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Autophagy is an evolutionarily preserved degradation process of cytoplasmic cellular constituents and
plays important physiological roles in human health and disease. It has been proposed that autophagy
plays an important role both in tumor progression and in promotion of cancer cell death, although the
molecular mechanisms responsible for this dual action of autophagy in cancer have not been elucidated.
Pancreatic ductal adenocarcinoma is one of the most aggressive human malignancies with 2e3% five-
year survival rate. Its poor prognosis has been attributed to the lack of specific symptoms and early
detection tools, and its relatively refractory to traditional cytotoxic agents and radiotherapy. Experi-
mental evidence pointed at autophagy as a pancreatic cancer cell mechanism to survive under adverse
environmental conditions, or as a defective programmed cell death mechanism that favors pancreatic
cancer cell resistance to treatment. Here, we consider several phenotypical alterations that have been
related to increase or decrease the autophagic process in pancreatic tumor cells. We specially review
autophagy as a cell death mechanism in response to chemotherapeutic drugs.
Copyright � 2012, IAP and EPC. Published by Elsevier India, a division of Reed Elsevier India Pvt. Ltd. All
rights reserved.
Autophagy is an evolutionarily preserved degradation process of
cytoplasmic cellular constituents, which serves as a survival
mechanism in starving cells. Autophagy is characterized by the
sequestration of bulk cytoplasm and organelles in double-
membrane vesicles called autophagosomes, which eventually
acquire lysosomal-like features completing the autophagic flow
with the degradation of the sequester material. Autophagy is
mediated by a set of evolutionarily conserved gene products
(termed the Atg proteins) originally discovered in yeast [1]. Among
these Atg proteins, one subset is essential for autophagosome
formation, and is referred to as the core molecular machinery [2].
These core Atg proteins are composed of four subgroups: first, the
Atg1/unc-51-like kinase (ULK) complex; second, the class III phos-
phatidylinositol 3-kinase (PtdIns3K)/Vps34 complex I; third, two
ubiquitin-like protein (Atg12 and Atg8/LC3) conjugation systems;
and fourth, two transmembrane proteins, Atg9/mAtg9 (and associ-
ated proteins involved in its movement such as Atg18/WIPI-1) and
VMP1 (whose expression triggers autophagy). Basal autophagy in
unstressed cells is kept down by the action of themammalian target
of rapamycin complex 1 (mTORC1). Key upstream regulators of
mTORC1 include the class I phosphoinositide 3-kinase (PI3K)-Akt
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pathway,which keepsmTORC1 active in cellswith sufficient growth
factors, and the AMP-activated protein kinase (AMPK) pathway that
inhibits mTORC1 upon starvation and calcium signals [2].

Autophagy plays important physiological roles in human health
and disease. This catabolic process is involved in the turnover of
long-lived proteins and the elimination of damage/old organelles,
thus maintains quality control of essential cellular components. In
addition to its role in cellular homeostasis, a cytoprotective role is
playing when cells encounter environmental stresses such as
nutrient starvation, hypoxia, oxidative stress, pathogen infection,
radiation or anticancer drug treatment, the level of autophagy can
be dramatically augmented resulting in adaptation and survival
[1,2]. However, downregulated and excessive autophagy has been
implicated in the pathogenesis of diverse diseases, such as certain
types of neuronal degeneration and cancer [3]. Autophagy has also
been implicated in cell death called autophagic or type II pro-
grammed cell death, which was originally described on the basis of
morphological studies detecting autophagic vesicles during tissue
involution [4].

Cancer cells in general tend to undergo less autophagy than their
normal counterparts [5,6]. The beclin1 autophagy gene is mono-
allelically deleted in 40e75% of cases of human sporadic breast,
ovarian, and prostate cancers. Heterozygous disruption of beclin1
increases the frequency of spontaneous malignancies, and acceler-
ates the development of virus-induced premalignant lesions [6],
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suggesting that defective regulation of autophagy promotes
tumorigenesis. It has been proposed that autophagy suppresses
tumorigenesis by a cell-autonomous mechanisms involving
protection of genome integrity and stability, and a non-autonomous
mechanisms involving suppression of necrosis and inflammation
[7]. On the other hand, autophagy may support the survival of
rapidly growing cancer cells that have outgrown their vascular
supply and are exposed to an inadequate oxygen supply or meta-
bolic stress. By contrast, excessive levels of autophagy promote cell
death [8]. Accordingly, it has beenproposed that autophagy plays an
important role both in tumor progression and in promotion of
cancer cell death [9], although the molecular mechanisms respon-
sible for this dual action of autophagy in cancer have not been
elucidated.

