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MicroRNA‑Gene Signaling Pathways in Pancreatic Cancer

Alexandra Drakaki1, Dimitrios Iliopoulos2

Pancreatic cancer is the fourth most frequent cause of cancer‑related 
deaths and is characterized by early metastasis and pronounced resistance to 
chemotherapy and radiation therapy. Despite extensive research efforts, there 
is not any substantial progress regarding the identification of novel drugs 
against pancreatic cancer. Although the introduction of the chemotherapeutic 
agent gemcitabine improved clinical response, the prognosis of these 
patients remained extremely poor with a 5‑year survival rate of 3‑5%. Thus, 
the identification of the novel molecular pathways involved in pancreatic 
oncogenesis and the development of new and potent therapeutic options 
are highly desirable. Here, we describe how microRNAs control signaling 
pathways that are frequently deregulated during pancreatic oncogenesis. In 
addition, we provide evidence that microRNAs could be potentially used 
as novel pancreatic cancer therapeutics through reversal of chemotherapy 
and radiotherapy resistance or regulation of essential molecular pathways. 
Further studies should integrate the deregulated genes and microRNAs into molecular networks in 
order to identify the central regulators of pancreatic oncogenesis. Targeting these central regulators 
could lead to the development of novel targeted therapeutic approaches for pancreatic cancer patients. 
(Biomed J 2013;36:200-208)
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Pancreatic adenocarcinoma (PDAC) is the most common 
type of pancreatic cancer constituting more than 85% of 

pancreatic tumors[1] and is the fourth leading cause of cancer 
mortality in the United States.[2] At the time of diagnosis, 
more than 75% of patients will have locally advanced or 
metastatic disease, with up to 80% of the patients having 
unresectable disease.[3] The median survival of those pa‑
tients with locally advanced and metastatic disease is up to 
10 months and up to 6 months, respectively, with an overall 
5‑year survival of less than 5%. The incidence almost cor‑
relates with the death rate, underscoring the high fatality 
rate of this aggressive disease. The new cases for the year 
2012 were estimated to be approximately 44,000, with more 
than 37,000 deaths.[4]

Despite extensive research approaches, novel drugs 
have not been added in the treatment landscape for this 
disease. Thus, the identification of the essential molecular 

pathways involved in pancreatic oncogenesis will play a piv‑
otal role in the development of new and potent therapeutic 
options. Recently, microRNAs, which are small non‑coding 
genes, have been identified to be deregulated and being 
involved in the pathogenesis of pancreatic cancer.[5]

Here, we describe how microRNAs regulate different 
signaling pathways contributing to pancreatic oncogenesis 
and discuss how targeting these microRNA pathways could 
lead to the identification of novel compounds that could be 
transferred from the bench to the bedside for the treatment 
of patients with pancreatic cancer.

The role of microRNAs in oncogenesis

MicroRNAs are small non‑coding RNAs of 19‑24 
nucleotides length that regulate gene expression through 
mRNA cleavage or translational inhibition. It has been 
shown that microRNAs act through binding directly in the 3′ 
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untranslated region (UTR) of genes and specifically through 
sequence complementarity between nucleotides 2 and 8 of 
the microRNA (called seed sequence) and the 3′UTR of a 
gene.[6] Thousands of studies have revealed a central role 
for microRNAs in the regulation of essential processes 
such as proliferation,[7] apoptosis,[8] and inflammation.[9‑12] 
Calin et al., provided the first evidence that microRNAs are 
deregulated in cancer and specifically miR‑15a and miR‑16 
are down‑regulated or deleted in the majority of patients 
with chronic lymphocytic leukemia (CLL).[13] Aberrant 
microRNA expression has also been linked to cancer, with 
more than 50% of the microRNAs being identified within 
genomic regions which are associated either with fragile 
sites or with carcinogenesis.[14] These small non‑coding 
RNAs when are down‑regulated act as tumor suppressors, 
while they act as oncogenes when they are overexpressed.[15] 
Advances in the available technologies to profile microRNA 
expression levels exploded the microRNA field and led to 
the identification of microRNAs that are deregulated in most 
cancer types, including pancreatic cancer.[16]

