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Abstract

Despite progress in recent years, pancreatic cancer still remains a major clinical challenge. Its
incidence and mortality rates have been on consistent rise, thus underscoring the critical need for
novel diagnostic, prognostic and therapeutic tools for its effective management. Recent studies
have demonstrated that microRNAs (miRNAs/miRs) are deregulated in a variety of malignancies,
including pancreatic cancer, and play a significant role in the initiation, progression and
metastasis. Furthermore, their vital involvement in the therapeutic resistance of cancer has also
been established. Hence, there has been enormous interest worldwide in investigating the roles of
miRNAs in pancreatic cancer pathogenesis and exploiting their utility for clinical benefit. In this
review, we summarize current knowledge on the role of miRNAS in pancreatic cancer and discuss
their potential use as diagnostic and prognostic biomarkers, and as novel targets for development
of effective therapeutic strategies.
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Introduction

Pancreatic cancer is a highly lethal malignancy and fourth leading cause of cancer-related
death in the United States [1]. The median survival after diagnosis is 2-8 months, and
approximately 3—-6% of all patients with pancreatic cancer survive 5 years after diagnosis
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[2]. This is mostly due to the fact that it is diagnosed at a stage when it is either locally
advanced or has already metastasized to the distant organs [3]. The treatment of this
malignancy also remains a clinical challenge due to inherent or acquired resistance
mechanisms [4]. Hence, there is a paramount need to understand the molecular mechanisms
underlying its initiation, aggressive progression and therapy resistance. Such information
can aid in developing better diagnostic, prognostic and therapeutic approaches for efficient
clinical management. The recent discovery of microRNAs (miRNAs or miRs) has revealed a
novel mechanism of gene regulation and provided new avenues for cancer research.
miRNAs are small, non-coding RNA molecules, which regulate the gene expression at post-
transcription level [5, 6]. miRNAs bind to the 3’-untranslated regions (3’-UTRs) of target
messenger RNAs (MRNAS) and subsequently results in either target degradation or
translational inhibition. To date, more than 700 miRNAs have been identified in humans [7].
Moreover, miRNAS regulate more than one-third of all human genes, which suggest their
remarkable influence on human biology [8]. miRNAs are involved in the regulation of
various biological processes including proliferation, apoptosis, differentiation and
development [7]. Several studies have shown that miRNAs exhibit differential expression
pattern in various human diseases, including cancer, and are functionally involved in the
disease processes [9]. Indeed, substantial evidence has been provided by several groups to
suggest a clear link between miRNAs and cancer. It is known that more than 50% of
miRNA genes are localized within genomic regions that are either frequently amplified or
deleted, resulting in deregulation of miRNAs [9, 10]. Furthermore, miRNAs exhibit tissue-
specific and disease-specific expression that could provide the basis for developing miRNAs
as novel diagnostic, prognostic and therapeutic targets [11, 12]. In this review, we focus on
the recent advances in miRNA research as it pertain to pancreatic cancer. Our specific
emphasis will be on the biological and clinical implications of miRNASs in cancer in order to
envision their potential translational significance.