Pancreatic ductal adenocarcinoma (PDAC) is one of the most
aggressive human malignancies with 2e3% five-year survival rate
[10]. It remains a devastating and poorly understood malignancy.
Its poor prognosis has been attributed to the inability to make
a diagnosis while the tumor is still resectable and a propensity
toward early vascular dissemination and spread to regional lymph
nodes. Up to 60% of patients have advanced pancreatic cancer at the
time of diagnosis, and their median survival time is a dismal 3e6
months [11]. This is due to both the aggressive nature of the disease,
the lack of specific symptoms and early detection tools, and its
relatively refractory to traditional cytotoxic agents and radio-
therapy. Moreover, pancreatic cancer cells become more malignant
or survive with an extremely poor blood supply [10,11]. So far, little
and contradictory data are available regarding the activity of
autophagy and its regulation in pancreatic cancer cells. Experi-
mental evidence pointed at autophagy as a pancreatic cancer cell
mechanism to survive under adverse environmental conditions, or
as a defective programmed cell death mechanism that favors
pancreatic cancer cell resistance to treatment. Here, we review
several phenotypical alterations that have been related to increase
or decrease the autophagic process in pancreatic tumor cells. We
specially review the role of autophagy in chemotherapy-induced
cell death in pancreatic cancer cells.

1. Autophagy as a pancreatic cancer cell response to
environment insult

1.1. Autophagy as a cancer cell survival response to tumor-
associated hypoxia

Hypoxia in pancreatic cancer has been reported to increase its
malignant potential. Tumor hypoxia has been used as a marker of
poor prognosis [12]. Proliferating cancer cells require more nutri-
ents than surrounding non-cancerous cells do, though nutrition is
supplied via functional structurally immature neo-vessels, but
mostly this is insufficient to provide adequate nutrients for the
aggressive proliferating cancer cells. Because of this, how pancre-
atic cancer cells become more malignant or survive with an
extremely poor blood supply is poorly understood. When cancer
cells are exposed to hypoxia, anaerobic glycolysis increases and
provides energy for cell survival, but as the glucose supply is also
insufficient because of the poor blood supply, there must be an
alternative metabolic pathway that provides energy when both
oxygen and glucose are depleted [13,14]. Because autophagy-
specific genes promote the survival of normal cells during
nutrient starvation in all eukaryotic organisms, autophagy may
react to the cancer microenvironment to favor the survival of
rapidly growing cancer cells. LC3 expression in surgically resected
pancreatic cancer tissue shows activated autophagy, where the
peripheral intensity level of LC3 staining is stronger than central
area of the tumor. The peripheral area, which includes the invasive
border with a high rate of proliferation and therefore a greater need
for oxygen and nutrients, concomitantly shows enhanced expres-
sion of carbonic anhidrase [15]. This observation suggests that
autophagy may promote cell viability in hipovascular pancreatic
cancer tissue.
1.2. Autophagy as a survival cancer cell response to tumor-
associated inflammation

