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Abstract

Since the 1940’s, chemotherapy has been the treatment of choice for metastatic disease.
Chemotherapeutic agents target proliferating cells, inducing cell death. For most of the history
of chemotherapy, apoptosis was thought to be the only mechanism of drug-induced cell death.
More recently, a second type of cell death pathway has emerged: autophagy, also called
programmed type II cell death. Autophagy is a tightly-regulated process by which selected
components of a cell are degraded. It primarily functions as a cell survival adaptive
mechanism during stress conditions. However, persistent stress can also promote extensive
autophagy, leading to cell death, hence its name. Alterations in the autophagy pathway have
been described in cancer cells that suggest a tumor-suppressive function in early
tumorigenesis, but a tumor-promoting function in established tumors. Moreover,
accumulating data indicate a role for autophagy in chemotherapy-induced cancer cell death.
Here, we discuss some of the evidence showing autophagy-dependent cell death induced by
anti-neoplastic agents in different cancer models. On the other hand, in some other examples,
autophagy dampens treatment efficacy, hence providing a therapeutic target to enhance cancer
cell killing. In this paper, we propose a putative mechanism that could reconcile these two

opposite observations.
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In the unremitting fight against cancer, chemotherapies are one of the major tools that
oncologists used to treat and cure patients, especially if a metastatic disease is diagnosed.
Nitrogen mustards and antifolate agents were the first molecules to be used before the
emergence of DNA-damaging agents and microtubule targeting drugs. Targeted therapy,
based on specific alterations of cancer cells, is the next frontier in chemotherapy, [1-3].

However, the main objective of all of these approaches is to kill cancer cells.

For years, apoptosis was thought to be the principal mechanism by which chemotherapeutic
agents kill cells. Apoptosis is a programmed cell death highly conserved that regulates the
tissue homeostasis and/or eliminate damaged and infected cells. Two major apoptotic
pathways exist: the extrinsic pathway mediated by death receptors and the intrinsic pathway
mediated by mitochondria. These apoptotic signaling pathways lead to an important event: the
activation of caspases, cysteine proteases that cleave different substrates eventually leading in

cell dismantling.

Accumulating evidence now shows that anticancer agents also elicit other forms of non-
apoptotic cell death including necrosis, mitotic catastrophe, autophagy and senescence [4-6].
Furthermore, a continuum exists between apoptosis and necrosis, depending, for example, on
the concentration of the chemotherapy agent that the cancer cells are exposed to. Necrosis has
been viewed as a form of accidental cell death brought by injury. Recent findings have
suggested that some forms of necrosis are programmed; this process has been called
necroptosis. In addition, autophagic and apoptotic features can be observed in the very same
cell. Altogether, this leads to a complex wiring of cell death and survival networks that finally
tilts cell fate towards death or life. The purpose of this review is to focus on the role of

autophagy in anticancer agent-induced cell death.

1. Autophagy: an introduction
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Autophagy is a self-degradative process that enables cells to cope with stresses such as
nutrient deprivation, ER stress, pathogen infection or hypoxia. Autophagy is thus generally
considered to be a survival mechanism. On the other hand, when the severity or the duration
of the stress is too long, or in apoptotic-deficient cells, autophagy may participate in cell
death. Therefore, it has been called type II programmed cell death (type I being apoptosis
itself). The role of autophagy in cell demise was first proposed because a large number of
autophagic vacuoles have been observed in dying cells from various animal species. This was
thought to mainly occur during the developmental program (e.g. in salivary glands in
Drosophila) or during homeostatic processes (e.g. during organ involution). More recent data
have demonstrated autophagic features in cells treated with chemotherapeutic agents (see
below). The question, “Is autophagy an innocent bystander, a direct cell death execution
pathway, a defense mechanism that ultimately fails in its mission to preserve cell viability
and/or a garbage disposal mechanism that cleans up remnants of a cell already committed to

die” [7] still needs clarification. All may be true according to the circumstances.

There are three types of autophagy, all of which promote degradation of cytosolic components
but differ in their mechanisms and functions: micro-autophagy, chaperone-mediated
autophagy and (macro)-autophagy, which is the one considered in this review. Autophagy
delivers portions of the cytosol, possibly including organelle(s), to the lysosome via its
inclusion in a double membrane vesicle. The fusion of this vesicle with the lysosome permits
the hydrolysis of its contents by the lysosomal acidic hydrolases. Permeases and transporters
then export amino acids and other biomolecules into the cytosol where they can be reused for
cell metabolism and synthesis. Through this process, autophagy provides building blocks in
the event of nutrient deprivation and helps cells to sustain stresses. A specific form of macro-

autophagy is mitophagy, a process by which damaged mitochondria are degraded.
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Mechanisms inducing mitophagy involve the PTEN-induced putative kinase protein 1

(PINK1) and the E3 ubiquitin ligase, parkin.

