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DISEASE BURDEN - UNMET THERAPEUTIC NEED

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 ??

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

DISEASE APOPTOSIS AUTOPHAGY PROG
NECROSIS
Stroke v v v
Parkinson’s v v v?
MND/ALS v v v?
Huntington’s v v v'?
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Micromolar L-glutamate induces extensive apoptosis in an
apoptotic-necrotic continuum of insult-dependent., excitotoxic
injury in cultured cortical neurones
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DEATH IS NOT SIMPLE
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Figure 1. Mecrosis predominates in the ischemic core, whereas apoptosis and autophagy
are often ocbserved in the penumbra after focal ischemia. In the ischemic core [A) necrosis
refers to morphological signs seen after a cell has already died and reached equilib-
rium with its surroundings (E]. The presence of necrosis tells that a cell has died but not
necessarily how death occurred. In the penumbra, hypbrid forms of cell death occur:
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Autophagy: a common road to perdition in acute |

Autophagy
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Fig. 1 Schematic representation of sautophsgic and apoptotic path-
ways leading to BACE 1 elevation following cersbral ischemis.
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ORIGINAL Autophagosomes accumulation is associated with

ARTICLE B=amyloid deposits and secondary damage in the

* thalamus after focal cortical infarction in
hypertensive rats
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Autophagy
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Figure 13-41 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Autophagy recycles cellular
damaged components & responds to energy deficits

Autophagy can help cells avoid
damage and death under various stresses







PREIMNITIATION COMPLEX
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Autophagy is generally
good for cells

Autophagic cell
death (ACD
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Autophagy recycles cellular
damaged components & responds to energy deficits

Autophagy can help cells avoid
damage and death under various stresses

Autophagy directly
contributes to the cell death outcome
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Conversion of LC3-I to LC3-II after treatment with STS or H,O,

indicates an increase in autophagic activity

Higgins et al. CMLS 2011
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Ctrl nRNA siAtg7
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GENERAL ASPECTS OF
CELL DEATH IN NEURONS Necrosis

Autophagy

PCD-Type Il and PCD-Type lll. Inhibition of the
autophagy pathway blocks cell death revealing a link
between PCD-Type lll and autophagy (PCD-Type II).

STS

Apoptosis

Autophagy
Necrosis Apoptosis OOd ! ! !
Autophagy
Death outcomes differ in terms of biochemical
mechanisms and cellular morphologies.
Relative involvement of individual death processes Apoptosis and autophagy. Death has characteristics of
depends upon the neuronal type and stressor apoptosis (PCD-Type I), but inhibition of autophagy fails

(Nagley et al., 2010). to block death — the events are not functionally linked.
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The Approach: Cortical neurons treated with
superoxide (O,”) generated from
xanthine/xanthine oxidase and catalase (XXC)

alongside a reference apoptotic inducer
staurosporine (STS).

Free Radical Biology and Medicine 53 (2012) 1960-1967

Contents lists available at SciVerse ScienceDirect

Free Radical Biology and Medicine

journal homepage: www.elsevier.com/locate/freeradbiomed

Original Contribution

Transitory phases of autophagic death and programmed necrosis during
superoxide-induced neuronal cell death

Gavin C. Higgins® Rodney ]. Devenish®", Philip M. Beart ““, Phillip Nagley*"*
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Cell death still occurs, suggesting O, overwhelms
cells to undergo unregulated necrosis




ACD overwhelmed By

unregulated necrosis

e 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).

e Early dissipation of AWm 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 unrequlated necrosis.
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A role for autophagy in ecstasy (MDMA)-induced

death of serotonin neurones?

MDMA and METH

/Acute treatment Chronic treatmerh M D MA-I n d uced b ra I n I nj u ry

« 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?)

