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1. Mechanisms of cellular death
Cell death has been traditionally thought to occur via one of two
mechanisms: “programmed” (genetically controlled) or “uncontrolled”. Apoptosis is considered to represent the major form of
programmed cell death and is under the control of specialized
genes and pathways. In contrast, necrosis involves uncontrolled
cellular death occurring after acute physical trauma or stressors
overwhelming the cellular survival mechanisms. However, recent
studies have shown that necrosis may also occur in a programmed
manner in certain circumstances (necroptosis). Again, cancer cells
have been recently shown to exploit impaired programmed cellular
death mechanisms in order to develop tolerance against stress and
starvation via certain pathways such as the catabolic autophagy
pathway. Subsequently, cancer cells have the need of impaired
programmed cellular death mechanisms in order to survive and
maintain mobility in physiological conditions, even if it is not for
maintaining viability.

other hand, abnormalities of autophagy have been associated with
the development of a number of conditions such as cancer, infectious diseases, and neurodegenerative diseases.4
Currently, three distinct mechanisms of autophagy have been
identiﬁed (Fig. 1):
1. Macro-autophagy: It results in the disintegration of proteins and
damaged cellular organelles. It occurs via the formation of
autophagosome.
2. Micro-autophagy: It occurs via the invagination, protrusion, and
septation of the lysosomal membrane.
3. Chaperon-mediated autophagy: It allows the lysosomemediated translocation of KFERQ-like proteins.5
However, autophagy mainly refers to macro-autophagy.
Autophagy related proteins (also known as Atg proteins) have
been initially identiﬁed in studies involving yeasts, and more than
30 Atg genes have been described up to now.6
Some of these proteins are involved in the formation of autophagosomes (isolation membrane/autophagicvacuole). Autophagosomes develop in structures referred as pre-autophagosomal
structure (PAS). Mechanisms of autophagy may be summarized in
4 steps as follows:
1. mTor complex: Atg1-Atg13-Atg17 kinase complex (Fig. 2)
2. PI3K complex: Atg6 protein (beclin-1) complex regulating the
activity of Vps34 (Fig. 3)
3. Two ubiquitin like systems (Fig. 4)
4. Atg9 cycle system

2. Autophagy
Autophagy, meaning self (auto) devouring (phagy) in ancient
Greek, is the physiological degradation of the intracellular structures in order to provide nutrition for the cell under starvation. This
leads to a recycling of intracellular molecules and maintenance of
the homeostasis.1 Also, autophagy has been recently found to play a
role in a number of processes including metabolism, morphogenesis, differentiation, ageing, cellular death, and immunity.2,3 On the
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As a result of these steps, autophagy proceeds as follows in the
cell:
1
2
3
4

Nucleation
Elongation of the membrane
Fusion with the lysosome
Degradation

These steps may be schematized as below (Fig. 5):
The autophagic vacuole goes through elongation after its formation, followed by the degradation of its content through fusion
with the late endosome or lysosome. The building blocks such as

http://dx.doi.org/10.1016/j.jons.2017.07.001
2452-3364/© 2017 Production and hosting by Elsevier B.V. on behalf of Turkish Society of Medical Oncology. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

38

O.N. Sever, O.G. Demir / Journal of Oncological Sciences 3 (2017) 37e44

Fig. 1. Autophagy mechanism.

Fig. 2. Autophagy pathway: mTOR complex.

amino acids or fatty acids released after degradation are recycled
for cellular processes.1,2,6e8 These steps may be summarized as
follows using electron microscopic images (Fig. 6):

3. Regulation of autophagy
The most important stimuli in the regulation of autophagy
include starvation, hypoxia, and stress.
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Fig. 3. Autophagy Pathway: PI3K complex.

Fig. 4. Autophagy Pathway: ubiquitin like-system.

The tor protein complex also plays a signiﬁcant role in the
regulation of autophagy. Tor is a kinase that controls the growth
and protein synthesis in the cells, and its suppression results in the

activation of autophagy. Starvation is associated with reduced Tor
activity as well as de-phosphorylation of Atg13, leading to its
binding with Atg1 and induction of autophagy.9 In mammalians

40

O.N. Sever, O.G. Demir / Journal of Oncological Sciences 3 (2017) 37e44

Fig. 5. Autophagy steps.