Autophagy is a highly regulated process consisting of induction, cargo selection and
recognition and vesicle formation, which produces the autophagosome that then fuses with a
lysosome. Several signaling pathways that initiate autophagy converge at one serine/threonine
protein kinase, mTOR (mammalian Target Of Rapamycin). The energy sensor AMPK (AMP-
dependent Kinase) is such an example. mTOR negatively regulates Atgl (AuTophagy related
Gene 1) or its mammalian homologs, ULK-1 and -2 (Unc-151-like kinase) in nutrient rich
conditions, thus inhibiting autophagy [8]. Different sets of Atg proteins comprise the core of
the autophagy machinery and are then involved in the next successive steps [9, 10]. Of note is
the role played by Beclin-1, a member of the Bcl-2 family. Beclin-1 is the mammalian
homolog of the yeast Atgb gene. When released from Bcl-2 at the level of the endoplasmic
reticulum, Beclin-1 associates with the class IIl phosphatidylinositol 3-kinase Vps34,
UVRAG (ultraviolet radiation resistance associated gene), and other partners that are
required, in addition to the ULKs, for autophagy vesicle nucleation [11, 12]. The next step in
autophagophore elongation requires two ubiquitin-like systems: the first aims to conjugate
Atg5 to ubiquitin-like Atgl2 via the El- and E2-like activities of Atg7 and AtglO,
respectively. Atg5-Atgl2 conjugates oligomerize and localize at the outer membrane of the
expending membrane. The second system links Atg8 (also called LC3) that has been cleaved
by Atg4 to phosphatidylethanolamine, which leads to LC3-II isoform. LC3-1II is then recruited
both at the inner and the outer membranes of the growing vesicle. Both complexes are
required for membrane elongation and fusion leading to a closed vesicle. The completion of

the autophagosome is followed by its fusion with a lysosome [8].

2. Role of autophagy in cancer
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Alterations in the autophagy pathway in cancer cells raised a paradox because autophagy
functions as a tumor suppressive mechanism, but is also used by cancer cells for
cytoprotection to cope with their hostile microenvironment [13-15]. This dual role of
autophagy in tumor development is illustrated by the fact that colorectal cancer patients with

extensive over- or underexpression of Beclin-1 have a much poorer overall survival [16].

2.1 Tumor suppressive functions of autophagy

The first evidence that autophagy is tumor suppressive came from the observation that Beclin-
1 haplodeficient mice suffered from a high incidence of spontaneous tumors [17]. Beclin-1
down-regulation is also required for malignant transformation induced by oncogenic ras [18].
Furthermore, its expression is frequently decreased in human breast cancers [19] as well as in
melanomas [20]. Both genetic and epigenetic silencing of the Beclin-1 gene has been shown
in human breast tumors [21]. Combined decreased expression of Beclin-1 and LC-3 is also
observed in human glioblastomas [22]. Alteration in other autophagy-involved genes has also
been reported in different tumor types: this has been observed for Atg5 in a natural killer-
specific leukemia [23], for UVRAG in colorectal and gastric carcinomas [24, 25], for AtgdC
in KO mice that developed fibrosarcomas induced by methylcholanthrene [26] and for Bif-1
in human pancreatic ductal adenocarcinoma [27]. It has also to be mentioned that
hyperactivation of the Akt pathway is observed in numerous cancer types, which positively
regulates cell proliferation and survival while inhibiting autophagy through the activation of
mTOR. Activating mutations of mTOR have recently been discovered in tumors that would

also result in autophagy downregulation [28].

At least three mechanisms have been proposed to explain the tumor-suppressive function of
autophagy. The first one is that autophagy eliminates damaged organelles that may produce

high amounts of ROS (reactive oxygen species) and hence limits chromosomal instability
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[29]. Another consequence of autophagy is the elimination of p62, preventing the signal
transduction adaptor function of p62 in pathways critical for oncogenesis [30]. A third
mechanism would be to prevent cell necrosis in response to metabolic stress. Indeed,
inflammatory cells infiltrate tumors in necrotic areas that then favor tumor growth [31]. Taken
together, these observations suggest that basal autophagy is protective against cell

transformation, i.e. in the early phase of tumorigenesis.

