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Abstract A growing number of publications show that
apoptosis induction is often associated with increased
autophagy indicating the existence of an interplay between
these two important cellular events. The simultaneous
activation of both phenomena has been detected not only in
experimental settings but also in vivo under physiological
and pathological conditions. Despite these studies, the
reciprocal influence of the two pathways in vivo has still
not been completely understood. It is clear that autophagy
and apoptosis are strictly interconnected, as highlighted by
the finding that the two pathways share key molecular
regulators. Many novel aspects of the crosstalk between
apoptosis and autophagy have recently emerged showing
how complex is this relationship and how critical is for the
overall fate of the cell. In this mini-review we will focus on
some key experiments trying to decipher as to whether
autophagy contributes to apoptosis modulation in vivo.

Keywords Ambral - Beclinl protein complex -
ATG proteins - BH3-only proteins - p53 - ER stress -
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Introduction

It has been suggested that autophagy under specific cir-
cumstances, resulting in the total self-digestion of the cell,

G. M. Fimia - M. Piacentini
National Institute for Infectious Diseases IRCCS “Lazzaro
Spallanzani”, 00149 Rome, Italy

M. Piacentini ()

Department of Biology, University of Rome “Tor Vergata”,
Via della Ricerca Scientifica 1, 00133 Rome, Italy

e-mail: mauro.piacentini @uniroma?2.it

can act as one of several cell death types (also known as
type II cell death [1-3]). Indeed, a type of programmed cell
death distinct from apoptosis and necrosis has been
reported in vivo in the course of insect metamorphosis,
which has been defined as autophagic cell death [3, 4].
However, whether autophagy induction in dying cells
actually causes death, or whether it simply occurs as a
process alongside it, is still a controversial issue [1]. Many
review articles recently appeared in which the authors tried
to reconcile the observations concerning the role of
autophagy as a survival/death mechanism [1, 2, 5]. It is
becoming clear that, in a given cell, autophagy may con-
tribute differently to cell death induction accordingly to the
type and degree of environmental changes or stress stimuli.
A cell’s response may shift gradually from the elimination
of damaged proteins/organelle by autophagy, which leads
to its recovery, to the induction of apoptotic pathways
determining cell’s demise. In this review, we will focus on
selected examples of the in vivo interplay between apop-
tosis and autophagy under physiological and pathological
conditions. For a role of autophagy and other forms of cell
death in the control of infections, we refer to Bortoluci and
Medzhitov in this issue [6].

The autophagic process

In cell biology, the term autophagy defines the catabolic
process regulating the degradation of a cell’s own com-
ponents through the lysosomal machinery [1, 2]. It is a
genetically regulated process that plays an important
homeostatic role in cells preserving the balance between
the synthesis, degradation, and subsequent recycling of
cellular components [7]. Although autophagy was first
described in the early 1960s by Christian de Duve [8], the
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comprehension of its genetic basis remained elusive until
mid-1990s when about 30 autophagy-related genes (ATG)
were identified in yeast by Oshumi and coworkers [7, 9].
Among them, 18 are indispensable for formation of the
autophagosome [9]. The discovery of the basic elements of
the autophagy genetic pathways has brought about a
renaissance in the studies dealing with this basic cellular
process.

It is well defined that autophagy is a complex phe-
nomenon that encompasses at least three distinct
autophagic processes. In fact, it may occur via different
biochemical and cellular pathways: macroautophagy mi-
croautophagy, and chaperone-mediated autophagy (CMA)
[1, 2, 5, 10]. Although all three forms of autophagy ulti-
mately end with the degradation of substrates within
lysosomes, each one has unique biological features:

Macroautophagy is the most studied mechanism of
autophagy involving the formation of a double membraned
structure (autophagosome or autophagic vacuole) around a
targeted region of the cell, separating the contents from the
rest of the cytoplasm [1, 2]. It may involve the sequestra-
tion of cytosolic proteins, sugars, lipids, RNA, and
organelles, such as mitochondria and perixosomes, into
autophagosomes that deliver their contents to the lyso-
somes [1, 5, 10]. Autophagosomes are formed from the
elongation and closure of small membrane structures,
known as isolation membranes, probably originating from
PI3P-rich microdomains (omegasomes) located on the
endoplasmic reticulum [11]. The outer membrane of the
autophagosome fuses with a lysosome in the cytoplasm to
form an autolysosome or autophagolysosome where its
contents are degraded via acidic lysosomal hydrolases
[1, 5, 10].

