Biochimica et Biophysica Acta 1855 (2015) 43-49

Contents lists available at ScienceDirect

Biochimica et Biophysica Acta

journal homepage: www.elsevier.com/locate/bbacan

Review

Epithelial-mesenchymal transition in pancreatic cancer: Is it a clinically @CmssMark
significant factor?

Jia-Hao Jiang *>!, Chen Liu **', He Cheng *>“', Yu Lu *<, Yi Qin *¢, Yong-Feng Xu "<, Jin Xu **<, Jiang Long *"<,
Liang Liu *>¢, Quan-Xing Ni *><, Xian-Jun Yu *><*
@ Department of Pancreatic and Hepatobiliary Surgery, Fudan University Shanghai Cancer Center, Shanghai 200032, PR China

b Department of Oncology, Shanghai Medical College, Fudan University, Shanghai 200032, PR China
¢ Pancreatic Cancer Institute, Fudan University, Shanghai 200032, PR China

ARTICLE INFO ABSTRACT

Am'Cl_e history: Pancreatic cancer is one of the most aggressive solid malignancies. This aggressiveness is partly attributable
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and drug resistance in pancreatic cancer. Emerging data suggest that inhibiting EMT may reverse the EMT
phenotype and enhance the efficacy of chemotherapeutic agents against pancreatic cancer cells. Thus, an

g;{:ﬁglrgsl'_mesenchymal transition understanding of the molecular biology of EMT in pancreatic cancer may provide insights into the mechanisms
Pancreatic cancer of tumor invasion and metastatic progression and facilitate the development of alternative therapeutic
Tumorigenesis approaches to improve the treatment outcomes for patients suffering from pancreatic cancer.
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1. Introduction

Pancreatic cancer is the eighth most common cause of cancer-related
deaths worldwide and has an extremely poor prognosis, with an overall
5-year survival rate of <5% [1]. The causes of pancreatic cancer are
unclear. Many risk factors have been associated with an increased
incidence of pancreatic cancer, including smoking, alcohol intake,
diabetes, chronic pancreatitis, diet, obesity and family history [2].
Although notable improvements in survival have been achieved for
many cancers in recent decades, pancreatic cancer survival has
improved very little [3,4]. Pancreatic cancer is typically diagnosed at an
advanced stage, with more than 80% of pancreatic cancer patients
presenting with locoregional spread and/or distant metastasis; this
delayed diagnosis is a major obstacle to long-term survival [5]. Therefore,
an understanding of the molecular biology underlying the invasion and
metastasis of pancreatic cancer is required to improve the rate of survival.

Epithelial-mesenchymal transition (EMT) plays fundamental roles in
embryonic development and in the differentiation of multiple tissues and
organs as well as in the metastasis of cancer cells [6]. Upon undergoing
EMT, cells are endowed with migratory and invasive properties that
allow them to migrate to distant organs through the extracellular matrix,
enabling cell differentiation into multiple types during development and
the metastatic initiation of cancer cells [7]. EMT is characterized by a loss
of cell-cell contacts through the inhibition of epithelial markers, such as
E-cadherin expression, and the acquisition of mesenchymal features,
such as the up-regulation of the mesenchymal markers N-cadherin,
vimentin, Twist, Snail1 and Snail2 [8].

Numerous data have indicated that EMT occurs in the development
and progression of human solid tumors, including pancreatic cancer.
This review presents the events in pancreatic cancer tumorigenesis,
progression and prognosis. Finally, we discuss the impact of EMT on
therapeutic resistance and explore potential approaches to improve
the clinical management of pancreatic cancer.