Fig. 6. Electron microscope view.

this complex has been referred to as the ULK:Atg13:FIP200 protein.
ULK1 and ULK2 proteins have been found to stimulate autophagy
through interaction with mTor kinase and AMPK,10 while phosphorylation of S6K protein was found to suppress autophagy.11
Another important signaling pathway in cellular growth is class
IPI3K,12 activating the Akt/PKB pathway,13 which in turn inhibits
autophagy through activation of Tor. On the other hand, PTEN,
which has an opposite action to that of PI3K/Akt pathway, induces
autophagy. The mutations of PTEN are associated with a suppressive effect on autophagy.14 The PI3K complex consists of Atg6

(beclin-1), Atg14, Vp15 and Vps34 proteins and in conjunction with
PI3K binding protein, initiates the formation of the autophagicvacoule. 3-methyl adenine (3-MA) is a PI3K inhibitor that is widely
used to inhibit autophagy.15 Also, certain oncogen and tumor suppressor proteins have ben found to play a role in the regulation of
autophagy. For instance, overexpression of DAPk protein family in
cancer cells resulted in increase in autophagy and cell death.16
As mentioned earlier, autophagy was ﬁrst described in yeasts,
and subsequent work identiﬁed similar mechanisms in mammals,
despite certain differences. In this regard, the basic differences are
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outlined below (Fig. 7):
4. The relationship between autophagy and apoptosis
(Table 1)
1 Autophagy may lead to cell death in parallel with apoptosis, e.g.
in Kaposi sarcoma treated with imatinib and prostate cancer
cells treated with MG132.17e19
2 Autophagy may allow cell survival through suppression of
apoptosis, e.g. DNA damage, gene ampliﬁcation, and chromosomal abnormalities occur at an increased rate in tumor cells in
the absence of autophagy. Inhibition of autophagy results in
increased responsivity to radiotherapy in breast, prostate, and
colon cancer.17,20,21
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3 Autophagy may also represent a pre-requisite for apoptosis, e.g.
autophagy has been shown to be required for caspasedependent cell death in HIV infected CD4 þ T cells.17,22

4.1. Molecules with an impact on autophagy
4.1.1. Akt/PKB and tor pathway
It is the most important pathway for the regulation autophagy.
While a positive effect on mTor activity is seen with Rheb (GTP
binding small protein), a negative effect is observed with TSC1/
TSC2 (Tuberous sclerosis complex 1 and 2). The activation of the Tor
pathway is associated with cell growth and survival, as opposed to
subsequent autophagy when inactivated.
mTor pathway is controlled by Akt/PKB pathway, which phosphorylates TSC1/TSC2 and inactivates mTOR inhibitors. In other
words, activation of Akt/PKB leads to the inhibition of autophagy.23,24 At the same time, Akt/PKB activation blocks apoptosis
via its effects on NF-kB pathway.25,26
4.1.2. Bcl-2 andBcl-XL
These anti-apaptotic proteins inhibit both apoptosis and autophagy. They prevent the formation of autophagic vacuole through
binding the BH3 site on Beclin-1.27,28 BNIP-3 is a protein belonging
to the family of Bcl-2 proteins that activates autophagy.29 (Fig. 8)
4.1.3. Atg4D, Atg5 and Beclin
Proteolysis of these proteins induces apoptosis. It has been
found that certain autophagy molecules may also be used by
apoptotic pathways through this process.30e33
4.1.4. P53
p53 stimulates apoptosis, increases the transcription of proapoptotic genes such as Bax, PUMA, and NOXA, while downregulates anti-apoptotic proteins including Bcl-2.34 Activation of
p53 leads to the inhibition of mTor pathway, ultimately resulting in
the activation of autophagy.35 Despite its positive effects on autophagy, complete dysfunction of p53 causes full activation of autophagy. Nuclear p53 has been shown to promote autophagy, while
cytoplasmic p53 was found to have the opposite effect.36
4.1.5. Reactive oxygen species (ROS) and Atg4
Increase in intracellular ROS stimulates apoptosis, while
decreased intracellular ROS promotes cell growth and survival. ROS
affects autophagy through oxidation of Atg4. Oxidized Atg4 is
inactivated, suppressing the formation of autophagosome.37
4.1.6. ARF
It is a tumor suppressor gene, with an effect on both autophagy
and apoptosis.38
4.1.7. FADD, caspase-8; FLIP
Over-activation of autophagy leading to cell death has been
observed in T-cells devoid of FADD and caspase-8 activity.39 On the
other hand, FLIP is an inhibitory protein that inhibits both apoptosis
and autophagy.40
4.1.8. DAPk
DAPk is a serine/threonine kinase regulated by calcium/
calmodulin binding that activates apoptosis and autophagy.41

Fig. 7. The relationship between autophagy and apoptosis.

