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Autophagy plays critical roles in development, maintenance and survival of distinct cell populations including neurons.
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| 1. Mechanisms of Autophagy

Autophagy is an evolutionarily conserved process enabling cells to regulate a plethora of catabolic needs. Under
physiological conditions, autophagy serves as a quality control mechanism in order to maintain cell homeostasis.
Importantly, in response to extracellular or intracellular stress, autophagy is employed to degrade and recycle
macromolecules such as misfolded or aggregated proteins as well as to eliminate dysfunctional organelles or invading
pathogens [MIZE!  Macroautophagy, microautophagy and CMA (chaperone-mediated autophagy) are the three
morphologically and mechanistically distinct types of autophagy. However, all three converge towards the delivery of
cargo to the lysosome for degradation.

In microautophagy, cytoplasmic components enter the lysosome through a direct invagination of the lysosomal limiting
membrane. Membrane fission results to the release of a microautophagic body into the organelle lumen for degradation
[, CMA involves the selective recognition of a substrate based on the KFERQ-like motif by a cytosolic chaperone, the
HSC70 (heat shock cognate 71 kDa protein) and cochaperones [l Subsequently, unfolding of the substrate and
translocation via the receptor LAMP2A (lysosome-associated membrane protein type 2A) leads to the degradation of the
substrate.

Macroautophagy (hereafter referred to as autophagy), is a process that enables cells to recycle and degrade intracellular
contents. Hallmark of autophagy is the de novo formation of a double-membrane vesicle, termed the autophagosome,
which sequesters and engulfs cytoplasmic material (Eigure 1A). Subsequently, autophagosome matures and fuses with a
lysosome to form an autolysosome, leading to the exposure of the autophagic cargo to the lysosomal hydrolases for
digestion BB Autophagosome formation is driven by the orchestrated action of approximately 20 ATG (autophagy-
related) proteins, whose role is essential for autophagic delivery of cargo to the lysosome or vacuole in yeast (Figure
1B,C) RIYRLIARS] Nytrient and energy sensing pathway hubs, including mTOR (mechanistic target of rapamycin) and
AMPK (AMP-activated protein kinase), converge to the ULK1 (Unc-51-like kinase 1) complex [ULK1, ATG13,
FIP200/RB1CC1 (200 kDa FAK family kinase-interacting protein/RB1-inducible coiled-coil protein 1) and ATG101] for
autophagy initiation (Figure 1B). ULK1 complex triggers the nucleation of an autophagosome membrane precursor,
termed isolation membrane or phagophore by phosphorylating members of the PI3KC3 (class IlIl phosphatidylinositol-3
kinase) complex | [VPS34 (vacuolar protein sorting 34), Beclin 1, ATG14, AMBRAL (activating molecule in Beclin 1-
regulated autophagy protein 1) and general vesicular transport factor (p115)]. PI3KC3 complex | induces the local
production of PI3P (phosphatidylinositol-3-phosphate) at a characteristic endoplasmic reticulum structure called the
omegasome. Two PI3P effector proteins the WIPI2 (WD repeat domain, phosphoinositide interacting 2) and the DFCP1
(zinc-finger double FYVE-containing protein 1) are recruited to the omegasome via interaction with their PI3P-binding
domains. Locally accumulated WIPI2 directly binds and recruits ATG12 (ATG12-ATG5-ATG16L1) complex and catalyzes
the conjugation of the C-terminal glycine of ATG8 family proteins, [including LC3 (microtubule-associated protein light
chain 3) and GABARAP (y-aminobutyric acid receptor-associated protein)] to the phagophore-resident lipid PE
(phosphatidylethanolamine) (Eigure 1C). The lipidated, thus membrane-bound LC3 (called LC3-Il), characteristic
signature of autophagic membranes, is required for elongation and closure of the phagophore. ATG4, the sole ATG
protease, processes nascent ATG8 to expose the C-terminal glycine residue 24, ATG8 protein family members interact
with autophagy receptor proteins or SARs (selective autophagy receptors) bearing LIRs (LC3-interacting regions) in order
to sequester the cytoplasmic material destined for lysosomal degradation 2. The endoplasmic reticulum (ER) and the
majority of cellular membranes have been proposed to contribute membrane material for the elongation of the
autophagosomal membrane 18171 ATG2 mediates phospholipid transfer from ER or other donor membrane sources to