2. EMT and pancreatic cancer tumorigenesis

Pancreatic cancer originates from the successive acquisition of
several genetic changes that enable the malignant transformation of the
pancreatic ductal epithelium to intraepithelial neoplasia and, eventually,
to fully invasive cancer [2]. The mutational events of pancreatic cancer
include the activation of the KRAS oncogene and inactivation of the
tumor-suppressor genes CDKN2A, TP53, SMAD4 and BRCA2. KRAS
mutations occur in more than 90% of human pancreatic cancers,
representing an essential event in the initiation of the malignant
transformation of normal exocrine pancreas cells [4]. Pancreatic cancer
cell lines harboring KRAS mutations tend to exhibit EMT induction, and
the EGFR/Ras pathway correlates with the genesis and promotion of
EMT-induced tumor-initiating cells [9-12]. Oncogenic KRAS activity
affects the pancreatic tumor microenvironment by regulating the infiltra-
tion of immune cells as well as specific immune cytokines and cellular
signaling pathways that also play an important role in the EMT process
[13]. Extensive efforts have focused on inhibiting or reversing the
expression of oncogenic KRAS. Some progress has been achieved in
mouse models, in which blocking KRAS activity slows pancreatic cancer
growth and even induces tumor regression [13,14]. Thus, inhibiting
KRAS directly or its effectors, such as the Akt and MAPK signaling
pathways as well as the inducers of EMT, may be promising therapeutic
targets for pancreatic cancer.

SMAD4 inactivation occurs in approximately 50% of pancreatic
cancers, resulting in changes in the cell signaling pathway of transforming
growth factor 3 (TGF-B). Members of the TGF-p family, which are
involved in angiogenesis and regulate cell proliferation, differentiation
and apoptosis, are the main and best-characterized inducers of EMT in
embryonic development as well as in tumor pathogenesis [15]. The role
of TGF- in pancreatic cancer is complex. Deregulated TGF-{3 signaling is
a common event in pancreatic cancer development and progression and

is thought to promote tumor-associated pathways and the development
of a tumor microenvironment [16]. TGF-B inhibitors block and even
reverse the EMT process and prevent tumor metastasis in vivo [17].
Interestingly, KRAS mutations appear to be early events that occur in
intraepithelial neoplasias with low- to intermediate-grade dysplasia,
while SMAD4 mutations appears to be relatively late events that occur
in intraepithelial neoplasias with high-grade dysplasia and in aggressive
neoplasms [4]. Mouse studies indicate that KRAS activation cooperates
with SMAD4 inactivation to accelerate the initiation and development
of pancreatic tumors [18].

Recent studies have demonstrated that a small group of pancreatic
cancer cells appear to have cancer stem cell (CSC) features, as identified
by the expression of specific cell surface markers including CD44, CD24,
CD133, epithelial-specific antigen (ESA), and hepatocyte growth factor
(HGF), some of which may promote cell-to-cell interactions and activate
many EMT-related pathways [19]. CSCs possess certain unique properties,
including unlimited self-renewal, asymmetric division and differentiation
into other cell types, that distinguish them from the majority of cancer
cells and fuel the maintenance of tumor growth [2]. Emerging evidence
suggests that EMT generates cells with stem cell properties, promotes
the CSC phenotype, and therefore enhances pancreatic cancer
tumorigenic and metastatic ability [19,20].

EMT programs can also be triggered by many growth factors and
cellular signaling pathways, including platelet-derived growth factor
(PDGF), Notch and Wnt signaling, some of which are essential for the
regulation of pancreatic tumor growth (Table 1) [15,21,22]. Thus,
EMT plays an important role in tumor initiation and progression in
pancreatic cancer, and EMT regulators are promising candidate therapeu-
tic targets for pancreatic cancer (Table 1) [23,24].

3. EMT and pancreatic cancer progression
3.1. E-cadherin loss and its repressors

The loss of contact inhibition of cell proliferation, a hallmark of cancer,
is thought to be associated with cadherin-mediated cell-cell attachments
[25]. E-cadherin is expressed in epithelial cells and plays a vital role in cell
adhesion and movement. E-cadherin loss can stabilize tumor cells in the
mesenchymal state, producing single migratory cells derived from epithe-
lial tumor cells [26-28]. The loss of E-cadherin function or expression is
considered a crucial step in the progression of incipient neoplasia to inva-
sive carcinoma and a fundamental event in EMT [29]. Partial or
complete loss of E-cadherin expression is particularly evident in patients
with undifferentiated, noncohesive pancreatic cancers, indicating that E-
cadherin loss plays an essential role in the invasive and metastatic process
of pancreatic cancer cells [30-32]. E-cadherin loss can be caused by
genetic or epigenetic modifications and gene promoter silencing, but
the regulation of E-cadherin expression in pancreatic cancer remains
unclear [33-35].