Aberrant expression of miRNAS in pancreatic cancer

A significant number of studies have shown that miRNAs are highly deregulated in
pancreatic cancer (Table 1). An earlier study performed on pancreatic ductal
adenocarcinoma (PDAC) samples, normal pancreas and chronic pancreatitis reported
significant differences in the miRNA expression profiles among the normal and diseased
pancreas. The investigation revealed differential expression of several miRNAs in PDAC
and pancreatitis samples, and cancer cell lines [13]. Based on this study, authors further
concluded that miR-196a and miR-217 could be used as potential markers in differentiating
PDAC from normal pancreas and chronic pancreatitis. An investigation by Bloomston and
coworkers revealed that twenty one miRNAs were overexpressed and four miRNAS were
downregulated in pancreatic cancer, and this expression profile perfectly discriminated
pancreatic cancer from benign pancreatic tissue. Furthermore, it was suggested that fifteen
miRNAs with increased expression and eight with significantly decreased expression could
differentiate pancreatic cancer from chronic pancreatitis [14]. In 2009, Zhang and coworkers
performed miRNA profiling, and their findings demonstrated that eight miRNAs (miR-95,
miR-186, miR-196a, miR-190, miR-200b, miR-221, miR-222, and miR-15b) were
significantly overexpressed in majority of the pancreatic cancer clinical samples and cell
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lines [15]. Olson and coworkers demonstrated that expression of miR-142-3p, miR-142-5p,
miR-155, and miR-146a were upregulated in human pancreatic neuroendocrine tumors
(PNETSs) when compared to normal human islets [16]. miR-155 and miR-21, were
significantly upregulated in the intraductal papillary neoplasms (IPMN) as compared to
normal ducts [17]. Since IPMN are non-invasive, precursor lesions of pancreatic cancer, it
was concluded that aberrant activation of these miRNAs is an early event in pancreatic
cancer progression. In a similar study, Ryu and coworkers showed that miR-155 was
significantly overexpressed in pancreatic intraepithelial neoplasia-2 and -3 (PanIN-2/
PanIN-3) lesion, and that miR-155 level increased progressively from PanIN-2 to PanIN-3
lesions. These authors also suggested that miR-155 activation was an ‘early’ event in the
multistep progression model [18]. Recently, Yu and colleagues investigated that several
miRNAs including miR-378, miR-130b, miR-133a, miR-151-5p, miR-148a/b, miR-185,
miR-331-3p/5p, miR-200c, miR-330-3p, miR-34c-5p, miR-129-3p, and miR-423-5p were
significantly overexpressed in low-grade PanINs (PanIN-1 or PanIN-2). Furthermore,
authors also identified miR-196b to be most significantly overexpressed miRNA in
advanced PanlIN-3 lesions, while no expression was seen in low grade PanIN lesions.
Consequently, this study suggested that miR-196b could be a useful marker for the
identification of high-grade PanIN and invasive PDACs [19]. Recently, He et al [20]
demonstrated that the expression of miR-218 decreased during the progression of pancreatic
cancer. Together, all these findings suggest that miRNAs are aberrantly expressed in
pancreatic cancer, and their deregulation could play an important role in the development of
pancreatic cancer, and be useful in clinical management of the disease.

Biological significance of miRNASs in pancreatic cancer

With emerging data, it is now becoming evident that miRNAs regulate a variety of processes
involved in the development, progression and chemoresistance of pancreatic cancer (Figure
1). In the following sections, we have provided detailed description about the biological
significance of miRNAs in pancreatic cancer.