an ATG9-positive vesicle/phagophore. ATG9, the sole transmembrane ATG protein possesses membrane-bending
properties. It facilitates autophagosomal membrane expansion acting as a scramblase. Specifically, ATG9 transports
phospholipids from the cytoplasmic to the luminal leaflet of the isolation membrane [18I119120121[22] ESCRT (endosomal
sorting complexes required for transport) machinery facilitates phagophore closure, a process involving membrane fission
of the inner and outer membrane at the phagophore edge (231241 After phagophore closure, the complete autophagosome
undergoes maturation by dissociation or removal of most ATG proteins, including ATG8 by ATG4 protease, as well as
PI3P by MTMR (myotubularin-related) phospholipid phosphatase from the autophagosome surface 23, ATG8 family
members, tethering factors, Rab (Ras-associated binding) GTPases, and SNARE (soluble N-ethylmaleimide-sensitive
factor-attachment protein receptor) proteins act in concert to mediate fusion of autophagosomes with lysosomes [28].
Finally, the lysosomal acidic hydrolases digest the sequestered autophagic cargo and salvaged building blocks including
amino acids, fatty acids, nucleotides and sugars are recycled back to the cytoplasm in order to be used again by the cell.
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Figure 1. Overview of the autophagy process in human. (A). Schematic representation of autophagosome formation and
cargo degradation. Complete autophagosomes may fuse with endosomes to form amphisomes, which further fuse with
lysosomes. (B). Omegasome and isolation membrane generation. (C). Isolation membrane expansion, LC3 processing
and autophagic substrate sequestration. Additional membrane sources may contribute to isolation membrane formation
and expansion. SAR: selective autophagy receptor, LC3-GKLSV: pro-LC3, LC3-G: LC3-Il, LC3-G-PE: LC3-II.

Autophagy is considered to have primarily cytoprotective and pro-survival functions. Therefore, as a critical cellular
process it needs to be tightly regulated in order to respond and adapt appropriately to various cellular stress signals and
insults. Several mutations in ATG genes have been identified and associated with human genetic disorders,
developmental abnormalities, immune diseases, cancer and neurodegeneration, demonstrating a role for autophagy in
animal health [27(28],

| 2. Neuronal Autophagy

As anticipated, autophagy is indispensable for neuronal survival and maintenance of neuron homeostasis. Genetic studies
have demonstrated that conditional ablation of the core autophagy genes atg5 and atg7 in the nervous system of mice
leads to accumulation of ubiquitin-containing inclusion bodies disrupting neuronal function and causing progressive
neurodegeneration 2289 Autophagy in hypothalamic neurons is required specifically for the regulation of nutrient uptake,
energy balance, obesity as well as ageing BLUB2B3B4]  Hippocampal neurons of fragile X syndrome mice model exhibit
reduced levels of autophagy. Activation of autophagy partially rescues the aberrant dendritic spine morphology, mGIuR-
LTD (metabotropic glutamate receptor-dependent long-term depression) and cognition in those mice B2, Knockout studies
have demonstrated an essential role for autophagy in embryonic neurogenesis and mutations in autophagy genes lead to
developmental delay, cognitive decline, and functional deficits in childhood [28IE71[38]39][40][41][42][43][44][45][46][47]48][49] |y

addition, autophagy plays a role in the differentiation of adult NSCs (neuronal stem cells) BUBLIEAE3EASES6]57],

Furthermore, specific processes involved in neuronal plasticity such as axonal growth, synaptic assembly, and dendritic
spine formation and pruning are linked to autophagic activity and accompanied by cognitive deficits, anxiety-like

behaviors, autism-like behaviors and memory deficits [22[B8IBAEAELE26364]65]  Gjyen the contribution of autophagy in
neurogenesis and neuronal plasticity, it is apparent that pharmacological or genetic induction of autophagy might be a
means of treatment and therapy for disorders like depression, bipolar disorder, and schizophrenia [ESIEZIEEI6970)[71][72](73]
[4AIZSI76I77 | contrast, the lysosomal acidification inhibitor bafilomycin A1, which blocks autophagosome-lysosome
fusion and therefore autophagic flux, has antidepressant effects in rats exposed to chronic unpredictable mild stress 8],
In that case, autophagy inhibition seems to be advantageous.