Some factors, including Snail family members, ZEB family members,
bHLH family members and HDACs, are inducers of EMT as well as potent
repressors of the E-cadherin promoter (Table 1) [36]. Snail-induced
EMT accelerates tumor lymph node invasion and distant metastasis by
repressing E-cadherin expression, enhancing the invasive ability of
cancer cells and inducing immunosuppression [36-39]. Snail also alters
cell proliferation and protects against cell death, which are essential for
the metastatic process in tumor cells [39]. In vivo experiments have
demonstrated that the Snail/HDAC1/HDAC2 complex promotes the
pancreatic cancer metastatic process by suppressing E-cadherin expres-
sion to induce EMT in human pancreatic cancer cells, while the inhibition
of HDAC via drug treatment restores E-cadherin expression [31]. In vitro
studies have indicated that ZEB1 cooperates with HDAC1 and HDAC2 to
bind and modify the CDH1 promoter, while HDAC inhibition and ZEB1
knockdown cause E-cadherin expression and attenuate pancreatic cancer
cell proliferation and migration [40]. These findings reveal a complex



Table 1
EMT inducers in pancreatic cancer.

EMT inducers Function Role in pancreatic cancer Consequences when targeted Refs
Molecules
E-cadherin Regulates cell adhesion and movement; establishes Loss of function triggers EMT, promotes metastasis and Re-expression reverses EMT and inhibits cancer [26-33]
and stabilizes epithelial cell plasticity; suppresses contributes to poor prognosis metastasis
cancer invasion
Snail family (Snaill, Snail2 and Snail3)  Represses E-cadherin promoter; induces EMT; induces Accelerates lymph node invasion and distant Inhibition of cancer metastasis; induction of immune [31,36-39,64]
immunosuppression; alters cell proliferation and metastasis; induces drug resistance; contributes to responses
protects against cell death poor prognosis
ZEB family (ZEB1 and ZEB2) Represses the E-cadherin promoter; induces EMT; Promotes tumorigenesis and cancer metastasis; Reversal of EMT; restoration of drug sensitivity [23,28,36]
represses stemness-inhibiting microRNAs maintains drug resistance; contributes to poor
prognosis
bHLH family (E47 and TWIST) Represses E-cadherin promoter; induces EMT; Promotes cancer metastasis Inhibition of cell cycle progression [15,36,37,79]
regulates cell cycle, proliferation and survival
HDACs Repress E-cadherin promoter; induce EMT; modify Promote cancer metastasis; contribute to poor Inhibition of tumor cell proliferation and migration; [31,40,63,66]
chromatin structure prognosis restoration of E-cadherin expression
Pathways
Ras Regulates cell signaling and the tumor Promotes tumor initiation and progression; Slowed tumor growth; tumor regression [13,14,22]
microenvironment; drives tumor development and contributes to poor prognosis
progression
Notch Regulates cell differentiation, proliferation and Promotes tumor cell migration and invasion; increases Inhibition of tumor invasion and metastasis [21]
apoptosis; induces EMT chemoresistance
Wnt Regulates cell proliferation, differentiation and Promotes tumor cell proliferation and metastasis; Reduction of tumor cell viability; reversal of EMT; [22]
morphogenesis; induces EMT induces drug resistance; influences tumor-stroma enhanced drug sensitivity
interaction
Hedgehog Regulates embryonic development, cell regeneration Promotes stromal desmoplasia; restrains tumor Acceleration of tumor growth and metastasis; [46-49]
and stem cell proliferation; induces EMT progression increased tumor angiogenesis
Factors
TGF-B Induces EMT; regulates cell proliferation, Promotes tumor invasion and metastasis; influences Inhibition of EMT and prevention of tumor invasion [15-17]
differentiation and apoptosis tumor-stroma interaction and metastasis
PDGF Regulates embryonic development, cell proliferation, Promotes tumor progression; influences Prevention of tumor invasion and metastasis [27,46]
cell migration and survival; induces EMT tumor-stroma interaction
HGF Regulates cell growth and cell motility; induces EMT Promotes tumor growth, invasion and dissemination; Inhibition of tumor growth, migration and invasion [19]
influences tumor-stroma interaction
EGF Regulates cell growth, proliferation and differentiation; ~ Promotes tumor cell motility and invasion; influences Inhibition of tumor cell proliferation, invasion and [10,46]
induces EMT tumor-stroma interaction; contributes to poor metastasis
prognosis
microRNAs Regulate gene expression; establish epigenetic Regulate tumor invasion and metastasis Reversal of EMT; enhanced chemotherapeutic [23,24,71-74]
programs; affect EMT sensitivity
Stroma Exhibits mesenchymal features; influences tumor Promotes tumor development and progression; Enhanced chemotherapeutic sensitivity; reinforcement [42-49]
microenvironment induces resistance to chemotherapy and radiotherapy of immune reaction
Stathmin Regulates microtubule dynamics; induces EMT Promotes invasion and metastasis Stabilization of microtubules; impaired cell migration; [56-59]

