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Pancreatic ductal adenocarcinoma (PDAC) is one of the malignancies with the worst prognosis despite a decade of

efforts. The effectiveness of PDAC therapies is challenged by the early and widespread metastasis. Epithelial to

mesenchymal transition (EMT) is a major driver of cancer progression and metastasis. 
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1. Introduction

Pancreatic cancer is the fourth-leading cause of death by cancer, and has the lowest 5-year relative survival rate (9%) as

reported by The American Cancer Society reports in 2020 . The incidence of pancreatic cancer continue to increase,

and it is projected to become the second cause of cancer death before 2030 in Western countries . The pancreatic

ductal adenocarcinoma (PDAC) histological subtype represents almost 90% of pancreatic malignancies. Because of the

lack of clinical symptoms in early stages and an high metastatic potential of PDAC cells, up to 80% patients are

diagnosed at late stages . The majority of the 15–20% patients eligible for a surgical resection finally relapse or develop

a local or metastatic recurrence . There is an urgent need to improve diagnosis with efficient prognostic biomarkers

which would allow a better management of this disease.

Metastatic evolution remains a concern for the management of patients with PDAC. Epithelial to mesenchymal transition

(EMT) is one of the key mechanisms that leads to tumor progression and development of metastasis . EMT is a

dynamic process in which epithelial cells loss their phenotype and acquire a mesenchymal phenotype. This transition is

defined by loss of characteristic epithelial markers such as E-cadherin or cytokeratins and a gain of mesenchymal

markers such as N-cadherin or vimentin . These changes provide morphological modifications with remodeling of the

cytoskeleton, disruption of cell adhesion capacity to other cells, and to the matrix, loss of cellular polarity. Taken together

these events enhance invasiveness, migration and finally metastasis .

Two different EMT states have been described in PDAC in vivo models and define the cell dissemination type: partial EMT

(pEMT) and complete EMT (cEMT) . In pEMT, cells are stably or dynamically in an epithelial–mesenchymal intermediate

state. Cells can express both epithelial and mesenchymal markers or they can loss epithelial features without a gain of

mesenchymal features.

Furthermore, EMT has been identified as having a role at preneoplastic stage of PDAC in vivo, allowing cells to seeding to

distant organs prior or in parallel to primary tumor formation . Almost all patients with complete surgical resection and

no metastasis finally die from disease within five years is consistent with this early spread model 

2. Epithelial to Mesenchymal Transition

EMT is a dynamic biological process in which epithelial cells evolves to a mesenchymal state. Epithelial cells normally

interact with basement membrane through a basal-apical polarity, they are in close contact with each other through cell–

cell junctions. During EMT, epithelial cells undergo changes in gene expression through multiple molecular processes

leading to the repression of these epithelial characteristics and gain of mesenchymal features allowing cells migrative and

invasive properties . EMT is considered as a dynamic process because of its capacity to reverse the phenomenon

through the mesenchymal–epithelial transition (MET), which is less understood. EMT plays crucial roles in the

development and evolution of the disease: Three subtypes have been proposed: during implantation, embryogenesis, and

organ development (type 1); during tissue regeneration and fibrosis (type 2); and associated with cancer progression and

metastasis (type 3) .

During cancer progression, type 3 EMT allows carcinoma cells capacities to dissociate themselves from the primary

tumor. Then, cells can disseminate through invasion, intravasation, survival in blood and lymphatic stream, extravasation,
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to finally develop a metastasis into secondary organs. Once at the metastatic site, cells that acquired mesenchymal-like

phenotype through EMT seem to reverse the process (MET) to regain epithelial properties and to integrate into distant

organs. This phenomenon can be illustrated by the fact that distant metastases are commonly composed of differentiated

epithelial cells, however the implication of MET is still being debated .

Besides cellular migration, EMT plays a role in a myriad of processes implied in cancer pathways such as resistance to

cell death, blocking senescence, enhancing survival, promoting genomic instability, metabolism modifications, drug

resistance, and immune suppression . Implication of EMT in cancer progression and metastasis appears to be different

according to cancer type.

A new class of drugs termed “migrastatics” has been defined recently: These drugs interfere with all modes of cancer cell

invasion and with their ability to metastasize . Unlike conventional cancer drugs which target the proliferation of cancer

cells, migrastatics focus on the inhibition of local invasion and metastasis. Recent work has developed a pipeline

approach suitable for the development of migrastatics drugs in melanoma . This theoretical approach might comprise

EMT and might represent a promising new therapeutical strategy in cancer with high metastatic potential including PDAC.