4.1.9. E2F1
It activates apoptosis and autophagy in the presence of DNAdamaging agents.42
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Table 1
Autophagy and apoptosis: Differences.
Type of cellular death

Apoptosis (Type I Programmed
Cellular Death)
Autophagy (Type IIProgrammed
Cellular Death)

Morphological changes

Biochemical properties

Nucleus

Cytoplasm

Chromatincondensation DNA ladder

Apoptoticbodies

Caspasedependent

Partlychromatincondensation No DNA ladder

Increase of autophagicvacuoles

Caspase-independent;
Lysosomalactivityincrease

Fig. 8. Effective proteins via Beclin-1.

4.2. The role of autophagy in tumorigenesis
Autophagy should be defective in tumorigenesis. In human
breast and prostate cancer cells, mono-allelic deletion of becn1
required for the regulation of autophagy has been shown in addition to a decrease in beclin 1 in certain breast cancer lines.43,44
Becn1 is the counterpart of Atg6/vps30 in mammalian tissues and
is required for the formation of autophagosome.45 Becn1 -/- mice
die early during embryogenesis, while becn1 ± mice experience an
increased occurrence of lymphoma, lung cancer, and liver cancer.
Additionally, hyperproliferative pre-neoplastic alterations have
been identiﬁed in the breast tissue samples of becn1 ± mice, which
have also been found to express wild-type beclin 1. This suggests
that becn1 may represent a haplo-deﬁcient tumor suppressor
gene.46,47 Recent studies have also shown that autophagy is related
with increased in vivo and in vitro survival, particularly when
apoptosis is inactivated.26,44 Under circumstances with insufﬁcient
angiogenesis, autophagy is inactivated in tumor areas of hypoxia
leading to maintenance of the survival of tumor cells. In starvation,
this function of autophagy buys the cell some extra time until optimum nutrition, oxygenation, and growth factor conditions are
restored. Thus, autophagy should be representing a mechanism
necessary for tumor survival.48
It is still unclear how the inactivation of a survival pathway plays
a role in tumorigenesis. The answer to this question is most likely to

be related with the fact that although apoptosis and necrosis are
irreversible processes once initiated, autophagy involves mechanisms that can be deferred and re-initiated if required.
Autophagy not only represents a source of energy during periods of starvation, it also allows the control of damaged intracellular organelles and proteins, preventing the accumulation of
toxic proteins and organelles that may harm the cell. This may have
critical implications especially for tumor cells, which rely on ineffective aerobic glycolysis and which may have inadequate blood
supply due to rapid tumor growth and metastasis. Impaired autophagy in tissues and tumors may have negative consequences for
the cellular integrity, paving the way for DNA damage, mutation,
and genomic instability, ultimately contributing to tumor formation and progression.21,49,50 These observations suggest that stimulation of autophagy may have preventive role in cancer
development, while the inhibition of autophagy-mediated survival
may represent a novel therapeutic approach for the treatment of
aggressive cancers.
When the role of autophagy in maintaining tumor cell survival
under stressful conditions, prevention of autophagy may offer a
beneﬁcial therapeutic modality triggering cell death. Furthermore,
both targeted agents and cytotoxic agents used for the treatment of
cancer have been shown to induce autophagy. This possibility also
has led to initiation of phase I and II studies testing the combination
of standard chemotherapeutic agents with the anti-malarial agent
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hydroxychloroquine, which is known to inhibit autophagy through
prevention of lysosome degradation.
5. Discussion
Although the association between the tumor suppressing effects
of autophagy and its effects on cell death and survival has not been
fully understood, it should also be noted that similar effects may
also play a signiﬁcant role in the efﬁcacy of cancer treatments.
In vitro, many chemotherapeutic agents have been shown to promote the formation of autophagosomes.51 For many years, it has
been thought that these treatments caused cell death through induction of autophagy. However, inhibition of autophagy resulted an
increase in cell death rather than a decrease.51 Therefore, it has
been postulated that inhibition, rather than induction of autophagy
could be beneﬁcial in cancer treatment. In a 2007 study by Amaravadi and co-workers, administration of chloroquine, an agent
causing autophagic degradation, to mice with c-Myc associated
lymphoma resulted in increased tumor cell death and tumor
regression through augmentation of the effect of DNA-alkylating
agents.52 However, it is difﬁcult to conclude that the effects of
chloroquine stem from the inhibition of autophagy, since chloroquine not only affects the multi-drug pump of tumor cells, butis
also associated with the stimulation of anti-tumor response in the
immune cells of the host.53 Further studies involving the use of
autophagy-speciﬁc inhibitors may shed light on this issue. Thus,
autophagy is conceived as a factor that has a role both in the promotion and prevention of cancer, and its role in cancer may differ
depending on the tumor progression. Inhibition of autophagy may
lead to continuous growth of pre-cancerous cells, where autophagy
may act like a tumor suppressor.54,55 Later, once the tumor is large
enough, cancer cells may require autophagy in order to be able to
survive in a nutrient- and oxygen-poor environment, and this may
be even more prominent in the inner tumor sites with less vascularization.56 Additionally, autophagy may also confer protection
against ionizing radiation in some cancer cells57; this is achieved by
the removal of damaged organelles and macro-molecules such as
the mitochondria as well as the prevention of apoptosis.58
Certain agents used for the treatment of cancer seem to be
effective through mechanisms involving autophagy. For instance,
tamoxifen used for the treatment of breast cancer acts through up
regulation of beclin-1.59 mTor inhibitors are among inducers of
autophagy, although the mechanism of action of these agents is
thought to involve effects on cell cycle regulation rather than
autophagy.
6. Conclusion
In conclusion, autophagia is thought to be an efﬁcient factor in
both the promotion and prevention of cancer. The role of autophagia in cancer probably varies by tumor progression. Inhibition
of autophagia may lead to continuous growth in precancerous cells
and autophagia acts as a tumor suppressor in this case. When the
tumor is grown sufﬁciently later, cancer cells need autophagia to
survive under conditions poor in nutrition and oxygen. This may
especially be prominent in the less vascularized internal parts of
the tumor.
It is clear that autophagia has a very important role inthe
development, progression and treatment of cancer, like apoptosis.
It is very important to continue to investigate this important
pathway in further studies.
Conﬂict of interest
There is no conﬂict of interest.