2.2 Tumor promoting properties of autophagy

Later, as tumors grow, cancer cells may need autophagy to survive their nutrient-limited and
low-oxygen microenvironment, especially in the inner region of the tumor that is poorly
vascularized. This ability to cope with stress is also useful to cancer cells that disseminate and
metastasize [32]. Indeed, cell detachment from the extracellular matrix initiates a form of cell
death that is called anoikis. Tumor cells must overcome anoikis in order to survive the
invasion of blood fluid, and autophagy is one way of doing this [33]. This has been
demonstrated using breast cancer cells in vitro [34]. Data obtained from patients with
colorectal adenocarcinoma indeed showed a correlation between high LC3 accumulation with
metastasis and poor prognosis [35]. The precise function of detachment-induced autophagy
resulting in enhanced cell survival remains currently unclear. One possibility would be that,
similar to its role in starvation, autophagy may compensate for the loss of extrinsic signals
that normally occur through integrins, promoting nutrient and energy metabolism.
Mechanistically, autophagy is induced via persistent activation of AMPK and eukaryotic

initiation factor-2a, both being inhibitors of mTOR [33].

Recently a new hypothesis has been proposed to resolve the apparent autophagy paradox in
cancer: the “autophagic tumor stroma model of cancer cell metabolism,” in which cancer cells

used ROS to signal stromal cells to undergo autophagy, fueling them with nutrients [36].
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Autophagy in the tumor stroma thus serves as a “battery” for energy transfer, in the form of
recycled chemical building blocks, as well as lactate, to the highly proliferative cancer cells.

To what extent this process really participates in tumor growth still needs to be evaluated.

3. Role of autophagy in regulating anticancer agent-induced cell death

3.1 Balance between apoptosis and autophagy for inducing cell death

In their revised version of the hallmarks of cancer, Hanahan and Weinberg added other types
of cell death beyond the previously described apoptosis. In this regard, autophagy as well as
necrosis are seen as contributing to and/or counteracting drug-induced apoptosis and cell
death [37]. Complex crosstalk between apoptosis and autophagy has been unraveled. There is
substantial evidence indicating that suppression of apoptosis induces autophagy, while
autophagy inhibition causes apoptosis [38, 39]. On the other hand, sometimes autophagy and
apoptosis are triggered by a common upstream signal, suggesting at least one shared
molecular switch. Beclin-1 is certainly a major player in this interplay [40]. This dual
exclusive or cooperative interplay is well illustrated when the response of cancer cells to
chemotherapy is investigated. Indeed, according to the drug and the cancer cell type, there are
as many examples of a lethal effect of autophagy induction as examples of its anti-apoptotic,

hence pro-survival, influence.

Few reports address the mechanisms by which chemotherapeutic agents trigger autophagy.
These mechanisms may differ according to the type of drugs used, such as DNA-damaging
agents, microtubule interfering molecules, kinase inhibitors, etc. One common pathway is the
activation of p53; p53 then transcriptionally increases the expression of proteins involved in
positively regulating the autophagy pathway. This is the case for AMPK, DAPKI1 (Death-
associated protein kinase 1), TSC2 (tuberous sclerosis protein), ULK1/2, and sestrin 1/2 [41].

Other pathways involve activation of JNK, which induces Beclin-1 release from its inhibitory
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interaction with Bcl-2 at the level of the ER, through phosphorylation of the latter; increased
Beclin-1 expression; increased level of VMP1 (vacuole membrane protein 1), which is a
protein that interacts with Beclin-1 to regulate the Vps34 lipid kinase activity; inhibition of
class I phosphatidyl inositol 3-kinases, which in turn inhibit mTOR; and activation of class III
phosphatidyl inositol 3-kinases such as Vps34. The extent of their implications in different
conditions and/or according to the cell type, their putative cooperation and the way they are
actually initiated still need to be clarified. What also needs to be addressed is the question of
whether the final outcome, death or survival, is influenced by the pathway through which

autophagy is induced.

