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ABSTRACT
In this editors’ corner, the section editors were asked to indicate where they see the autophagy field 
heading and to suggest what they consider to be key unanswered questions in their specialty area.
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Hagai Abeliovich

Mitophagy

The selective degradation of mitochondria through macro
autophagy, usually abbreviated as mitophagy, is a central 
housekeeping function in most eukaryotic cells. Defects in 
mitophagy have been linked to degenerative and metabolic 
disease states, and induction of mitophagy plays a role in 
developmental transitions in metazoans. Broadly, two types 
of molecular mechanisms have been linked to mitophagy. In 
one type, ubiquitination of outer and inner mitochondrial 
membrane proteins is linked to the autophagic machinery 
via bifunctional receptor proteins that interact both with 
ubiquitin (or phospho-ubiquitin) as well as with elements 
of the autophagic machinery such as LC3/Atg8. In 
the second type, a more classical “autophagy receptor” is 
localized to the target mitochondrion and directly binds 
elements of the autophagic machinery. While the mechan
ism of the first class, typified by the PINK1-PRKN axis, has 
been widely studied at the molecular level, much less is 
known about the mechanisms and function of the second, 
ubiquitin-independent, class of mitophagy pathways.

I think that these are exciting times in mitophagy research 
because there are so many unanswered questions. The follow
ing represent a sample:

1. Why is there such a proliferation of mitophagy receptors? 
Do these reflect cell-type or tissue specificity, specificity to mito
chondrial subtypes, or specificity to the activation trigger?

2. Does the role of mitophagy in developmental transitions 
simply reflect a metabolic shift between respiratory and gly
colytic lifestyles, or are there more subtle and complicated 
explanations?

3. Is quality control mitophagy a random event that is trig
gered by stochastic malfunction of a single mitochondrion? If so, 

then is the cell sacrificing a plethora of perfectly functioning 
molecules just to get rid of a few bad apples (the “Sodom and 
Gomorrah” paradox)?

4. Is mitophagy linked to mitochondrial heterogeneity? 
Mitochondrial heterogeneity is an acknowledged yet under- 
studied phenomenon wherein the same cell may harbor mito
chondria with different compositions, physiological functions, 
etc. Do different types of mitophagy act on different subpo
pulations within the mitochondrial network?

5. What is the relationship between mitochondrial fission- 
fusion dynamics and mitophagy? The number of opinions on 
this question seems to be at least equal to the number of 
papers on the subject, with opinions ranging from discount
ing fission-fusion dynamics as a driving or permissive factor 
altogether, to arguments that fission is essential for mitophagy 
or that it is even a rate limiting step.

6. What is the interplay between mitophagy and other 
mitochondrial quality control pathways?

7. Can pharmacological modulation of mitophagy play 
a therapeutic role in treating mitochondrial pathologies?

Jayanta Debnath

Cancer

Despite continued clinical interest in targeting macroauto
phagy/autophagy to treat cancer, many uncertainties remain 
due to the multifaceted roles that autophagy plays during 
initiation, progression and metastasis [1,2]. Most attention 
in recent years has focused on inhibiting either autophagy 
or lysosomal function in advanced tumors due to the critical 
roles that autophagy plays in tumor cell survival and fitness, 
including nutrient scavenging, cell growth and metabolic 
adaptation. Indeed, certain tumors, most notably those with 
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oncogenic mutations that rewire cellular metabolism (e.g., 
mutant RAS, BRAF, STK11/LKB) have proven highly sensi
tive to autophagy inhibition in diverse in vivo preclinical 
models [2]. Nevertheless, we have also learned that tumor 
cells rapidly develop resistance to autophagy inhibition [3] 
and that in certain advanced cancers, autophagy inhibition 
can unexpectedly promote metastatic outgrowth and recur
rence [4]. Hence, over the upcoming years, two important 
areas for future research will be to further scrutinize how 
tumor cells adapt to autophagy inhibition and to delineate 
strategies to target autophagy without untoward effects on 
metastasis.