Cancer-associated inflammation results in promotion of carci-
nogenesis and resistance to therapy. Several phenotypic alterations
observed in cancer cells are a result of inflammatory signals found
within the tumor microenvironment [16]. The receptor for
advanced glycation end products (RAGE) is an induced inflamma-
tory receptor constitutively expressed on many murine and human
epithelial tumor cell lines [17,18] and the highest levels of RAGE
expression were observed in murine and human pancreatic
adenocarcinoma tumors. Genotoxic and/or metabolic stress lead to
modest but reproducible increases in overall expression of RAGE on
pancreatic cell lines. RAGE expression correlates directly with the
ability of both murine and human pancreatic tumor cell lines to
survive cytotoxic insult. Targeted knockdown of RAGE significantly
increases cell death, whereas forced overexpression promotes
survival. Recently was reported that the enhanced sensitivity to cell
death in the setting of RAGE-knockdown is associated with
increased apoptosis and decreased autophagy. In contrast, over-
expression of RAGE is associated with enhanced autophagy,
diminished apoptosis and greater pancreatic cancer cell viability.
Knockdown of RAGE enhances mTOR phosphorylation in response
to chemotherapy, thus preventing induction of a survival response.
Inhibition of autophagy bymeans of silencing beclin1 expression in
pancreatic cancer cells enhances apoptosis and cell death [19].
These observations suggest that RAGE expression enhances auto-
phagy in response to environment stress in pancreatic cancer cells.
However, increased sensitivity to chemotherapeutic agents in
RAGE-knockdown pancreatic cancer cells is dependent of Atg5
expression but independent of beclin1 expression [19]. These last
findings suggest that the role of autophagy in the resistance to
microenvironment insult or in the sensitivity to chemotherapeutic
agent is the result of complexmolecular pathways in the pancreatic
tumor cell.
1.3. Repression of autophagy as a pancreatic cancer cell response to
prolonged hypoxic conditions

Pancreatic cancer cell response to prolonged hypoxia may
consist in inhibition of autophagic cell death. The short isoform of
single-minded 2 (SIM2s) is a member of the basic helix-loop-helix
family of transcriptional regulators [20] and is up regulated in
pancreatic cancer. Microarray studies identified the pro cell death
gene BNIP3 as a target of SIM2s repression. Prolonged hypoxia
induces cell death via an autophagic pathway involving the
HIF1alpha-mediated upregulation of BNIP3 [21,22]. Decreased
BNIP3 levels and poor prognosis clearly correlate with elevated
SIM2s expression in pancreatic cancer [23]. The lost of BNIP3 in
pancreatic tumors, either by hypermethylation or by transcrip-
tional repression, is correlated with inhibition of cell death [24,25]
whereas upregulation of BNIP3 sensitizes pancreatic carcinoma
cells to hypoxia-induced cell death [26]. SIM2s expression,
concomitant with its repression of BNIP3, enhances tumor cell
survival under prolonger hypoxic conditions. Recent data link
increased SIM2s expression with enhanced cell survival during
hypoxia-stress concomitantly with BNIP3 repression and the
attenuation of hypoxia-induced autophagic processes [27]. Thus,
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inhibition of autophagic cell death by BNIP3 repression enhances
pancreatic tumor cell survival under prolonged hypoxic conditions.

1.4. Repression of autophagy is a pancreatic cancer cell strategy for
resistance to chemotherapeutic agent

Changes in pancreatic tumor cell phenotype may explain
reduced autophagy in pancreatic cancer. Upregulation of genes
involved in autophagy-inhibition signaling pathways as well as
downregulation of autophagy-related genes have been reported in
pancreatic tumor cells. The phosphatidylinositol 3-kinase-Akt-
mTOR pathway, which is activated in many cancer types, has been
shown to suppress autophagy in cancer cells. Rapamycin, an
inhibitor of mTOR, induces autophagy [27]. The basal expression of
TG2 (Tissue transglutaminase) has been reported elevated in tumor
cell lines resistant to chemotherapeutic drugs [28]. Elevated
expression of TG2 is detected in pancreatic cancer cells [29,30] and
inhibition of TG2 expression results in autophagy in pancreatic
cancer cells [31]. In addition, downregulation of PKCd (Protein
kinase C, delta) by either rottlerin or siRNA is accompanied by
a parallel decrease in TG2 expression and the induction of auto-
phagy. Moreover, knockdown of beclin1 inhibits TG2 siRNA-
induced autophagy, indicating that beclin1 mediates the auto-
phagy observed in MDA-Panc28 cancer cells. Finally, inhibition of
TG2 by stable transfection with antisense or transient transfection
with siRNA has been shown to restore sensitivity of cancer cells to
chemotherapeutic drugs [32]. These observations suggest that
downregulation of autophagy by the pancreatic cancer cell
contributes to cellular resistance to chemotherapy.