Neurons possess unique structural and functional characteristics. Cellular processes have to be tightly and differentially
regulated in a spatiotemporal manner. For example, neuronal soma is often located far away from the synapses.
Therefore, specialized processes restricted to the microenvironment of the synapse ensure proper synaptic transmission.
Synaptic activity has been linked to autophagy in molecular and vesicular level BHZ9IBQIBLIB2B3]B4]8S]  Constitutive de
novo autophagosome biogenesis occurs at the axon terminal and upon completion, autophagosomes fuse with late
endosomes and/or lysosomes. In distal axons of primary DRG (dorsal root ganglion) neurons, autophagosomes seem to
be generated at DFCP1-positive subdomains of the endoplasmic reticulum, distinct from ER exit sites 8, Moreover,
plasma- or mitochondrial-derived membranes were not incorporated into nascent autophagosomes. A minor population
appears to arise from pre-existing autophagosome rings. The authors suggest that autophagosome rings may sometimes
nucleate other smaller autophagic structures. Subsequently, autophagosomes are transported along the axonal
microtubules toward the soma, in a dynein-dependent manner [EZIBSIBALONBLINZ] | transit, they fuse with additional
lysosomes, arriving at the soma as fully competent degradative organelles. In general, autophagosome biogenesis events
are enriched distally. However, autophagosomes form infrequently in dendrites, the soma, or midaxon 88!,

Presynaptic autophagosomes engulf synaptic vesicles and therefore autophagy regulates neurotransmission by
controlling the pool of the synaptic vesicles and neurotransmitter release €979 pharmacological activation of autophagy
reduces the number of synaptic vesicles. Loss of autophagy increases evoked dopamine release in mice. BDNF (brain-
derived neurotrophic factor) stimulates retrograde motility of autophagic compartments positive for the receptor of BDNF,
TrkB (tropomyosin receptor kinase B) 28, The phosphorylated endocytic adaptor endophillin A is enriched at the
presynaptic terminals and promotes autophagy by generating highly curved membranes, where core autophagy proteins
are recruited to form autophagosomes 23l The lipid phosphatase synaptojanin 1, implicated in synaptic vesicle
trafficking, is also required for autophagosome biogenesis at presynaptic terminals (1. The scaffolding protein bassoon,
localized to the presynaptic nerve terminals as well, sequesters ATG5 and inhibits presynaptic autophagy €. Mitophagy

targets ubiquitinated mitochondria in synapses; thereby it may regulate local energy supply or calcium buffering capacity
[94]

Predominant destination for autolysosome cargo degradation is the cell body, where lysosomes with high proteolytic
activity reside [2l6] |nhibition of lysosomal activity leads to accumulation of autophagosomes specifically within the
soma, and not in the axon or dendrites 4. Sequestration of mitochondria fragments have been captured into a
subpopulation of autophagosomes 8. Interestingly, an alternative mechanism for eliminating protein aggregates and
mitochondria when autophagy is compromised is the secretion of large vesicles called exophers by several neuronal cell
types, including dopaminergic and sensory neurons 291100 Extryded exophers are engulfed by neighboring cells for
lysosomal degradation or released into the extracellular milieu. These finding suggest that neuronal cells do not
necessarily degrade their own aggregates or damaged organelles, introducing a possible mechanism for the prion-like
propagation phenomenon. From a pharmacological point of view, on one hand, induction of the release of toxic cargo
outside of the cells will probably relieve the neurons from toxic loads but increase the propagation of prion-like
pathologies. On the other hand, inhibition of the jettison of aggregates or damaged organelles, will probably prevent the
pathology from spreading but will increase the toxic load into the neurons with possible detrimental consequences.

Postsynaptic autophagy plays a role in synaptic plasticity and synaptic strength, which are fundamental processes
underling learning and memory [L01[102][103][104] 'peletion of WDR45 (WD repeat domain 45) protein at the central nervous
system leads to deficits in learning and memory in mice 2% |n LTP (long-term potentiation), low-dose activation of
NMDARs (N-methyl-D-aspartate receptors) leads to an increase in AMPAR (o-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor) internalization 1981, Conversely, in LTD (long-term depression), activation of NMDARS
results in AMPARs degradation in hippocampal neurons. BDNF suppresses autophagy in cortical and hippocampal
neurons, facilitating LTP and the persistence of memories in mice through stabilization of the postsynaptic scaffold
proteins PICK1 (protein interacting with C kinase 1), PSD-95 (postsynaptic density protein 95) and SHANK3 (SH3 and
multiple ankyrin repeat domains 3) 224, Upon denervation of neuromuscular junctions, GABAsRs (gamma-aminobutyric
acid type A receptors) are selectively sorted via endocytosis from the postsynaptic membrane of muscle cells to
autophagosomes, whereas acetylcholine receptors in the same cells do not localize in autophagosomes [208],