Thinking beyond autophagy in tumor cells themselves, one 
of the most exciting developments in recent years has been 
the increasing appreciation of the roles that autophagy in host 
tissues plays in modulating cancer progression, response to 
therapy, and the immune recognition of tumors [1,5]. 
A number of studies have uncovered new functions for auto
phagy in the control of host-tumor metabolic exchange, the 
regulation of tumor cell immunity, and in the generation of 
stromal microenvironments permissive for tumor growth. 
Further defining these cardinal features of the host autophagic 
response to tumors and determining how they can be lever
aged for therapeutic benefit remains an important area for 
investigation in the upcoming years.

Finally, from a therapeutic standpoint, the repurposing of 
hydroxychloroquine in clinical trials over the last decade has 
broached the promise of autophagy inhibition as a therapeutic 
strategy but also revealed its pharmacological limitations in 
humans [1]. Overall, these studies point to two fundamental 
needs in the upcoming years in order to effectively target 
autophagy in cancer patients. First, we require new chemical 
matter to specifically stimulate or inhibit autophagy in 
humans and to further understand how to best utilize such 
agents therapeutically during the various stages of cancer 
progression. Second, we require noninvasive strategies to 
monitor autophagy in cancer patients.

Wen-Xing Ding

Metabolism

As a catabolic pathway for proteins, lipids, carbohydrates and 
nucleic acids to produce amino acids, fatty acids, sugars and 
nucleosides, macroautophagy/autophagy is a major contribu
tor to cellular metabolism for cell survival and remodeling. As 
such, autophagy has been implicated in normal development, 
physiology and various metabolic diseases such as insulin 
resistance, obesity, diabetes, nonalcoholic fatty liver disease 
(NAFLD), neurodegenerative disease and cancer [6–8]. While 
the evidence of autophagy in regulating metabolism is com
pelling, there are several unanswered key questions for auto
phagy in metabolism and metabolic diseases for future 
studies.

Autophagy is a highly dynamic process. The breakdown of 
metabolites such as amino acids and fatty acids from auto
phagic degradation also generates potent autophagy inhibi
tors, which thus establish a feedback inhibition loop on 

autophagy. Whether and how the metabolite-mediated feed
back inhibition on autophagy fine tunes the balance of auto
phagy for the homeostasis of metabolic tissues has not been 
well elucidated.

Despite decades of research, safe pharmacological modula
tors (inducers and inhibitors) of autophagy in the prevention 
and treatment of metabolic diseases are still lacking. Some 
autophagy inducers such as metformin, rapamycin, trehalose 
and imatinib or autophagy inhibitors such as chloroquine and 
hydroxychloroquine, have been tested on animal models of 
diabetes, NAFLD and cancer [9]. However, these autophagy 
modulators may have multiple other targets in addition to 
targeting autophagy. High-throughput screening with follow- 
up validation of new autophagy modulators using genetic 
autophagy mouse models that have high (rubcn knockout 
mice) or low (Becn1+/- or tissue-specific atg5 knockout mice) 
autophagy activity in metabolic tissues may be helpful to 
identify more specific safe autophagy modulators for prevent
ing and treating metabolic diseases.

Whereas activation of autophagy is generally beneficial 
for most metabolic tissues, increased autophagy may favor 
cancer cell survival and proliferation [10]. Defective auto
phagy in hepatocytes causes accumulation of damaged 
mitochondria and dysregulation of lipid and xenobiotic 
metabolism resulting in hepatomegaly, liver injury and 
spontaneous liver cancer [11–14]. However, autophagy 
favors the activation of hepatic stellate cells that contributes 
to liver fibrosis [15,16], a process that also results in the 
accumulation of excess extracellular matrix proteins and 
collagen in many chronic liver diseases. How to identify 
tissue or cell-specific autophagy modulators is a challenging 
task for future studies.