2. Both decreased and increased autophagy show to be
related to pancreatic cancer

Tumor cells with a high prevalence of activating mutations in K-
Ras, like pancreatic cancer, have the distinction of a particularly
poor prognosis. K-Ras is a member of the Ras family of GTP-binding
proteins that mediate a wide variety of cellular functions including
proliferation, differentiation and survival. K-Ras mutation is one of
the earliest genetic events see in human PDAC. Recently, it has been
demonstrated that many human cancer cell lines with activating
mutations in Ras have high basal autophagy [33,34]. Yang et al. have
showed that pancreatic cancer cells exhibit constitutive autophagy
under basal conditions and is highly activated in the later stages of
PDAC transformation being required for continued malignant
growth [33]. Minimal cytoplasmic expression of cleaved LC3 in the
normal pancreatic ductal epithelium or in low-grade PanIn-1 and
most PanIn-2 samples were found by immunohistochemistry. In
contrast, all high-grade PanIn-3 and PDAC showed elevated cleaved
LC3 staining, with moderate to strong staining intensity in 81% of
lesions [35]. The capacity of autophagy to sustain the growth of
tumor cells in the later stages of PDAC may be associated with its
capacity to prevent DNA damage, remove dysfunctional organelles
produced by oversynthesis of reactive oxygen species (ROS)
observed in RAS-transformed cells [36]. Despite this function of
autophagic process in PDAC, a role of autophagy in the early stages
of pancreatic cancer should not be dismissed. Elgendy et al. have
demonstrated that expression of mutated H-Ras in the absent of
cotransforming oncogenes leads to extensive autophagy which
culminates in cell death. In human ovarian surface epithelial cell
line, the Ras-induced cell death is associated with features char-
acteristic of autophagy, is dependent on beclin1 and Atg5 expres-
sion, and is not associated with caspase activation or other features
of apoptosis [34]. In the context where an oncogenic mutation in
Ras has just been acquired and drives oncogenic stress, acutely
induced Ras expression may stimulate intrinsic cellular pathways
that abort malignant transformation by cell autophagy-mediated
cell death.

In contrast to the activation of autophagy, in some studies have
been reported a decreased of this process in PDAC. Studies of
carcinogen-induced pancreatic cancer in animal models have
shown that pancreatic adenocarcinoma cells have lower autopha-
gic capacity than premalignant cells [5]. The WIPI protein family,
which includes Atg18, the WIPI-1 homolog in S. cerevisiae, was
genetically identified as a gene contributing to autophagy [37].
Human WIPI-1a is a member of a highly conserved WD- repeats
protein family and is linked to starvation-induced autophagy in the
mammalian system [38]. Moreover, immunolabelling reveals
hWIPI-1 and hWIPI-2 as membrane components of autophago-
somes [39]. Interestingly, WIPI proteins are linked pathologically to
cellular transformation because all humanWIPI genes are reported
aberrantly expressed in a variety of matched human cancer
samples. Strikingly, hWIPI-2 mRNA expression is substantially
decreased in 70% of matched kidney (10 patients) and 100% of
pancreatic (seven patients) tumor samples. The majority of these
samples were derived from advanced stage tumors, such as
pancreatic adenocarcinomas stages IeIV [38]. Hence, pancreatic
cancer-associated downregulation of hWIPI-2 supports the possi-
bility that decreased autophagic activity is related to the malignant
stages of pancreatic cancer.

The role of autophagy in PDAC is complex. Although opposing
functions have been reported for the autophagic process in PDAC,
likely all these opposing functions could be possible depending on
cellular context. Therefore, tumor cells receiving signal from the
surrounding environment, react according to them. Moreover,
PDAC is characterized by abundant dense stroma, including acti-
vated fibroblasts, stellate cells and inflammatory cells. This micro-
environment has direct effects on tumor cells. The activated stroma
and particularly chronic inflammation have been implicated in
carcinogenesis of pancreatic cancer. Interactions between tumor
cells and stroma promote tumor growth and resistance to therapy,
even autophagy in stroma cells has been implicated in these actions
[40e44]. Thus, the Ras-activated autophagy may promote cell
death in early stages of pancreatic cancer and may be necessary for
cell survival in advances stages of this cancer. Therefore, autophagy
in pancreatic cancer may have different roles depending on the
cancer stage and on the signals that cancer cells receive from the
environment.