MicroRNAs deregulated in early steps of 
pancreatic oncogenesis

Previous studies have shown that microRNAs exhibit 
tissue‑specific and disease‑specific expression that can dif‑
ferentiate between benign tissues and cancer as well as be‑
tween different tumor types.[17] Bloomston et al., identified 
a microRNA signature that discriminated different stages 
of pancreatic oncogenesis, including potentially precan‑
cerous stages such as chronic pancreatitis.[5] Specifically, 
in this study, 8 microRNAs (miR‑494, miR‑483, miR‑339, 
miR‑218, miR‑148a, miR‑375, miR‑409, and miR‑148b) 
were down‑regulated and 15 microRNAs (miR‑96, miR‑221, 
miR‑34, miR‑497, miR‑203, miR‑155, miR‑181a, miR‑453, 
miR‑92, miR‑181b, miR‑181d, miR‑93, miR‑181b‑1, 
miR‑21, and miR‑181c) were up‑regulated in pancre‑
atic cancer samples relative to tissues from patients with 
chronic pancreatitis. Similarly, two microRNAs (miR‑96 
and miR‑497) were down‑regulated while 22 microR‑
NAs (miR‑494, miR‑483, miR‑383, miR‑197, miR‑339, 
miR‑194, miR‑198, miR‑409, miR‑199b, miR‑199a‑2, 
miR‑199a‑1, miR‑7‑3, miR‑128b, miR‑100, miR‑125a, 
miR‑125b‑2, miR‑195, miR‑126, miR‑125b‑1, miR‑100, 
miR‑10b, and miR‑99) were up‑regulated in chronic pan‑
creatitis samples when compared to normal pancreatic 
tissues. More importantly, a subset of 21 up‑regulated and 
4 down‑regulated microRNAs were identified that could 
differentiate between PDAC and normal pancreatic tissues. 
Among all these microRNAs, it has been demonstrated 
that up‑regulation of microRNAs miR‑155, miR‑181a, b, 
c, d, miR‑21, and miR‑221, as well as down‑regulation of 
miR‑148a, b and miR‑375 could distinguish PDAC from 

normal pancreas and pancreatitis samples. In addition, 
another study by Szafranska et al., analyzed the expression 
levels of 377 microRNAs from pancreatic ductal adenocar‑
cinoma tissues, normal pancreas, and chronic pancreatitis 
samples by using microRNA microarray technology.[18] 
Interestingly, they identified a series of microRNAs that 
were deregulated in both pancreatitis and cancer samples 
compared to normal tissues. Those were: miR‑29c, miR‑96, 
miR‑143, miR‑148b, and miR‑150. In the same study, the 
authors suggested that only two microRNAs (miR‑217 and 
miR‑196a) could distinguish between PDAC from normal 
pancreas and pancreatitis. All these data suggest that mi‑
croRNAs are deregulated in pancreatitis, suggesting their in‑
volvement in the development of pancreatic carcinogenesis.

MicroRNA‑gene signaling pathways in 
pancreatic oncogenesis

In the last few years, there has been increasing knowl‑
edge about the signaling pathways that are deregulated dur‑
ing pancreatic oncogenesis. However, the role and regulation 
of these signaling pathways involved in pancreatic tumor 
initiation and progression remain to be thoroughly clarified. 
Below we describe the microRNAs that are deregulated in 
pancreatic cancer and control essential molecular pathways 
that have been found to be involved in pancreatic oncogen‑
esis [Table 1].

K‑Ras signaling pathway

One of the most frequently activated oncogenes in up 
to 25% of all human cancers is the activating mutations of 
the Kirsten rat sarcoma virus (K‑Ras). Almost exclusively 
all pancreatic cancers have this molecular signature, making 
this mutation the most well studied in the pancreatic cancer 
research field.[19] It is an early event in PDAC formation that 
increases in frequency with disease progression.[20]