Role of miRNAs in pancreatic cancer proliferation and survival

Emerging experimental studies suggest that miRNAs play pivotal role in the cancer cell
proliferation and survival by altering the expression of oncogenes and tumor suppressor
genes [21]. miR-34a is downregulated in various malignancies including pancreatic cancer
[22]. 1t is known that miR-34a exerts its anti-cancer effects by altering the expression of
several genes involved in cell cycle progression, DNA repair, angiogenesis and apoptosis
[22]. 1t was revealed in an earlier study that restoration of miR-34a resulted in the inhibition
of pancreatic cancer growth and clonogenicity by causing G1 and G2/M cell cycle arrests
and apoptosis induction [23]. Moreover, this study demonstrated that restoration of miR-34a
caused dramatic reduction (87%) of the tumor-initiating cell population. Recently, Liu et al
[24] identified that miR-34b is also downregulated in pancreatic cancer and its restoration
significantly inhibited pancreatic cancer progression in vitro and in vivo. Another study has
shown that miR-27a, an oncogenic miRNA, is significantly overexpressed in pancreatic
cancer and its inhibition diminishes growth and malignant behavior of pancreatic cancer
cells by inducing tumor suppressor Spry2 [25]. miR-96 is also shown to be significantly
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downregulated in pancreatic cancer and its restoration inhibits pancreatic cancer cell
proliferation, migration, and invasion and causes apoptosis. Mechanistically, it was
demonstrated that miR-96 imparted its effect by inhibiting K-RAS and Akt signaling [26].
In a recent study, Xu et al [27] demonstrated the potential of miR-203 in the inhibition of
Survivin, which is overexpressed in majority of cancers, including pancreatic cancer and
plays a role in cytoprotection, apoptosis resistance and cell-cycle regulation. Their study
showed that overexpression of miR-203 effectively induced apoptosis, inhibited cell
proliferation and caused cell cycle arrest. Furthermore, in vivo study also demonstrated a
potent effect of miR-203 on tumor growth inhibition [27]. Farhana et al [28] provided
evidence that modulation of miR-150* and miR-630 expression resulted in diminished
cellular growth and induced apoptosis. Numerous studies have shown that the expression of
Let-7 is either significantly downregulated or completely lost in pancreatic cancer [29, 30].
A study on its function demonstrated that its ectopic expression led to the inhibition of
pancreatic cancer cell proliferation by negative regulation of K-Ras oncogene and MAPK
signaling [30]. Recently, we provided evidence that miR-150 is downregulated in pancreatic
cancer and negatively regulates the expression of MUC4 oncoprotein. Moreover, we
demonstrated that miR-150 mediated MUC4 downregulation was, in part, responsible for
the suppression of growth and malignant potential of pancreatic cancer cells [21]. Sicard et
al 2013 [31] demonstrated that depletion of miR-21 diminished the progression of
aggressive model of pancreatic cancer and induced apoptosis in vivo. miR-424-5p is
significantly overexpressed in pancreatic cancer and its upregulation is associated with
enhanced proliferation and apoptosis resistance [32]. Using pyrosequencing, Wang and
coworkers identified that miR-124 gene is highly methylated in pancreatic cancer tissues
and its downregulation is significantly correlated with poor survival. Furthermore, they
demonstrated that it inhibited pancreatic cancer cell proliferation by inhibiting Racl
oncogene and MKK4-JNK-c-Jun pathway [33]. Altogether, these findings indicate that
miRNAs play important roles in proliferation and survival of pancreatic cancer cells.

MiRNAs as regulators of pancreatic cancer invasion and metastasis

Metastasis is the major cause of death in cancer patients. Biologically, it is a multi-step
process involving dissociation of cancer cells from the primary site, invasion through the
extracellular matrix into the blood or lymphatic system, and eventually extravasation and
colonization at distant sites. To date, several miRNAs have been characterized for their
potential role in regulating the metastatic processes, and such miRNAs are sometimes
referred as “metastamiRs” [34, 35]. Weiss and coworkers identified that miR-10a is a key
regulator of metastasis. Their study demonstrated that miR-10a overexpression promoted
pancreatic cancer metastasis by downregulation of HOXB1 and HOXB3 genes [12]. Based
on microarray and microdissection analysis, Nakata et al [36] observed significantly higher
level of miR-10b in pancreatic cancer cells as compared to normal pancreatic ductal cells.
Furthermore, their study revealed that high miR10b expression was associated with poor
survival. Using microarray analysis, Huang and coworkers (2013) examined the levels of
miRNAs in metastatic and non-metastatic pancreatic cancer cell lines and identified
miR-100 to be significantly overexpressed in all the metastatic pancreatic cancer cell lines
suggesting its association with the metastatic potential [37]. In clinical samples of pancreatic
cancer, Liu C and coworkers identified that miR-34b was down-regulated in cancer tissues
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and that correlated with the specific stage of tumor-node-metastasis (TNM) and lymph-node
metastasis. Mechanistically, it was revealed that miR-34b acted as a suppressor of tumor
metastasis through negative regulation of Smad3 [24]. In another study, it was found that
miR-194, miR-200b, miR-200c and miR-429, were significantly overexpressed in highly
metastatic pancreatic cancer cells as compared to low or non-metastatic cell lines. Moreover,
these miRNAs are known to target EP300, a metastatic suppressor gene. Their study further
suggested that miR-194, miR-200b, miR-200c and miR-429, might regulate the metastatic
behavior of pancreatic cancer cells by targeting metastasis-specific suppressor genes [38].
miR-143 is a tumor suppressor miRNA whose expression is lost in various malignancies,
including pancreatic cancer [39-41]. Hu Y and coworkers (2012) showed that restoration of
miR-143 significantly downregulated the expression of MMP-2, MMP-9, K-RAS, and
GEF1 and GEF2. Further, their findings demonstrated that miR-143 drastically diminished
the invasion and metastasis of pancreatic cancer cells [41]. Frampton and coworkers
demonstrated that loss of miR-126 is a crucial event for invasive ductal adenocarcinoma as
its restoration resulted in inhibition of invasive capacity and reversed epithelial to
mesenchymal transition (EMT). It was also established that ADAMO is a direct target of
miR-126 [42]. In another recent study, it was shown that miR-224 and miR-486 are
overexpressed in highly invasive and metastatic pancreatic cancer suggesting their possible
involvement in promoting metastasis [7]. Expression of miR-146a has been reported to be
significantly low in metastatic pancreatic cancer cell lines as compared to a normal
pancreatic duct epithelial cell line [43]. It was shown that its ectopic expression led to
efficient inhibition of invasiveness. The overexpression of miR-27a is also reported in
gastric, breast, colon and pancreatic cancer [44], and its inhibition decreases the growth and
malignant potential of pancreatic cancer cells [25, 39]. He and coworkers (2013) performed
miRNA microarray analysis and identified that expression of miR-218 decreases
progressively from normal acinar/ductal epithelium, IPMN, pancreatic cancer to metastatic
lymph nodes. Authors further suggested that downregulation of miR-218 might promote
pancreatic cancer metastasis [20]. Roldo et al [45] have shown that high expression of
oncogenic miR-21 in pancreatic cancer is associated with a high Ki67 proliferation index
and liver metastasis. More importantly, recent discoveries have suggested an important role
of tumor-stromal interactions in pancreatic cancer pathobiology [46-48]. In that regard, it
was recently demonstrated that pancreatic tumor-associated fibroblasts (TAFs) have an
upregulated expression of miR-21, which is likely induced by their interaction with
pancreatic tumor cells [49]. Furthermore, it was shown that miR-21 expression in TAFs
promoted invasion and metastasis of pancreatic tumor cells. In another study, investigators
have shown that pancreatic stellate cells (PSCs) induces the expression of miR-210 in
pancreatic cancer cells, which facilitates EMT and promotes their migration [50].
Altogether, these findings identify a number of miRNASs to be of potential significance in
the metastatic progression of pancreatic cancer.