3. Autophagy as a cell death mechanism in response to
chemotherapeutic drugs

3.1. Cardiac glycosides

The use of cardiac glycosides in the treatment of human
malignant diseases may provide an interesting as well as novel
form of therapy [45]. For example, oleandrin the principal cytotoxic
component of Nerium oleander, has been shown to mediate cell
death in human but not murine cell lines [46]. The mechanisms by
which oleandrin controls malignant cell proliferation may be
related to a preferential decreased activation of transcription
factors such as nuclear transcription factor-kB (NF-kB) and activator
protein-1, alteration of membrane potential and fluidity, activation
of MAPK and JNK pathways, increased calcineurin content with
subsequent FasL expression, upregulation of death receptors [46]
and induction of ROS and oxidative stress [47] in tumor cells.
Collectively, these mechanisms have been associated with induc-
tion of apoptosis and cell death in a wide variety of human tumor
cell lines (eg, Jurkat, U-937, HL-60, HeLa, PC3, and MCF-7). Olean-
drin is a potent inhibitor of the phosphorylation of Akt, a well-
established biomarker responsible for activation of tumor cell
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proliferation, cell migration, invasion, and prevention of apoptosis
[48]. It thus appears that oleandrin is a multimechanistic mediator
of tumor cell death capable of selective killing of tumor but perhaps
not normal cell types. Exposure of PANC-1 cells to oleandrin results
in cell death associated with subcellular changes such as formation
of autophagosomes that are abundant even at low nanomolar
concentrations of this cardiac glycoside. Mechanistically, both Akt
and ERK pathways appear to be involved in cell death induced by
oleandrin [48,49]. However, it is possible that oleandrin treatment
overwhelms an autophagic defense response of pancreatic tumor
cells and eventually leads to cancer cell death.

3.2. Gemcitabine

Gemcitabine monotherapy (20,20-difluorodeoxycytidine), a deox-
ycytidine analog, or its combination with other agents has become
the standard chemotherapy for the treatment of advanced pancreatic
cancer. Gemcitabine is a relatively effective chemotherapeutic treat-
ment of pancreatic cancer. Twomechanisms of action that contribute
to gemcitabine citotoxicity have been described. Firstly, gemcitabine
competes with dCTP for the incorporation into DNA causing chain
termination, and secondly, gemcitabine serves as an inhibitory
alternative substrate for ribonucleotide reductase and leads to
a reduction of deoxynucleotide pools [47,50]. This molecule inhibits
growth of humanpancreatic cancer cells that are insensitive to classic
anticancer drugs, including other nucleoside analogs with similar
structures. Differences indrugmetabolismandmechanismsof action
probably explain contrasts in clinical activity. Although gemcitabine
seems to exert its toxicity through activation of apoptosis [47],
recently we showed that gemcitabine also induces autophagy in
pancreatic cancer cells and that this process mediates the cell
deathepromoting activity of this compound [51]. Early induction of
autophagy by gemcitabine leads to cancer cell death and this process
is mediated by the activation of VMP1 expression. VMP1 is a trans-
membrane protein, member of the molecular core machinery of
autophagy [2],which triggers autophagy inmammalian cells through
the interaction with beclin1 [52,53]. Experiments performed in
PANC-1 and MIAPaCa-2 cells showed that gemcitabine treatment is
able to induce autophagy. The inhibition of autophagy by 3-
methyladenine, a widely used autophagy inhibitor, and VMP1-
shRNA significantly reduces the percentage of dead cells in
response to gemcitabine. In addition, gemcitabine promotes early
VMP1 expression, and downregulation of VMP1 expression signifi-
cantly reduces cell death. Thus, the VMP1-autophagy pathway
promotes cell death in gemcitabine-treated humanpancreatic cancer
cells. The fact that inhibition of the autophagic pathway reduces
pancreatic cancer cell death supports the hypothesis that the auto-
phagic process enhances antitumor potency of the chemotherapeutic
drug.