K‑Ras is a 21 kDa intracellular membrane‑bound 
protein that belongs to the GTPase superfamily and plays 
a significant role in cell survival, proliferation, and migra‑
tion.[21] K‑Ras is activated initially by binding of various 
growth factors to the membrane‑bound receptors.[22] Fol‑
lowing that, the adaptor protein GRB2 is recruited leading 
to subsequent recruitment to the cell membrane of the 
guanine exchange factors (SOS1 and CDC25).[23] This chain 
of interactions occurs concurrently with the transition of 
Ras‑GDP to the Ras‑GTP activated protein form. In physi‑
ological conditions, the GAP proteins and, specifically, the 
RAS GTPases do promote GTP hydrolysis and reversal of 
the Ras activation step.[22] During oncogenic transformation, 
Ras is mutated and constitutively activated and cannot be 
deactivated by the GAP proteins.[24] All these data suggest 
that the K‑Ras signaling pathway is a central regulator of 
pancreatic tumor initiation and progression.
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Several recent studies have identified specific microR‑
NAs that regulate the K‑Rassignaling pathway in pancreatic 
oncogenesis. MiR‑217 has been identified to be down‑regu‑
lated in PDAC tissues and cell lines relative to normal, sug‑
gesting its tumor suppressor function in pancreatic cancer. 
Interestingly, K‑RAS is a direct target of miR‑217, and 
miR‑217 overexpression results in decreased K‑Ras protein 
levels.[25] Similarly, another study has identified that miR‑96 
targets directly K‑RAS oncogene, suggesting the presence 
of microRNAs that act as direct regulators of K‑Ras levels 
in pancreatic cancer.[26]

A study by Jiao et al., showed that miR‑126 and let‑7, 
which regulate the K‑Ras–driven oncogenic pathways, are 
down‑regulated in PDAC compared to normal tissues, thus 
stimulating the oncogenic transformation.[27] On the other 
hand, it has been shown that K‑RAS activation suppresses 
the expression of the miR‑143/145 cluster via the Ras‑re‑
sponsive element‑binding protein (RREB1). Importantly, 
reduced expression of the miR‑143/145 cluster has been 
observed in K‑RAS mutant pancreatic cancers. Specifically, 
miR‑143/145 cluster targets both K‑RAS and RREB1, lead‑
ing to a feedback circuit that potentiates Ras signaling.[28] 
Finally, miR‑21, a well‑known oncogenic microRNA includ‑
ing PDAC, has been found to be up‑regulated very early 
during the transformation process. Specifically, preclinical 
studies have shown that K‑RAS regulates miR‑21 expres‑
sion levels in precancerous lesions (PanIN) and the peak of 
miR‑21 expression correlates with the degree of progression 
to more aggressive forms.[29]

PI3K–AKT signaling pathway

The phosphatidylinositol‑3‑kinases (PI3K), which 
constitute a complex family of lipid kinases, are implicated 
in different cellular functions such as cell survival, prolif‑
eration, differentiation, chemotaxis, and glucose homeo‑
stasis.[30] The downstream signals of the PI3K are mediated 
through the Akt murine thymoma viral oncogene (AKT) 
survival signaling kinase AKT, through pro‑apoptotic 
proteins such as caspase‑9 and Bad, plays a critical role 
in the regulation of apoptosis.[31] PI3K signaling pathway 
is a major effector of K‑Ras pathway and is necessary for 
growth and survival of pancreatic cancer cells.[32] One of 
the important targets of the PI3K pathway is Rac, which is 
a G protein that can be activated by phosphatidyl 3,4,5‑tri‑
phosphate (PIP3).[33] The Rac protein through nuclear fac‑
tor (NF)‑κB regulates anti‑apoptotic gene expression and 
so plays a significant role in pancreatic tumorigenesis.[34]

Recently, we have identified microRNAs to be directly 
regulated by the AKT signaling pathway, specifically the 
different AKT isoforms.[35] Interestingly, several of these 
microRNAs, including miR‑145, miR‑34, miR‑200b, and 
miR‑200c, have been found to be deregulated during pan‑
creatic oncogenesis. On the other hand, several studies have 
identified microRNAs to regulate the PI3K–Akt pathway 
at different levels. Specifically, miR‑217 and miR‑96 have 
been identified to suppress AKT phosphorylation levels in 
pancreatic cancer.[25] In addition, miR‑21 has been found to 
control the Akt signaling pathway through direct regulation 

Table 1: MicroRNA‑gene pathways in pancreatic cancer

Pathway MicroRNA Levels in tumors Targets Ref.