Role of miRNASs in chemoresistance in pancreatic cancer

Chemotherapy remains the primary line of treatment for most of the cancer cases diagnosed
at an advanced stage. However, in significant number of cases, we witness therapeutic
failure due to chemoresistance resulting in a poor clinical outcome of the patients [51]. With
accumulating data, it is now becoming evident that miRNAs play an important role in the
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therapeutic resistance of tumor cells. It has been demonstrated recently that let-7, a tumor
suppressor miRNA negatively regulates ribonucleotide reductase subunit M2 (RRM2), a key
determinant of chemoresistance to nucleoside drugs such as gemcitabine and capacitabine
[52]. It was shown that let-7 expression inversely correlated with RRM2 expression in
gemcitabine-resistant pancreatic cancer cells. Additionally, silencing RRM2 or
overexpression of let-7 was shown to sensitize pancreatic cancer cells to gemcitabine [52].
Emerging research indicates that miR-21, besides its oncogenic role in tumor progression
and metastasis, plays an important role in the chemoresistance of cancer cells. Dongand
coworkers (2011) provided experimental evidence for a role of miR-21 in imparting
chemoresistance to pancreatic cancer cells by directly regulating BCL-2 expression [53]. In
a separate study, Hwang and coworkers (2010) demonstrated that inhibition of miR-21 in
pancreatic cancer led to increased sensitivity to anticancer drug [54]. The role of miR-155 as
an oncogenic miRNA is very well known [55]. Sheng et al [56] demonstrated that
gemcitabine treatment induced the expression of miR-155 in pancreatic cancer cells
suggesting its role in acquired chemoresistance. Moreover, miR-142-5p and miR-204 were
also reported to be significantly downregulated in gemcitabine-resistant pancreatic ductal
adenocarcinoma and established cell lines [57]. miR-200 is a tumor suppressor miRNA that
plays a vital role in the development of metastases [58]. Li et al [59] identified that the
entire miR-200 family of miRNAs are downregulated in gemcitabine-resistant pancreatic
cancer cells. They demonstrated that restoration of miR-200 resulted in the reversal of drug
resistance and sensitizes pancreatic cancer cells to gemcitabine cytotoxicity. Moreover, it
was also revealed that induction of miR-200 by some nontoxic natural agents, such as DIM
and curcumin, sensitizes the pancreatic cancer cells to gemcitabine cytotoxicity [59, 60].
Thus, these data provide clear evidence for the role of miRNAS in pancreatic cancer drug
resistance.

