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Abstract
Pancreatic cancer has one of the worst prognoses among 
all cancers due to the late manifestation of identifiable 
symptoms and high resistance to chemo- and radiation 
therapies. In recent years, a cancer development 
phase termed epithelial-mesenchymal transition (EMT) 
has gained increasing research focus. The process is 
implicated in tumour metastasis, and emerging evidence 
suggests EMT also contributes or induces chemore
sistance in several cancers. Nevertheless, the applicability 
of therapeutic targeting of EMT faces many challenges. In 
this mini-review, we summarise the evidence supporting 
the role of EMT in pancreatic cancer progression, focusing 
particularly on its association with chemoresistance. 
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Core tip: This mini-review examines the role of epi
thelial-mesenchymal transition in the development of 
drug resistant pancreatic cancer and a possible use of 
this process as a drug target.
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INTRODUCTION
Epithelial-mesenchymal transition (EMT) is a stage 
of phenotypic alteration in cancer cells instigated by 
several paracrine and autocrine stimuli, leading to a 
morphological transformation of epithelial-like cancer 
cells to an elongated mesenchymal phenotype. The 
phenotypic change is thought to derive from a shift 
in the balance between epithelial (e.g., E-cadherin 
and Claudin-1) and mesenchymal (e.g., N-cadherin, 
Snail, Zeb-1 and Twist-1) factors. Once described as 
a key step for successful metastasis in some types of 
cancers[1], the role of EMT in chemotherapy resistance 
has attracted much interest recently. Indeed, EMT 
has been shown to contribute to drug resistance in 
pancreatic cancer. For instance, in a recent study, 
the patterns of sensitivity and resistance to three 
conventional chemotherapeutic agents with divergent 
mechanisms of action were investigated in several 
pancreatic cancer cell lines[2]. Interestingly, gene 
expression profiling revealed that the sensitive and 
resistant cells formed two distinct groups with resistant 
cells showing several features consistent with EMT. 
Additionally, an inverse correlation between E-cadherin 
and its transcriptional suppressor, Zeb-1, was observed 
in the gene expression. Moreover, silencing of Zeb-1 
restored drug sensitivity in pancreatic cancer cells. 
The implication of this study is that effectors of EMT, 
in particular Zeb-1, are potential molecules to target 
to overcome drug resistance. Recently, a study casts 
doubt on the role of EMT in metastasis, while a separate 
study strongly corroborates the key role of EMT in drug 
resistance. Indeed, both Fischer et al[3] and Zheng et 
al[4], demonstrated that not only was EMT able to aid 
chemotherapy resistance in pancreatic and lung cancer 
cells but that EMT was not needed for metastasis, 
as inhibition of EMT did not prevent metastasis of 
pancreatic and lung cancer cells. 

EMT SIGNALLING PATHWAYS IN 
PANCREATIC CANCER
Several signalling pathways can regulate EMT during 
tumorigenesis[5-7]. Major pathways which can induce 
EMT include those activated by growth factors such as 
transforming growth factor-β (TGFβ), epidermal growth 
factor and hepatocyte growth factor or the Wnt/beta-
catenin and Notch pathway. Notch-2 activation was 
identified in gemcitabine-resistant (GR) pancreatic cancer 
cells that have acquired EMT. By using pancreatic cancer 
cells that have developed gemcitabine resistance through 
exposure to increasing concentrations of gemcitabine, 
Wang et al[8] were the first to delineate the EMT profile of 
GR cells. GR but not gemcitabine sensitive (GS) cells had 
an elongated and irregular shape, increased expression 
of Zeb-1, vimentin, fibronectin and alpha-SMA, as well as 
translocation of E-cadherin from the plasma membrane 
to the nucleus. In concordance with previous reports 

regarding the role of Notch signalling in EMT, Wang et 
al[8] further characterised the Notch activation status in 
GR cells. Notch-2 and its ligands, Jagged-1 and Notch-4, 
were upregulated in GR cells. The Notch signalling 
also upregulates NF-κB, a critical mediator of the EMT 
process. Indeed, NF-κB was upregulated in GR cells as 
well as its downstream target, matrix metallopeptidase 
9 (MMP-9). The activity of MMP-9 is governed by urinary 
plasminogen activator (uPA), also upregulated in GR 
cells, and both proteins are known for their role in cancer 
invasion and metastasis. Using Notch-2 and Jagged-1 
siRNA, the interrelation between Notch, EMT and NF-κB 
were further delineated. Notch-2 and Jagged-1 knock
down in GR cells led to mesenchymal-epithelial transition 
(MET) morphological changes which include upregulation 
of E-cadherin, and reduction of vimentin, slug, snail, 
Zeb-1, and NF-κB (p65 subunit). As expected, Notch-2 
and Jagged-1 downregulation by siRNA also led to a 
reduction in GR cells invasion and migration[8]. The study 
characterised for the first time the Notch-driven EMT 
pathway in GR pancreatic cancer cells, however, the 
authors did not address whether silencing or inhibition of 
Notch could reverse GR. 

