cleaved by Droshain into pre-miRNA. Pre-miRNAs are then transported to the cytoplasm via an Exportin-5-mediated mechanism and further
processed by the RNase I endonuclease into mature miRNAs. Mature miRNAs are then incorporated into the RISC, where they direct the complex to specific
mRNAs through complementary base pairing in their 3UTRs; (2) piRNAs: piRNAs are mainly expressed from piRNA clusters. Subsequently, additional piRNAs influ-
ence the functions of ribonucleoprotein (piRNP) complexes in transposon repression through target degradation and epigenetic silencing; (3) snoRNAs: snoRNAs
are transcribed from introns. Following splicing, debranching and trimming, mature snoRNAs are either exported, in which case they function in rRNA processing, or
remain in the nucleus, where they are involved in alternative splicing; and (4) IncRNAs: IncRNAs exhibit a 5’ terminal methylguanosine cap and are often spliced and
polyadenylated. INcRNAs contain structural domains that can sense or bind to other RNAs via complementary base pair interactions, in addition to interacting with
proteins and possibly DNA and displaying other as yet unknown functions. endo-siRNA: Endogenous small-interfering RNA; IncRNA: Long non-coding RNA; miRNA,
microRNA; piRNA: PIWl-interacting RNA; pre-miRNA: Primary miRNA; pre-miRNA: Precursor miRNA; rRNA: Ribosomal RNA; RISC: RNA-induced silencing complex;
sncRNA: Small non-coding RNA; snoRNA: Small nucleolar RNA; 3'UTRs: 3’ untranslated regions.

lular homeostasis (Table 1), which draws our attention
toward emphasizing the role of miRNAs and IncRNAs
in pancreatic cancer development and progression in this
review.
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miRNAs in pancreatic cancer

miRNAs The most widely studied class of ncRNAs are
miRNAs, which are small ncRNAs of 22 (18-25) nt in
animals that mediate post-transcriptional gene silenc-
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ing by controlling the translation of mRNAs into pro-
teins! ", Following the discovery that in C. elegans, the
small RNAs encoded by the lin-4 gene are associated
with the control of developmental timing through nega-
tively regulating lin-14 translation'"” there was an explo-
sion in the field of small ncRNA biology in subsequent
years across different species. The biogenesis of miRNAs
involves several steps (Figure 1). First, a several kilobase-
long primary RNA (pri-miRNA) is transcribed by RNA
polymerase II. The pri-miR is then cleaved by Droshain
(an RNase Il endonuclease) into a hairpin loop struc-
ture known as the precursor miRNA (pre-miRNA), after
which the pre-miR is transported to the cytoplasm iz a
RanGTP-dependent Exportin-5-mediated mechanism,
where it is further processed by the RNase Ill endonucle-
ase into a 17-25 nt-long mature duplex miRINA. Mature
single-stranded miRNAs atre then incorporated into the
RNA-induced silencing complex (RISC) and direct the
complex to specific mRNAs through complementary
base pairing with their 3’ untranslated regions (3’UTRs).
Partial complementarity between the 3’UTR of the target
gene and the seed region of the miRNA leads to mRNA
decay and/or inhibition of translation ™", Tt is predicted
that on an average, each miRNA may regulate about 200

. 21
gene transcrlpts[ ].

miRNAs in pancreatic cancer development and
progression: miRNAs have emerged as critical com-
ponents of networks of complex functional pathways
controlling important cellular processes, such as prolif-
eration, differentiation, apoptosis, stress response and
drug resistance™. Recent analyses of tumor miRNA
expression profiles have demonstrated that the miRNAs
that are abnormally expressed in tumors usually exhibit
reduced expression levels compared to their expression
levels in normal tissues™. The role of miRNAs in tu-
morigenesis and tumor development has recently been
reviewed in detail elsewhere™ and it is therefore only
briefly recapped here. First, downregulated expression
of a tumor suppressor miRNA can lead to the expres-
sion of miRINA target genes that promote tumorigenesis,
causing excessive cell proliferation and abnormal dif-
ferentiation and resulting in tumorigenesis. On the other
hand, the overexpression of oncogenic miRNAs can lead
to decreased expression of target genes with tumor sup-
pressor functions, thereby promoting tumor initiation
and development. Another role of oncogenic miRNAs
is the regulation of tumor angiogenesis. The cellular
levels of miR-15b and miR-16 are downregulated under
hypoxic conditions, leading to diminished inhibitory ef-
fects of miR-15b and miR-16 on VEGF and thereby
promoting tumor angiogenesis[25]. miRNAs such as miR-
10b and miR-373 are also important drivers of tumor
metastasis“>?". A number of expression profiling studies
have demonstrated that deregulation of miRNA expres-
sion occurs in pancreatic cancer tissues and cell lines.
An extensive analysis of miRNA expression profiles
in tissue samples from normal pancreases and patients