K‑Ras miR‑217 Down‑regulated K‑RAS 25
miR‑96 Down‑regulated K‑RAS 26
miR‑126 Down‑regulated K‑RAS, CRK 27
let‑7 Down‑regulated K‑RAS 27
miR‑143/145 Down‑regulated K‑RAS, RREB1 28
miR‑21 Up‑regulated PTEN, PDCD4 29

PI3K–AKT miR‑217 Down‑regulated AKT 25
miR‑96 Down‑regulated AKT 26

Notch miR‑144 Down‑regulated Notch‑1 46
Angiogenesis miR‑210 Up‑regulated NPTX1, EFNA3 50

miR‑155 Up‑regulated HIF‑1a, VEZF1 50
miR‑222 Up‑regulated c‑kit, VEZF2, ANGPTL2 51, 52
miR‑203 Up‑regulated EphA2, EphB7 51

Cell cycle miR‑222 Up‑regulated p27, p57, TP53INP1 51
miR‑203 Up‑regulated TP53INP1, ELAVL2 51
miR‑155 Up‑regulated LDOC1, TP53INP1 51
miR‑148 Down‑regulated AMPK 60
miR‑34a Down‑regulated CDK6 61
miR‑132 Up‑regulated Rb1 62
miR‑212 Up‑regulated Rb1 62

Hedgehog miR‑3548 Down‑regulated Gli‑1 73
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of phosphatase and tensin homolog (PTEN) tumor suppres‑
sor gene in pancreatic cancer.[36] Also, another study showed 
that proliferation and colony formation of pancreatic cancer 
cells were suppressed in cells transfected with miR‑132 and 
enhanced in cells transfected with miR‑132 inhibitor by 
negatively regulating the Akt signaling pathway.[37]

Notch signaling pathway

Notch proteins are known type I transmembrane 
protein family members that function as receptors for 
membrane‑bound ligands. The most characteristic feature 
of the Notch pathway is lateral inhibition.[38] Through lateral 
inhibition, a single cell is programmed to differentiate, while 
its neighboring cells remain undifferentiated. Interestingly, 
this process of lateral inhibition mediated by the Notch 
pathway is significant for pancreas development during 
embryogenesis.[39] Specifically, the extracellular domain of 
the Notch protein interacts with a ligand bound to a neigh‑
boring cell. After ligand–ligand interaction, tumor necrosis 
factor‑alpha converting enzyme (TACE) cleaves the Notch 
protein, releasing the extracellular portion of the protein and 
allowing the cytoplasmic portion to be enclosed. The intra‑
cellular portion of the Notch protein is then modified and 
eventually translocates to the nucleus where it activates gene 
transcription.[40] Activation of the Notch pathway has been 
implicated in PDAC and oncogenic transformation.[41] Inter‑
estingly, overexpression of the Notch signaling cascade cor‑
relates with overexpression of vascular endothelial growth 
factor (VEGF), suggesting a crosstalk between these two 
and likely with other oncogenic pathways.[42] On the other 
hand, concurrent inhibition of the EGF and Notch signaling 
pathways does result in decreased cell proliferation with 
concomitant increase in cell apoptosis.[39] This inhibition also 
results in decrease of the NF‑κB activity and up‑regulation 
of the p21 and p27.[43] Therefore, Notch pathway plays a 
critical role in pancreatic oncogenesis.

Several studies have shown that the Notch signaling 
pathway is regulated by microRNAs during pancreatic 
oncogenesis. Preclinical studies have shown that p53 di‑
rectly regulates miR‑34 which downstream targets Notch 
and, therefore, plays a role in the maintenance and survival 
of pancreatic cancer initiating cells.[44] On the other hand, 
re‑expression of miR‑34 inhibits invasion, pancreatic cell 
growth, and eventually leads to apoptosis.[45] A recent study 
identified DCAMKL‑1 as a stem cell marker expressed in 
a subset of cells in human pancreatic tumors. In vitro stud‑
ies have shown that knockdown of DCAMKL‑1 led to the 
down‑regulation of the Notch signaling pathway through an 
miR‑144 microRNA‑dependent mechanism.[46] On the other 
hand, activation of Notch‑1 signaling leads to elevated levels 
of miR‑21 and decreased expression of the miR‑200 and 
let‑7, conferring epithelial–mesenchymal transition (EMT) 

properties and, therefore, a highly aggressive phenotype.[47] 
Specifically, a recent study showed that miR‑200 members 
target Notch pathway components, such as Jagged1 (Jag1), 
and the mastermind‑like co‑activators Maml2 and Maml3 in 
pancreatic cancer.[48] Taken together, all these suggest that 
microRNAs are essential regulators of the Notch signaling 
pathway in pancreatic cancer.

