
WHAT IS AUTOPHAGY ?

• LYSOSOMAL PATHWAY OF MACROMOLECULAR DEGRADATION 

TRIGGERED BY CELL DAMAGE (membrane oxidation, unfolded

protein aggregates, aged structures)

• UPREGULATED DURING STARVATION (‘sensors’ for aminoacids

concentration)
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…first described by
De Duve in 1963 

(Nobel Prize)
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Three types of AUTOPHAGY
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PROTEIN HOMEOSTASIS

UNFOLDED PROTEINS

PROTEIN

AGGREGATES

protein homeostasis

AUTOPHAGY

p62

Oxidative stress 

(neurotrasmitters; hypoxia-reperfusion)

gene mutation
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AUTOPHAGY APOPTOSIS

HYPERPLASIA                                                     ATROPHY
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Equal rates

TISSUE HOMEOSTASIS

Cell Proliferation Cell Loss

Growth Factors Metabolic Stress

TISSUE HOMEOSTASIS
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LC3

Initial steps



THE CANONICAL PATHWAY

Maiuri et al., 2007
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Recognition of Substrate

ROLE OF 

p62/SQSTM

p62 and NBR1 can mediate the selective 
entrapment of autophagic substrates, functioning 
as cargo receptors for ubiquitinated protein 
aggregates and organelles. These proteins 
contain in fact the LC3-interacting sequence 
WXXL/I which can serve for the targeting to the 
autophagosome of the bound substrate.
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MANIPULATION OF THE AUTOPHAGY-LYSOSOMAL 

PATHWAY

Maiuri et al., 2007
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How is autophagy regulated

Yang ZJ, Chee CE, Huang S, Sinicrope FA. The role of autophagy in cancer: therapeutic implications. Mol Cancer Ther. 2011 Sep;10(9):1533-41. 
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REGULATORY PATHWAYS
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The phosphatidylinositol 3-kinase (PI3K)-mammalian t arget of 
rapamycin (mTOR) pathway regulating autophagy

Ravikumar B et al. Physiol Rev 2010;90:1383-1435
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mTOR-independent pathway regulating mammalian autophagy: 

role of Inositol

Ravikumar B et al. Physiol Rev 2010;90:1383-1435
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Oncogenes-Oncosuppressors

ONCOSUPPRESSOR

ONCOGENE
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Morselli E, Galluzzi L, Kepp O, Mariño G, Michaud M, Vitale I, Maiuri MC, Kroemer G. Oncosuppressive functions of autophagy. Antioxid

Redox Signal. 2011 Jun;14(11):2251-69.
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Morselli E, Galluzzi L, Kepp O, Criollo A, Maiuri MC, Tavernarakis N, Madeo F, Kroemer G. Autophagy mediates pharmacological 

lifespan extension by spermidine and resveratrol. Aging (Albany NY). 2009 Dec 23;1(12):961-70.

Triggers of ATG

AUTOPHAGY

COMPLEX INTERPLAY BETWEEN CELL DEATH PATHWAYS

APOPTOSIS                                        NECROSIS

AUTOPHAGIC 

CELL DEATH

AUTOPHAGY-

ASSOCIATED 

CELL DEATH

18

NOXANOXA

AUTOPHAGY-

DEPENDENT 

CELL DEATH



THE COMPLEX CROSS-TALK BETWEEN AUTOPHAGY AND APOPTOSIS
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Singletary K, Milner J. Diet, autophagy, and cancer: a review. Cancer Epidemiol Biomarkers Prev. 2008 Jul;17(7):1596-610. 

DUAL ROLES OF AUTOPHAGY IN CELL SURVIVAL AND DEATH

The relationship between apoptosis and autophagy

22Levine B. Cell biology: autophagy and cancer. Nature. 2007 Apr 12;446(7137):745-7. 
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AUTOPHAGY- APOPTOSIS CROSS - TALK

� AUTOPHAGY prevents APO

� APOPTOSIS inhibits ATOPHAGY         

� AUTOPHAGY enables APO 

� APO induces ATOPHAGY           

Bcl2      beclin-1

Bcl2      Ca++  

p53

Atg5t         bcl2

p53          DRAM

… and more: 

caspase 3 cleaves Atg4 (which processes LC3); 

caspases 3 and 7 cleave beclin 1, whose C-term promotes mtc

permeablization;

FLIP, which inhibits casp 8, suppresses autophagy by competing with LC3 for

binding to Atg3
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�(degradation of leaking mtc)



25Yang Z, Klionsky DJ. Eaten alive: a history of macroautophagy. Nat Cell Biol. 2010 Sep;12(9):814-22. 26

Steeves MA, Dorsey FC, Cleveland JL. Targeting the autophagy pathway for cancer
chemoprevention. Curr Opin Cell Biol. 2010 Apr;22(2):218-25. 

THE ROLE OF AUTOPHAGY IN PREVENTING 

NEOPLASTIC TRANSFORMATION

27

Eng CH, Abraham RT. The autophagy conundrum in cancer: influence of tumorigenic metabolic

reprogramming. Oncogene. 2011 Jun 13. doi: 10.1038/onc.2011.220. 

ROLE OF STROMA CELL-TUMOUR CELL INTERACTION
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Levine B. Cell biology: autophagy and cancer. Nature. 2007 Apr 12;446(7137):745-7. 

CONFLICTING EFFECTS OF AUTOPHAGY 

ON CANCER
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Levine B. Unraveling the role of autophagy in cancer. Autophagy. 2006 Apr-Jun;2(2):65-6. 
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Hotchkiss et al., 2009

CELL DEATH TYPES
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NECROSIS

APOPTOSIS
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NECROSI

APOPTOSIS 

Lysosome permeabilizating drugs

CD

BAX

Cyt C-APAF-Caspases 9
CASPASES 3

Lysosomal Hydrolases

Another intrinsic death pathway:

THE LYSOSOME-MITOCHONDRION AXIS 

BID

?

CB,CL