43

References
1. Ohsumi Y. Molecular dissection of autophagy: two ubiquitin-like systems. Nat
Rev Mol Cell Biol. 2001;2:211e216.
2. Shintani T, Klionsky DJ. Autophagy in health and disease: a double-edged
sword. Science. 2004;306:990e995.
3. Mizushima N, Levine B, Cuervo AM, Klionsky DJ. Autophagy ﬁghts disease
through cellular self-digestion. Nature. 2008;51:1069e1075.
4. Yang Z, Klionsky D. Eaten alive: a history of macroautophagy. Nat Cell Biol.
2010;12:814e822.
5. Ravikumar B, Futter M, jahreiss L, et al. Mammalian macrophagy at a glance.
J Cell Sci. 2009;122:1707e1711.
6. Xie Z, Klionsky DJ. Autophagosome formation: core machinery and adaptation.
Nat Cell Bioll. 2007;9:1102e1109.
7. Kroemer G, Marino G, Levine B. Autophagy and integrated stress response. Mol
Cell. 2010;40(2):280e293.
8. Rami-Porta R, Ball D, Crowley J, et al. The IASCL Lung Cancer Staging Project:
proposals for the revision of the T descriptors in the forthcoming (seventh)
edition of the TNM classiﬁcation for lung cancer. J Thorac Oncol. 2007;2:
593e602.
9. Kamada Y, Funakoshi T, Shintani T, Nagano K, Ohsumi M, Ohsumi Y. Tormdiated induction of autophagy via an Atg1 protein kinase complex. J Cell Biol.
2000;150:1507e1513.
10. Shang L, Wang X. AMPK and mTor coordinate the regulation of Ulk and
mammalian autophagy initiation. Autophagy. 2011;7(8):924e926.
11. Scott RC, Schuldiner O, Neufeld TP. Role and regulation of starvation-induced
autophagy in the drosophila fat body. Dev Cell. 2004;7:167e168.
12. Blume-Jensen P, Hunter T. Oncogenic kinase signaling. Nature. 2001;411:
355e365.
13. Meijer AJ, Codogno P. Regulation and role of autophagy in mammalian cells. Int
J Biochem Cell Biol. 2004;36:2445e2462.
14. Arico S, Petiot A, Bauvy C, et al. The tumor supressor PTEN positively regulates
macroautophagy by inhibiting the phosphatidylinositol 3-kinase/protein kinase B pathway. J Biol Chem. 2001;276:352436.
15. Liang XH, Jackson S, Seaman M, et al. Induction of autophagy and inhibition of
tumorigenesis by beclin 1. Nature. 1999;402:672e676.
16. Inbal B, Bialik S, Sabanay I, Shani G, Kimchi A. DAP kinase and DRP-1 mediate
membrane blebbing and the formation of autophagic vesicles during programmed cell death. J Cell Biol. 2002;157:455e458.
17. Eisenberger-Lerner A, Bialik S, Simon HU, Kimchi A. Life and death partners.
Apoptosis, autophgy and the coss-talk between them. Cell Death Differ.
2009;16:96675.
18. Yang W, Monroe J, Zhang Y, George D, Bremer E, Li H. Proteasome inhibition
induces both pro- and anti-cell death pathways in prostate cancer cells. Cancer