There are dynamic cross-talks and communications between 
different metabolic tissues and/or organs via circulating endo
crine hormones, cytokines, metabolites and exosomes secreted 
from these tissues. Disrupted or altered organ-organ commu
nications have bene implicated in metabolic diseases [17]. 
Secretory autophagy plays a critical role in facilitating uncon
ventional secretion of cytosolic cargos for intracellular and 
organ-organ crosstalk [18]. How cells differentially regulate 
degradative autophagy versus secretory autophagy is another 
demanding question to be investigated.

William T. Jackson

Virology

For years the virology field has struggled with understanding 
how viruses interact with the machinery of macroautophagy/ 
autophagy. Frequently, the literature will claim a particular virus 
induces “autophagy,” or benefits from “autophagy.” If we use the 
accepted definition of autophagy to specifically mean “degrada
tion of cytoplasmic contents,” then very few, possibly no, viruses 
allow true autophagy to occur. Some viruses have evolved to 
inhibit autophagy because it is a threat, a way to clear cytosolic 
viruses and virus components from the cytosol. Most of these 
viruses, especially DNA viruses, actively repress autophagy 
initiation as infection progresses. Others prevent degradation 
by benefiting from specific aspects of the pathway. Many RNA 
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viruses use the autophagic machinery as a source of lipids and 
membranes providing scaffolds for RNA replication, vesicular 
refuges for capsid assembly and maturation cleavages, and traf
ficking vehicles for non-lytic exit of virus. This release mechan
ism involves release of the inner membrane vesicle, filled with 
virus, through fusion of the outer autophagosomal membrane 
with the plasma membrane. However, these viruses often inhibit 
acidification of autophagosomes, lysosome fusion, and even 
cargo loading. In some cases, the relationship of autophagy to 
a given virus changes depending on whether autophagy is 
induced before (anti-viral) or after (pro-viral) infection. 
Presumably this is because the pool of autophagic resources is 
limited, and pre-inducing autophagy depletes them and makes 
them unavailable to the virus, curbing virus replication.

The key questions to be answered in the next few years are:
1. Are there, in fact, any viruses that utilize degradative 

autophagy to promote their replication?
2. How are autophagy-specific proteins usurped by viruses, 

and why?
3. Are viral infections initiating the basal- or stress-induced 

autophagic pathways?
4. Is blocking cargo loading essential for virus production?
5. And finally, how do the released virus-containing vesi

cles, derived from autophagosome inner membranes, fuse 
with cells to initiate new infections?

Do-Hyung Kim

Signaling

Studies on the molecular mechanisms of macroautophagy/ 
autophagy have been greatly advanced over the past decade 
with discoveries of key regulatory molecules and their signal
ing events. Despite the progress, we still cannot clearly explain 
the mechanisms that drive the dynamic membrane rearrange
ment during autophagy. It remains vague how post-transla
tional modifications, interactions, and translocations of 
autophagy regulators are coordinated to trigger the nuclea
tion, expansion, and closure of the autophagic membrane 
during autophagosome formation. To obtain clearer explana
tions of the long-sought-after mechanisms, we may need to 
decipher the coordinate regulatory relations that govern the 
spatiotemporal interplay between protein and lipid modifying 
enzymes, scaffolding proteins, membrane-binding proteins, 
and phospholipids. Important directions of study may also 
involve clarifying how autophagy is regulated in different 
cellular contexts via crosstalk with other signaling pathways, 
especially the pathways that regulate growth, death, and meta
bolism. The signaling mechanisms distinct between the cano
nical and the non-canonical autophagy pathways also remain 
as a key missing gap.