Clinical potential of miRNAs in pancreatic cancer

The advent of miRNAs and current knowledge on their role in the development and
progression of pancreatic cancer has created ample opportunities for translating the miRNA
research into clinical settings. Recently, several studies have highlighted the relevance of
these miRNAs in the diagnosis, prognosis and therapy of pancreatic cancer as described in
the following sections.

miRNAs as novel diaghostic biomarkers

The poor outcome in treating pancreatic cancer can be attributed to its late diagnosis due to
the asymptomatic nature of disease at the early stage. Therefore, there is an urgent need for
the development of biomarkers for early detection to effectively manage this malignancy.
Considering the vigorous involvement of miRNAs in cancer initiation and progression;
miRNA profiling of serum, pancreatic juice and cyst fluid engenders a potential avenue for
miRNA-based biomarker development. So far, several miRNAs have been identified that
could be potentially used as diagnostic biomarkers for pancreatic cancer. At present,
CA19-9 is the most common conventional diagnostic maker for pancreatic cancer patients;
however, the sensitivity and the specificity of utilizing a combination of miRNAs (plasma
miR-16+ miR- 196a +CA19-9) has been determined to be better than CA19-9 alone for
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screening of early pancreatic cancer [61]. Several studies also demonstrate the usefulness of
specific miRNA signatures in differentiating tumors from normal/benign tissue. Szafranska
et al [13] concluded that downregulation of miR- 217 accompanied by a high level of
miR-196a can distinguish normal pancreas and chronic pancreatitis from PDAC. Combined
analyses of four miRNAs, namely miR-21, miR-210, miR-155, and miR-196a, have also
been reported to differentiate PDAC from healthy control group [62]. Earlier in our study,
we identified that miR-150 was significantly downregulated in pancreatic cancer tissues as
compared to normal pancreas suggesting the potential of miR-150 in differentiating between
normal and pancreatic cancer samples [21]. Detection of miR-210 in the serum revealed
four-fold higher expression in pancreatic cancer patients as compared to the normal controls
[63]. Likewise, plasma concentrations of miR-18a were significantly higher in pancreatic
cancer patients than in the normal controls [64]. miR-155 has also been identified as one of
the potential biomarker for detecting early pancreatic neoplasia [65]. Furthermore, Yu et al
[19] evaluated 700 miRNAs in PanIN lesions and identified aberrant expression of 35
miRNAs in PanIN-3, including overexpression of let-7f/g, -18a, -15b, -21, -29a/b/c, -31,
-93, -95, miR-101, -103, -106b, -146a, -155, -182, -190, -193b, -194, -196b, -200a/b, -203,
-222, -338-3p, -429, and 486-3p, and no or weak expression of miR-107, -139-3p/5p,
-216a/h, -217, -218 and -483-5p in PanIN-3. Based on this study, miR-196b emerges as the
most useful biomarker in discriminating PanIN-3 lesions. Although, the above studies
demonstrate the potential implication of miRNA profiling as a diagnostic tool for
distinguishing PDAC from normal pancreas or chronic pancreatitis, it is important to
classify/categorize miRNAs according to stage, grade and cellular origin to establish them as
biomarker in clinical settings.