Lett. 2006;243:217e227.
19. Basciani S, Vona R, Matarrese P, et al. Imatinib interferes with survival of
multidrug resistant Kaposi's sarcoma cells. FEBS Lett. 2007;581:5897e5903.
20. Karantza-Wadsworth V, Patel S, Kravchuk O, et al. Autophagy mitigates
metabolic stress and genome damage in mammary tumoigenesis. Genes Dev.
2007;21:1621e1635.
21. Mathew R, Kongara S, Beaudoin B, et al. Autophagy supresses tumor progression by limiting chromosomal instability. Genes Dev. 2007;21:1367e1381.
22. Espert L, Denizot M, Grimaldi M, et al. Autophagy is involved in T cell death
after binding of HIV envelope proteins to CXCR4. J Clin Invest. 2006;116:2161.
23. Corradetti M, Guan K. Upstream of the mammalian target of rapamisin: do all
roads pass through mTor? Oncogene. 2006;25:6347e6360.
24. Guertin D, Sabatini D. Deﬁning the role of mTOR in cancer. Cancer Cell.
2007;12:9e22.
25. Song G, Ouyang G, Bao S. The activation of Akt/PKB signaling pathway and cell
survival. J Cell Mol Med. 2005;9:59e71.
26. Ballif B, Blenis J. Molecular mechanisms mediating mammalian mitogenactivated protein-kinase (MAPK) kinase (MEK)-MAPk survival signals. Cell
Growth Diff. 2001;1773:1263e1284.
27. Levine B, Sinha S, Kroemer G. Bcl-2 family members: dual regulators of
apoptosis and autophagy. Autophagy. 2008;4:600e606.
28. Noble C, Dong J, Manser Song H. BCL-XL and UVRAG cause a monomer-dimer
switch in beclin-1. J Biol Chem. 2008;283:26274e26282.
29. Mellor HR, Haris AL. The role of the hypoxia-inducible BH-3-only proteins
BNIP3 and BNIP3L in cancer. Cancer Metastasis Rev. 2007;26:553e566.
30. Bell BD, Leverrier S, Weist BM, et al. FADD and caspase-8 control the outcome
of autophagic signaling in proliferating T cells. PNAS. 2008;105:16677e16682.
31. Pyo JO, Jang MH, Kwon YK, et al. Essential roles of Atg5 and FADD in autophagic
cell death dissection of autophagic cell death into vacuole formation and cell
death. J Biol Chem. 2005;280:20722e20729.
32. Youseﬁ S, Perozzo R, Schimid I, et al. Calpain-mediated cleavage of Atg5
switches autophagy to apoptosis. Nat Cell Biol. 2006;8:1124e1132.
33. Cho DH, Jo YK, Hwang JJ, Lee YM, Roh SA, Kim JC. Caspase-mediated cleavage of
Atg6/Beclin-1 links apoptosis to autophagy in HeLa cells. Cancer Lett. 2009;274:
95100.
34. Fridman JS, Lowe SW. Control of apoptosis by p53. Oncogene. 2003;22:
9030e9040.
35. Feng Z, Zhang H, Levine AJ, Jin S. The coordinate regulation of the p53 and mTor
pathways in cells. Proc Natl Acad Sci U. S. A. 2005;102:8204e8209.
36. Tasdemir E, Maiuri M, Galluzi L, et al. Regulation of autophagy by cytoplasmic