inhibition of EMT
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Fig. 1. The roles of EMT in pancreatic cancer. Pancreatic cancer cells with the EMT phenotype
are endowed with a capacity for tumor initiation, invasion, metastasis and therapeutic
resistance via various mechanisms; and these cells are also responsible for poor prognosis.

network of EMT regulators that connect, communicate and cooperate

with each other to promote tumor development and progression (Fig. 1).

3.2. The tumor-stroma interaction

In contrast to most other solid tumors, pancreatic cancer is char-
acterized by desmoplasia (abundant fibrotic stroma) and hypovascular
aspects, which underlie the resistance of pancreatic cancer to

Inhibitors of E-cadherin

repressors

Targeting stathmin —>

Targeting PSCs
Activating immune response
Inhibitors of Hedgehog signaling
(IP1-926, cyclopamine)

chemotherapy [41]. The formation of a dense stroma is a histological
hallmark of pancreatic cancer and constitutes a dynamic compartment
that vitally affects the entire process from tumor formation and progres-
sion to metastasis [42,43]. Stroma cells exhibit mesenchymal features
and EMT can cause the formation of the extensive stroma in pancre-
atic cancer [42,44]. The tumor-stroma interface, including communica-
tion between inflammatory elements and the immunosuppressive
tumor microenvironment, plays a critical role in the process of pancre-
atic cancer progression [45]. Many molecules that are involved in the
EMT process, including Snail, Wnt signaling, Sonic Hedgehog, TGF-{3,
PDGF, HGF, and EGF, can also mediate the tumor-stroma interface and
induce continuous interaction between the stromal and tumor cells
(Table 1) [46]. Hedgehog signaling has received substantial attention
because it serves as a mediator that promotes stromal desmoplasia.
Hedgehog was initially thought to promote pancreatic cancer tumori-
genesis and metastasis, and Hedgehog inhibition can block pancreatic
tumor invasion and metastasis [46]. However, recent studies have indi-
cated that the stroma driven by Hedgehog signaling restrains tumor ag-
gressive capacity and exhibits a protective role against cancer
metastasis, such that Hedgehog inhibition accelerates rather than
suppresses pancreatic cancer progression [47-49]. These findings
have impelled researchers to change anti-cancer strategies to identify
novel types of therapeutic interventions.