3.3. Capecitabine

It is a pyrimidine analog, an antimetabolite agent given orally to
treat different types of malignancies. Capecitabine is a prodrug of
the pyrimidine analog 5-fluoruracil. It is relatively efficacious in
locally advanced pancreatic cancer when associated with limited
field radiotherapy [54]. In one study, preoperative capecitabine-
based chemoradiation resulted effective and well-tolerated treat-
ment for patients with borderline resectable PDAC [55]. In a phase
III study, combination of capecitabine plus gemcitabine improved
objective response rate and progression free survival when
compared with gemcitabine alone, associated with a trend toward
to improve overall survival (p ¼ 0.08) [56]. Capecitabine induces
apoptosis in HTB-43 cells (a human larynx cancer cell line) in
a dose dependent manner, not affecting human lymphocyte
control cells [57]. The combination of capecitabine with vorinostat
(a histone deacetylase inhibitor) seems to synergistically increase
the apoptotic rate in colorectal cancer cells, probably through
up-regulation of thymidine phosphorilase [58]. The activity of
capecitabine seems to involve the modulation of Src kinase family,
NFkB suppression and a reduction in c-Flip expression [59]. A very
well known mechanism for capecitabine resistance involves Src
kinase activation. Src kinases play a role in regulating autophagy
[60]. Some pyrrolopyrimidine and pyrazolopyrimidine analogs
have demonstrated inhibitory effect on Src kinases. Src inhibitors
are associated with a high level of autophagy in prostatic cancer
cells; when deregulated, excessive autophagy may lead to type II
programmed cell death [60]. Nevertheless, in a prostatic cancer
model, autophagy blockade enhanced the apoptosis-inducing
effect of Src kinase inhibitors. However, although it is conceiv-
able, potential effects of capecitabine in modulating autophagy on
pancreatic cancer cells are still unknown.

3.4. Irinotecan

Irinotecan is a topoisomerase I inhibitor which prevents DNA
from unwinding. In a randomized phase III trial, the combination of
5-fluoracil, leucovorin, oxaliplatin and irinotecan resulted in better
responses, progression free survival and overall survival when
compared with the standard single drug therapy with gemcitabine
for metastatic pancreatic adenocarcinoma [61]. In small cell pros-
tatic carcinoma, irinotecan demonstrated to increase in autophagy
of the treated tumors as indicated by an increase in LC3B marker
expression [62]. Even though, authors state that the role of auto-
phagy in cancer is complex, since there is evidence that autophagy
supports both promotion and suppression of cancer growth. This
study represents the more relevant evidence of the effect of iri-
notecan on autophagy, and no information on the effect of this drug
on pancreatic cancer is currently available.

3.5. Platinum coordination complexes

As mentioned before, a combination treatment including 5-
fluoruracil, leucovorin, irinotecan and platinum showed promis-
sory results in a phase III trial on patients with metastatic
pancreatic cancer. In cisplatin-resistant SKOV3/DDP human ovarian
cancer cells, knockdown of p62 or inhibition of autophagy using 3-
methyladenine resensitizes these cells to cisplatin treatment [63].
Some studies carried out on esophageal cancer cell lines showed
that cell populations that respond with autophagy are more resis-
tant and will recover more easily following withdrawal of chemo-
therapeutic agents as cisplatin [64]. No information on oxaliplatin
effects on pancreatic cancer cells autophagy is currently available.

3.6. Sorafenib

The multikinase inhibitor sorafenib and histone deacetylase
inhibitors (HDACI) interact to kill pancreatic carcinoma cells. Sor-
afenib and multiple HDACIs interact in a highly synergistic manner
to kill pancreatic tumor cells in vitro via activation of CD95 [65].
These effects are magnified when BCL-2 family protein activity is
inhibited and restored in a CD95-null/knocked down environment.
Both, Sorafenib þ HDACI and GX15-070 treatments increase LC3
recruitment, indicative of autophagy; combined exposure to all
three drugs further increase LC3 recruitment. Interestingly,
knockdown of beclin1 suppresses the lethality of the BCL-2 family
inhibitor GX15-070 to enhance sorafenib þ HDACI-induced
pancreatic tumor cell killing, regardless of CD95 expression [66].
Thus, autophagy induction potentiates antitumor effect because the
inhibition of BCL-2 family enhances tumor cell killing by autophagy,



