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Cellular Homeostasis 

 constant turnover of continuous synthesis of cellular components 

 clearance of damaged or superfluous proteins and organelles. 

Degradation pathways 

Ubiquitin-Proteasome System 

(UPS) 

high selectivity 

short-lived proteins 

Lysosomal pathway 

Autophagy 

Requirements: 



Phagocytosis 

Autophagy is 

totally different 



What is Autophagy? 

“Self-eating” 

 

From the Greek words, auto "self" and phagein "to eat" 

 

 

“Catabolic process through which the cell recycles its own constituents” 

 

“Pathway that lead to the elimination of cytoplasmic components by delivering 

them into lysosomes” 

 

“The body’s way of cleaning out damaged cells, in order to regenerate newer, 

healthier cells” 

 



Types of Autophagy 

Wirawan et al., Cell Res., 2012 



 Micro-autophagy 

• By invagination of the lysosome membrane, 

cytosolic components are directly taken up by the 

lysosome itself through. 

• It could be selective or  non-selective. 

Types of Autophagy 



 Chaperone-mediated autophagy (CMA) 

• Targeted proteins are translocated across the 

lysosomal membrane in a complex with 

chaperone proteins (such as Hsc-70) that are 

recognized by the lysosomal membrane receptor 

lysosomal-associated membrane protein 2A 

(LAMP-2A), resulting in their unfolding and 

degradation.  

Types of Autophagy 



• Delivers cytoplasmic cargo to the lysosome 

through autophagosome 

    (a double membrane-bound vesicle) 

• Autophagosome  fuses with the lysosome to 

form an autolysosome. 

• It could be selective or  non-selective. 

• The most important type is  macro-autophagy, 

referred to as autophagy.  

 

Types of Autophagy 

 Macro-autophagy 



Mechanism of Autophagy 

Metabolite generation 

(Amino acids, FA, etc.) 

 Denton et al., Immunol Cell Biol., 2015 



Multiple Functions of Autophagy 

• Occurs in all eukaryotic cells 

• Bulk degradative process that ends in lysosomes 

• Degradation of intracellular components 

Recycling and Cleaning 

autophagosome 

autophagosome 

Basal autophagy 

Quality control 

Removal of 

obsolete organelles 

and protein aggregates 

Nutrient/ 

Growth factor 

deprivation 

Metabolic substrates 

(energy, nutrient) 

Uncontrolled 

autophagy 

Autophagic 

cell death 



Autophagy Signalling Pathway 



How can We Monitor Autophagy? 

Starv.      -        +     

EM WB IF LC3 

Starvation     

Control     



How can We Monitor Autophagy? 



How can We Monitor Autophagy? 



Dynamic regulation of autophagy 

Mizushima et al, Cell, 2010 



Induction of Autophagy 

Processes that 

stimulate autophagy 

Processes affected 

by autophagy 

When our cells are stressed, 

autophagy is increased in order to 

protect us, which helps enhance 

your lifespan. 

Autophagy promotes survival 

and adaptation as a response 

to various stressors and 

toxins accumulated in our 

cells. 



Induction of Autophagy 

 Autophagy and Oxidative Stress in Smokers: 

- Our results: 

Groups Non-Smoker 

(24) 

Smoker 

(55) 

P Value 

Beclin 1 1.95±0.17  12.27±1.57a <0.0001 

Atg5 0.69±0.12 3.00±0.52 <0.0001 

LC3 I 0.87±0.17 3.43±0.50 <0.0001 

LC3 II 1.67±0.18 4.64±0.38 <0.0001 

TAS SOD CAT 



Autophagy and Diseases 

 Klionsky DJ, Dev Cell. 2010 



Autophagy and Aging 



Autophagy and Aging 

Systemic Anti-Aging Effects of Autophagy 

Autophagy can reduce age-related dysfunctions through systemic effects. Autophagy may 

contribute to the clearance of intracellular pathogens and the function of antigen-presenting 

cells (left), reduce inflammation by several mechanisms (middle), or improve the function of 

neuroendocrine circuits (right). 

 
David et al., Cell., 2011 



Autophagy and Neurodegenerative Diseases 

• Alzheimer’s disease (AD), 

Parkinson’s disease (PD) 

and Huntington’s disease 

(HD) share common 

features, such as neuronal 

dysfunction, synapse 

damage and mechanisms 

involving death pathways. 

• These disorders are 

characterized by progressive 

neuronal loss and by 

deposits of abnormal 

proteins in the brain, in the 

form of aggregates or 

plaques. 



 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
  

Atg8 homologs 

LC3 GABARAP 

Cell death/apoptosis 

In mammals Stress 

Atg8 

die 

In yeast Starvation 

Cell 
Autophagy 

Cell survival 

Apoptosis 

cell death 

Autophagy and Apoptosis 



Autophagy and Apoptosis 

 Mariño et al., Nat Rev Mol Cell Biol 2014. 



Autophagy and Cancer 

The connections between autophagy and cancer occur at  

two aspects: 

First at the level of tumor initiation and progression, 

Second during cancer treatment. 



Autophagy in Tumor Initiation and Progression 

Dual role of Autophagy 

The role of autophagy in cancer is complex and likely tissue and 

genetic context-dependent.  

Tumor 
Suppression Pro-Tumoral 



Principal signalling pathways involved in the autophagy-related 

cancer interconnections 
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Autophagy in Cancer Treatment 

Autophagy and chemotherapy resistance 

X Sui et al., Cell Death Dis., 2013 



Autophagy in Cancer Treatment 

Autophagy induction have been found to spatially localize to: 

 

1- Hypoxic tumor regions. 

 

2- Poorly vascularized tumor regions. 

 

3- Following cytotoxic treatments. 

Promotes cancer cell survival under 

stressful conditions 

Treatment resistance mechanism 



Autophagy in Cancer Treatment 
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Autophagy in Cancer Treatment 



Autophagy in Cancer Treatment 

The molecular mechanisms of autophagy activation in response to chemotherapeutic agents. The 

activation of autophagy either leads to cancer cell chemoresistance via EGFR signaling, PI3K/AKT/ 

mTOR pathways, p53, VEGF, MAPK14/p38α signaling and microRNA or potentiates autophagic cell 

death through AMPK/AKT1/mTOR axis, which depends on the tumor types and treatment 

characteristic 





Can you induce autophagy? 

 Fasting and calorie restriction 

Both trigger autophagy by putting cells under stress.  

 Exercise 

Exercise also puts the body’s cells under stress. When people 

exercise, the components of their cells become damaged and inflamed. 

There is evidence that exercise increases autophagy in human skeletal 

muscles.  

 Curcumin 

Scientists have also suggested that curcumin intake triggers 

autophagy, at least in studies involving mice. For example, one animal 

study reported that curcumin-induced restoration of autophagy could 

protect against diabetic cardiomyopathy, a disorder of the heart 

muscles that affects people with diabetes. 
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