Daniel J. Klionsky

Other topics

There are currently 43 identified fungal ATG genes, with at 
least 3 more not yet published. In many cases, we still do not 
fully understand the function of those proteins or their 
mechanism of action. Further advances will likely involve 

additional structural studies, in particular of subcomplexes, 
and looking at endogenous proteins. Regulation continues to 
be an important area of study. One issue is that autophagy 
plays an essential role in many aspects of cell physiology. 
Thus, it will not be possible to completely shut off the process 
in terms of modulating autophagy for therapeutic purposes; 
rather, controlling the regulatory network offers a more 
nuanced approach to fine tuning autophagy activity. Along 
these lines, a major challenge remains the demonstration that 
it is possible to manipulate autophagy for the purpose of 
improving human health. Autophagy has been implicated in 
a very wide array of diseases and in aging, but no one has yet 
shown that it is practical to modulate autophagy activity in 
a living person to prevent or ameliorate these conditions.

Nicholas Ktistakis

Membrane biogenesis and trafficking

One key question that is worth addressing concerns the source 
membrane used during selective macroautophagy/autophagy. 
I think there is a possibility that this may turn out to be distinct 
from nonselective autophagy, either because the amount of 
targeted cargo is limited and therefore the need for lipids to be 
incorporated into the forming autophagosome is not so large, or 
because the targeted cargo may also provide a membrane source 
if it happens to be itself a membrane-bound organelle (mito
chondria, ER, lysosomes, etc.). However, it is also possible that 
a source membrane for all of these selective autophagy pathways 
is the ER, with ATG2 and ATG9 providing the route for lipid 
transfer and incorporation as is mostly the case for nonselective 
autophagy. A second key question concerns the role of liquid- 
liquid phase separated regions during autophagy induction. So 
far, SQSTM1 and RB1CC1/FIP200 have been found in such 
regions but it is likely that the list will expand. Why is it necessary 
to have such regions, what do they contain and what do they 
exclude, and how do they integrate with the downstream steps of 
autophagosome formation, induction and nucleation?

Marta Margeta

Neuroscience

In 2006, a couple of seminal papers conclusively demonstrated 
that disruption of basal macroautophagy/autophagy in the 
brain leads to neurodegeneration and accumulation of protein 
aggregates. In 16 years since that important discovery, there 
has been a lot of work to elucidate the role of autophagy 
impairment in the pathogenesis of neurodegenerative diseases 
and other neurological and psychiatric disorders, and much 
progress has been made across the board; however, many 
important questions remain unanswered. Here are some of 
them:

1. Both CNS and PNS are complex mixtures of cell types, 
with neurons (and their axons) only a single, albeit very 
important, cellular component; however, most autophagy 
research to date has been highly neurocentric. We need to 
learn a lot more about the physiological role and regulation of 
autophagy in all types of glial cells (astrocytes, oligodendro
cytes, and Schwann cells in addition to microglia) as well as 
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pericytes, which together with astrocytes and endothelial cells 
form the blood-brain and blood-nerve barriers. We also need 
to broadly investigate the role of non-neuronal autophagy in 
the pathogenesis of various CNS and PNS disease processes.

2. Recent work has demonstrated that autophagy is impor
tant for synapse maintenance, but a lot remains to be learned 
in this key domain of neuroscience. To what extent is auto
phagy regulated by neuronal activity, and is this regulation 
limited to neurons or does it also involve non-neuronal cell 
types? What is the exact role of autophagy in synaptic plasti
city and synaptic pruning? How do autophagic defects in 
these synaptic processes contribute to developmental and 
psychiatric disorders such as autism and schizophrenia?

3. How are autophagic mechanisms altered across the life
span? There has been a lot of interest in how autophagy 
changes with aging, but due to technical limitations the 
advances in this field have been relatively modest; the pace 
of discovery should accelerate now that better in vivo auto
phagy monitoring tools have become available. We also need 
to establish whether autophagy is altered at other key devel
opmental time points (such as early postnatal development, 
puberty, and adolescence) when the brain undergoes major 
restructuring and is particularly vulnerable to emergence of 
various neuropsychiatric disorders. What is the exact role of 
autophagy during different stages of neurodevelopment?