Microautophagy takes place when lysosomes directly
engulf cytoplasmic components by invaginating protru-
sions of their membrane. It involves the pinocytosis of
small quantities of cytosol directly by lysosomes [12].

In Chaperone-mediated autophagy, or CMA, only pro-
teins that have a consensus peptide sequence are
recognized by the binding of the HSC70-containing chap-
erone/co-chaperone complex [12]. In fact, this type of
autophagy involves the selective targeting of proteins
containing a KFERQ-like peptide motif to lysosomes for
degradation The substrate/chaperone complex moves to the
lysosomes, where the CMA receptor lysosome-associated
membrane protein type-2A (LAMP-2A) recognizes it; the
protein is then unfolded and translocated across the lyso-
some membrane assisted by the lysosomal hsc70 on the
other side [12]. CMA differs from macroautophagy and
microautophagy since the substrates are transported across
the lysosomal membrane on a one-by-one basis, whereas in
the macroautophagy and microautophagy, the substrates
are engulfed or sequestered in bulk. In addition, CMA is

very selective in that it degrades only single proteins and
not organelles.

Regulation of macroautophagy in mammals
and its interactions with apoptosis

The dissection of the molecular mechanisms regulating the
interplay between autophagy and apoptosis in determining
the cell fate is at the moment one of the hot topics in cell
biology. The original concept that inhibition of apoptosis
results in autophagic/necrotic cell death is now being
extended, and it is becoming clear that apoptosis and
autophagy can act as partners to induce cell death in a
coordinated or cooperative fashion [13, 14]. In fact, it has
been shown that autophagy proteins can also play a role in
cellular events that occur during apoptosis. On the other
hand, inhibition of autophagy leads in most cases to an
increase susceptibility to apoptotic stimuli, highlighting the
pro-survival role of the autophagic process [1, 13, 14].
Moreover, a growing number of proteins that play a neg-
ative regulatory role in both events have been identified
[15].

Two signalling pathways, the class I and III phosphati-
dylinositol 3-kinases (PI3K) play important opposite roles
in the control of autophagy, with the first one having a
repressive effect, with the second being essential for
autophagy induction (Fig. 1). The class I PI3K pathway
promotes normal cell growth, and its constitutive activation
is implicated in tumour development [16, 17]. Other
oncoproteins involved in this network, such as Ras and
Akt, have been shown to inhibit autophagy. At the same
time, class I PI3K negatively regulates apoptosis at dif-
ferent levels, i.e. by Akt-mediated phosphorylation of the
Bcl-2 family member Bad [15, 18]. On the other hand,
tumor suppressor genes like PTEN, TSC1, and TSC2 play a
negative role in class I PI3K signaling networks and are
able to stimulate autophagy [1, 2, 15, 19].

The principal link between PI3K/Akt and the suppres-
sion of autophagy is the induction of the target of
rapamycin (mTOR) signaling. mTOR is a conserved Ser/
Thr kinase that controls cell growth by activating an array
of anabolic processes including protein synthesis, tran-
scription, and ribosome biogenesis, and by inhibiting
catabolic processes such as mRNA degradation and
autophagy [1, 2, 20]. On the other hand, mTOR activity is
negatively regulated by multiple stress signals including
hypoxia and lack of nutrients, which are inducers of
autophagy [20].

At molecular levels, mTOR activity is regulated by the
interaction with Rheb, a small GTP-binding protein that
activates mTOR in its GTP-bound form [21]. The GTP
hydrolysis, promoted by the TSC1/TSC2 dimer formation,
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Fig. 1 A schematic model
illustrating the crosstalk
between apoptosis (red) and
autophagy (green) in mammals
showing the major players of
each pathway that have been
shown to also directly influence
the other one. Some proteins
negatively controlling one or
both pathways are also included
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inactivates Rheb, thus negatively regulating mTOR kinase
activity. Growth factors induce phosphorylation and inac-
tivation TSC1/TSC2 via the class I PI3K/AKT pathway,
thus allowing mTOR activation by Rheb and consequent
inhibition of autophagy [21, 22]. Conversely, AMPK,
which is activated by the high AMP/ATP ratios present
when nutrients are limited, induces autophagy through a
phosphorylation event that stimulates TSC1/TSC2 activity
[23].