Interestingly, non-canonical roles of autophagic machinery and ATG proteins have been linked to neuronal biology.
ATG16L localizes on hormone-containing dense-core vesicles through interaction with RAB33 and participates in
hormone secretion from neuroendocrine PC12 cells independently of its role in autophagy through RAB33 [109I[110]
LANDO (LC3-associated endocytosis) regulates amyloid- clearance in microglia 211, The inflammatory cytokine IL-1f
(interleukin-1p) is secreted via an unconventional autophagy-mediated secretory pathway in human neutrophils 121,



In conclusion, accumulating evidence support the prominent role of autophagy in the regulation of a wide range of cellular
functions in neurons which are further translated in behavioral outputs [EI(113]

| 3. Autophagy in Ageing

Ageing, the time-dependent decline in cellular, tissue and organismal functions occurs in all metazoan organisms.
Genetics play fundamental role in controlling ageing 4. Numerous mutations that either extend lifespan or accelerate
age-related decline have been characterized. Studies in those mutated genes revealed specific signaling pathways and
cellular machineries conserved among species that regulate ageing. Accumulating evidence supports autophagy as a
critical regulator of lifespan 51116l Caloric restriction and mTOR inhibition, two interventions known to extend lifespan,
induce autophagy 18], Autophagic activity and efficiency declines with age in diverse organisms. From C. elegans and
rats to primary human cells, ageing reduces the capacity of lysosomal proteolysis compared to their younger counterparts
[117]118] Reduced expression of several ATG genes upon ageing is documented in several organisms including
Drosophila and rodents 812201121 \n prosophila, loss-of-function mutations of Atg7 and Atg8 genes reduce lifespan,
increase sensitivity to stress and promote neuronal accumulation of ubiquitin-positive aggregates 11911221 Mice exhibit an
age-dependent decrease in autophagosome numbers 123l |n addition, genes important for autophagosome-lysosome
fusion such as LAMP2, show reduced expression upon ageing 124!, In human brain, ATG5, ATG7 and BECN1 are down-
regulated during normal ageing 122, Individuals with age-associated neurodegeneration diseases possess autophagy
gene polymorphisms and exhibit reduced autophagy [1281[1271[128]129] gSince impairment of autophagy predisposes
organisms to age-related diseases, such as neurodegeneration, genetic or pharmacological restoration of autophagy may
be utilized for improving ageing-related diseases 1131,

Oxidative stress, DNA damage, telomere shortening and inflammation play prominent causative role in ageing [139(131](132]
133] These factors can compromise cellular proteostatic mechanisms such as autophagy and contribute to the
development or progression of age-related neurodegenerative disorders, such as Alzheimer’s, Huntington’s or Parkinson’s
disease, and amyotrophic lateral sclerosis 1341135][136][137][138]

Research at the interface of autophagy and ageing highlights interesting and elegant aspects of this interplay 132,
Lifespan extension can be achieved with tissue-specific overexpression of a single atg gene, revealing the minimum
intervention with sufficient effect in organismal level. Furthermore, autophagy stimulation in a select tissue can have
systemic effects and influence ageing in a cell-non-autonomous manner. Finally, targeting and clearance of specific
dysfunctional components via selective types of autophagy may be sufficient for longevity, highlighting the importance of
selectivity and avoidance of excessive off-target energy-consuming autophagic activity. Focusing on research in the
nematode C. elegans, we summarize recent advances in our understanding of the role of general and selective neuronal
autophagy modulation in neuroprotection as well lifespan and healthspan regulation.

References

1. Kroemer, G.; Marino, G.; Levine, B. Autophagy and the integrated stress response. Mol. Cell 2010, 40, 280-293.
2. Yang, Z.; Klionsky, D.J. Eaten alive: A history of macroautophagy. Nat. Cell Biol. 2010, 12, 814-822.

3. Mizushima, N.; Komatsu, M. Autophagy: Renovation of cells and tissues. Cell 2011, 147, 728-741.

4. Schuck, S. Microautophagy—Distinct molecular mechanisms handle cargoes of many sizes. J. Cell Sci. 2020, 133.

5. Kaushik, S.; Cuervo, A.M. The coming of age of chaperone-mediated autophagy. Nat. Rev. Mol. Cell Biol. 2018, 19, 36
5-381.