The angiogenesis pathway

Angiogenesis plays a pivotal role in PDAC genesis and 
progression. Hypoxia is involved in this pathway through 
induction of the hypoxia‑inducible factor (HIF) that even‑
tually leads to increased expression of VEGF.[49] MiR‑155 
targets HIF‑1 alpha which induces directly miR‑210, as 
well as miR‑21 under hypoxia.[50] Other microRNAs that 
are involved in the angiogenesis pathway are miR‑203 and 
miR‑222.[51] Interestingly, in vitro studies have shown that 
miR‑222 affects c‑kit expression and, therefore, controls 
angiogenesis.[52]

Cell cycle signaling pathway

Cell cycle regulation is crucial for cell survival and 
several cyclin and cyclin‑dependent kinases have been 
identified to be involved in the cell cycle signaling path‑
ways. P16 is a central regulator of G1–S cell cycle phase 
through inhibition of retinoblastoma (RB) phosphorylation 
and blockage of the E2F release.[53] It has been shown that 
approximately 95% of pancreatic cancers have a loss of 
function of the p16 (also named INK4A).[54] This gene is 
inactivated in pancreatic tumors due to deletion or promoter 
hypermethylation.[55,56] Furthermore, it has been proposed 
that patients with inactive p16 have larger tumors and shorter 
survival, suggesting its essential role in the aggressiveness 
of PDACs.[57] The locus that encodes the p16 protein also 
encodes the alternative open reading frame (ARF) ‑protein; 
however, they do not share any amino acid homology In 
addition, ARF protein has been found to induce G1 arrest 
through p53‑dependent mechanisms.[53] Animal studies have 
shown that mutations in both K‑RAS and INK4A/ARF in 
mice result in the development of pancreatic tumors leading 
to subsequent death of the animals.[58]

Not surprisingly, there are several microRNAs that 
participate in the deregulation of the cell cycle genes that 
are essential during pancreatic oncogenesis. Specifically, 
miR‑222 targets p27 (Kip1) and p57 (Kip2) which are cell 
cycle inhibitors. Up‑regulation of miR‑222 is not sufficient 
for uncontrolled proliferation, but does empower the cells 
to enter the S‑phase. Along with miR‑222, miR‑203 and 
miR‑155 target p53 which is another crucial regulator of 
the cell cycle.[51] Another microRNA that acts as a tumor 
suppressor and is down‑regulated in pancreatic cancer is 
miR‑148. It is believed that the mechanism that leads to 
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miR‑148 silencing is hypermethylation that occurs as an 
early event during pancreatic carcinogenesis.[59] In vitro and 
in vivo studies have shown that miR‑148 directly targets 
AMP activated protein kinase (AMPK) that plays a key role 
as a master regulator of cellular energy homeostasis, and 
through that interaction, it inhibits the growth of the cancer 
cells and also induces cell cycle arrest and apoptosis.[60] 
Similarly, methylation of the promoter of miR‑34a leads to 
its down‑regulation, while re‑expression in pancreatic cancer 
cell lines induces senescence and cell cycle arrest via target‑
ing the cyclin‑dependent kinase 6 (CDK6).[61] On the other 
hand, miR‑132 and miR‑212 are overexpressed in PDAC tis‑
sues compared to normal tissues. Both are predicted to target 
the retinoblastoma (Rb1) tumor suppressor and so reduce its 
levels. Down‑regulation of miR‑132/212 eventually causes 
G(2)/M cell cycle arrest and reduces cell proliferation.[62] 
These data reveal the strong microRNA regulation of cell 
cycle‑related pathways during pancreatic oncogenesis.