The regulation of autophagy operated by mTOR occurs
primarily at the initiation step, and involves the phos-
phorylation and inhibition of ULK kinases (ULK1 and
ULK?2, the orthologs of the yeast Atgl kinase) and their
associated protein ATG13 [23, 24]. The activation of ULK
kinases is an early regulatory step that is essential for the
induction of many downstream autophagic events [23, 24].
ULKSs form a complex with Atgl3 and FIP200, a putative
mammalian counterpart of yeast Atgl7. The binding of
Atgl3 stabilizes and activates ULK facilitating the phos-
phorylation of FIP200 by ULKs [23, 24]. However, the full
comprehension of ULK kinases function requires the
complete identification of their autophagy-specific protein
substrates.

Following the ULK kinases induction, the Beclin1-Class
IIT PI3K complex is activated to produce PI3-P-enriched
membranes domains (omegasomes) which act as platforms
able to recruit factors required for autophagosomes
assembly, namely Atg5-12-16 complex, LC3, and Atg9
[9, 24, 25]. The activity of the Beclin 1-Class III PI3K

A

complex is regulated by the interaction of a series of co-
factors, either evolutionarily conserved, such as UVRAG
and Atgl4/Barkor [26, 27], or with no homologs so far
identified in invertebrates, such as Ambral and Rubicon
[28, 29]. Atgl4 and Ambral have been shown to be
important for Class III PI3K activity required for auto-
phagosome formation, while UVRAG and Rubicon seem
to be more directly involved in Class III PI3K-regulated
endosomal trafficking; however, the precise role of UV-
RAG in autophagy induction remains controversial [29].
An important role in the formation of the autophagosome is
played by Bif-1 [30]. Bif-1 is a BAR domain-containing
protein belonging to the endophilin family, which, by
binding membranes, causes their curvature. By interacting
with UVRAG, Bif-1 is recruited on the Beclin 1-Class III
PI3K complex, indicating that, besides its role in lipid
phosphorylation, this complex could also engage factors
required for autophagosome expansion [30].

It is important to note that Beclin 1-mediated induction
of autophagy is inhibited by the antiapoptotic Bcl-2 family
members; interestingly, this interaction involves the bind-
ing of Bcl-2 to a BH3 domain present in Beclin 1 [31].
Therefore, the protein—protein interaction network depen-
dent on BH3 domains present in many pro- and anti-
apoptotic proteins does not seem to be exclusive for the
regulation of the apoptotic process but is also involved in
the induction of autophagy [31]. In line with this obser-
vation, the BH3-only proteins BAD, BNIP3, and BNIP3-
like (BNIP3L), also known as NIX, have been shown to
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play a role both in cell death and autophagy [32, 33]. The
molecular mechanisms by which BNIP3 induces both
processes are not well understood. BNIP is a weak inducer
of cell death and its activity is primarily determined by its
transmembrane domain which facilitates the opening of the
mitochondrial permeability transition pores. At variance
with typical BH3-only proteins causing apoptotic cell
death, BNIP3 induces a necrotic type of cell death. On the
other hand, BNIP3 and NIX are important for the regula-
tion of the mitochondrial homeostasis by regulating
mitophagy, the selective degradation of mitochondria by
autophagy [32]. Thus, BNIP3 exhibits a dual nature; it
induces cell death by necrosis, and participates in the
induction of autophagy, possibly by affecting the binding
of Beclin 1 to the Bcl-2 family members [32]. It has
recently been shown that the p53-inducible BH3-only
protein PUMA, a key mediator DNA damage-dependent
apoptosis, is also able to induce mitophagy [34].

Other key effectors regulating the crosstalk between
apoptosis and autophagy are the JNK and DAP kinases,
which, by catalyzing the phosphorylation of several sub-
strates, plays a major role in apoptosis regulation [34-36].
JNK is able to trigger autophagy by targeting Bcl2/BclXL
proteins and abrogating their binding to Beclin 1 [36].
Recently, Beclin 1 has been shown to be among the sub-
strates of DAP kinase, and its phosphorylation reduces its
binding to the Bcl-2 family members, thus suggesting a
possible mechanism by which DAPk may also induce
autophagy [37].

