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·Editorial·

Proteostasis is critical for neuronal maintenance and 
survival, and its imbalance leads to neurodegeneration 
with the hallmark of protein misfolding and aggregation[1]. 
Macroautophagy becomes a major route for the clearance 
of protein aggregates that are normally poor substrates 
for the proteasome, the other protein quality-control 
machinery[2]. As a fl ux process, macroautophagy (hereafter 
referred to as autophagy) involves the formation of the 
autophagosome, a double-membrane vesicle for engulfi ng 
unwanted cellular components such as protein aggregates, 
and the fusion of autophagosomes with lysosomes that 
contain many potent proteases for fi nal degradation[3]. 

In the past decades, the mechanism of autophagy 
has been intensively studied under starvation conditions. 
Autophagy is a hierarchical process involving the activation 
of ULK1, the initiating kinase, and many downstream 
events such as Beclin 1 complex activation and LC3 
lipidation[3]. It has been well established that, during 
amino-acid starvation, mTOR, the master nutrient sensor, 
dissociates from and in turn activates ULK1 kinase[4]. 
Interestingly, upon energy starvation such as glucose 
depletion, the main energy sensor AMPK activates ULK1 
through antagonizing mTOR-mediated ULK1 inhibitory 
phosphorylation[5]. It is generally believed that starvation 
induces non-selective autophagy that targets non-essential 
cellular components for degradation to provide building 
blocks for cellular survival in unfavorable conditions. 

In comparison with the well-characterized starvation-

induced nonselective autophagy, the molecular mechanism 
of selective autophagy is largely unknown[6]. Selective 
autophagy is a comprehensive term that can be classifi ed 
into many different types such as aggrephagy, mitophagy, 
and lipophagy[7]. In particular, aggrephagy plays an 
important role in neuronal survival, as neurons are non-
dividing cells and cannot overcome cellular toxicity induced 
by protein aggregates through dilution effects. Therefore, 
aggrephagy becomes essential for neurons to preserve 
proteostasis. However, the underlying mechanism is yet 
to be uncovered. Recently, Huntingtin, the Huntington’s 
disease gene product, was identifi ed as a scaffold protein 
for selective autophagy including aggrephagy, mitophagy, 
and lipophagy in mammalian cells, paving the way for 
further investigation in this emerging young field[8]. In 
addition, cargo receptor proteins such as p62 and NBR1 
bring cargos to autophagosomes by interacting with the 
autophagosomal protein LC3[9]. As both p62 and NBR1 
contain ubiquitin-binding domains, the cargos modifi ed by 
lineage-specific ubiquitin play an important role in cargo 
recognition in selective autophagy. For instance, ubiquitin 
K63-modified substrates preferentially bind to p62 for 
autophagic degradation[10]. 

Selective autophagy has been linked to a variety 
of human diseases including but not limited to neuro-
degeneration and cancer[11]. For example, tau protein, 
implicated in Alzheimer’s disease (AD), was shown to 
be an autophagy substrate, and increasing autophagy-
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mediated tau degradation ameliorates disease progression 
in AD models[12, 13]. Autophagy dysregulation has also been 
reported in amyotrophic lateral sclerosis (ALS), another 
neurodegenerative disease that can be caused by SOD1 
mutations, and enhancing autophagy by pharmaceutical 
or genetic methods can improve the clinical symptoms in 
animal models of ALS, supporting the notion that autophagy 
is a promising translational target [14-16]. 

In this special issue, "Autophagy in Neural Function 
and Neurodegeneration", we present 13 high-quality, 
peer-reviewed articles. Among them, 8 are reviews and 
5 are original research papers, which cover a broad 
basic research on autophagy with regard to neuronal 
function, synaptic development, neuronal cell death 
and neuroprotection, and clinical relevant research 
on neurological and psychological disorders (AD, ALS 
and other motor neuron diseases, depression, multiple 
sclerosis, Parkinson’s disease and stroke) [15, 17-28].  

Selective autophagy is generally believed to be 
beneficial to neuronal development and functions[17-19]. 
However, in some contexts, dysregulation of autophagy 
may cause neurodegeneration and cell death[20, 21]. 
Rubinsztein and colleagues[20] have provided an excellent 
review of this important field by analyzing several key 
fi ndings on autophagic cell death and they proposed a new 
model on how the extent of autophagy dictates the fate 
of neurons under stress, which quite nicely explains why 
autophagy can play opposing roles in neurons depending 
on the context. In addition to selective macroautophagy, 
chaperone-mediate autophagy (CMA), another type 
of selective autophagy, also plays an important role in 
neuronal survival, as many aggregate-prone proteins such 
as α-synuclein and tau serve as its targets. The detailed 
relationship between neuroprotection and CMA is reviewed 
by Dr. Yang[19]. Equally importantly, the members of Dr. 
Mao’s lab fully discuss how to prevent neurodegeneration 
by targeting the CMA pathway[21]. In his review, Dr. 
Mao outlines the key molecular players in CMA and the 
stressors associated with it, and analyzed the role of CMA 
in neurodegeneration, concluding that it is a potential 
therapeutic target.

It is becoming clearer that autophagy dysregulation 
plays an important role in several major neurological 
and psychological disorders[15, 22-28]. In this special issue, 

Dr. Chen's group give an in-depth review on the role of 
mitophagy in ischemic brain injury[22]. They discussed 
several stressors that cause mitophagy activation including 
endoplasmic reticulum (ER) stress, oxidative stress, and 
excitotoxicity, as well as mitophagy mediated by the three 
pathways PINK1/Parkin, Bnip3/Nix, or FUNDC1[22]. Liang 
et al. [23] used meta-analysis to identify a critical autophagy 
signaling network that contributes to stroke in the ischemic 
rodent brain. Interestingly, dysfunction of mitophagy and 
CMA has recently been found to be involved in multiple 
sclerosis (MS), a permanent neurological impairment 
typical of chronic infl ammatory demyelinating disorders [24]. 
As MS is an auto-immune disease of the central nervous 
system, the connection between neuro-immunology and 
autophagy is gaining increasing attention[24]. For example, 
the activation of autophagy may participate in Aβ vaccine-
induced Aβ clearance in AD[25]. 

Non-selective or selective autophagy share the 
same “trash-can” – the lysosome – which means that if 
autophagic fl ux is aberrant, simply boosting the biogenesis 
of autophagosomes is not enough to solve the problem. For 
example, an autophagic flux defect in ALS is reported in 
the original article by Dr. Le's lab[15] and this is ameliorated 
by overexpression of histone deacetylase 6, an adaptor 
protein promoting autophagosome-lysosome fusion. CHIP, 
an E3 ligase, is also considered to be an important player 
in regulating autophagic fl ux associated with ALS and other 
motor neuron diseases[26]. In addition to these neurological 
diseases, autophagy dysregulation is believed to contribute 
to the pathophysiology of major depressive disorder and 
many anti-depressants are autophagy modulators[27].

We hope that the special issue presented here will 
attract attention and initiate extensive discussion of these 
new research directions including selective autophagy 
and cell death in neurons, eventually developing new 
translational targets and offering hope to the people who 
suffer greatly from these devastating neurodegenerative 
diseases. As the guest editor I thank all authors for their 
hard work in contributing to th is special issue.
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