3.3. Inflammation

Inflammation, particularly tumor-associated inflammation, is
enriched in desmoplasia and plays a vital role in promoting the initiation
and progression of pancreatic cancer [50]. Inflammation stimulates
the EMT process and cancer cell dissemination; accordingly, anti-
inflammatory therapy with dexamethasone impedes cancer dissem-
ination, and certain immune-related cytokines, including TGF-P3, TNF-c,
IL-1 and IL-6, can trigger the EMT process by regulating the expression
of EMT inducers [51-53]. The inflammatory tumor microenvironment en-
dows pancreatic cancer cells with the capacity for initiation, development
and metastasis, possibly by stimulating EMT, facilitating cancer cell sur-
vival and proliferation, suppressing immunosurveillance, and inhibiting

Up-regulating microRNA-200

/ (isoflavone, curcumin)

Targeting Beclin1,
Atg5, Atg7

Aspirin
COX2 inhibitors
Anti-inflammatory steroids

Fig. 2. Potential EMT-related therapeutic targets of pancreatic cancer. All EMT regulators can be targeted for anticancer therapy. Small-molecule inhibitors such as IPI-926 and cyclopamine,
certain anti-inflammatory drugs such as aspirin, and natural agents such as isoflavone and curcumin have been developed to target the tumor microenvironment, up-regulate E-cadherin
and reverse EMT. A combination of alternative approaches and conventional therapies may hold promise to improve the efficacy and utility of cancer prevention and treatment.
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oncogene-induced senescence [41,54]. Thus, targeting tumor-promoting
inflammation may reduce tumor incidence, slow tumor progression,
and block cancer metastasis. In fact, certain anti-inflammatory drugs,
such as COX2 inhibitors, aspirin, or steroids, are effective against certain
human malignancies, including colon, prostate, and breast cancers
and lymphoid tumors [51]. Furthermore, a combination of anti-
inflammatory therapies and conventional therapies greatly improves
the efficacy and utility of cancer prevention and treatment [51,55].
Therefore, as a characteristic feature of pancreatic cancer, tumor-stroma
inflammation represents a new, potent therapeutic target. Interfering
with the inflammatory tumor-stroma microenvironment in pancreatic
cancer may stimulate immune surveillance of cancer cells, enhance the
sensitivity of cancer cells to chemotherapy, and inhibit the EMT process
to block cancer metastasis (Fig. 2) [52].

3.4. Microtubule dynamics

In addition to cadherin-mediated cellular morphological changes,
cytoskeletal architecture and microtubule dynamics are critical factors
in EMT-related cellular events. Microtubule dynamics are essential
for cell migration and are regulated by stathmin, which is a notable
microtubule destabilizer as well as an EMT inducer [56-58]. Stathmin
overexpression is associated with more aggressive characteristics and
high invasion and metastasis in various human cancers, including pancre-
atic cancer, and suppressing stathmin stabilizes microtubules, impairs cell
migration, and inhibits EMT [57]. Thus, targeting the microtubule-
destabilizing dynamics of stathmin to inhibit pancreatic cancer cell
growth and dissemination represents an alternative approach to cancer
therapy (Fig. 2) [59].

4. EMT and pancreatic cancer prognosis

Pancreatic cancer has a dismal prognosis due to the frequency of
local invasion and early metastasis. Substantial evidence indicates
that EMT status is associated with poor prognosis and adverse clinical
outcomes, such as portal vein invasion and lymph node metastasis
[30,60]. The mechanism of EMT affecting the prognosis of pancreatic
cancer is unclear. EMT-induced cancer cell dissemination may be the
main reason for poor prognosis. Moreover, cancer cells with EMT possess
CSC features that represent resistance to chemotherapy and radiotherapy,
which is also responsible for the frustrating therapeutic effect of pancreat-
ic cancer (Fig. 1) [61].