Baishidenge ~ WJG | www.wjgnet.com

with chronic pancreatitis and pancreatic ductal adenocar-
cinoma (PDAC) using microarray technology revealed
that some miRNAs, including miR-29¢ and miR-96, were
differentially expressed in both the chronic pancreatitis
and PDAC samples, whereas the expression of miR-
196s, miR-203 and miR-210 was altered only in PDAC
tissues™. Moreover, p53 inactivation contributes to the
reduction of miR-34a levels, which raises the possibility
that loss of miR-34a function modulates the pathogen-
esis of pancreatic cancer™. Our previous findings have
identified miR-421 and miR-483-3p as potent regulators
of DPC4/Smad4, which may provide a novel therapeutic
strategy for the treatment of DPC4/Smad4-driven pan-
creatic cancer” ", Taken together, these findings indicate
that miRNAs play an important role in the development
and progression of pancreatic cancer.

miRNAs in pancreatic drug resistance: Chemothera-
py represents an important therapeutic strategy for most
patients with pancreatic cancer. Prior to the 1990s, 5-fluo-
rouracil (5-FU) was the accepted monotherapy. However,
soon after Burris and colleagues reported the results of a
phase III clinical trial directly comparing gemcitabine and
5-FU", showing that gemcitabine confers significantly
increased median survival, gemcitabine became the first-
line treatment and gold standard for pancreatic cancer
chemotherapy. Nevertheless, drug resistance can cause
failure of this treatment
the mechanisms underlying drug resistance over the past

. Despite investigations into

50 years, much is still unknown about exactly how this
phenomenon occurs. The three most common reasons
for the acquisition of drug resistance are the expression
of energy-requiring transporters, insensitivity to drug-in-
duced apoptosis and the induction of drug-detoxification

. 32]
mechanisms®”

. The tumor cell microenvironment (e.g.,
interactions between cell surface integrins and extracel-
lular matrix components) is responsible for innate drug
P miRNAs appear to be critical regulators of

. : . 34
drug resistance in pancreatic cancer cells®!. For example,

resistance

in one study, the levels of the oncogenic miR-155 were
shown to increase after pancreatic cancer cells were treat-
ed with gemcitabine™. miR-200a, miR-200b and miR-
200c are all downregulated in pancreatic cancer cells that
are resistant to gemcitabine™. A recent report suggests
that miR-34 is involved in the self-renewal of pancreatic
cancer stem cells, while the loss of miR-34 in pancreatic
cancer is associated with an entichment of cancer stem
cells that are insensitive to chemotherapym (Figure 2).
Evidence also indicates that miRNAs might regulate the
epithelial-mesenchymal transition (EMT) through the
regulation of cadherinl and other molecules™ which
mediate various types of cellular drug-resistance mecha-
nisms (Figure 2). Many members of the Let-7 family are
downregulated in EMT-type cells that are resistant to
gemcitabine. In an investigation of the expression levels
of miR-200 and Let-7 in EMT-phenotype pancreatic
cancer cells that are resistant to gemcitabine, re-expres-
sion of the downregulated miR-200 family upregulates
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phenotype as well as between cancer stem cells and the ncRNAs in their surroundings. PRC2: Polycomb repressive complex 2; EMT: Epithelial-mesenchymal

transition.

cadherinl and downregulates ZeB1 and vimentin (EMT
inducers). Knockdown of ZeB1 in mesenchymal Pancl
cells results in the upregulation of miR-200c™. There-
fore, re-expression of specific miRNAs could serve as a
new strategy for the treatment of pancreatic cancer via
the targeted elimination of either cancer stem cells or
EMT-phenotype cells that contribute to tumor recur-
rence and metastasis.