miRNAs as prognostic biomarkers

Besides the implication of miRNAs for diagnosis, data from emerging studies also provide
compelling evidence for their potential utility as prognostic biomarkers in pancreatic cancer.
Several studies have identified specific miRNA expression profiles that can predict outcome
of the disease. miR-142-5p and miR-204 are downregulated in gemcitabine-resistant PDAC
samples and higher expression of these miRNAs is correlated with prolonged survival of
pancreatic cancer patients [57]. This study concluded that miR-142-5p is a predictive marker
for gemcitabine responsivness in patients with resected pancreatic cancer. miR-320c is also
found to be significantly overexpressed in gemcitabine-resistant pancreatic cancer cells
suggesting its potential use as a marker for predicting clinical response [66]. Yu J et al [67]
showed that patient group exhibiting high miR-200c expression had median survival of
33.5%, while it was only 11.2% in the patient group with low miR-200c expression.
Greither and coworkers investigated the prognostic value of miR-155, miR-203, miR-210
and miR-222 in a cohort of 56 PDAC samples [68]. Their study identified a significant
correlation between elevated levels of miRNASs and overall patient survival. Tumors from
patients exhibiting high expression of all the 4 miRNAs exhibited a 6.2-fold increased risk
of tumor-related death as compared to those with low expression [68]. Using in situ
hybridization, Dillhoff et al [69] demonstrated that miR-21 is overexpressed in PDAC cells
and is associated with the shorter survival in node-negative patients. In a separate study,
Giovannetti et al [70] determined that high expression of miR-21 correlated with poor
outcome in pancreatic cancer patients treated with gemcitabine. Recently, Kadera et al
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examined the expression of miR-21 in 153 PDAC specimens and reported that miR-21 was
significantly overexpressed in tumor associated fibroblast in around 78% of tumor cases
[49]. Moreover, their study also revealed that high miR-21 expression was correlated with
lymph node metastasis and decreased overall survival [49]. In another study, it was
demonstrated that six miRNAs (miR-452, miR-105, miR-127, miR-518-a-2, miR-187 and
miR-309-3p) could effectively distinguish long-term survivors in patients with node-positive
disease dying within 24 months [45]. Further, their study also revealed that high expression
of miR-196a-2 could predict poor survival [14]. In a separate study, miR-203 was identified
as a prognostic marker in PDAC patients, who underwent resection [71]. Thus, these reports
underscore the potential of miRNAs for prognostic assessments in pancreatic cancer.

potential of miRNAs

It is now understood that miRNAs are involved in the development and progression of
pancreatic cancer. Consequently, there are plenty of opportunities to exploit these miRNAS
for the development of novel therapeutic strategies. Although, the data from clinical trial
studies involving miRNAs in cancer therapy are limited [72], preclinical data is available
from several studies to advocate miRNA replacement as a therapy for pancreatic cancer. It
was demonstrated recently that viral-mediated delivery of miR-143 or miR-145 could block
the tumor formation by pancreatic cancer cells [73]. Similarly, in another study adenovirus-
mediated transduction of miR-143 significantly inhibited pancreatic cancer metastasis [74].
Also, miR-96 restoration remarkably diminished the tumorigenesis in subcutaneous
implanted MiaPaCa cells [26]. In our recently published study, we have also demonstrated
that restoration of tumor suppressor miR-150 in pancreatic cancer cells efficiently
diminishes pancreatic cancer cell growth and malignant potential [21]. Delivery of let-7
mimics has also been shown to inhibit the pancreatic cancer growth [30]. Similarly,
restoration of miR-34 using specific mimic blocked pancreatic cancer cell growth,
metastatic potential and sensitizes them to chemo- and radiation- therapy [75]. Targeting
oncogenic miRNAs, using antisense technology or other specific inhibitors is also shown to
be a promising therapeutic strategy. For example, inhibition of oncogenic miR-21 and
miR-221 by this approach causes significant growth inhibition through upregulation of
tumor suppressor genes such as PTEN, RECK and p27 [76]. Repression of miR-10a
function has also been shown to effectively suppress pancreatic cancer metastasis [77].
Silencing of miR-132 and miR-212, two significantly upregulated miRNAs in pancreatic
cancer, using anti-sense miRNA oligonucleotides also led to diminished pancreatic tumor
growth [78]. Altogether, the above studies provide strong rationale to exploit miRNAs as a
novel therapeutic approach against pancreatic cancer.