Her2/neu signaling pathway

ErbB2 (known also as Her2/neu) is a 185 kDa gly‑
coprotein receptor that has a structure similar to that of 
epidermal growth factor receptor (EGFR). Her2 dimerizes 
with EGFR and forms a heterodimer that stabilizes EGFR 
ligand binding and enhances kinase‑mediated activation 
of various downstream signaling pathways such as the 
PI3K and mitogen activated protein kinase (MAPK) 
pathways. Among the gastrointestinal malignancies, Her2 
overexpression has a significant clinical and therapeutic 
implication in gastric cancer.[63] Similarly, up to 25% of 
PDACs have Her2/neu gene amplification, as demon‑
strated by fluorescence in‑situ hybridization (FISH).[64] 
Buchler et al., showed that herceptin, a known monoclo‑
nal antibody against Her2/neu, that has proven efficacy 
in Her2‑positive breast and gastric cancer, does suppress 
tumor growth in vivo and in vitro in pancreatic cancer cell 
lines.[65] Interestingly, there is direct correlation between 
the expression levels of the Her2/neu and the shorter sur‑
vival in patients with pancreatic cancer, suggesting that 
the HER‑2 signaling pathway is a central regulator of pan‑
creatic oncogenesis.[66] The Her2/neu pathway is primarily 
studied in breast cancer cell lines, where miR‑21 expres‑
sion levels correlate with the Her2/neu up‑regulation. The 
miR‑21 acts as an oncogene that directly targets and so 
decreases the metastasis suppressor protein, programmed 
cell death 4 (PDCD4).[67] It will be interesting to study if 
miR‑21 regulates Her2 signaling pathway in pancreatic 
cancer similar to breast cancer.

Hedgehog signaling pathway

Another critical pathway in the initiation and mainte‑
nance of pancreatic carcinogenesis is the hedgehog pathway. 

The hedgehog protein is made as a precursor that is auto‑
catalytically cleaved and attached to the cell surface, thereby 
preventing it from being diffused freely.[68] Therefore, these 
proteins are capable of autocrine and paracrine signaling. 
When the cell receives the hedgehog signals, it expresses the 
membrane‑bound proteins, Patched and Smoothened.[69] In 
the absence of the Hedgehog signaling, the Patched recep‑
tor suppresses the activity of the transmembrane receptor, 
Smoothened. However, in the presence of the Hedgehog sig‑
naling and binding to the Patched protein, the Smoothened 
receptor is de‑repressed, translocates to the cell membrane, 
leading to activation of this protein with resultant transloca‑
tion of Gli protein to the nucleus and activation of gene tran‑
scription.[70] The Hedgehog signaling pathway is identified 
early in the pancreatic intraepithelial neoplasia progression 
and is deregulated in the majority of the PDACs, where it 
enhances proliferation of pancreatic ductal epithelial cells 
through MAPK and PI3K signaling pathways.[71] A recent 
study revealed that a sonic hedgehog inhibitor (cyclopamine) 
regulated the expression levels of several microRNAs (let‑7, 
miR‑34, miR‑125, miR‑128, miR‑130, miR‑132, miR‑107, 
and miR‑141) in pancreatic cancer cells.[72] Importantly, 
another study showed that miR‑3548 regulates directly 
Gli‑1 expression levels, controlling pancreatic tumor cell 
proliferation.[73]

MicroRNAs and metastasis in pancreatic cancer

There are numerous studies that strongly describe 
the metastatic potential of tumors due to the deregulated 
microRNA expression. It is known that EP300, which 
is a histone acetyltransferase that regulates transcription 
through chromatin remodeling, plays a significant role in cell 
growth. This enzyme is down‑regulated in cancer cells with 
increased metastatic potential and, therefore, is considered 
a metastatic suppressor.[74] Mees et al., identified a group of 
microRNAs (miR‑194, miR‑200b, miR‑200c, and miR‑429) 
that are significantly up‑regulated in metastatic pancreatic 
cancer cells lines compared to low or non‑metastatic pan‑
creatic cell lines. Through direct targeting of the EP300, 
these microRNAs promote metastasis.[75] Similarly, miR‑224 
and miR‑486 target CD40, which is a tumor necrosis factor 
receptor family member. It has an important anti‑tumor im‑
mune response role and is a mediator of metastasis when it 
is down‑regulated by these two microRNAs.[76]