Other small ncRNAs in pancreatic cancer
Other ncRNAs, such as piRNAs and snoRNAs, are also
reported to be associated with cancer. Thousands of dif-
ferent piRNA species have been found in mammals"”.
piRNAs are generated from single-stranded RNA precur-
sors through a Dicer-independent mechanism™”, provid-
ing essential protection for germ-cell genomes against the
activity of transposable elements! (Figure 1). Regarding
the role of piRNAs in cancer, they were first described
to be over-expressed in seminomas but not in non-semi-
nomas of the adult testis. Recent studies have highlighted
the role of piRNAs in the regulation of tumorigenesis.
For example, the expression of piR-651 in gastric, colon,
lung, and breast cancer tissues is higher compared to nor-
mal adjacent tissues'™. The levels of piR-651 have also
been associated with the stage of tumor-node-metastasis
(TNNI)W].

snoRNAs are small non-coding RNAs with lengths
ranging from 60 to 300 nt. snoRNAs are normally lo-
cated within the introns of protein-coding genes and are
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transcribed by RNA polymerase I (Figure 1), although
in some cases, they can be found within the introns of
IncRNAs. snoRNAs and snoRNPs are likely to conttib-
ute to tumorigenesis through an effect on ribosomes and
protein translation, and snoRNAs might also be involved
in the regulation of gene expression by giving rise to oth-
er regulatory RNA species, such as miRNAs™, Initial in-
sights into the potential roles of snoRNAs in cancer were
provided by a study in which substantial downregulation
of snoRNAs was observed in meningiomas compared
with normal brains®!. Other studies have shown that a
germline homozygous 2 bp (TT) deletion in the snoRNA
U50 is associated with the development of prostate can-
cer™. However, the mechanisms through which both
piRNAs and snoRNAs function to target pancreatic can-
cer remain unknown. The currently available data sug-
gest important roles of piRNAs and snoRNAs that go
beyond the regulation of the genome in germline tissues,
and further studies are needed to reveal their specific
roles in pancreatic tumorigenesis.

IncRNAs in pancreatic cancer

An updated view of IncRNAs: IncRNAs are a het-
erogencous group of non-coding transcripts more than
200 nt long. This class of ncRNAs makes up the largest
portion of the mammalian non-coding transcriptornem.
Although the proverbial “dark matter” of the genome
was initially argued to be spurious transcriptional noise,

recent evidence suggests that it may play a major bio-
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logical role in cellular development, differentiation and
metabolism™”. IncRNAs often overlap with, or are in-
terspersed between, multiple coding and non-coding
transcripts[48’49]. Many transcripts resist classification into
any particular category and instead exhibit a combination
of these qualities. Based on their genomic proximity to
protein-coding genes, IncRNAs are generally classified
into five types: (1) sense; (2) antisense; (3) bidirectional;
(4) intronic; and (5) intergenic™”. In many cases, the
secondary structure of IncRNAs dictates their function.
For example, conservation of the secondary structure
of the IncRNA maternally expressed gene 3 (MEG3)
and its propensity to fold into thermodynamically stable
secondary and higher-order structures maintains the
tumor suppressor function of this IncRNA, rather than
its primary sequencem. By virtue of their ability to base
pair with other RNAs, IncRNAs can act as highly spe-
cific sensors of the expression of mRNAs, miRNAs and
other IncRNAs (Figure 1). The conversion of modified
nucleotides for detection #iz high throughput sequencing
is currently revealing widespread nucleotide modifica-
tions throughout the transcriptome™. There is a growing
catalog of bifunctional mRNAs: coding transcripts can
lose their ability to encode a protein, and noncoding tran-
sctipts can acquire a coding function™, Many of these
posttranscriptional modifications are reversible, and given
the range of modifications and targets observed, they
may constitute an additional layer of posttranscriptional
regulation, analogous to the epigenetic landscape regu-
lated by IncRNAs"™.,