EMT AND GEMCITABINE RESISTANCE
The development of gemcitabine resistance and its 
association with EMT phenotype has drawn attention 
to a possible role of gemcitabine in inducing EMT. 
Güngör et al[9] examined the role of Midkine (MK) in 
orchestrating the interplay between Notch, EMT and 
gemcitabine resistance. MK is a heparin-binding growth 
factor overexpressed in some types of cancers[10,11]. 
High MK mRNA expression was detected in pancreatic 
cancer cell lines that developed gemcitabine resistance 
following repeated exposure to gemcitabine, and in 
PDAC tumour samples isolated from patients who 
underwent total pancreaticoduodenectomy. Gemcitabine 
treatment in GR cells led to a dose-dependent increase 
in MK mRNA expression and protein secretion, an effect 
not observed in GS cells. Knockdown of MK with siRNA 
restored gemcitabine sensitivity in GR cells, while the 
addition of recombinant human MK (rh-MK) to MK-
knockdown or GS cells, restored or induced resistance, 
respectively. GR cells overexpressing MK displayed EMT 
characteristics while MK-depleted GR cells displayed 
MET characteristics as evidenced by downregulation of 
vimentin and NF-κB, and upregulation of E-cadherin. 
As expected, there was a reduction in migration and 
invasion in MK-depleted cells compared to control. 
As Notch-2 and EMT are associated with gemcitabine 
resistance, Güngör et al[9] further examined the impact 
of MK on Notch-2 activation. Treatment of GR cells 
with rh-MK resulted in enhanced cleavage of NotchICD 
and expression of Hes-1 (Notch-2 target). Expectedly, 
silencing of Notch-2 improved gemcitabine efficacy in 
GR cells. Güngör et al[9] were the first to pinpoint the 
role of MK in gemcitabine resistance and its impact on 
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Notch-2 activation and EMT phenotype. 
The role of Notch-2 activation in EMT, metastasis 

and chemotherapy resistance has attracted attention 
to target Notch-2 in pancreatic cancer. Palagani et al[12] 
showed the effect of the g-secretase inhibitor (GSI 
IX) in preventing Notch-2 activation, EMT, and cancer 
cell proliferation and migration in vitro and pancreatic 
tumour-initiating CD44+/EpCAM+ xenograft growth 
and metastasis in vivo. Future studies are needed to 
examine the effect of GSI IX in reducing gemcitabine 
resistance in pancreatic cancer. 

A few microRNAs are implicated in EMT and 
chemoresistance. Li et al[13] were the first to introduce 
a novel way of reducing gemcitabine resistance in 
pancreatic cancer (PaCa) through modulation of 
microRNAs. GR PaCa cells showed downregulation 
of miR-200 in addition to the typical EMT signature 
discussed earlier. Upregulation of miR-200 either 
through the reintroduction of miR-200 or the treatment 
with the natural compound, isoflavone, resulted in MET 
as demonstrated by decreased levels of mesenchymal 
markers (Zeb1, Vimentin and Slug) and induction of 
epithelial-associated morphological changes, and thus 
reducing gemcitabine resistance[13]. Using a similar 
methodology, Ma et al[14] recently showed a positive 
influence of miR-233 in EMT, invasion, migration and 
gemcitabine resistance in PaCa cells. 

The conversion in cancer cells from epithelial to 
mesenchymal phenotype and its requirement for cancer 
invasion and migration were clearly demonstrated 
through in vitro studies. However, the consequence of 
EMT on cancer metastasis had not been investigated 
in vivo until recently. Using the well-established mouse 
model that mirrors human pancreatic cancer (KPC mice), 
Zheng et al[4], produced KPC mice absent in Snail or 
Twist protein. Although accumulating evidence suggests 
the requirement of EMT process for cancer migration, 
the authors showed the ability of pancreatic cancer to 
metastasize despite deleted EMT-inducing factors, Snail 
and Twist. Deletion of either one of these proteins did 
not affect local invasion, metastasis or overall survival 
compared to control KPC mice. It also resulted in a 
reduction in expression of other mesenchymal markers 
(e.g., Slug, Zeb1 and alpha-SMA) while enhancing the 
expression of the epithelial factor, E-cadherin. Although 
the apoptosis of cancer cells was not affected by 
deletion of Snail or Twist, the proliferation rate of cancer 
cells significantly increased, while blood dissemination 
remained unchanged compared to control KPC mice. 
Examination of EMT profile of the metastatic pancreatic 
cancer cells at secondary sites (liver, lung and spleen) 
showed positive for E-cadherin, and negative for Snail or 
Twist. Moreover, the ability of cancer cells, isolated from 
either control KPC mice or KPC with deleted Snail or 
Twist, to form tumour spheres were comparable. In the 
study, EMT program did not appear essential for primary 
cancer growth, local invasion, blood dissemination 
and metastasis. Interestingly, gemcitabine sensitivity 
was improved in KPC mice with deleted Snail or Twist 

compared to KPC control mice which could be explained 
by a significant upregulation of equiliberative nucleoside 
transporter 1 and concentrating nucleoside transporter 3 
(receptors that mediate uptake of nucleosides) in cancer 
cells lacking Snail or Twist. 