6. Xie, Z.; Klionsky, D.J. Autophagosome formation: Core machinery and adaptations. Nat. Cell Biol. 2007, 9, 1102-1109.
7. Nakatogawa, H. Mechanisms governing autophagosome biogenesis. Nat. Rev. Mol. Cell Biol. 2020, 21, 439-458.
8. Walker, S.A.; Ktistakis, N.T. Autophagosome Biogenesis Machinery. J. Mol. Biol. 2020, 432, 2449-2461.

9. Takeshige, K.; Baba, M.; Tsuboi, S.; Noda, T.; Ohsumi, Y. Autophagy in yeast demonstrated with proteinase-deficient m
utants and conditions for its induction. J. Cell Biol. 1992, 119, 301-311.

10. Tsukada, M.; Ohsumi, Y. Isolation and characterization of autophagy-defective mutants of Saccharomyces cerevisiae. F
EBS Lett. 1993, 333, 169-174.

11. Thumm, M.; Egner, R.; Koch, B.; Schlumpberger, M.; Straub, M.; Veenhuis, M.; Wolf, D.H. Isolation of autophagocytosi
s mutants of Saccharomyces cerevisiae. FEBS Lett. 1994, 349, 275-280.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

Harding, T.M.; Morano, K.A.; Scott, S.V.; Klionsky, D.J. Isolation and characterization of yeast mutants in the cytoplasm
to vacuole protein targeting pathway. J. Cell Biol. 1995, 131, 591-602.

Ohsumi, Y. Historical landmarks of autophagy research. Cell Res. 2014, 24, 9-23.

Maruyama, T.; Noda, N.N. Autophagy-regulating protease Atg4: Structure, function, regulation and inhibition. J. Antibiot.
2017.

Johansen, T.; Lamark, T. Selective Autophagy: ATG8 Family Proteins, LIR Motifs and Cargo Receptors. J. Mol. Biol. 20
20, 432, 80-103.

Molino, D.; Zemirli, N.; Codogno, P.; Morel, E. The Journey of the Autophagosome through Mammalian Cell Organelles
and Membranes. J. Mol. Biol. 2017, 429, 497-514.

Ktistakis, N.T. ER platforms mediating autophagosome generation. Biochim. Biophys. Acta Mol. Cell Biol. Lipids 2020,
1865, 158433.

Papinski, D.; Schuschnig, M.; Reiter, W.; Wilhelm, L.; Barnes, C.A.; Maiolica, A.; Hansmann, |.; Pfaffenwimmer, T.; Kija
nska, M.; Stoffel, |.; et al. Early steps in autophagy depend on direct phosphorylation of Atg9 by the Atgl kinase. Mol. C
ell 2014, 53, 471-483.

Maeda, S.; Yamamoto, H.; Kinch, L.N.; Garza, C.M.; Takahashi, S.; Otomo, C.; Grishin, N.V.; Forli, S.; Mizushima, N.;
Otomo, T. Structure, lipid scrambling activity and role in autophagosome formation of ATG9A. Nat. Struct. Mol. Biol. 202
0, 27, 1194-1201.

Matoba, K.; Kotani, T.; Tsutsumi, A.; Tsuji, T.; Mori, T.; Noshiro, D.; Sugita, Y.; Nomura, N.; lwata, S.; Ohsumi, Y.; et al. A
tg9 is a lipid scramblase that mediates autophagosomal membrane expansion. Nat. Struct. Mol. Biol. 2020, 27, 1185-1
193.

Sawa-Makarska, J.; Baumann, V.; Coudevylle, N.; von Bulow, S.; Nogellova, V.; Abert, C.; Schuschnig, M.; Graef, M.; H
ummer, G.; Martens, S. Reconstitution of autophagosome nucleation defines Atg9 vesicles as seeds for membrane for
mation. Science 2020, 369.

Guardia, C.M.; Tan, X.F,; Lian, T.; Rana, M.S.; Zhou, W.; Christenson, E.T.; Lowry, A.J.; Faraldo-Gomez, J.D.; Bonifacin
0, J.S.; Jiang, J.; et al. Structure of Human ATG9A, the Only Transmembrane Protein of the Core Autophagy Machiner
y. Cell Rep. 2020, 31, 107837.