There are three types of well-known IncRNAs: ho-
meobox transcript antisense RNA (HOTAIR), lincRNAs
and T-UCRs. IncRNAs are essential in many physiologi-
cal processes, such as X-chromosome inactivation in
mammals, in which the X-inactivation-specific transcript
(XIST) IncRNA (17 kb) recruits the polycomb complex
to silence the X chromosome from which it is tran-
scribed””. lincRNAs, which are transcribed from inter-
genic regions, are associated with active transcription in
the regions across which transcriptional elongation takes
placelisj. Thus far, the aberrant regulation of T-UCR
expression in cancers has been found to occur in two
main ways: through altered interactions with miRNAs"®”
and via hypermethylation of CpG islands in their pro-
moters™). Among various examples of the involvement
of IncRNAs in cancer, the role of HOTAIR in human
neoplasia is the best understood. HOTAIR might play
an active role in modulating the cancer epigenome and

mediating cell transformation™'’,

IncRNAs and pancreatic cancer: Although the func-
tional annotation of IncRNAs on a genomic scale has
remained elusive for quite some time, IncRNAs may play
critical roles in the regulation of multiple biological pro-
cesses ™, including epigenetic regulation, transctriptional
regulation, the processing of small RNAs, and other
regulatory functions'*”. Due to advancements in cancer

transcriptome profiling and the accumulating evidence

Baishidenge ~ WJG | www.wjgnet.com

indicating the functions of IncRNAs, these ncRNAs are
emerging as new factors in the cancer paradigm, showing
potential roles in both oncogenic and tumor-suppressive
pathways[“]. Recent studies have demonstrated that certain
IncRNAs are specifically associated with certain types of
cancet, and their expression level may function as an indi-
cator of metastasis or prognosis[m’m’ﬁg]. Despite the many
IncRNAs that have been identified or validated in human
cancer tissues, there is a paucity of information regarding
the expression of IncRNAs in pancreatic cancer. Tahira
et al” were the first to perform a microarray interroga-
tion of protein-coding genes and putative IncRNAs and
indicated that subsets of intronic/intergenic IncRNAs
are expressed in both pancreatic tumor and non-tumor
tissue samples. They identified loci harboring intronic
IncRNAs (PPP3CB, MAP3K1 4 and DAP K1 loci) that
were differentially expressed in PDAC metastases and
were enriched in genes associated with the MAPK path-
way. In an interesting study performed by Ting ef al™,
aberrant overexpression of satellite repeat RNAs (HSAT
) ranging from 100 to 5000 nt was observed in patients
with PDAC. The overexpression of satellite transcripts in
cancer may reflect global alterations in heterochromatin
silencing and could potentially be useful biomarkers for
pancreatic cancer detection””.

HOTAIR is a long intervening non-coding RNA
(lincRNA) that associates with the polycomb repressive
complex 2 (PRC2), and its overexpression is correlated
with poor survival in breast, nasopharyngeal and liver
cancer patients[m’ﬂ’m. Kim e# a/”™ showed that knock-
down of HOTAIR in PANC1 and L3.6pL pancreatic
cancer cells decreases cell proliferation, alters cell cycle
progression and induces apoptosis, demonstrating an ex-
panded function of HOTAIR in pancreatic cancer cells.
HOTAIR is a negative prognostic factor for pancreatic
cancer patients and exhibits pro-oncogenic activity in
both i vitro and in vivo bioassays.

Nevertheless, only a small number of IncRNAs have
been well characterized in pancreatic cancer, and little of
the underlying molecular mechanism has been elucidated.
The potential importance of IncRNAs in pancreatic can-
cer demands further study.

ncRNAs are linked to epigenetic mechanism of
pancreatic cancer in the microenvironment

