
AUTOPHAGY GOOD AND BAD: 
A GENUINE TARGET FOR RUBBISH REMOVAL 

IN NEUROPATHOLOGIES?

Philip M. Beart, 

Florey Institute of Neuroscience & Mental Health, 

University of Melbourne, 

Parkville, VIC 3010, AUSTRALIA.



Phillip Nagley

Gavin Higgins Linda MercerYea Seul Shin Rod Devenish



Excitatory Amino Acid Transmission

EAAT3/4/5EAAT2v?

EAAT1/2



▼

Patents for glutamate reuptake modulators

▼

1st Allosteric drug – Bayer failed to appreciate 

▼

Patent with Merck (Europe)

▼

Multiple patents – UK company collapsed

▼

Lundbeck discontinued Dec 2014

▼

Patented as anti-inflammatory ALS/MND



PATHOLOGY INCIDENCE COSTS PER ANNUM

Stroke 50,000 per annum $2 billion

Perinatal hypoxia 1-4 per 1000 infants $3 billion (USA)

Motor Neuron Disease 1300, 532 died (2006) Impacts carers, 
families & friends

Parkinsons’s Disease 30-300 per 10,000 $500 million

Huntington’s disease 1 per 10,000 ???

DISEASE  BURDEN  – UNMET  THERAPEUTIC  NEED

Sources : Access Economics, National Stroke Association, Medical News Today, www.umdnj.edu
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TINS 1999

1,103 cites



Neuropharmacology 1998 

151 cites



DEATH   IS  NOT  SIMPLE

Rami & Kogel, 

Autophagy (2008)





Autophagy

� Cellular homeostasis: Autophagy recycles cellular 

damaged components & responds to energy deficits

� Cellular defence: Autophagy can help cells avoid 

damage and death under various stresses

Cell death process (PCD Type II): Autophagy directly 





Overview of the General Autophagy Pathway

Green & Levine , Cell (2014)



Autophagic cell 

death (ACD)

Autophagy is generally 

good for cells



Autophagy

� Cellular homeostasis: Autophagy recycles cellular 

damaged components & responds to energy deficits

� Cellular defence: Autophagy can help cells avoid 

damage and death under various stresses

� Cell death process (PCD Type II): Autophagy directly 

contributes to the cell death outcome



Diversity of cell death in neurons

Caspase-independent death 

Oxidative stress

Nagley et al Beart. BBA 2010



Autophagy is 

induced in these 

neurons treated 

with either H2O2

or STS

Conversion of LC3-I to LC3-II after treatment with STS or H2O2 

indicates an increase in autophagic activity

* P<0.01

* P<0.05

Higgins et al. CMLS 2011



(c)

The progression to cell death is blocked by knockdown of 
Atg7 in neurons treated

with H2O2 but NOT with STS

* P<0.01 *** P<0.0001** P<0.001Scale bar = 10 µm

Higgins et al. CMLS 2011



GENERAL  ASPECTS  OF 

CELL  DEATH  IN  NEURONS

Death outcomes differ in terms of biochemical 
mechanisms and cellular morphologies. 

Relative involvement of individual death processes 
depends upon the neuronal type and stressor 
(Nagley et al., 2010).

H2O2

STS

PCD-Type II and PCD-Type III. Inhibition of the 
autophagy pathway blocks cell death revealing a link 

between PCD-Type III and autophagy (PCD-Type II).

Apoptosis and autophagy. Death has characteristics of 
apoptosis (PCD-Type I), but inhibition of autophagy fails 
to block death – the events are not functionally linked. 

Bad!!!

Good!!!



What  about  autophagy &  death

following  sustained  exposure  to

oxidative stress?



The  Approach: Cortical  neurons  treated  with  

superoxide (O2
.-)  generated from 

xanthine/xanthine oxidase and catalase (XXC)

alongside  a  reference  apoptotic inducer 

staurosporine (STS).



Cell death by O2
.- flux is transiently blocked 

by Atg7 and Endo G knockdown
Atg7 knockdown EndoG knockdown

Transient
autophagic cell death

Transient
Programmed necrosis

Cell death still occurs, suggesting O2
.- overwhelms 

cells to undergo unregulated necrosis
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ACD  overwhelmed  by 

unregulated  necrosis

• Caspase activity in the presence of oxidative stress has been reported in 
other neuronal cell systems, BUT it is clear that this is not the case under 
our experimental conditions
(i.e. no apoptosis).