LC3, the mammalian homologue of yeast Atg8, and
Atg5/Atgl2 play an essential role in the expansion of the
autophagosomes [1, 2]. Two conjugation systems are
essential for the localization of these proteins on the pre-
autophagosomal membrane. In the first step, Atg5 is cova-
lently conjugated to Atgl2, a ubiquitin-like protein, a
reaction facilitated by Atg7 [5, 7, 9]. The Atgl2-AtgS dimer
then binds Atgl6L, forming a large protein complex, which
is recruited to the forming autophagosome’s isolation
membrane through Atgl6L [5, 7, 9]. In the second conju-
gation system, Atg7 and Atg3 mediate the conjugation of
Atg8 (mammalian LC3) to the phosphatidylethanolamine
(PE). Lipidation of Atg8, which occurs only as a conse-
quence of autophagy induction, converts Atg8 from its
soluble, cytoplasmic form (LC3-I) to the membrane-bound,
autophagosome-associated form (LC3-II) [9].

AtgS, in addition to its essential role in autophagy, can
also act as a positive/negative effector of apoptotic path-
ways. The effect of Atg5 deficiency on cell death
regulation varies accordingly to the apoptotic stimulus. In
fact, Atg5-deficient mouse embryo fibroblasts (Atg5—/—
MEFs) are more sensitive to cell death triggered by death
receptor or starvation than WT MEFs. By contrast,
Atg5—/— MEFs are more resistant to cell death induced by

genotoxic insults (UV) and stress (menadione and H,0,)
[38]. Of note, ERK1/2 is markedly activated in Atg5—/—
MEFs, and its inhibition by a MEK1 inhibitor or dominant
negative ERK2 enhanced the susceptibility of Atg5—/—
MEFs to cell H,O,-induced cell death [38]. Another
apoptotic pathway showing a strong crosstalk with
autophagy is the one induced by ER stress. It has recently
demonstrated that, in cancer cells, autophagy is upstream to
apoptosis in ER stress-induced death. Interestingly, the
ablation of Ambral and ATGS, which inhibit autophagy,
reduces apoptosis in glioma cells treated with cannabinoids
[39]. DAPk has recently been identified as an important
component in the ER stress-induced cell death pathway. In
fact, DAPk—/— mice are protected from ER stress induc-
tion [40]. Both caspase activation and autophagy induction,
events that are activated by ER stress and precede cell
death, are significantly attenuated in the DAPk null cells.
Notably, in this system, autophagy acts as a parallel cell-
killing mechanism in concert with apoptosis, as the
depletion of Atg5 or Beclin 1 from fibroblasts significantly
protected cells from ER stress-induced death when com-
bined with caspase-3 depletion [40].

A proposed molecular mechanism connecting autoph-
agy and apoptosis, which seems to be independent from the
cell death stimulus, is the cleavage of Atg5 by calpain [13].
Apoptosis induction results in the translocation of its newly
generated N-terminal product to the mitochondria, where it
interacts with Bcl-XL and promotes cytochrome C release
and caspase activation [13]. By this mechanism, apoptosis
may limit the pro-survival function of autophagy enhanc-
ing its killing power.

Alternatively, it has been recently shown that, in T cells,
the induction of autophagy may result in the formation of a
DISC-like complex including Atg5-12/Atgl6L, FADD,
caspase 8, and RIPK1. The assembly of this protein com-
plex counteracts the hyperactive autophagic induction
consequent to T cell activation that, if uncontrolled, results
in “necroptotic” cell death [41]. Altogether, these findings
point out Atg5 as a key molecule connecting the auto-
phagic with the apoptotic pathways.

It is interesting to note that ATG5 is not the only
autophagy protein to be cleaved during apoptosis induc-
tion. Recently, both Beclin 1 and ATG4d have been shown
to be targets of caspases [42, 43]. Cleavage of Beclin 1
results in the inhibition of its autophagic activity, a pro-
posed mechanism to prevent the prosurvival function of
autophagy once apoptosis has started. Instead, caspase-
cleaved ATG4d unmasks a potential BH3 domain of the
protein, causing its translocation to mitochondria where it
acts, similarly to ATGS, as a proapoptotic factor.

The final delivery of mature autophagosomes to the
lysosomes is achieved by a machinery shared with other
vesicle trafficking pathways. In this context, it is relevant to
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note the function carried out by UVRAG as a partner of the
Class C Vps/HOPS proteins involved in the fusion
machinery [44]. It is further interesting to note that the
crosstalk with apoptosis also takes place in these late stages
of autophagy. In fact, it has been shown that the proa-
poptotic protein p53 controls the expression of DRAM, a
lysosomal protein, critical for its ability to induce autoph-
agy [45].