Translational challenges and emerging strategies

Above mentioned studies strongly advocate potential usefulness of miRNAs in cancer
diagnosis, prognosis and therapy. Despite these promises, there are several challenges
hindering the path of their translational applicability. For example, small size of mature
miRNAs, their low occurrence in clinical samples and sequence similarity are the major
constraints for their diagnostic or prognostic utility. To overcome these limitations, some
novel methods have recently been developed that could aid in the development of clinically
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feasible approaches for miRNA detection with high sensitivity and specificity [5]. Here, we
are discussing a few that carry great promise to overcome the associated challenges. Zhang
et al [79] developed an electrical detection based method using silicon nanowires (SINW).
This method uses peptide nucleic acids (PNA) immobilized on the surface of the SINW
device for miRNA detection. This method is rapid and highly sensitive for miRNA
detection. Yang et al [80] later modified and developed more sensitive detection method (10
amol detection limit), using a Fe-Ru redox pair as a reporter. Following similar principle,
another strategy was developed in which the sensor was capable of detecting as low as 1 fM
target miRNA, and could identify completely matched versus mismatched miRNA
sequences [81]. Ma et al [82] compared the efficiency of digital PCR and conventional
gPCR for measuring the low abundant miRNAs in the circulating body fluid. Their study
demonstrated that digital PCR exhibited higher sensitivity and reproducibility than qPCR
[82]. Thus, these emerging advances leading to refined methodologies for detecting
miRNAs with excellent efficiency and reproducibility for diagnosis and prognosis hold great
promise for the future. On parallel roads, efforts are also being made to develop effective
miRNA-based therapies for the management of cancer. To achieve therapeutic efficacy of
miRNAs systemically, the desired system should be able to pass several major obstacles viz.
rapid clearance from blood, poor cellular uptake and off target effects. To overcome these
challenges, viral and non-viral delivery systems have been developed. Kota and colleagues
have shown that adenoviral mediated delivery of miR-26a resulted in inhibition of
hepatocellular carcinoma progression in mouse model [83]. In two different studies, delivery
of let-7 by viral-based vector system inhibited Kras-induced lung cancer progression in
xenograft and autochthonous mouse models [84, 85]. Although, viral vector-based systems
show high gene transfer efficiency but undesired immunogenic responses is a critical issue.
Therefore, nonviral mediated strategies using liposomes and polymeric nanoparticles have
been developed and tested. Liposome-mediated delivery has an advantage that it protects the
oligonucleotides from degradation by nucleases, improves the half-life and enhances their
cellular uptake. miRNA therapeutics developed liposomal delivery system for miR-34 and
its pre-clinical study on prostate and lung cancer yielded therapeutic effects in vivo. In a
separate study, liposomal formulations have been used for systemic delivery of miR-34a and
miR-143/145 in pancreatic tumors [86]. The miR-34a- and miR-143/145-encapsulated
liposomes inhibited the growth of MiaPaCa-2 subcutaneous xenografts as well
orthotopically grown tumors [86]. However, despite being a very potent delivery system,
cellular toxicity of liposomes remains a major concern. Thus, for the safe and effective
delivery of miRNAS, polymeric nanoparticle-based strategies are also being explored. Since
off target effect is also one of the major challenges of miRNA based therapy; researchers are
trying to develop targeted nanoparticles by conjugating nanoparticle-miRNA complexes
with antibodies that bind specifically to the desired target cells. For instance, Gaca and
coworkers [87] developed a miRNA-loaded nanoparticle system conjugated with Hsp70
antibody on the surface to target Hsp70 positive glioblastoma cells. Ephrin-Al conjugated
nanoparticles of let-7a were shown to significantly inhibit the tumor growth in lung cancer
as compared to either ephrin-Al or let-7a nanoparticle alone [88]. Hu et al developed
miR-34a-delivering nanocomplexes with a tumor-targeting and -penetrating bifunctional
CC9 peptide for pancreatic cancer therapy. Their study demonstrated that this nanocomplex
significantly induced apoptosis and inhibited pancreatic tumor growth [89]. Thus, the
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delivery of miRNA mimics, using liposomes or polymer-based nanoparticle formulations,
has emerged as a big hope in the field of medicine and pharmaceutical industry.