Increase in LC3-II/LC3-1 normalised to actin
following treatment with MDMA
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Rilmenidine attenuates toxicity of polyglutamine
expansions in a mouse model of Huntington’s
disease

Claudia Rosel, Fiona M. Menzies!, Maurizio Rennal, Abraham Acevedo-Arozena?Z,
Silvia Corrochano?, Qana Sadiq'!, Steve D. Brown? and David C. Rubinsztein'*
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Received December 11, 2009; Revised February 3, 2010; Accepted February 25, 2010

Huntington’s disease (HD) is an autosomal dominant neurodegenerative disease caused by a polyglutamine
expansion in huntingtin. There are no treatments that are known to slow the neurodegeneration caused by
this mutation. Mutant huntingtin causes disease via a toxic gain-of-function mechanism and has the propen-
sity to aggregate and form intraneuronal inclusions. One therapeutic approach for HD is to enhance the
degradation of the mutant protein. We have shown that this can be achieved by upregulating autophagy,
using the drug rapamycin. In order to find safer ways of inducing autophagy for clinical purposes, we pre-
viously screened United States Food and Drug Administration-approved drugs for their autophagy-stimulat-
ing potential. This screen suggested that rilmenidine, a well tolerated, safe, centrally acting anti-hypertensive
drug, could induce autophagy in cell culture via a pathway that was independent of the mammalian target of
rapamycin. Here we have shown that rilmenidine induces autophagy in mice and in primary neuronal culture.
Rilmenidine administration attenuated the signs of disease in a HD mouse model and reduced levels of the
mutant huntingtin fragment. As rilmenidine has a long safety record and is designed for chronic use, our data
suggests that it should be considered for the treatment of HD and related conditions.



Activation of Autophagy:
Neuroprotection
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Autophagy:
a valid clinical target in MND/ALS?

Fig. 2. (4) Aurophagic markers are increased in spinal cords of familial (n=3) and
sporadic (n=10) MND patients, compared fo controls (n=35) by immunoblot analysis with
(B) quantification. Please note L. ‘?-Ifzggas not sufficiently resolved.
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Cellular trauma
e.g. excitotoxic or ischemic stress

Y

Extent of autophagic response

Reduced/Inhibited Physiological Excessive
autophagy: autophagy: autophagy:
I, Clearance of harmful 1 Protection from 1‘ Cytoplasmic vacuolisation
species oxidative/energetic stress
1 Energy production T Cell death suppression 1 Engulfment/Destruction of

cellular components
1. Organelle damage

and stress
Apoptosis & Improved Autophagic cell death;
Necrosis survival Apoptosis (in some cases)

Fig. 2. One hypothetical model where the extent of autophagy dictates the fate of neurons under stress. When faced with a harsh stress,
neurons rely on autophagy induction as a means of protection and damage limitation, suppressing cell death and promeoting survival.
Thiz means an inefficient or inhibited level of autophagy can be detrimental to neurconal health. At the other end of the spectrum, an
excessive autophagic response may result in the degradation of vital cellular components, culminating in ACD. Therefore, it seems
that in order for autophagy to exert its protective effects, a balance needs to be maintained to avoid neuronal death.
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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.
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ACTIVATE AUTOPHAGY IN YOUR MODEL

Neuroprotection of kaempferol by autophagy in models of
rotenone-mediated acute toxicity: possible implications for Parkinson’s disease

Rilmenidine attenuates toxicity of polyglutamine
expansions in a mouse model of Huntington’s
disease

Tsc1 (hamartin) confers neuroprotection against ischemia by
inducing autophagy

Autophagy activators rescue and alleviate
pathogenesis of a mouse model with proteinopathies
of the TAR DNA-binding protein 43



Table 1. Selected strategies of autophagy flux restoration in models of neurodegeneration (mammalian where available)