GENERAL CONSIDERATIONS ON 
PHARMACOLOGICAL APPROACHES TO 
TARGET EMT
Several strategies have been proposed for the design 
of EMT-based therapies as recently and extensively 
described and reviewed by Davis et al[1]. While major 
challenges and questions remain regarding the 
possibility of targeting EMT to counteract metastasis 
specifically, stronger evidence is accumulating on the 
use of anti-EMT agents in cancer chemoresistance 
settings. However, targeting a single receptor, enzyme 
or transporter that is associated with EMT faces many 
limitations since several redundant pathways are involved 
in this process. Strategies focused on targeting micro-
RNAs regulating EMT such as miR-200, or transcription 
factors might represent a more effective approach since 
they influence the process more broadly. In addition, 
key components of the tumour microenvironment are 
also attractive targets for therapeutic intervention. 
Indeed, recent evidence has revealed that local tumour 
microenvironment represents a main driving force for 
EMT, chemotherapy resistance and cancer progression. 
Inflammatory cells such as neutrophils and macrophages 
are contained in the tumour microenvironment, which 
offers multidirectional interactions leading in some 
cases to increased chemotherapy resistance and meta
stasis[15-18]. Neutrophils have been shown to induce 
EMT in pancreatic cancer while macrophages induce 
gemcitabine resistance via promoting cytidine deamin
ase mediated drug inactivation[15,19,20]. Similarly, platelets 
were recently shown to be capable of inducing EMT 
in cancer[21,22]. Pancreatic cancer is associated with a 
high risk of venous thromboembolism (VTE) caused by 
tumour-derived or tumour-elicited tissue factor which 
can indirectly induce platelets aggregation[23,24]. Whether 
targeting platelets can offer an indirect way to reduce 
EMT and chemoresistance as well as the risk of VTE in 
pancreatic cancer is yet to be demonstrated. 

Therefore, a systematic testing of different methods 
for targeting EMT in combination with existing chemo
therapeutic agents is required for each model of 
therapy relapse. The excitement elicited by the new 
reinforcement of the link between EMT and chemore
sistance will surely result in a surge of studies in this 
field, and consequently, further in-depth investigations 
are warranted, especially in pancreatic cancer. 

 
CONCLUSION
In summary, resistance to treatments such as Gemci
tabine in pancreatic cancer can be mediated by several 
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EMT-dependent or independent pathways (Figure 
1)[15,25-29], making the EMT process an attractive target for 
reducing chemotherapy resistance in pancreatic cancer. 
EMT can be regulated by blocking extracellular signalling 
molecules such as TGFβ1 (a cytokine mediator of EMT 
in many types of cancer) and EMT signal transduction 
pathways[1]. Loss of E-cadherin-mediated cell adhesion 
is a hallmark of EMT and subsequent invasion and 
metastasis. Since Snail and Zeb family of transcriptional 
factors mediate E-cadherin translocation, loss of function 
or downregulation, they can potentially be targeted 
to avert EMT at its initial steps. Several studies have 
reported disruption in TGFβ signalling in pancreatic 
cancer[30-32]. Therefore, the mesenchymal transcriptional 
factors may be better druggable targets compared to 
TGF-β receptors to reduce EMT-derived chemoresistance 
in pancreatic cancer. Despite a significant number of 
emerging studies examining the role of EMT in cancer, 
the interplay between different signalling pathways that 
drive EMT is more complex than we initially thought. 
The fact that the phenotypic alteration is transient and 
triggered by several dynamics encountered by tumour 
cells during their development or metastasis emphasises 
the challenge of utilising EMT as a lone druggable target. 
The diversity of EMT-inducing transcriptional factors 
may enable cancer cells to adapt and survive a single 
targeted molecular therapy. The association between 
EMT and chemotherapy resistance is well established in 
the literature, but it is not well understood how EMT can 
affect cancer cell survival pathways, drug transporters 
and drug metabolising enzymes. Delineation of these 

interactions may uncover novel approaches to inhibit 
chemoresistance in pancreatic cancer. Nevertheless, at 
present, there may be potential benefits in tempering 
cancer EMT in a combined immunotherapy and mole
cular-targeted drug strategies to treat pancreatic cancer.
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