Pancreatic cancer and its microworld: Several lines
of evidence indicate that tumorigenesis is a complex and
multistep process. Cancers acquire the same set of func-
tional capabilities during development and progression
through various mechanistic strategies. The importance
of the local tumor microenvironment to tumor progres-
sion has been recognized for many years and was high-
lighted in several reviews” """, The cellular elements of
pancreatic tumor environment are predominately mesen-
chymal cells such as pancreatic stellate cells, fibroblasts,
blood vessels and nerves (Figure 2). Using i vitro and
in vivo models containing tumor cells and stromal cells,
investigators have shown that stromal signals and cell-
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to-cell interactions including proteases, growth factors,
and mediators of invasion are critical determinants of
pancreatic cancer behavior "™, As pancreatic cancer has
an especially abundant stroma originating from abundant
pancreatic stellate cells, lacking of suitable models limited
the exploration of interactions between pancreatic cancer
cells and the adjacent stromal cells”™. Tt was found that
conditioned medium from human pancreatic stellate cells
(HPSCs) stimulated pancreatic tumor cell proliferation
and metastasis iz vitro and in vive via mitogen-activated
protein kinase (MAPK) and Akt pathways[sm. However,
simple models composed of cancer cells and their ad-
jacent stromal cells in the tumor progress have several
important limitations. Fortunately, with the development
of ncRNA detection techniques, measurable biologically
ncRNAs secreted from variational stroma complex pro-
vided novel research models in the exploration of role of
tumor microenvironment in pancreatic carcinogenesis.

Epigenetics and pancreatic cancer: Epigenetics is a
term used to describe mitotically and meiotically heritable
states of gene expression that are not due to changes
in DNA sequences[sﬂ, such as DNA methylation and
histone tail modifications. Epigenetic regulations are im-
portant in all aspects of biology[gz], and studies conducted
during the past decade have shown that they play a key
role in carcinogenesis and tumor progression[%]. It is evi-
dent that multiple epigenetic mechanisms are crucial in
the development and progression of PDAC. In addition
to genetic changes, epigenetic alterations add another
layer of complexity and contribute to the heterogeneity
of PDAC. Ongoing studies on chromatin dynamics are
revealing the existence of robust machinery that can me-
diate epigenetic changes in pancreatic cells"?. Epigenetic
biomarkers, such as miRNAs, DNA methylation and sat-
ellite repeats, can be utilized to assess pancreatic cancer
risk, progression and therapeutic responses; the use of
these markers is regarded as the road to the early detec-
tion of pancreatic cancer. Numerous drugs that target
specific enzymes involved in the epigenetic regulation of
gene expression are emerging as an effective and valuable
approach to Chemotherapy[84]. A noteworthy characteristic
of epigenetic-based inheritance is its reversibility, which
contrasts with the stable nature of DNA sequence-based
alterations.

ncRNAs are linked to epigenetic mechanisms as-
sociated with the biological phenotype of pancreatic
cancer: Epigenetics influence genomic inheritance via
miRNA-dependent mechanisms as well as DNA and
histone modifications"”. Members of the miR-200 fam-
ily have been identified as modulators of the EMT due
to negative activity against zinc finger E-box-binding
homeobox1 and 2 (ZEB1 and ZEB2), which function as
repressors of EMT-opposing genesﬁs’gs’w. The miR-34
family has been shown to be primarily inactivated by
aberrant CpG methylation in PDAC, revealing an inter-
esting example of an epigenetic mechanism influencing
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the functioning of other mechanisms”®”. We have re-
ported that the downregulation of miR-132 in pancreatic
cancer tissues is due to promoter methylation, which
consequently impairs the binding of essential transcrip-
tion factors". miR-107 and miR-148a have also been
observed to be hypermethylated in the promoter region
and, thus, down-regulated in pancreatic cancer™". Using
a pyrosequencing technique, Wang e a/’" showed that
the promoters of miR-124 family members (miR-124-1,
miR-124-2 and miR-124-3) are highly methylated in pan-
creatic cancer tissues compatred with non-cancerous tis-
sues, and 7 vitro studies have shown that miR-124 inhibits
cell proliferation, invasion and metastasis.

Important roles of IncRNAs have been described
in epigenetic processes, and this broad topic has been
reviewed elsewhere™. Lee noted that IncRNAs are impli-
cated in almost every epigenetic regulation event””. The
intriguing story of IncRNAs was initially related to the
phenomena of genomic imprinting and X-chromosome
inactivation”*””. The IncRNA ASIDHRS4 is transcribed
from the locus of the dehydrogenase/ reductase SDR family
member 4 (DHRS4) gene and recruits DNA methyl trans-
ferases and other factors to the DHRS4 gene cluster,
inducing DNA methylation in the DHRS4L2 promoter
region[%]. Two other IncRNAs have been reported to
induce either DNA methylation in specific regions of
the Kcngl locus or demethylation at the Sphkl CpG is-
land”™™. Another potential mechanism is that IncRNAs
recruit demethylases and/or acetylases to the promoter
regions of oncogenes, and thus, the IncRNAs might di-
rect the transcriptional activation of such protein-coding
genes””. Some potential epigenetic mechanisms involving
IncRNAs related to pancreatic cancer are as follows"™:
(1) IncRNAs affect DNA methylation; (2) IncRNAs alter
nucleosome positioning; and (3) IncRNAs display an in-
cis function or carry out trans-regulation.