3.2 Death inducing contribution of autophagy

Various anticancer chemotherapies have been shown to induce autophagy, which in
cooperation with apoptosis participates in the induction of cell death. In some cases, intact
autophagy machinery is even required to induce cell death. Such a death-promoting effect has
been described for a large variety of drugs in different cancer cell types. The first examples
are for DNA-damaging agents in cell models in which autophagy is inhibited either by
pharmacological inhibitors like 3-methyladenine or by the use of siRNA targeting Beclin-1,
Atg5 or Atg7: hepatoma cells [42] or cervical carcinoma cells [43] exposed to etoposide,
papillary thyroid cancer cells [44] or different sarcoma cell lines [45] incubated with
doxorubin, cervical cancer SiHa cells exposed to carboplatin [46] or pancreatic cancer cells
treated with gemcitabine [47]. Autophagy also contributes to cell death induced by
microtubule targeting agents like paclitaxel [48, 49] as well as by the new “smart” drugs. The
cytotoxicity induced by imatinib, an inhibitor of the tyrosine kinase activity of growth factor
receptors, is decreased if autophagy is inhibited in human early stage malignant glioma cells
[50]. Autophagic cell death is also induced in different cancer cell lines by HDAC (histone

deacetylase) inhibitors [51]. Moreover, cell death is achieved by activating the autophagy
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pathway in cells that respond by weak apoptosis to cetuximab, a monoclonal antibody
targeting the EGF receptor [52]. These different observations show that autophagy takes part
in cell death induction in apoptosis competent cells while it becomes the major death-

inducing pathway in apoptosis deficient cells.

Tumor hypoxia has been demonstrated to affect treatment outcome both in vitro and in vivo
[53, 54]. Several mechanisms explain this resistance; the main one is suppression of
apoptosis, primarily due to the activation of the transcription factor HIF-1 (hypoxia-inducible
factor-1) [55]. However, since more and more reports showed that autophagy participates in
chemotherapeutic agent-induced cell death, the influence of hypoxia on autophagy in cells
exposed to anticancer drugs has begun to be investigated as well. Two different effects have
been shown: either hypoxia modifies the cytotoxic consequences of autophagy activation
towards a pro-survival influence, as observed in HepG2 cells exposed to etoposide [42], or
hypoxia itself induces autophagy, without being triggered by the drug, and this autophagy
process is coupled with the blockage of apoptosis, thus preventing cell death. This has been
observed in vitro in hepatocellular carcinoma cells [56] and in HeLa cells [57] as well as in
vivo in murine models of head and neck squamous cell carcinomas [58]. The severity and/or
the duration of hypoxia may tilt the balance toward one or the other, as already observed for

apoptosis [59].

3.3 Cytoprotective effect of autophagy

Autophagy enables cancer cells to survive the harsh conditions of their microenvironment,
while also enabling them to sustain chemotherapy thus conferring resistance. High level of
autophagy detected in cells exposed to anticancer agents signifies an adaptive response [60].
This has been demonstrated by showing that autophagy inhibition synergizes with

chemotherapeutic agents to more efficiently kill cancer cells in numerous cancer cell types
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exposed to various drugs. The reasons why, in some cases, autophagy participates to cell
death while in others, it prevents it, are not understood, especially since both effects can be
observed within the same anticancer molecule. Examples for a key role of autophagy in
chemoresistance are numerous when DNA damaging agents are used: camptothecin in breast
cancer cells [61]; cisplatin in esophageal squamous cell carcinoma cells [62], in metastatic
skin carcinomas [63] and in lung adenocarcinoma cells [64]; and 5-fluorouracil in colon
cancer cells [65] and in esophageal cancer cells [66]. Similar observations were obtained with
the new generation drugs: proteasome inhibitors [67, 68], Src kinase inhibitor [69] and anti-

HER2 monoclonal antibody [70] are such examples.

The mechanism by which autophagy inhibition relieves resistance is often due to a shift
toward apoptotic cell death. It has to be mentioned that cell crosstalk initiated by a dying cell
induces autophagy in adjacent cells that renders them resistant to therapy. Dying cells release
damage-associated molecular pattern molecules (DAMP), among which is HMGBI1 (high-
mobility group box 1). This protein interacts with the surface of other cells via the RAGE
receptor (Receptor for Advanced Glycation Endproducts) and induces autophagy and drug
resistance (Figure 1). This dialogue has been demonstrated in leukemia cells [71, 72].

Whether such a process occurs in other types of cancer remains to be determined.