Lessons from knockout mice

The most reliable clues about the importance of autophagy
for cell death induction in mammals derive from knockout
studies in mice deprived of key regulatory autophagy
genes. Interestingly, not all the knockout mice display
lethal effects showing quite distinct phenotypes, thus sug-
gesting that some of these genes may have additional
functions whose impairment causes embryonic mouse
defects. For example, Ambral, Beclin 1, and FIP200
knockout mice die during development showing an
increased numbers of apoptotic cells [28, 46, 47], thus
indicating that the crosstalk between autophagy and
apoptosis already takes place during embryogenesis.
Notably, Ambral and Beclin 1 have been shown to control
cell growth, in addition to regulating the formation of the
phagophore [28, 46]. By contrast, mice deficient for either
Atg5 or Atg7 appear normal at birth but die within the first
day after delivery [48, 49]. These deficient neonates exhibit
reduced amino acid concentrations in plasma and tissues,
and display defects in the maintenance of energy homeo-
stasis that is essential for survival during neonatal
starvation [46, 48].

The majority of information about the interplay between
autophagy and apoptosis derives from the tissue-specific
ablation of Atg5 and Atg7 genes. Mice lacking either Atg5
or Atg7 in the central nervous system show behavioral and
movement defects, and die within 28 weeks after birth [46,
48]. These deficiencies cause massive neuronal death in the
cortex and cerebellum indicating that autophagy is essen-
tial for the survival of neural cells, and that its impairment
is implicated in the pathogenesis of neurodegenerative
disorders. Similarly, neural-specific deletion of FIP200, the
ortholog of yeast autophagy protein Atgl7, results in cer-
ebellar degeneration accompanied by progressive neuronal
death and neurite degeneration [47].

Apoptosis plays a fundamental role in the homeostasis
of the immune system by shaping the immunological rep-
ertoire in the embryo as well as in adult tissues. Notably, in
Atg5-deficient mice, although lymphocytes underwent full
differentiation, the numbers of thymocytes and peripheral
T and B lymphocytes were reduced [50]. Atg5—/—
CD8 + T lymphocytes display a drastic increase in cell

death, and both Atg5—/— CD4+4 and CD8+ T cells failed
to undergo efficient proliferation after TCR stimulation
[50]. These results indicate a critical role for autophagy in
multiple aspects of lymphocyte function and suggest that
its activation is essential for lymphocyte survival and
proliferation.

The heart is another organ in which autophagy plays an
essential homeostatic role, its impairment causing cardiac
dysfunction and the development of cardiomyopathy [51].
In fact, cardiac-specific deficiency of Atg5 induces
hypertrophy, left ventricular dilatation, and contractile
dysfunction, accompanied by increased levels of ubiquiti-
nation [51]. This functional deficiency is paralleled by the
appearance of a large number of TUNEL-positive cardio-
myocytes [52]. It is important to mention that the in
embryogenesis heart-specific Atg5-deficiency showed no
such cardiac phenotypes. In keeping with this finding, the
conditional null mice developed cardiac dysfunction and
left ventricular dilatation only 1 week after treatment with
pressure overload [52]. These results indicate that
autophagy under physiological conditions plays a protec-
tive mechanism in the heart, maintaining cardiomyocyte
size and global cardiac structure and function.

The complexity of the interplay between autophagy
and apoptosis and its importance in embryogenesis has
also been highlighted in embryoid bodies derived from
cells lacking the autophagy genes, Atg5 or beclin 1 [53].
These embryonal structures, which resemble the blasto-
cysts, in the absence of autophagy are unable to undergo
cavitation, one of the earliest event involving apoptosis in
mammalian development [53]. It has been suggested that
this defect is due to persistence of cell corpses, rather
than impairment of apoptosis. In fact, apoptotic cells in
autophagy gene null embryoid bodies fail to express the
proper “eat-me” signals required for the clearance of
apoptotic bodies, and secrete lower levels of the “come-
get-me” signal, lysophosphatidylcholine [53], thus sug-
gesting that autophagy contributes to dead-cell clearance,
at least during the early stages of during mammalian
development.