It is evident that multiple epigenetic mechanisms
are indeed crucial in the development and progression
of pancreatic cancer. As one category of epigenetic
alterations, our understanding of ncRNA-epigenetic-
based events provides a new research model for studying

PDAC.

NCRNA-BASED DIAGNOSIS AND
TREATMENT OF PANCREATIC CANCER

Regarding the identification of molecular markers for
pancreatic cancer diagnosis/prognosis, some promising
candidate genes have been proposed"”. However, none
of these candidates have been proven to be effective in
significantly improving eatly detection or reducing the
mortality/morbidity of this disease. Thus, a better undet-
standing of the molecular basis of pancreatic cancer is
required for the identification of more effective diagnos-
tic markers and therapeutic targets.

Not only are numerous miRNAs preferentially ex-
pressed between pancreatic cancer tissues and normal tis-
sues, they ate also extremely stable in both blood plasma
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and serum!”"!. Studies have demonstrated that miRNAs
that are differentially expressed in PDAC can be profiled
in blood as a minimally invasive biomarker assay for pan-

oz, Consequently, miRNA levels serve as

creatic cancer
suitable tumor markers and biomarkers for testing con-
ducted for clinical diagnosis. It has been suggested that
endocrine tumors of the pancreas can be distinguished
from acinar-type tumors based on a set of 10 miRNAs.
These miRNAs are potentially associated with normal
endocrine differentiation or endocrine tumorigenesis“w,
indicating the diagnostic utility of miRNA expression
signatures in pancreatic cancer. Another report address-
ing serum samples from pancreatic cancer patients and
matched cancer-free controls indicates that numerous
miRNAs display significantly different expression levels
and present high sensitivity and specificity for distinguish-
ing the various stages of pancreatic cancer compared
to cancer-free controls""”. miR-210 and miR-1290 were
subsequently found to show ideal diagnostic performance
in a qRT-PCR miRNA array analysis of sera from pan-
creatic cancer patients and controls" ™", A recent study
analyzed the expression of several miRNAs in differ-
ent types of pancreatic disease to determine if miRINA
expression could aid in the diagnosis of PDAC and its
precursor, pancreatic intraepithelial neoplasm (PanIN) men,
Results showed that compared to the non-neoplastic
parenchyma, miR-148a was significantly underexpressed,
whereas miR-196a and miR-10b were highly overex-
pressed in PanIN. miR-217 expression was shown to de-
crease in PanIN compared to that in the non-neoplastic
ton, suggested that these miRNA markers may be
involved in an early event in pancreatic carcinogenesis.

tissue

These findings provide compelling reasons to pursue
the targeting of miRNAs as novel molecular diagnostic
markers and for use in therapeutic approaches in the early
stage of pancreatic carcinogenesis.

The knowledge that miRNAs regulate their targets
through base pairing has led to the use of antisense
oligonucleotides (ASOs) to inhibit miRNA function
therapeutically. ASOs inhibit miRNAs based on base pair
complementarity. Three main classes of ASOs have been
developed: locked nucleic acids (LNAs), anti-miRNA
oligonucleotides (AMOs) and antagomirs, which incos-
porate different chemical modifications to increase their
stability and efficacy"™""". However, as cancer progres-
sion is influenced by multiple miRNAs, recent research
in this field suggests that several miRNAs can be simul-
taneously inhibited using mixed ASOs targeting multiple
miRNAs"". One multiple-target anti-miRNA AMO was
designed to suppress miR-21, miR-155 and miR-17-5p,
which are oncogenic miRNAs that are frequently over-
expressed in many types of tumors, showing promising
results related to inhibiting cancer growth.