4. A key but poorly understood facet of many CNS diseases 
is that different neuronal populations are not equally suscep
tible to injurious stimuli; even in the setting of a relatively 
well-understood external insult, injury is typically restricted to 
just a few neuronal subtypes, and the patterns of selective 
neuronal vulnerability depend on the specific disease. (For 
example, pyramidal neurons in the CA1 sector of the hippo
campus and Purkinje neurons in the cerebellar cortex are 
particularly susceptible to hypoxic/ischemic injury, while 
dopaminergic neurons of the substantia nigra are highly vul
nerable to mitochondrial dysfunction.) While the mechanisms 
underlying selective neuronal vulnerability are almost cer
tainly multifactorial as well as disease dependent, there is 
emerging evidence to suggest that differences in either base
line or induced autophagy are partly responsible. For example, 
it was shown that the ischemia-resistant neurons in the CA3 
sector of the hippocampus induce autophagy in response to 
an ischemic insult, while the ischemia-sensitive neurons in the 
CA1 sector do not. Similarly, global deficiency of many a key 
autophagy protein selectively damages cerebellar Purkinje 
neurons, but it is not really understood how or why. These 
studies have only started to scratch a surface of this important 
scientific problem; we need to learn a lot more about differ
ences in autophagy regulation across different neuronal popu
lations, and the effects of these differences on selective 
vulnerability to different types of injury.

5. Last, but definitely not the least, the role of autophagy 
impairment in the pathogenesis of adult-onset neurodegenera
tive diseases needs to be further investigated, with Alzheimer 
disease (AD) emerging as a particularly complicated piece of 
the puzzle. On the one hand, brains of human AD patients 
show marked accumulation of autophagic vacuoles, reminis
cent of autophagic buildup seen in genetic and toxic autophagic 
vacuolar myopathies. In addition, it was recently shown that 

a rise in autolysosomal pH is associated with Aβ accumulation 
within de-acidified neuronal autolysosomes in several AD 
mouse models. On the other hand, human genetic evidence 
supporting the role of autophagy dysfunction in the pathogen
esis of AD is relatively weak: while genetic variants in a few 
proteins involved in the late stages of autophagy (such as BIN1 
and PLD3 [phopholipase D family member 3]) raise the risk of 
late-onset AD, Mendelian disorders that affect the autophagy- 
lysosome degradation pathway have been linked to several 
other adult-onset neurodegenerative diseases (Parkinson dis
ease, amyotrophic lateral sclerosis, and/or frontotemporal 
dementia) but not to AD. Moreover, genetic alterations that 
cause human disease by altering lysosomal acidification (such 
as mutations in VMA21, an essential assembly chaperone of the 
vacuolar ATPase, which cause autophagic vacuolar myopathy) 
are not known to increase the risk of either early or late- 
onset AD, although there is some evidence that PSEN1 (pre
senilin 1) mutations (which cause early-onset AD) raise lyso
somal pH through their effect on V-ATPase assembly. These 
discrepancies likely reflect the complexity of the CNS and many 
of the unanswered questions listed above and will need to be 
clarified before any autophagy-modifying therapeutic 
approaches can be considered for either AD or other neurode
generative diseases.

Christian Münz

Immunology

The molecular machinery of macroautophagy/autophagy is 
involved in many aspects of immune responses, including elim
ination of intracellular pathogens, limiting inflammation, anti
gen processing for MHC presentation and survival of memory 
immune cells. Challenges in this field are dissecting which of 
these functions are fulfilled by canonical autophagy versus non- 
canonical pathways that utilize components of the autophagy 
machinery, such as LC3-associated phagocytosis and ATG-sup
ported exocytosis. Furthermore, the autophagy machinery plays 
both beneficial and detrimental roles for different arms and 
stages of immune responses, such as restricting MHC class 
I but favoring MHC class II antigen presentation and restricting 
inflammation but favoring intracellular pathogen degradation. 
Therefore, it will be important to identify interventions and the 
conditions under which to apply them to augment immunity to 
infectious disease agents and tumors, as well as to curb auto
immunity and other immune pathologies.