The association between EMT and pancreatic cancer prognosis can
be demonstrated by a large number of EMT regulators, some of which
are prognostic factors for pancreatic cancer. In surgically resected
pancreatic cancer tissues, EMT status is distinguished by the immunohis-
tochemical detection of decreased E-cadherin expression and increased
expression of mesenchymal markers, such as vimentin and Snail. The
loss of E-cadherin expression has been correlated with adverse clinical
outcomes in various types of human cancers, and is an independent
predictor of poor prognosis in pancreatic cancer [62]. Some EMT
regulators, such as Snail, ZEB1, and HDACI, are overexpressed in
pancreatic cancer tissues and generally correlate with E-cadherin loss
and cancer metastasis, which are associated with tumor recurrence
and poor long-term survival [36,40,63,64].

5. EMT and pancreatic cancer therapy

Despite recent advancements in the elucidation of the genetics and
molecular biology of pancreatic cancer, survival statistics remain
bleak, particularly in patients with advanced disease. Even after
complete tumor removal, the clinical outcome in patients with
early pancreatic cancer is unsatisfying because patients with resectable
or unresectable pancreatic cancer generally have a limited response to
chemotherapy [2]. EMT-phenotypic cells play a vital role in not only
tumor formation, progression and metastasis but also therapeutic

resistance in pancreatic cancer [65]. Tumors resistant to conventional
chemotherapy exhibit a mesenchymal morphology and express certain
EMT markers [65]. The tumor-stroma cell environment also affects the
development of pancreatic cancer progression and therapeutic resistance
[43]. Therefore, EMT regulators are abundant molecular targets for anti-
cancer therapy (Fig. 2). Some progress has been made; EMT inhibition
not only reverses the EMT phenotype of cancer cells but also enhances
sensitivity to drug treatment in cell models and human tumors [28].

5.1. Reversing EMT

Functional loss of E-cadherin is a hallmark of EMT and can be
mediated by genetic mutation, epigenetic inactivation, and transcription-
al silencing of the CHD1 gene [33]. Of these mechanisms, transcriptional
silencing of CHD1 gene expression regulated by specific transcriptional
factors may be the most frequent event. These transcriptional factors act
not only as intracellular inducers of EMT but also as therapeutic targets
to block tumor progression (Table 1) [36]. The histone deacetylases
HDAC1 and HDAC2 are regulated by Snail and ZEB1 and mediate the
loss of E-cadherin expression in pancreatic cancer cells through the
deacetylation of histones H3 and H4 within the CDH1 promoter.
Knockdown of Snail, ZEB1 and/or HDACs induces the reversal of
EMT, the reduction of tumor cell migration and proliferation, and
the enhancement of drug sensitivity [31,40]. HDAC inhibition can
also suppress cell cycle progression, promote DNA repair, and induce
tumor cell apoptosis and autophagy, an encouraging profile for cancer
treatment. Substantial progress has been achieved in the development
of HDAC inhibitors as a new anti-cancer agent, and some HDAC inhibitors
have been investigated in clinical trials [66]. In addition, Snail, as a potent
repressor of E-cadherin, can both increase tumor invasive ability and
suppress immune responses. Snail inhibition simultaneously restrains
EMT-induced cancer metastasis and immunosuppression, restoring
immunocompetence in patients with malignancy [39]. These findings
indicate that reversing the EMT phenotype of cancer cells may
concomitantly improve other adverse outcomes generated by cancer
cells, suggesting a potential oncotherapy for cancer invasion and
metastasis.

5.2. Targeting the tumor-stromal interaction

Tumor stroma formation is closely related to the EMT process.
Recent evidence indicates that tumor stromal cells provide a cancer-
promoting microenvironment that enhances immune suppression
in the tumor and the resistance of the tumor to effective treatment,
including conventional chemotherapy and radiotherapy [42,46,50].
In the past decade, researchers have attempted to treat pancreatic
cancer by targeting tumor-stromal interactions, including targeting
pancreatic stellate cells (PSCs), inhibiting extracellular matrix deposition,
suppressing angiogenesis, reversing immune suppression, and activating
the immune response in pancreatic cancer [67,68]. In mouse models,
drugs that deplete tumor-associated stromal tissue by inhibiting the
Hedgehog signaling pathway increase intratumoral vascular density
and the intratumoral concentration of gemcitabine, facilitate drug
delivery and enhance the efficacy of chemotherapeutic agents against
pancreatic cancers [69]. Improvements have also been achieved in the
inhibition of PSC function and reinforcement of the host immune reac-
tion [68]. These findings suggest that the microenvironment associated
with the tumor-stromal interaction may be an alternative therapeutic
target for pancreatic cancer.