44

O.N. Sever, O.G. Demir / Journal of Oncological Sciences 3 (2017) 37e44

p53. Nat Cell Biol. 2008;10:676e687.
37. Scherz-Shouval R, Shvets E, Fass E, Shorer H, Gill L, Elazar Z. Reactive oxygen
species are essential for autophagy and speciﬁcally regulate the activity of
Atg4. EMBO J. 2007;4:1749e1760.
38. Sherr CJ. The INK4a/ARF network in tumor supression. Nat Rev Mol Cell Biol.
2001;2:731e737.
39. Yu L, Alva A, Su H, et al. Regulation of an Atg7-beclin-1 program of autophagic
cell death by caspase 8. Science. 2004;304:1500e1502.
40. Lee JS, Li Q, Lee JY, et al. FLIP-mediated autophagy regulation in cell death
control. Nat Cell Biol. 2009;11:1355e1362.
41. Gozuacik D, Bialik S, Raveh T, et al. DAP-kinase is a mediator of endoplasmic
reticulum stressinduced caspase activation and autophagic cell death. Cell
Death Differ. 2008;12:18751886.
42. Polager S, Oﬁr M, Ginsberg D. E2F1 regulates autophagy and the transcription
of autophagy genes. Oncogene. 2008;27:4860e4864.
43. Lynch TJ, Bell DW, Sordella R, et al. Activating mutations in the epidermal
growth factor receptor underlying responsiveness of non-small-cell lung cancer to geﬁtinib. N Engl J Med. 2004;350(21):2129.
44. Noguchi M, Morikawa A, Kawasaki M, et al. Small adenocarcinoma of the lung.
Histologic characteristics and prognosis. Cancer. 1995;75(12):2844.
45. Shimızu S, Kanaseki T, Mizushima N, et al. Role of Bcl-2 family proteins in a
non-apoptotic programmed cell death dependent on autophagy genes. Nat Cell
Biol. 2004;6:1221e1228.
46. Yue Z, Jin S, Yang C, Levine AJ, Heintz N. Beclin 1, an autophagy gene essential
for early embryonic development, is a haploinsufﬁcient tumor suppressor. Proc
Natl Acad Sci U. S. A. 2003;100:15077.
47. Qu X, Yu J, Bhagat G, et al. Promotion of tumorigenesis by heterozygous
disruption of the beclin 1 autophagy gene. J Clin Invest. 2003;112:1809.
48. Degenhardt K, Mathew R, Beaudoin B, et al. Autophagy promotes tumor cell

49.
50.
51.

52.

53.

54.
55.
56.
57.

58.
59.

survival and restricts necrosis, inﬂamation, and tumorigenesis. Cancer Cell.
2006;10:51.
Mathew R, Karp CM, Beaudoin B, et al. Autophagy suppresses tumorigenesis
through elimination of p62. Cell. 2009;137:1069.
White E, Dipaola RS. The double-edged sword of autophagy modulation in
cancer. Clin Cancer Res. 2009;15:5308.
Maiuri MC, Zalckvar E, Kimchi A, Kroemer G. Self-eating and self-killing:
crosstalk between autophagy and apoptosis. Nat Rev Mol Cell Biol. 2007;8:
741e752.
Amaravadi RK, Yu D, Lum JJ, et al. Autophagy inhibition enhances therapyinduced apoptosis in a MYC-induced model of lymphoma. J Clin Invest.
2007;117:326e336.
Apetoh L, Ghriringhelli F, Tesniere A, et al. Toll-like receptor 4-dependent
contribution of the immune system to anticancer chemotherapy and radiotherapy. Nat Med. 2007;13:1050e1059.
Ogier-Dennis E, Codogno P. Autophagy: a barrier or an adaptive response to
cancer. Biochem Biophys Acta. 2003;1603:113e128.
Gozuacik D, Kimchi A. Autophagy as a cell death and tumor supressor mechanism. Oncogene. 2004;23:2891e2906.
Cuervo AM. Autophagy: in sickness and in health. Trends Cell Biol. 2004;14(2):
70e77.
Paglin S, Hollister T, Delohery T, et al. A novel response of cancer cells to radiation involves autophagy and formation of acidic vesicles. Cancer Res.
2001;61:439e444.
Alva AS, Gultekin SH, Baehrecke EH. Autophagy in human tumors: cell survival
or death? Cell Death Differ. 2004;11(9):1046e1048.
Scarlatti F, Bauvy C, Ventruti A, et al. Ceramide-mediated macroautophagy
involves inhibition of protein kinase B and up-regulation of beclin 1. J Biol
Chem. 2004;279(18):18384e18391.