Sirategy Meurodegenerative Disease Changes to Pathology Reference

Pharmacological
Rapamycin Alzheimer's disease Autophagy induction; reductions in AR and cognitive [711.[112]
recovery in AD mice
Huntington's disease Reductions in Hit aggregate formation, improvements [111]
in behavioral tests in mice
Parkinzon's disease Reductions in a-synuclein accumulation, alleviation of [113],[114]
neurodegenerative behavior in mice
Rilmenidine Huntington's disease Autophagy induction; enhanced clearance of mutant [110]
Hit, improved motor perfformance in mice
Spermidine Parkinzon's disease Autophagy induction; Improved motor performance in [115]
fruit fly, reduced dopaminergic neuron loss in nematodes
Arctigenin Alzheimer's disease Autophagy induction; Reduction in AR plagues through [117]
inhibition of formation and enhanced clearance, improved
memaory in mice
GTM-1 Alzheimer's disease Autophagy induction and increased flux; removal of AR [11€]
oligomers, cognitive improvements in mice
Glucosyleceramide inhibitors Miemann-Pick Type-C 1 Comection of autophagic flux; improved clearance of [119],[120]
cholesterol and autophagic vesicles in mouse and cat

models, prolonged neuron survival

Genetic

TFEB Alzheimer's disease Upregulation of lysosomal and autophagy genes, [124]
Huntington's disease enhanced clearance of tau, a-synuclein, and mutant [25]
Parkinzon's disease Htt aggregates [67]
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Figure 3 | mTOR-independent autophagy induction pathways. Chemical screens for new autophagy-inducing agents have identified the cyclical Ca*-
calpain-Geo, and cAMP-Epac-PLC-e-1P; pathways as pharmacologically tractable for the modulation of autophagy. Inhibition of varicus components of
these pathways results in autophagy induction. However, the precise mechanism by which levels of cAMP, Ca®, calpain, inositel or IP; control autophagy
have yet to be elucidated.




AUTOPHAGY IN HUMAN NEUROPATHOLOGIES?

Autophagy is increased in mice after traumatic

brain injury and is detectable in human brain after
trauma and critical illness

Robert S.B. Clark, Hilya Bayir, Charleen T. Chu, Sean M. Alber, Patrick M.
Kochanek & Simon C. Watkins

Neuropathological role of PI3K/Akt/mTOR axis in Down syndrome brain @Cmm

Marzia Perluigi *', Gilda Pupo *', Antonella Tramutola ?, Chiara Cini “, Raffaella Coccia “, Eugenio Barone *,
Elizabeth Head ®, D. Allan Butterfield ®, Fabio Di Domenico **

Alteration of mTOR signaling occurs early in the
progression of Alzheimer disease (AD): analysis of
brain from subjects with pre-clinical AD, amnestic
mild cognitive impairment and late=stage AD

Antonella Tramutola,® Judy C. Triplett,t Fabio i Domenico,* Dana M,
Miedowice, I Michael P, Murphy, I Rallaella Coceia,® Marzia Perluigi* and
D. Allan Butterfield{§
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Autophagy, mitophagy & UPS in vivo stroke injury
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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: B-actin (Act).



1,026 Experimental Treatments in Acute Stroke

Vicroria E. O’Collins, B.Sci,'’ Malcolm R. Madeod, MRCP, PhD,? Geoffrey A. Donnan, MD, FRACP,*
Laura L. Horky, MD, PhD,* Bart H. van der Worp, MD, PhD,* and David W. Howells, PhD"

Ann Neurol 2006:59:467—-477
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What we are talking about today matters to human brain health

Cortex of patients with history of stroke

™ ™ o m (%] 1] ™ B (=)
SETEISSES STEESSES
S A SIS SIS e gt g
S5 LIETLE Y SIS EFT LS I
20 - |7 e e e — | - LC3-| (18 kDa)
15 - | o - - .| -LC3-1 (16 kDa) —— e - : p62 (62 kDa)
10 -
———————— | _ h-actin (42 kDa 3
( V| ——————— b-actin (42 kDa)

p62 Ick ligand

£ 207
Autophagic ; ..
marker LC3 in £ 1o ==
human stroke Z o5 —=
brain' z S —. Infarct (n=4)

Peter Crack, Catriona Maclean, Philip Beart, Tony Frugier

Uniublished observationsI manuscriit in revision



Fokl change in mRNA kvels

EVIDENCE FOR THE RECRUITMENT OF AUTOPHAGIC
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_ Parkin-mediated mitophagy
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Conclusions and overview