Knorr, R.L.; Lipowsky, R.; Dimova, R. Autophagosome closure requires membrane scission. Autophagy 2015, 11, 2134
—2137.

Melia, T.J.; Lystad, A.H.; Simonsen, A. Autophagosome biogenesis: From membrane growth to closure. J. Cell Biol. 202
0, 219.

Reggiori, F.; Ungermann, C. Autophagosome Maturation and Fusion. J. Mol. Biol. 2017, 429, 486—-496.

Zhao, Y.G.; Zhang, H. Autophagosome maturation: An epic journey from the ER to lysosomes. J. Cell Biol. 2019, 218, 7
57-770.

Dikic, |.; Elazar, Z. Mechanism and medical implications of mammalian autophagy. Nat. Rev. Mol. Cell Biol. 2018, 19, 3
49-364.

Kawabata, T.; Yoshimori, T. Autophagosome biogenesis and human health. Cell Discov. 2020, 6, 33.

Hara, T.; Nakamura, K.; Matsui, M.; Yamamoto, A.; Nakahara, Y.; Suzuki-Migishima, R.; Yokoyama, M.; Mishima, K.; Sa
ito, I.; Okano, H.; et al. Suppression of basal autophagy in neural cells causes neurodegenerative disease in mice. Nat
ure 2006, 441, 885-889.

Komatsu, M.; Waguri, S.; Chiba, T.; Murata, S.; lwata, J.; Tanida, I.; Ueno, T.; Koike, M.; Uchiyama, Y.; Kominami, E.; et
al. Loss of autophagy in the central nervous system causes neurodegeneration in mice. Nature 2006, 441, 880-884.

Kaushik, S.; Rodriguez-Navarro, J.A.; Arias, E.; Kiffin, R.; Sahu, S.; Schwartz, G.J.; Cuervo, A.M.; Singh, R. Autophagy
in hypothalamic AGRP neurons regulates food intake and energy balance. Cell Metab. 2011, 14, 173-183.

Aveleira, C.A.; Botelho, M.; Cavadas, C. NPY/neuropeptide Y enhances autophagy in the hypothalamus: A mechanism
to delay aging? Autophagy 2015, 11, 1431-1433.

Oh, T.S.; Cho, H.; Cho, J.H.; Yu, S.W.,; Kim, E.K. Hypothalamic AMPK-induced autophagy increases food intake by reg
ulating NPY and POMC expression. Autophagy 2016, 12, 2009-2025.

Xiao, Y.; Deng, Y.; Yuan, F.; Xia, T.; Liu, H.; Li, Z.; Chen, S.; Liu, Z.; Ying, H.; Liu, Y.; et al. An ATF4-ATGS5 signaling in hy
pothalamic POMC neurons regulates obesity. Autophagy 2017, 13, 1088-1089.

Yan, J.; Porch, M.W.; Court-Vazquez, B.; Bennett, M.V.L.; Zukin, R.S. Activation of autophagy rescues synaptic and cog
nitive deficits in fragile X mice. Proc. Natl. Acad. Sci. USA 2018, 115, E9707-E9716.



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Fimia, G.M.; Stoykova, A.; Romagnoli, A.; Giunta, L.; Di Bartolomeo, S.; Nardacci, R.; Corazzari, M.; Fuoco, C.; Ucar,
A.; Schwartz, P.; et al. Ambral regulates autophagy and development of the nervous system. Nature 2007, 447, 1121—
1125.

Cullup, T.; Kho, A.L.; Dionisi-Vici, C.; Brandmeier, B.; Smith, F.; Urry, Z.; Simpson, M.A.; Yau, S.; Bertini, E.; McClelland,
V.; et al. Recessive mutations in EPG5 cause Vici syndrome, a multisystem disorder with defective autophagy. Nat. Ge
net. 2013, 45, 83-87.

Zhao, H.; Zhao, Y.G.; Wang, X.; Xu, L.; Miao, L.; Feng, D.; Chen, Q.; Kovacs, A.L.; Fan, D.; Zhang, H. Mice deficient in
Epg5 exhibit selective neuronal vulnerability to degeneration. J. Cell Biol. 2013, 200, 731-741.

Lv, X.; Jiang, H.; Li, B.; Liang, Q.; Wang, S.; Zhao, Q.; Jiao, J. The crucial role of Atg5 in cortical neurogenesis during e
arly brain development. Sci. Rep. 2014, 4, 6010.