Fig. 1. A: Autophagy as a pancreatic tumor cell survival response. Regulation of autophagy in pancreatic cancer cell response to environment insult. This cartoon summarizes
phenotypical changes in pancreatic tumor cells that ultimately activate or inhibit autophagy leading to pancreatic cancer cell survival. B: Autophagy as a pancreatic tumor cell death
mechanism. Autophagy as a cell death mechanism in response to chemotherapeutic drugs. This cartoon shows examples of phenotypical changes of pancreatic tumor cells in
response to chemotherapeutic drugs that activate autophagy leading to pancreatic cancer cell death. HDACI: histone deacetylase inhibitors; pAkt: phospho-Akt; pERK: phospho-
ERK.
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restoring the potency of antitumor drug in cells lacking the death
receptor. This is of potential clinical importance because CD95
expression and functional signaling by this death receptor is often
lost in the more advanced metastatic tumors.

4. Conclusions

Little is known about the role of autophagy in pancreatic cancer,
and genetic/epigenetic modifications related to the disease are not
well documented so far. However, autophagy-related phenotypic
changes are described in pancreatic tumor cells. Pancreatic tumor
cell activates autophagy in response to hypoxia and low nutrient
supply. Autophagic features are reported in peripheral area of
surgically rejected pancreatic cancer tissue [15]. Moreover, upre-
gulation of autophagy favors survival of pancreatic cancer cell in
tumor-associated inflammation. Overexpression of RAGE is asso-
ciated with enhanced autophagy, diminished apoptosis and greater
pancreatic cancer cell viability [19]. On the other hand, repression
of autophagy-mediated cell death enhances tumor cell survival and
explains in part pancreatic cancer resistance to treatment. Up-
regulation of SIM2s expression enhances tumor cell survival
under prolonger hypoxic conditions by repression of BNIP3-
mediated autophagic cell death. TG2 has been reported elevated
in tumor cell lines resistant to chemotherapeutic drugs. Inhibition
of TG2 expression results in beclin1-mediated autophagy and
restores sensitivity of cancer cells to chemotherapeutic drugs [30].
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Finally, both decreased and increased autophagic activity is asso-
ciated to malignant stages of pancreatic cancer. Autophagy-related
genes WIPI/Atg18 are substantially decreased in samples derived
from advanced stage tumors, such as PDAC stages IeIV [39]. By
contrast, pancreatic cancer cells with activating mutations in RAS
have high basal autophagy and depend on autophagy for normal
growth in PDAC, and conversely, depend on autophagy to cell death
in early stages of pancreatic cancer [33e35]. These changes in gene
expression suggest that different molecular mechanisms might be
involved in autophagy-mediated survival or death. Therefore,
phenotypical modifications in pancreatic tumor cells at different
stages of the disease may explain the dual role of autophagy in
pancreatic cancer and certainly revel that the autophagic process in
cancer cells is muchmore complex thanwe actually know. Here we
have briefly reviewed autophagy as a cell death mechanism in
response to chemotherapeutic drugs. Several chemotherapeutic
drugs exert their effect at least in part through promotion of
autophagy-mediated cell death. Gemcitabine induced cell death is
reduced when VMP1-beclin1-mediated autophagic pathway is
downregulated at initial steps [51] and knockdown of beclin1
suppresses the lethality of the BCL-2 family inhibitor GX15-070 to
enhance sorafenib þ HDACI-induced pancreatic tumor cell killing
[66]. Fig. 1 summarizes autophagic cell responses leading to
pancreatic cancer cell survival (A) and death (B). It is important to
emphasize that although the autophagic flow has not been studied
in pancreatic cancer, the increase in the number of autophago-
somes may be due to increased autophagic activity and also accu-
mulation of autophagosomes may be due to a disruption of the
autophagic flux at the lysosomal level. Therefore, results obtained
from clinical studies that use chloroquine -a lysosomal hydrolase
inhibitor- to test the effect of autophagy-inhibition during
chemotherapy, must be careful interpreted [67]. However, it is very
interesting to note that no chemotherapeutic drug has been
described to kill pancreatic cancer cells by means of the inhibition
of autophagosome formation. Furthermore, the effect of chemo-
therapy drugs such as gemcitabine or BCL-2 inhibitors, which
promote autophagy-mediated cell death point at autophagy
induction as a promising tool for pancreatic cancer therapy.
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