Dozens of IncRNAs have been found to be dys-
regulated in pancreatic cancer, raising the possibility that
IncRNAs may represent promising biomarkers for the
diagnosis and prognosis of this disease. The strategy of
inhibiting the function of deregulated miRNAs could
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also be useful for IncRNAs. The progress in the use of
RNAi-mediated gene silencing for the treatment of dif-
ferent diseases is encouraging, as this strategy provides a
straightforward approach for selectively silencing onco-
genic IncRNAs. Thus far, few IncRNAs have been char-
acterized as potential biomarkers in human body fluids.
For example, the IncRNA PCA3 has been demonstrated
as a more specific and sensitive marker of prostate cancer
in urine samples from patients compared to the widely
used serum prostate-specific antigen (PSA)“12’113], high-
lighting the advantages of PCA3 over PSA and enabling
noninvasive diagnosis. Targeting human H19 for the
treatment of bladder cancer with a plasmid-based system
was found to be successful'?. Dectreased expression of
the IncRNA HOTAIR has been shown to alter cell cycle
progression and induce apoptosis, displaying a unique
association with the treatment of pancreatic cancer pa-
tients, and overexpression of HOTAIR may serve as a
potential biomarker of pancreatic cancer prognosis' .
Circulating IncRNAs may be promising biomarkers for
cancer diagnosis, and knockdown of lincRNAs can be
achieved using siRNAs”'"”. However, successful inhibi-
tion of long ncRNAs appears to be more difficult than
inhibiting miRNAs, presumably due to the extensive
secondary structure of IncRNAs. It is therefore urgent
to ask important questions such as the following[“]: )
How stable are circulating IncRNAs, and is their stability
altered in various disease states? (2) although the RNA
contents of microvesicles and exosomes reported thus
primarily consist of small miRNAs, is it possible that
long protein-coding mRNAs and IncRNAs are also pack-
aged into microparticles in a manner similar to miRINAs?
(3) as considerable numbers of circulating IncRNAs may
be dysregulated in various human diseases, might these
IncRNAs be causing the disease, or do they become
altered as a consequence of the disease itself? These
ncRNAs could represent an unexpected source of po-
tential diagnostic and prognostic biomarkers that might
aid in addressing the great challenges related to the battle
against pancreatic cancer®.

However, the overall treatment strategy is to correct
imbalances of ncRNAs (Figure 3), including drugs or
adenovirus-associated vectors enhancing ncRNA pro-
cessing or synthetic-anti ncRNAs, epigenetic ncRNA si-
lencing or other strategies. ncRNAs may represent a gold
mine for all diagnostic and therapeutic strategies. More
studies need to be conducted to confirm this phenom-
enon and how these ncRNAs are involved in the eatly
stage of pancreatic carcinogenesis.

CONCLUSION

The outlook for patients with PDAC is bleak, primarily
because these tumors are detected late and are often too

advanced for surgical resection'”. The number of pa-
tients who die annually from pancreatic cancer continues
to increase, despite an overall decrease in cancer deaths
wotldwide. It is our goal to be able to reduce the local
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Upregulation of anti-oncogenic ncRNA levels

Downregulation of oncogenic ncRNA levels

Dysregulation ncRNA levels

Normal ncRNA levels

Figure 3 Overall therapeutic strategy is to correct imbalances of ncRNAs, including inhibiting/restoring their functions via biological and/or biochemical

techniques. ncRNA: Non-coding RNA.

invasiveness of pancreatic cancer, allow more patients
to undergo curative surgical resection and prevent local
recurrence, which is observed in 80% of pancreatic can-
cer patients. Research on ncRNAs has not only increased
greatly but has changed in character during the past
quarter century, providing new research methodology to
improve our understanding of the biological functions,
molecular mechanisms and prognostic value associated
with pancreatic cancer in the curable stage.

A major challenge remains regarding the elucidation
of the biological pathways or signaling networks underly-
ing cancer development and how specific ncRNAs inter-
act or contribute to malignant transformation. There is
increasing evidence suggesting an association of ncRNAs
with disease, and knowledge of disease-related ncRNAs
is essential in relation to the pathogenesis of pancreatic
cancer at the molecular level. We must also continue to
expand our research into the associated genetic and epi-
genetic mechanisms to obtain complete picture regarding
the alterations of gene expression that occur in pancre-
atic cancet.
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