On the other hand, several microRNAs have been 
identified as being metastasis suppressors. Li et al., de‑
scribed that in pancreatic cell lines, ectopic expression of 
miR‑146a down‑regulated NF‑κB regulatory kinase, EGFR, 
and interleukin 1 receptor‑associated kinase 1 (IRAK‑1), 
leading to inhibition of the invasiveness of these pancreatic 
cell lines.[77] Likewise, miR‑520h has been shown to have 
anti‑metastatic role through direct inhibition of the gene 
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expression of ATP‑binding cassette subfamily G member 
2 (ABCG2), which is also known as breast cancer resistance 
protein.[78] Also, Yan et al., demonstrated that miR‑20, which 
is a member of the miR‑17‑92 family, has a metastatic sup‑
pressing effect. Specifically, miR‑20 regulates negatively 
signal tranducer and activator of transcription 3 (STAT3) 
and inhibits the proliferation and invasiveness of pancreatic 
cancer cell lines.[79] Finally, the miR‑200 family genes act 
as potential tumor suppressors by targeting two important 
E‑box binding transcription factors (ZEB1 and ZEB2). 
The microRNA‑induced down‑regulation of ZEB1/2 is 
considered responsible for EMT.[80] During EMT, there is a 
gain of stem cell properties, and therefore, the putative stem 
cell marker DCAMKL‑1 is up‑regulated. A recent study by 
Sureban et al., described that siRNA‑mediated knockdown 
of DCAMKL‑1 induces miR‑200 as well as down‑regulates 
c‑Myc and K‑RAS through a let‑7dependent mechanism.[46] 
Overall, these data suggest the involvement of microRNAs 
in the metastatic processes of pancreatic tumors.

Therapeutically targeting microRNAs in 
pancreatic cancer

Pancreatic cancer remains one of the most fatal types of 
cancer with the only possible curative treatment being surgical 
resection, but the greatest percentage of patients having unre‑
sectable disease at the time of diagnosis. Therefore, improve‑
ment in the outcome of patients with advanced or metastatic 
pancreatic cancer is dependent primarily on the development 
of more effective systemic therapies that can control tumor 
growth. The standard of care for advanced pancreatic cancer 
is gemcitabine with 5.6 months of median survival and 18% 
1‑year survival.[81] For patients with good performance status, 
Folfirinox showed a survival benefit compared to gemcitabine, 
although with significant associated toxicity. Regardless of 
the treatment approach, eventually all the patients develop 
resistance to the conventional chemotherapy.[82]

Interestingly, several microRNAs have been linked to 
induce chemo‑sensitivity or chemo‑resistance in different 
pancreatic cell lines. Specifically, miR‑21 has been shown 
to induce chemo‑resistance to gemcitabine in vitro. High 
level of miR‑21 is associated with poor survival.[83] On the 
other hand, inhibition of miR‑21 decreases cell prolifera‑
tion and induces apoptosis.[84] Based on these observations, 
Hwang et al., demonstrated that miR‑21 could not only be 
a biomarker for prediction of chemo‑resistance but also 
low levels of miR‑21 could correlate with high 5‑fluoro‑
uracil (5‑FU) chemo‑sensitivity.[85] Like miR‑21, miR‑200 
is involved in chemo‑sensitivity of pancreatic cancer cells. 
Recently, Ali et al., described that decreased expression of 
miR‑200 and increased expression of miR‑21 are associ‑
ated with gemcitabine resistance in pancreatic cancer cell 
lines.[36] MiR‑34 has low levels in pancreatic tumors and 

has tumor suppressor properties. Chang et al., showed that 
restoration of miR‑34 enhances chemo‑sensitivity as well as 
radio‑sensitivity in pancreatic cancer cell lines.[86] Impres‑
sively, in vivo overexpression of miR‑34 led to more than 
80% reduction of the tumor initiating cell population and 
inhibition of the tumor sphere growth.[45]

In addition to reversing the chemo‑ and radio‑resistance 
of pancreatic tumors, recent studies have identified that 
manipulation of microRNA expression levels could have 
therapeutic effects by suppressing pancreatic tumor growth. 
Specifically, Gironella et al., have shown that restoration 
of miR‑155 expression suppresses pancreatic tumor devel‑
opment,[87] while another study found that miR‑146a and 
miR‑20a overexpression suppressed the invasiveness of 
pancreatic cancer cells.[77,79]

Conclusions and future perspectives

The identification of novel deregulated microRNA 
signaling pathways in pancreatic cancer not only broadens 
our understanding of the molecular mechanisms involved in 
pancreatic oncogenesis but also provides new avenues for 
the development of novel targeted therapeutic approaches. 
Previous studies have described multiple deregulated mi‑
croRNAs and genes in different steps of pancreatic onco‑
genesis. Future studies should integrate these alterations into 
molecular networks in order to identify the central regulators 
and drivers of pancreatic tumorigenesis. Furthermore, devel‑
opment of microRNA delivery vectors and particles would 
be essential for the potential transfer and use of microRNAs 
as therapeutic agents in pancreatic cancer.
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