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Autophagy and Neurodegenerative Diseases

Jinyoung Paek, MD, Beumsaeng Kim, MD?®

Department of Diagnostic Medicine, College of medicine, Pochon CHA University, Seoul, Korea
Department of Neurology®, College of Medicine, The Catholic University of Korea, Seoul, Korea

Autophagy is a highly regulated cellular mechanism that results in the bulk degradation of long-lived proteins and
organelles and which seems to be implicated in a variety of physiological and pathological conditions relevant to

neurological diseases. The formation of intraneuronal mutant protein aggregates is a characteristic of several human
neurodegenerative disorders such as Alzheimer’s disease and Parkinson’s disease, and polyglutamine disorders such as
Huntington’s disease (HD). Autophagy is a major clearance pathway for the removal of the mutant huntingtin protein
associated with HD, and many other disease-causing, cytoplasmic, aggregate-prone proteins. Autophagy is negatively
regulated by the mammalian target of rapamycin (mTOR) and can be induced in all mammalian cell types by the mTOR
inhibitor rapamycin. It can also be induced by an mTOR-independent pathway, which has multiple drug targets,
involving links between Ca**-calpain-Gsa and cAMP-Epac—PLC-e—IP3 signaling. Both pathways enhance the process of
autophagy. In this review, we describe the various drugs and pathways that induce autophagy that are potential

therapeutic approaches for neurodegenerative disorders.
J Korean Neurol Assoc 27(3):206-214, 2009
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Figure 1. Different types of autophagy. Microautophagy refers to the sequestration of cytosolic components directly by lysosomes through
invaginations in their limiting membrane. The function of this process in higher eukaryotes is not known, whereas microautophagy-like processes
in fungi are involved in selective organelle degradation. In the case of macroautophagy, the cargoes are sequestered within a unique
double-membrane cytosolic vesicle, an autophagosome. Sequestration can be either nonspecific, involving the engulfment of bulk cytoplasm, or
selective, targeting specific cargoes such as organelles or invasive microbes. The autophagosome is formed by expansion of the phagophore, but
the origin of the membrane is unknown. Fusion of the autophagosome with an endosome (not shown) or a lysosome provides hydrolases. Lysis of
the autophagosome inner membrane and breakdown of the contents occurs in the autolysosome, and the resulting macromolecules are released
back into the cytosol through membrane permeases. CMA (chaperon mediated autophagy) involves direct translocation of unfolded substrate
proteins across the lysosome membrane through the action of a cytosolic and lysosomal chaperone hsc70, and the integral membrane receptor
LAMP-2A (lysosome-associated membrane protein type 2A).
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Figure 2. Schematic representation of the protein machinery involved
in macroautophagy. The pathway can be dissected into several steps
including induction, vesicle nucleation, cargo recognition, vesicle
expansion and completion, cycling of Atg protein, fusion, breakdown
and recycling of macromolecules, The Atg proteins involved in each
step are shown at the corresponding sites; the Atgl complex may act
at multiple steps of the pathway including and Atg protein cycling.
PAS, phagophore assembly site; thought to be the organizing site for
phagophore formation.
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Figure 3. A cyclical mTOR-independent autophagy pathway. A cyclical mTOR-independent pathway regulating mammalian autophagy,

comprising cAMP-Epac-PLC-e-IP3 and Ca2p-calpains-Gsa pathways, which has multiple drug targets for neurodegenerative diseases.

Intracellular cAMP levels are increased by adenylyl cyclase (AC) activity, thereby activating Epac. Epac then activates a small G-protein Rap2B,

which activates PLC-e, resulting in the production of IP3 consequently releasing Ca2p from the endoplasmic reticulum (ER) stores. Intracytosolic

Ca2p levels are also increased by L-type Ca2p channel agonists. An increase in intracytosolic Ca2p activates a family of Ca2p-dependent cysteine

proteases called calpains, which cleave and activate Gsa. Activation of Gsa, in turn, increases adenylyl cyclase activity to elevate cAMP levels,

thereby forming a loop. Activation of this pathway inhibits autophagy. Multiple drug targets acting at distinct stages in this pathway induce

autophagy, such as imidazoline-1 receptor (I1R) agonists (clonidine and rilmenidine) and adenylyl cyclase inhibitor [2050-dideoxyadenosine
(2050ddA)], which decrease the levels of intracellular cAMP, agents reducing inositol and IP3 levels [carbamazepine (CBZ) and valproic acid
(VPA)], L-type Ca2p channel antagonists (verapamil, loperamide, amiodarone, nimodipine and nitrendipine), calpain inhibitors (calpastatin and

calpeptin) and Gsa inhibitor (NF449). Upregulating autophagy through this pathway has been shown to be protective in cell, fly and zebrafish

models of Huntington’s disease (HD).
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Table 1. List of autophagy enhancers and their mode of action in neurodegenerative diseases

Mode of action Autophagy enhancer

Protective effects in neurodegenerative diseases

mTOR dependent mechanism
mTOR inhibit

mTOR independent mechanism

Ca®" channel blocker
Nitrendipine, Niguldipine, Pimozide

Lower inositol and IP3 levels ~ Carbamazepine, Sodium valproate

Calpain inhibitor Calpastatin, Calpeptin

Imidazolin-1 receptor agonist; Clonidine, Rilmenidine, 2°5’-dideoxyadenosine

reduce cAMP

Gso inhibitor NF449
K+ ATP channel opener Minoxidil

Rapamycin, CCI-779, glucose, glucose-6-phosphate

Verapamil, Loperamide, Amiodarone, Nimodipine,

Enhace clearance of mutant htt, a-syn, tau, ataxin and
expanded poly A

Enhace clearance of mutant htt; reduce mutant htt
aggregates, reduces expanded poly Q aggregates in cells
Enhace clearance of mutant htt, a-syn

Enhace clearance of mutant htt, a-syn
Enhace clearance of mutant htt, a-syn

Enhace clearance of mutant htt, a-syn
Enhace clearance of mutant htt, a-syn

htt; Huntingtin, IP3; inositol 1,4,5-triphospate, mTOR; mammalian target of rapamycin, polyA; polyalanine, polyQ; polyglutamine, a-syn; a-synuclein
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Figure 4. Proposed mechamsm by which unconventlonal Akt activity
affects tau degradation and CHIP (carboxyl terminus of Hsc70-
interacting protein) regulation. (Left) Under normal conditions, stress
or Hsp90 inhibition (17-AAG) stimulates the CHIP/ Hsp90 complex to
recognize both Akt and phospho-tau, targeting them for proteasome-
mediated degradation by ubiquitination. A consequence of reduced
Akt levels would lead to decreased CHIP levels, either through
direct transcriptional regulation or via a feedback mechanism. Akt
may also regulate the CHIP/Hsp90 complex directly. (Right) As Akt
levels increase with age or disease, the CHIP/ Hsp90 complex either
targets Akt over phospho-tau or alters CHIP activity. As tau accu-
mulates, Akt and PAR1 synergize to enhance tau phosphorylation.
Increased levels of Akt maintain CHIP expression.
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