Orosco, L.A.; Ross, A.P,; Cates, S.L.; Scott, S.E.; Wu, D.; Sohn, J.; Pleasure, D.; Pleasure, S.J.; Adamopoulos, I.E.; Za
rbalis, K.S. Loss of Wdfy3 in mice alters cerebral cortical neurogenesis reflecting aspects of the autism pathology. Nat.
Commun. 2014, 5, 4692.

Cianfanelli, V.; Fuoco, C.; Lorente, M.; Salazar, M.; Quondamatteo, F.; Gherardini, P.F.; De Zio, D.; Nazio, F.; Antonioli,
M.; D'Orazio, M.; et al. AMBRAL links autophagy to cell proliferation and tumorigenesis by promoting c-Myc dephospho
rylation and degradation. Nat. Cell Biol. 2015, 17, 706.

Ebrahimi-Fakhari, D.; Saffari, A.; Wabhlster, L.; Lu, J.; Byrne, S.; Hoffmann, G.F.; Jungbluth, H.; Sahin, M. Congenital dis
orders of autophagy: An emerging novel class of inborn errors of neuro-metabolism. Brain J. Neurol. 2016, 139, 317-3
37.

Li, M.; Lu, G.; Hu, J.; Shen, X.; Ju, J.; Gao, Y.; Qu, L.; Xia, Y.; Chen, Y.; Bai, Y. EVAIA/TMEM166 Regulates Embryonic
Neurogenesis by Autophagy. Stem Cell Rep. 2016, 6, 396-410.

Miao, G.; Zhao, Y.G.; Zhao, H.; Ji, C.; Sun, H.; Chen, Y.; Zhang, H. Mice deficient in the Vici syndrome gene Epg5 exhi
bit features of retinitis pigmentosa. Autophagy 2016, 12, 2263-2270.

Wang, Z.; Miao, G.; Xue, X.; Guo, X.; Yuan, C.; Zhang, G.; Chen, Y.; Feng, D.; Hu, J.; Zhang, H. The Vici Syndrome Pr
otein EPGS5 Is a Rab7 Effector that Determines the Fusion Specificity of Autophagosomes with Late Endosomes/Lysos
omes. Mol. Cell 2016, 63, 781-795.

Wu, X.; Fleming, A.; Ricketts, T.; Pavel, M.; Virgin, H.; Menzies, F.M.; Rubinsztein, D.C. Autophagy regulates Notch deg
radation and modulates stem cell development and neurogenesis. Nat. Commun. 2016, 7, 10533.

Hori, I.; Otomo, T.; Nakashima, M.; Miya, F.; Negishi, Y.; Shiraishi, H.; Nonoda, Y.; Magara, S.; Tohyama, J.; Okamoto,
N.; et al. Defects in autophagosome-lysosome fusion underlie Vici syndrome, a neurodevelopmental disorder with multi
system involvement. Sci. Rep. 2017, 7, 3552.

Le Duc, D.; Giulivi, C.; Hiatt, S.M.; Napoli, E.; Panoutsopoulos, A.; Harlan De Crescenzo, A.; Kotzaeridou, U.; Syrbe,
S.; Anagnostou, E.; Azage, M.; et al. Pathogenic WDFY3 variants cause neurodevelopmental disorders and opposing e
ffects on brain size. Brain J. Neurol. 2019, 142, 2617-2630.

Meneghetti, G.; Skobo, T.; Chrisam, M.; Facchinello, N.; Fontana, C.M.; Bellesso, S.; Sabatelli, P.; Raggi, F.; Cecconi,
F.; Bonaldo, P.; et al. The epg5 knockout zebrafish line: A model to study Vici syndrome. Autophagy 2019, 15, 1438-14
54,

Yeo, H.; Lyssiotis, C.A.; Zhang, Y.; Ying, H.; Asara, J.M.; Cantley, L.C.; Paik, J.H. FoxO3 coordinates metabolic pathwa
ys to maintain redox balance in neural stem cells. EMBO J. 2013, 32, 2589-2602.

Gomez-Sanchez, J.A.; Carty, L.; Iruarrizaga-Lejarreta, M.; Palomo-Irigoyen, M.; Varela-Rey, M.; Griffith, M.; Hantke, J.;
Macias-Camara, N.; Azkargorta, M.; Aurrekoetxea, |.; et al. Schwann cell autophagy, myelinophagy, initiates myelin cle
arance from injured nerves. J. Cell Biol. 2015, 210, 153-168.