5.3. microRNAs

MicroRNAs, the small noncoding RNA molecules that regulate
gene expression, are important regulatory molecules in various
biological processes, including EMT. Certain microRNAs, including
microRNA-34, microRNA-141, let7, microRNA-22 and microRNA-
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200, act as tumor suppressors, while other microRNAs, including
microRNA-21, microRNA-155, microRNA-520, microRNA-221 and
microRNA-203, exhibit oncogenic activity [70,71]. Of these microRNAs,
the microRNA-200 family may be the most important in pancreatic
cancer progression. Indeed, studies have highlighted the importance
of microRNA-200s in regulating EMT and controlling the metastatic
ability of pancreatic cancer cells [23]. The expression of the microRNA-
200 family is significantly down-regulated in gemcitabine-resistant
pancreatic cancer cells, which exhibit typical EMT characteristics,
while re-expression of microRNA-200s reverses the EMT phenotype
by up-regulating the expression of E-cadherin and down-regulating
the expression of ZEB1 and ZEB2 [23,24,72]. Conversely, Snail, ZEB1
and ZEB2 also repress the expression of the microRNA-200s,
forming a feedback loop of microRNAs and transcriptional repressors
of E-cadherin cross-regulation to influence the EMT process and cancer
metastasis [73,74]. In addition, forced expression of microRNA-200s re-
stores the chemotherapeutic sensitivity of EMT-induced drug-resistant
pancreatic tumor cells [70]. Because the aberrant expression of specific
microRNAs is involved in the disease progression and drug resistance
of pancreatic cancer, the inhibition or re-expression of these microRNAs
may be a new strategy to block tumor progression and overcome drug
resistance.

5.4. Suppressing autophagy

Autophagy, the basic physiological process that maintains cell
survival by mediating the degradation of unnecessary or dysfunc-
tional cellular components through the lysosomal pathway, acceler-
ates cancer invasion and metastasis under conditions of starvation
and hypoxia [75,76]. Recent studies have shown that autophagy
promotes tumor invasion by inducing EMT and that EMT activates
autophagy to maintain the resistance of tumor cells to cytotoxic T
lymphocyte-mediated killing [77-79]. We have demonstrated that
repressing autophagy induced by irradiation increases the radiosen-
sitivity of pancreatic cancer cells [80]. These results indicate that
autophagy, in concert with EMT, may allow tumor cells to evade
immune surveillance, chemotherapy and radiotherapy, suggesting
a promising therapeutic strategy in which inhibiting autophagy
sensitizes resistant tumor cells with an EMT phenotype to immune
therapy as well as conventional therapy [77].

6. Conclusions

The EMT process is fundamental to both physiological and pathologi-
cal development. An aberrantly activated EMT phenotype is a key event in
pancreatic cancer development, progression and drug resistance, and
may be relevant to therapeutic approaches. Because EMT is controlled
by a complex network of transcriptional regulators, cellular signaling
pathways and microRNAs, small-molecule inhibitors against EMT
activators will pave the way for devising targeted therapeutic approaches.
The EMT process also confers cancer cells with resistance to apoptosis and
senescence, immunosuppression and immunoresistance, as well as stem
cell properties, which opens new avenues to develop multimodal
therapies aimed at targeting tumor cells together with their micro-
environment. Thus, the elucidation of the molecular biology of EMT in
pancreatic cancer may provide insights into the mechanisms of tumor
recurrence and metastatic progression and alternative therapeutic
approaches with important effects on disease outcome.
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