Another interesting link between the Bcl2 family and
autophagy is that derived from the study on NIX
(BNIP3L), a Bcl-2-related protein that is upregulated
during terminal erythroid differentiation [32]. Analysis of
NIX-deficient mice has revealed a defect in erythroid
development that is not directly related to the regulation
of cell death but to an impairment of mitochondrial
clearance during erythrocytes differentiation. Interest-
ingly, NIX does not function through established
proapoptotic pathways nor does it mediate the induction
of autophagy in erythroid cells. Rather, NIX is required
for the selective incorporation of mitochondria into
autophagosomes [32].
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Autophagy/apoptosis crosstalk in tumors

One of the major clues today is the comprehension of the
crosstalk between autophagy and apoptosis in tumor
development [10]. In fact, oncogenesis and tumor survival
are influenced by perturbations of the molecular machinery
that controls both processes. Several tumor suppressor
proteins (e.g., beclin 1, Bif-1, BH3-only proteins, DAPKk,
PTEN, UVRAG, and p19ARF) promote the autophagic
pathway [15, 31]. Conversely, numerous oncoproteins,
including phosphatidylinositol 3-kinase, Aktl, and anti-
apoptotic members of the Bcl-2 family, suppress autoph-
agy. Recently, it has been shown that both cFLIP and
VFLIP of Kaposi’s sarcoma-associated herpesvirus, in
addition to inhibiting apoptosis mediated by death recep-
tors, suppress autophagy by preventing Atg3 from binding
and processing LC3 [54]. These findings identify another
negative regulatory step common to autophagy and apop-
tosis, besides the antiapoptotic Bcl2 family proteins, which
can play a fundamental role facilitating the early stages of
oncogenesis.

A complex role in the regulation of autophagy is played
by p53, one of the most important tumor suppressor pro-
teins [55]. In fact, p53 regulates autophagy both in a
positive and negative fashion, depending on its subcellular
localization [56].

Irrespective of the status of p53, basal levels of
autophagy appear to inhibit tumor development. Autoph-
agy may contribute to the prevention of tumorigenesis by
degrading damaged proteins and organelles that might
cause genomic instability [57]. Indeed, cells with deletion
of Beclinl or Atg5 display increased DNA damage, gene
amplification, and aneuploidy. A major role in this process
is played by p62. Inhibition of autophagy leads to an
increase of p62 which promotes tumorigenesis by inducing
oxidative stress and NFkB activation [58].

On the contrary, chemotherapy- and metabolic stress-
induced activation of the autophagic pathway reportedly
contribute to the survival of formed tumors, thereby
favoring resistance. To address this issue, the role of
autophagy in a Myc-induced model of lymphoma gen-
erated from cells derived from p53 null mice was
examined [57]. Such tumors are resistant to apoptosis due
to a lack of nuclear p53. De novo expression of p53 via
a tamoxifen-inducible transgene led to tumor regression
followed by tumor recurrence. Activation of p53 was
associated with the rapid appearance of apoptotic cells
and the induction of autophagy in surviving cells. Inhi-
bition of autophagy by Atg5 short hairpin RNA enhanced
the ability of either p53 activation or alkylating drug
therapy to induce tumor cell death [59]. These studies
provide evidence that autophagy serves as a survival
pathway in tumor cells treated with apoptosis activators

and propose a rationale for the use of autophagy inhib-
itors in combination with therapies designed to induce
apoptosis in human cancers. Autophagy inhibition would
therefore represent a major therapeutic target for
chemosensitization. Future studies should further clarify
the molecular mechanisms at the basis of the interplay
between apoptosis and autophagy which will be an
important source of molecular targets for clinical
applications.

Concluding remarks

Although in the last 10-15 years the question whether
autophagy may indeed act as bonafide cell death mecha-
nism has stimulated a great debate in the scientific
community, much remains unanswered. Considering that
autophagy physiologically ensures the metabolic supply to
starving cells by degrading intracellular components, it
may contribute to generate metabolites by sacrificing not
only some components of a cell but it can also, under long-
lasting extreme conditions to sustain viability, kill the
whole cell, and the organism may utilize xeno-cannibalism
as ultima ratio to survive [60]. Indeed, this type of phe-
nomena has been reported under pathological conditions in
eukaryotic cells. Although, in many cases, enhanced
autophagy has been associated with cell death, most of
these reports failed to demonstrate a causal role for
autophagy in initiating a killing pathway. However, in
some instances, the inhibition of autophagic proteins leads
to a decreased cell death rate, clearly indicating a pro-death
effect of these factors. On the other hand, in many physi-
ological settings, autophagy acts, by promoting cell
survival, as an antagonist of apoptosis. As outlined in this
mini-review, a complex relationship exists between
autophagy and the apoptotic cell death pathway, where
regulators of apoptosis also function as regulators of
autophagic activation. Accordingly, understanding the
effects of this complex interplay on pathological settings
might unveil novel important strategies for therapeutic
approaches.
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