4. Targeting autophagy as a new anticancer therapeutic approach

4.1 To provoke cell death

As described above, half of the studies show that autophagy is required for the efficient
killing of tumor cells when treated with anticancer therapies. In line with these observations,
researchers are working to design new drugs that would induce autophagy by themselves, and
hence eliminate cancer cells [73]. Among the potential targets in autophagy, the Akt-mTOR

pathway is the most investigated one. Indeed, proteins Akt, PTEN (Phosphatase and TENsin

11

Page 11 of 33



©CO~NOOOTA~AWNPE

homolog) and mTOR, as well as some of the targets of the mTOR kinase, are often
overexpressed or mutated in cancer. This pathway regulates numerous survival and
proliferation networks in the cell; therefore, its inhibition not only activates autophagy but
also cell cycle arrest and/or apoptosis [74]. Specific mTOR inhibitors have been developed
and validated, and two of them (Everolimus and Temsirolimus) are now approved for the
treatment of renal cell carcinoma and mantle cell lymphoma [75]. Everolimus indeed induces
massive autophagy in vivo, with reduced tumoral mass, for example in leukemia [76], in
advanced pancreatic tumors [77] and in many other tumors [78]. Concomitant combinations
of etoposide, cisplatin or doxorubicin with everolimus produced cooperative antitumor
effects, in some cases producing regressions without clinically significant increases in toxicity
[79]. One mechanism responsible for this synergy is the activation of p53 by the DNA
damaging agent. p53 then transactivates several genes whose products activate autophagy,
such as AMPK, ULKs, DAPK1 and TSC2 (Figure 2).

Giaccia et al chose another approach, aiming to selectively kill renal clear carcinoma cells,
and identified a molecule, STF-62247, that strongly induced autophagy, probably by
disturbing protein trafficking between endoplasmic reticulum and Golgi [80]. Blocking
autophagy using Atg5 or Atg7 siRNA prevents STF-62247-induced cell death, indicating that
autophagy actually functions as a programmed cell death process in these cells.

Other drugs have also been shown to enhance autophagy, amongst other effects, all of which
might participate in killing cancer cells. They are especially useful in the treatment of
apoptosis-resistant cancer cells, for which alternate routes of cell killing must be found [81].
As for inducing apoptosis, modulation of some of the Bcl-2 family members also leads to
autophagy-dependent cell death. This is notably the case for BH3 mimetics like gossypol that
targets Bcl-2, thus allowing Beclin-1 to be released to initiate autophagosome formation [82]

(Figure 3). Another example of molecule targeting anti-aptoptotic Bcl-2 family members is
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Obatoclax, which induces cell death on its own, but also potentiates the effects of other
anticancer molecules such as the dual EGFR/HER2 inhibitor lapatinib [83] or HDAC
inhibitors [84]. Some of these drugs aimed at elevating autophagy to eradicate cancer cells are

currently being tested in clinical trials [73].

4.2 To improve chemotherapeutic treatments

Since high level of autophagy observed in tumor cells following anticancer treatment is
thought to represent a protective response, therapeutic targeting of autophagosome
formation/fusion might represent a novel molecular avenue to reduce the emergence of
chemoresistance [14, 85]. The proof of concept for autophagy inhibition as an adjuvant
therapy is demonstrated by the use of chloroquine, a well-known anti-malarial agent, that
inhibits lysosomal acidification and blocks the terminal stage of autophagy [86]. Chloroquine
has indeed been shown to potentiate the anticancer effects of different drugs both in vitro and
in vivo. It is the case for 5-fluorouracil in colon cancer cells [87], in a Myc-induced
lymphoma mouse model treated with alkylating agents [88], in mouse models of prostate
cancer treated with Src kinase inhibitor [69], or for imatinib-refractory chronic myeloid
leukemia cells in combination with the HDAC inhibitor SAHA (suberoylanilide hydroxamic
acid) [89]. Current phase I/II clinical trials are underway for evaluating the potential benefit of
chloroquine in combination with conventional therapy for a variety of malignancies [73].
Despite the wide use of chloroquine in malaria prevention, some side effects have been
reported. They include gastrointestinal problems, stomach ache, itch, headache, nightmares,
blurred vision and retinopathy. In overdose, it becomes rapidly toxic. These side effects will

have to be addressed if chloroquine is further developed for cancer treatment.

Other molecules display similar effects. 3-methyladenine was shown to enhance cell death

induced by 5-fluorouracil in colorectal cancer cell lines [90], cytotoxicity induced by the
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tyrosine kinase inhibitor imatinib in glioma cell lines [91], as well as in chronic myeloid
leukemia cells [89]. Schnekenburger et al have recently shown that the DNA demethylating
agent, 2’-deoxy-5-azacytidine, induces autophagy that sensitizes chronic myeloid leukemia

cells to conventional treatment [92].

However, it must be remembered that the anticancer effect of these different molecules might
not be solely due to their inhibition of autophagy. New studies are needed to develop more
specific inhibitors of this process. Targeting ULK1, Beclin-1 or Atg proteins are promising

alternative routes.