CONCLUSION

Discovery of microRNAS has brought revolution in the field of life science and has
impacted multiple areas of significance to us. Novel information on the miRNAs and their
biological implications is emerging at a logarithmic rate and the field holds enormous
potential to influence biological science and cross-disciplinary areas of research.
Accumulating data have greatly highlighted the role of miRNAs in the pathobiology of
cancer and provided evidence that miRNAs could be exploited for clinical benefit. Extensive
genome-wide miRNA profiling studies have demonstrated that specific miRNAs/mMiRNA
signatures are frequently dysregulated in pancreatic cancer, and could serve as basis for
early diagnosis and prognosis of pancreatic cancer. Furthermore, ability of miRNAs to
regulate multiple genes involved in pancreatic cancer etiology, progression, metastasis and
therapy-resistance makes them attractive targets for the efficient management and treatment
of pancreatic cancer. It is noteworthy that within a short time span since miRNAs were first
associated with cancer, we have made significant progress in our understanding of their
involvement in the disease processes. However, it may still take a while to exploit their
advantage in clinical settings, and may require many more studies to develop a refined
understanding and application approaches. Cancer being a complex disease necessitates
validation in prospective studies if miRNAs were to become biomarkers of choice.
Furthermore, therapeutic approaches based on miRNA replacement or inhibition of their
functions needs to be tested. In particular, pancreatic tumors poses additional barrier based
on their unique physical characteristics, and thus will need additional manipulation in
therapeutic approaches. Nonetheless, the progress has been promising, and will in due
course of time result in development of miRNA-based clinical management approaches for
this devastating malignancy.
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Figure 1. Multifaceted roles of miRNAs in pancreatic cancer pathobiology
Illustrative overview of the roles miRNAs play in carcinogenic processes. Selective

representation of a set of aberrantly expressed miRNAs associated with pancreatic cancer
cell proliferation, survival, chemo-resistance invasion and metastasis. *Overexpressed in
fibroblast cells as a result of their interaction with tumor cells; #*Overexpressed in
pancreatic tumor cells through their cross-talk with pancreatic stellate cells.
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Clinical implications of
microRNAs in pancreatic cancer
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Figure 2. Potential implications of miRNAs in pancreatic cancer diagnosis, prognosis and
therapy
Schematic representation showing that differentially expressed miRNAs (signatures

miRNASs) could serve as basis for early diagnosis and prognosis of pancreatic cancer.
Moreover, restoration of tumor suppressor miRNAs and or inhibition of oncogenic miRNAs
could be used as a novel therapeutic approach against pancreatic cancer.
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TABLE 1

List of aberrantly expressed miRNAs in pancreatic cancer.

Upregulated microRNAs References
miR-190, miR-186, miR-221, miR-222, miR-200b, miR-15b, and [15]
miR-95
miR-142-3p, miR-142-5p, miR-155, and miR-146a [16]
miR-155 and miR-21 [17]
Let-7f-I, Let-7d, miR-15b, miR-16-1, miR-21, miR-24, miR-100, [90]
miR-107, miR-125, miR-155, miR-181a, miR-181c, miR-376a,
miR-424
miR-10, miR-23, miR-99, miR-103, miR-107, miR-125, miR-143, [14]
miR-148a&b, miR-181a,b,c&d, miR-199a, miR-205, miR-210,
miR-213, miR-220, miR-221, miR-222, miR-223
miR-21, miR-194, miR-200b, miR-200c, miR-221, miR-429 [38]
miR-196b [15, 19]
miR-31, miR-143, miR-145, miR-146, miR-196a&b,miR-205, [13]
miR-222, miR-375

Downregulated microRNAs

miR-223 [91]
miR-29c, miR-30a-3p, miR-96, miR-141, miR-216, miR-217, [13]
miR-494
miR-130b, miR-148a, miR-148b, miR-375 [13, 14]
miR-139, miR-142-P, miR-345 [90]
miR-150 [21]
miR-96 [13, 14, 26]
Let7 [30]
miR-20a [92]
miR-34 [23]
miR-126, miR-16 [93]
miR-345, miR-142-P, miR-139 [90]
miR-23b [94]
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