2.1. EMT Signaling

Activation of EMT might be triggered by various signaling pathways depending on the tumor microenvironment. Indeed,

tumor-associated stroma can increase the expression of EMT-transcription factors (EMT-TFs). Among signaling pathways

are included transforming growth factor β (TGF-β), bone morphogenic protein (BMP), Notch, Wnt/β-catenin, sonic

hedgehog, epidermal growth factor (EGF), fibroblast growth factor (FGF), and platelet-derived growth factor (PDGF) 

 (Figure 1). Activation of these EMT-inducing signaling pathways leads to the expression of transcription factors

that governs EMT-associated genes. They simultaneously repressed the expression of epithelial genes, and on the other

hand they induce genes associated with the mesenchymal phenotype. EMT-TFs include basic helix-loop-helix (bHLH)

factors TWIST1 and TWIST2, the zinc finger E-box-binding homebox ZEB1 and ZEB2, and the zinc finger binding

transcription factors SNAI1 and SNAI2.

Figure 1. Signaling pathway involved in the epithelial to mesenchymal transition. Different signaling pathways can

activate epithelial to mesenchymal transition (EMT) through the activation of EMT transcription factors ZEB1, SNAIL, and

TWIST. Interleukin 6 (IL-6) and interleukin 1β (IL-1β) can bind cytokine receptors. Signaling is conducted through the

activation of Janus kinase (JAK) and the recruitment of signal transducer and activator of transcription proteins (STATs);

the dimer of STATs translocates into the nucleus to activate the transcription of genes. The transforming growth factor β

(TGF-β) signal is conducted by SMADs protein into the nucleus, and the trimer activates the transcription. Tyrosine kinase

receptors (RTK), such as epidermal growth factor receptor (EGFR), fibroblast growth factor receptor (FGFR), or platelet-

derived growth factor receptor (PDGFR), induce PI3K, AKT, and nuclear factor-κB (NF-κB). The TGF-β pathway and RTK

are also able to trigger the RAS-RAF-MEK-ERK signaling pathway. The WNT signaling results in the release of β-Catenin

from the glycogen synthase kinase-3β (GSK3β)–axis inhibition protein (AXIN) complex. β-Catenin moves into the nucleus

and binds to the transcription factors T cell factor (TCF) and the lymphoid enhancer-binding factor (LEF). Intracellular

domain of the notch receptor (Notch ICD) is cleaved after the activation of the receptor, then it can translocate into the

nucleus and act as a transcriptional co-activator. Hedgehog signaling induces EMT-associated gene expression through

the activation of GLI1.
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SNAIL is the first described transcriptional repressor of E-cadherin; it binds to the E box consensus sequence in the

promoter of CDH1, encoding E-cadherin, and directly repress its transcription . SNAIL also induces the

downregulation of others epithelial molecules such as Claudins, Occludins, and Mucin-1. SNAIL also has the ability to

directly induce mesenchymal genes such as Fibronectin and Matrix Metallopeptidase 9 (MMP9) . ZEB1 and ZEB2

repress E-cadherin expression by directly binding to the E-Box element of CDH1 . They also induce the expression of

mesenchymal proteins such as N-cadherin and Vimentin . Unlike the last two EMT-TFs, TWIST acts as an indirect

repressor of E-cadherin partly due to its transcriptional activation of SNAI2 . TWIST is also able to activate

expression of mesenchymal genes such as N-cadherin and Vimentin . The functional loss of E-cadherin is considered

as a crucial step in EMT; however, many others epithelial proteins are also downregulated: Mucin-1, Occludins, Claudins,

and Desmoplakin. On the other side, mesenchymal markers are gained, they include N-cadherin, Vimentin, Smooth

Muscle Actin, Fibronectin, Matrix Metalloproteinases, and Vitronectin . In addition to its role in transcriptional regulation,

EMT might be orchestrated by other regulatory networks including regulation by microRNAs (miRs), differential splicing,

translational and posttranslational control.

Molecular changes described above lead to cellular hallmarks of EMT including the loss of apical-basal polarity, disruption

of cell-to-cell contacts (including adherent junctions, tight junctions, and desmosomes), cytoskeleton structure and ECM

degradation by expressing matrix metalloproteinases. Consequently, cells ongoing EMT acquire a spindle-shape

mesenchymal morphology which allows them motility and ability to degrade and invade their basal ECM .

3. EMT in PDAC
3.1. Activation of EMT in PDAC

In cancer cells, EMT can be activated through different stimuli. Marcucci et al. have identified five main classes of stimuli:

mechanical stress, low pH and hypoxia, innate and adaptative immune responses, altered ECM and treatment with anti-

tumor drugs . PDAC is well known for its desmoplastic stroma, which is composed of a dense acellular extracellular

matrix (ECM) infiltrated by heterogenous populations of immune, endothelial cells, and cancer associated fibroblasts

(CAFs) . A dense stroma can predispose the tumor microenvironment to limit delivery and diffusion of oxygen creating

a hypoxic environment. The dense desmoplastic stroma composes a large part of the ECM and includes collagen,

fibronectin, laminin, and hyaluronic acid. These ECM proteins are mainly produced by CAFs and in smaller amounts by

cancer cells. They first have the ability to form a physical barrier, although they also can have signaling functions in EMT

. CAFs are able to produce various cytokines and chemokines such as TGF-β; interleukin 1 (IL-1); interleukin 6 (IL-6)

and tumor necrosis factor α (TNFα), to the latter activating signaling pathways of EMT . In PDAC cells,

microenvironmental changes including hypoxia or TGF-β stimulation led to changes in EMT-markers within a decrease in

E-cadherin and an increase in vimentin protein and mRNA levels  (Figure 2).