• Early dissipation of ΔΨm followed by rapid redistribution of cyt c, 
Smac/DIABLO and Endo G indicated mitochondrial involvement.

• Both autophagic cell death and programmed necrosis are activated.

• We envisage that pathways leading to autophagic death and 
programmed necrosis may be running in parallel in early stages.

• Complete blockade of cell death was not achieved by such disruption of 
either ACD or programmed necrosis , suggesting
that ultimately cells default to death by unregulated necrosis.



A role for autophagy in ecstasy (MDMA)-induced 

death of serotonin neurones?

MDMA-induced brain injury

• Slow, PCD with caspase-dependent 
component?
• Effects include ox stress, DNA damage, 
inflammation
• Ubiquitinated inclusions 
• Disturbed energy metabolism
• Impaired axonal transport = damaged 
organelles?
• MDMA induces Atg5 expression in cell lines
• UPS recruited (autophagy?)
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Activation of Autophagy: 

Neuroprotection

Murine serotonin (5-HT) neurones in culture



Autophagy: 

a valid clinical target in MND/ALS?

Suppression of mutant 

SOD1 aggregation 

stimulates autophagy in 

NSC-34 MN cell line

Autophagy activator 

provided by Servier

Human spinal cord 

Brad Turner





What  is  Mitophagy???

• A form of autophagy where damaged or dysfunctional 

mitochondria selectively undergo degradation, can 

occur as a consequence of PCD when mitochondria 

fragment and remodel inner-membrane cristae. 

• Moreover, cellular bioenergetics is entwined with 

mitochondrial dynamics, and mitochondrial insults, 

including depolarization and ETC inhibition, trigger 

mitochondrial fragmentation.



ACTIVATE AUTOPHAGY IN YOUR MODEL







AUTOPHAGY  IN  HUMAN  NEUROPATHOLOGIES?



MCI = mild cognitive impairment

AD = late Alzheimer’s disease

PCAD = pre-clinical AD 



Autophagy, mitophagy & UPS in vivo stroke injury

Immunoblotting of contralateral

(Contra) and ipsilateral (Ipsi) 

hemisphere tissue, cortex (COR) and 

striatum (STR), of a mouse brain after 

1 h occlusion & 24 h reperfusion. 

Samples probed for LC3 (A), PINK1 (C) & p62 (D). 

B. Samples probed for Ub. 

Enhanced expression in cortex and striatum

of the ipsilateral hemisphere highlighting

increased autophagy flux & possible mitophagy.

This pattern is mirrored by Ub labelling (B),

revealing increased protein ubiquitination.

Loading control: β-actin (Act).

Peter Crack



1,026 Experimental Treatments in Acute Stroke

1026883550 181 3

423

Tested in vitro but not in vivo

229

Tested in vivo did not 
improve outcome

229

Improve outcome in 
vivo but not taken 
forward to clinical trial

96

Improved outcome in 
vitro and in vivo but did 
not improve outcome 
in clinical trial

15

No in vitro or in vivo 
development history

Tissue 
plasminogen 
activator

Dedicated Stroke Units

Aspirin

Decompression 
(Malignant MCAo only)



Peter Crack, Catriona Maclean, Philip Beart, Tony Frugier
Unpublished observations, manuscript in revision

What  we  are  talking  about   today  matters  to  human  brain  health 

Autophagic 

marker LC3 in 

human stroke 

brain.

Cortex  of patients  with  history  of  stroke 



EVIDENCE FOR THE RECRUITMENT OF AUTOPHAGIC

VESICLES IN HUMAN BRAIN AFTER STROKE

5µm

/ p62

p62 immunolabelling in 

stroke injury 





Conclusions and overview
• Paucity of work studying autophagy/mitophagy in neurons (which 

do not behave like immortalised cancer cells, most often studied 

in this field)

• Recruitment of autophagy after neuronal injury is complex

• ACD exists – is energy balance the determinant? 

• “Good” autophagy that maintains a healthy cell AND can rescue the 

cell after some stresses …..

versus “bad autophagy” that can eventually kill the cell

• “Good” autophagy (= non-ACD) valid pharmacological target




