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A B S T R A C T

Autophagy and apoptosis are basic physiologic processes contributing to the maintenance of cellular

homeostasis. Autophagy encompasses pathways that target long-lived cytosolic proteins and damaged

organelles. It involves a sequential set of events including double membrane formation, elongation,

vesicle maturation and finally delivery of the targeted materials to the lysosome. Apoptotic cell death is

best described through its morphology. It is characterized by cell rounding, membrane blebbing,

cytoskeletal collapse, cytoplasmic condensation, and fragmentation, nuclear pyknosis, chromatin

condensation/fragmentation, and formation of membrane-enveloped apoptotic bodies, that are rapidly

phagocytosed by macrophages or neighboring cells. Neurodegenerative disorders are becoming

increasingly prevalent, especially in the Western societies, with larger percentage of members living to

an older age. They have to be seen not only as a health problem, but since they are care-intensive, they

also carry a significant economic burden. Deregulation of autophagy plays a pivotal role in the etiology

and/or progress of many of these diseases. Herein, we briefly review the latest findings that indicate the

involvement of autophagy in neurodegenerative diseases. We provide a brief introduction to autophagy

and apoptosis pathways focusing on the role of mitochondria and lysosomes. We then briefly highlight

pathophysiology of common neurodegenerative disorders like Alzheimer’s diseases, Parkinson’s disease,

Huntington’s disease and Amyotrophic lateral sclerosis. Then, we describe functions of autophagy and
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1. Introduction

In proteopathies, certain proteins become structurally abnor-
mal, accumulate in cells and tissues, and disrupt their function
(Luheshi et al., 2008). Proteopathies include diverse neurodegen-
erative disorders such as Alzheimer’s diseases (AD), Parkinson’s
disease (PD), Huntington’s disease (HD) and Amyotrophic lateral
sclerosis (ALS) in which abnormally assembled proteins appear to
play a central role (Xilouri and Stefanis, 2010). Abnormal or
misfolded proteins, when aggregated in cytoplasmic, nuclear and
extracellular inclusions cause organelle damage and synaptic
dysfunction in the nervous system (Walker and LeVine, 2000). Two
elimination pathways are currently known for damaged cellular
components. Both of them control the quality of cellular
components and maintain cell homeostasis. These are, the
ubiquitin-proteasome system (UPS) that degrades short-lived
proteins in the cytoplasm and nucleus, and the autophagy-
lysosome pathway (ALP) which digests long-lived proteins and
abnormal organelles just in the cytoplasm (Nijholt et al., 2011). The
proper function and balance in the action of these two systems are

especially important in neurons and other long-lived cells. Hence,
their dysfunction contributes to pathogeneses of neurodegenera-
tive diseases (Ciechanover, 2005; Rubinsztein, 2006).

Besides autophagy disturbances, deregulation of apoptosis is
associated with a long list of pathologies, including neurodegen-
erative disorders (Agostini et al., 2011). After multi-cellular
organisms reach adulthood, apoptotic processes remove old and
damaged cells to maintain tissue homeostasis without harming
adjacent cells (Hellwig et al., 2011). With the exception of post-
mitotic cells such as differentiated neurons and muscle cells, which
are usually highly apoptosis-resistant, the majority of other cells in
the body is regularly renewed, particularly within epithelia,
endothelia and the blood (Hellwig et al., 2011). Hence, recent
reports have emphasized the importance of apoptosis in proteo-
pathies diseases (Agostini et al., 2011; Hellwig et al., 2011).

Below, we briefly introduce autophagy and apoptosis pathways
focusing on the role of mitochondria and lysosomes in both
pathways, followed by autophagy and apoptosis function in brain
homeostasis. Furthermore, some of the most common neurodegen-
erative diseases will be described, then, we explain characteristic

apoptosis in brain homeostasis, especially in the context of the aforementioned disorders. Finally, we

discuss different ways that autophagy and apoptosis modulation may be employed for therapeutic

intervention during the maintenance of neurodegenerative disorders.

� 2013 The Authors. Published by Elsevier Ltd.
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