Figure 2. Impact of the tumor microenvironment of pancreatic ductal adenocarcinoma (PDAC) in the activation of

epithelial to mesenchymal transition (EMT). Cancer-associated fibroblasts (CAFs) induce the production of extracellular

matrix (ECM) that is composed of fibronectin, hyaluronic acid, collagen, and laminin. This dense desmoplastic stroma

limits the diffusion of oxygen in the tumor and leads to hypoxia. CAFs release different cytokines and chemokines

including the transforming growth factor β (TGF-β), interleukin 1 (IL-1), interleukin 6 (IL-6), and the tumor necrosis factor α

(TNF-α). These extracellular mediators can activate signaling pathways leading to the activation of EMT in which cells

switch from their epithelial phenotype to a mesenchymal phenotype with a spindle-shape morphology. EMT is then
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followed by intravasion of mesenchymal cells, blood stream survival, extravasion, and finally by the formation of

metastasis.

Senescence and cancer are well known to be linked. In PDAC, senescence seems to occur in earliest stages and

provides tumor suppressor effects. However, several evidences indicates that senescent cells in microenvironment can

have a pro tumorigenic role in part with the senescence-associated secretory phenotype (SASP) . Exposure to SASP

can induce cell plasticity through the stimulation of cancer cell proliferation, motility and the generation of inflammatory

environment . Therefore, in PDAC microenvironment SASP could participates to enhance EMT.

EMT can also be favored by mutations, the major mutation found in PDAC in more than 90% of case, is the activation of

the KRAS oncogene . KRAS activation can modulate the tumor microenvironment and maintaining an active stroma

through the production of IL-6 and sonic hedgehog, which play an important role in the EMT process . Loss of SMAD4
is one of the fourth most common mutations found in PDAC, with an inactivation found in 60% of case, resulting in

alterations in the TGF-β signaling pathway which is itself altered in 47% of PDAC cases . Considering of the potential

role of TGF-β in the induction of EMT, this alteration may have an impact during PDAC progression.

3.2. Role of EMT in PDAC Metastasis

EMT is traditionally considered as a binary phenomenon, allowing the transition from epithelial to mesenchymal

phenotype, which is called “complete EMT” (cEMT). However, increased recent evidence suggests that cells undergoing

EMT are heterogeneous and can express both epithelial and mesenchymal markers in a hybrid state called “partial EMT”

(pEMT) . Using a spontaneously metastatic genetically engineered mouse model (GEMMs) of PDAC, Aiello et al.

found that EMT subtypes influence the mode of cell migration in metastasis. Tumor cells in cEMT subtype lacking E-

cadherin protein preferentially disseminate as single cells. On the other hand, in the pEMT subtype, tumor cells

expressing both epithelial and mesenchymal markers preferentially disseminate through collective migration . EMT is a

key step in metastasis which is a late stage of tumorigenesis. However, in pancreatic carcinomas EMT has been identified

to occur at early stage. Rhim et al., assume that EMT occurs at preinvasive stages leading the seeding to distant organs

to occur before and simultaneously to the primary tumor formation .

Despite clear evidences of EMT implication in tumor metastasis, the exact functions of EMT in cancer are still debated.

Indeed, a study has challenged the role of EMT in metastasis, precisely on effects of EMT-TF SNAIL and TWIST in

pancreatic cancer. Zheng et al. used the PDAC model KPC (Pdx1-cre; KRAS ; p53 ) in mouse in which they

independently knockout TWIST or SNAIL. Despite inducing suppression of EMT, the loss of SNAIL or TWIST did not alter

cancer progression or local invasion or metastasis. The authors therefore claim that EMT is dispensable for metastasis. In

this study, EMT-TF knockout was also correlated with chemosensitivity to gemcitabine, which has been attributed to the

increased expression of nucleotide transporters, authors conclude therefore EMT induces chemoresistance in pancreatic

cancer . Similar observations have been made in breast cancer for lung metastasis . Krebs et al. used the same

KPC mouse model with targeting another key EMT-TF ZEB1. In contrast to depletion in TWIST or SNAIL, ZEB1 knockout

has impair multiple stages of tumorigenesis including precursor lesion formation, tumor grading, invasion, and metastasis

that clearly demonstrate a key role of ZEB1 in the in vivo tumor progression of pancreatic cancer from premalignant lesion

towards metastasis . Previously another study using a short hairpin knockdown of ZEB1 in mice has also highlighted

the importance of ZEB1 in tumor cells dissemination and in the tumor cells capacity to initiate tumor in pancreatic cancer

. Putting together these studies shows a trend to functional differences of EMT-TFs, although SNAIL and TWIST seem

to be dispensable ZEB1 is on the contrary a key factor that appears to be not compensable by another EMT-TF.
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