Morten Petersen

Plants

A key question is to address how tissue-specific macroauto
phagy/autophagy contributes to plant development, and biotic 
and abiotic stress tolerance, and how this is coordinated at the 
organismal level. Autophagy has been implicated in many 
aspects of plant development and stress tolerance; however, 
we have mostly based our knowledge upon the characteriza
tion of autophagy-deficient plants. Perhaps not surprisingly, 
homeostatic perturbations due to the life-long loss of auto
phagic activity can obscure the role of this process in many 
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aspects of plant development. Thus, conditional and/or tissue- 
specific knockout mutants may help to discriminate better 
between direct and indirect consequences of autophagic 
deficiencies.

We also do not know much about how different hormonal 
signals trigger autophagy. Is it via a common denominator or 
via specific components from separate signaling pathways? 
Another key question is therefore how do different signaling 
pathways employ autophagy to mediate both temporary and 
somatic reprogramming?

In addition to these two questions, we should also ask how 
to modulate autophagic activity to improve plant fitness. For 
example, as observed in animals, increased autophagic activity 
also improves plant performance. During the age of climate 
change autophagic activity thus represents an obvious target 
for agronomic intervention.

Junichi Sadoshima

Cardiovascular

Publications in the cardiovascular sector should clearly demon
strate novel molecular mechanisms and their functional signifi
cance in cardiovascular pathophysiology. In particular, addressing 
the cell type-specific roles of macroautophagy/autophagy in med
iating the pathophysiology of the cardiovascular system is becom
ing increasingly important. The heart and blood vessels consist of 
many cell types, including cardiomyocytes, smooth muscle cells, 
endothelial cells, fibroblasts, inflammatory cells, etc., and the roles 
of autophagy and its underlying mechanisms in each cell type are 
quite diverse. In addition, autophagy in a particular cell type both 
affects the survival and death of the cell itself and influences organ 
physiology through autocrine/paracrine and inflammatory 
mechanisms [19]. A knowledge gap exists with regard to how 
autophagy and mitophagy in one cell type affect the function of 
other cell types. Another area of increasing importance is the 
study of lifestyle and dietary interventions. Investigating the invol
vement of autophagy and mitophagy in their salutary actions in 
the cardiovascular system and the underlying molecular mechan
isms responsible for their effects is of great interest [20]. Finally, 
there is still a need for more studies addressing how basic science 
findings are translated to the bedside.

Isabelle Vergne

Bacterial infection

Over the past two decades, the key role of host macroauto
phagy/autophagy-related pathways in bacterial infection has 
clearly been demonstrated for a wide array of bacterial species 
[21]. In some cases, these pathways allow the elimination of 
the bacteria, whereas in others, they are manipulated by the 
pathogens to thrive inside the host. Although several cellular 
mechanisms, bacterial and host factors have been identified 
and characterized, our current understanding of the interplay 
between pathogenic bacteria and autophagy remains largely 
incomplete. Here, I would like to highlight two outstanding 
questions in the field of autophagy and bacterial infection:

1. Besides the bacteria itself, what is the full spectrum of 
autophagic molecular cargos during bacterial infections? 

Mostly hypothesis-driven approaches have hitherto been 
applied to identify such cargos. A systematic approach such 
as proximity proteomics of autophagy receptors and LC3 
proteins, combined with organelle enrichment [22], could 
bring important insights into the identity of these cargos 
and, thus, could potentially lead to the discovery of a new 
function(s) of autophagy during bacterial infection.

2. Do autophagy-related pathways play a role in bacterial 
infection in humans? The vast majority of studies have been 
performed, in vitro, in 2D human cellular models. Animal 
models of infection, including mouse and zebrafish, have been 
and continue to be instrumental in visualizing autophagy and 
exploring its role in vivo; however, only conserved molecular 
mechanisms and infection processes can be investigated. In 
the future, the combination of patients and human 3D orga
noids studies will definitely improve our understanding of 
autophagy in bacterial infection and its relevance as a target 
for host-directed therapy [23].
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