5. Conclusion

The involvement of autophagy in chemotherapeutic agent-induced cell death is very complex.
On one hand, autophagy may protect from apoptosis and hence, autophagy inhibitors have
potential use as drugs to overcome anticancer therapy resistance. On the other hand, this
process participates in cell death in certain circumstances. In that case, its induction may help
to eradicate malignant cells. In order to reach clinical application, we must first better
understand the factors that influence the effects of autophagy on cell death. Direct crosstalk
between apoptosis and autophagy has been evidenced, and some of the mechanisms involved
are aimed at reinforcing cell death [93, 94]. A second issue to unravel would be to investigate
whether the intensity and/or the speed of the autophagic process would determine the fate of
the cell: severe and/or rapid autophagy might lead to cell death while mild and/or slow
autophagy may favor cell survival. These different issues are summarized in Figure 4. The
role of selectively targeted autophagy is another avenue of research. Indeed, as mentioned
previously, hypoxia is known to trigger autophagy that actually thwarts cell death. Previous
investigations demonstrated that selective autophagy for mitochondria — mitophagy —

prevents accumulation of damaged organelles that are sources of ROS. Determining whether
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this is also true for circumstances other than hypoxia and identifying the molecular
mechanisms responsible for orientating autophagy to specific organelles would help to clarify

the dual role of autophagy in regulating cell death.

Finally, the last step of autophagy involves autophagosome fusion with a lysosome. During
the last decade, it was shown that destabilization of the lysosomal membrane and the partial
release of lysosomal content into the cytosol can initiate and/or participate in apoptosis
initiation. Despite being switched on, autophagy final step may be halted in such a situation.
In this case, the cell has no choice but to die. On the other hand, with intact lysosomes, the

final outcome could be survival. This hypothesis also needs to be experimentally tested.

Dysregulated autophagy is a hallmark of cancer cells; the challenge now is to decipher how to

manipulate it for developing better therapeutic approaches for cancer patients.
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Figure legends

Figure 1: Schematic representation of the dialogue between dying cells and neighboring cells
that are protected from anticancer agents. Dying cells release DAMP. DAMP, including is
HMGBI, interacts with RAGE on the surface of adjacent cells, hence inhibiting mTOR and

triggering autophagy that exerts a cytoprotective effect.

Figure 2: Schematic representation of the cell death-inducing effects of mTOR inhibitors.
mTOR inhibitors such as temsinolimus and everolimus activate autophagy that participates in
cell death. This synergizes with the effects of DNA damaging agents via the activation of p53.
p53 transcriptionally increases the expression of several proteins known to induce autophagy

such as AMPK, ULKs, DAPK-1 and TCS2.

Figure 3: Schematic representation of the cell death-inducing effects of BH3 mimetics. On
one hand, BH3 mimetics releases pro-apoptotic proteins like Bax or Bak from their inhibitory
interaction with the anti-apoptotic members of the Bcl-2 family, hence inducing apoptosis
through cytochrome c release from the mitochondria and caspase activation. On the other
hand, these molecules also liberate Beclin-1 from Bcl-2 localized on the ER. Freed beclin-1

then induces autophagy. Both apoptosis and autophagy take part in inducing cell death.

Figure 4: Schematic representation of the dual action of autophagy in regulating
chemotherapeutic agent-induced cell death. On one hand, anticancer molecules induce
apoptosis through the intrinsic pathway involving cytochrome c release from the

mitochondria and caspase activation. A positive feedback loop involves caspase-dependent
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cleavage of Beclin-1; truncated Beclin-1 then relocates to mitochondria to enhance
cytochrome c release. Apoptosis may also be triggered by the activation of calpain that
cleaves to Atg5; truncated AtgS then translocates to the mitochondria and interacts with Bcl-
Xi. Autophagy induction occurs via JNK activation that release Beclin-1 from Bcl-2 by
phosphorylating the latter. Chemotherapeutic agents also trigger autophagy. Several
mechanisms are involved. One pathway involves JNK that releases Beclin-1 from its
inhibitory interaction with Bcl-2 at the level of the ER, via Bcl-2 phosphorylation. Whether
autophagy is protective or cytotoxic may be due to its severity or duration. Mild and/or slow
autophagy may enhance cell survival while more severe and/or rapid autophagy would take

part in inducing to cell death.

tAtgS, truncated AtgS ; tBeclin, truncated Beclin-1
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