Jang, S.Y.; Shin, Y.K,; Park, S.Y.; Park, J.Y.; Lee, H.J.; Yoo, Y.H.; Kim, J.K.; Park, H.T. Autophagic myelin destruction by
Schwann cells during Wallerian degeneration and segmental demyelination. Glia 2016, 64, 730-742.

Xi, Y.; Dhaliwal, J.S.; Ceizar, M.; Vaculik, M.; Kumar, K.L.; Lagace, D.C. Knockout of Atg5 delays the maturation and re
duces the survival of adult-generated neurons in the hippocampus. Cell Death Dis. 2016, 7, e2127.

Casares-Crespo, L.; Calatayud-Baselga, |.; Garcia-Corzo, L.; Mira, H. On the Role of Basal Autophagy in Adult Neural
Stem Cells and Neurogenesis. Front. Cell. Neurosci. 2018, 12, 339.

Schaffner, I.; Minakaki, G.; Khan, M.A.; Balta, E.A.; Schlotzer-Schrehardt, U.; Schwarz, T.J.; Beckervordersandforth, R.;
Winner, B.; Webb, A.E.; DePinho, R.A.; et al. FoxO Function Is Essential for Maintenance of Autophagic Flux and Neur
onal Morphogenesis in Adult Neurogenesis. Neuron 2018, 99, 1188-1203.e6.



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72

73.

74.

75.

Audesse, A.J.; Dhakal, S.; Hassell, L.A.; Gardell, Z.; Nemtsova, Y.; Webb, A.E. FOXO3 directly regulates an autophagy
network to functionally regulate proteostasis in adult neural stem cells. PLoS Genet. 2019, 15, e1008097.

Bankston, A.N.; Forston, M.D.; Howard, R.M.; Andres, K.R.; Smith, A.E.; Ohri, S.S.; Bates, M.L.; Bunge, M.B.; Whittem
ore, S.R. Autophagy is essential for oligodendrocyte differentiation, survival, and proper myelination. Glia 2019, 67, 174
5-1759.

Tang, G.; Gudsnuk, K.; Kuo, S.H.; Cotrina, M.L.; Rosoklija, G.; Sosunov, A.; Sonders, M.S.; Kanter, E.; Castagna, C.; Y
amamoto, A.; et al. Loss of mTOR-dependent macroautophagy causes autistic-like synaptic pruning deficits. Neuron 20
14, 83, 1131-1143.

Kim, H.J.; Cho, M.H.; Shim, W.H.; Kim, J.K.; Jeon, E.Y.; Kim, D.H.; Yoon, S.Y. Deficient autophagy in microglia impairs
synaptic pruning and causes social behavioral defects. Mol. Psychiatry 2017, 22, 1576-1584.

Okerlund, N.D.; Schneider, K.; Leal-Ortiz, S.; Montenegro-Venegas, C.; Kim, S.A.; Garner, L.C.; Waites, C.L.; Gundelfin
ger, E.D.; Reimer, R.J.; Garner, C.C. Bassoon Controls Presynaptic Autophagy through Atg5. Neuron 2017, 93, 897-91
3.e7.

Vanhauwaert, R.; Kuenen, S.; Masius, R.; Bademosi, A.; Manetsberger, J.; Schoovaerts, N.; Bounti, L.; Gontcharenko,
S.; Swerts, J.; Vilain, S.; et al. The SAC1 domain in synaptojanin is required for autophagosome maturation at presyna
ptic terminals. EMBO J. 2017, 36, 1392-1411.

Xiao, X.; Shang, X.; Zhai, B.; Zhang, H.; Zhang, T. Nicotine alleviates chronic stress-induced anxiety and depressive-lik
e behavior and hippocampal neuropathology via regulating autophagy signaling. Neurochem. Int. 2018, 114, 58-70.

Bhukel, A.; Beuschel, C.B.; Maglione, M.; Lehmann, M.; Juhasz, G.; Madeo, F.; Sigrist, S.J. Autophagy within the mush
room body protects from synapse aging in a non-cell autonomous manner. Nat. Commun. 2019, 10, 1318.

Glatigny, M.; Moriceau, S.; Rivagorda, M.; Ramos-Brossier, M.; Nascimbeni, A.C.; Lante, F.; Shanley, M.R.; Boudarene,
N.; Rousseaud, A.; Friedman, A.K.; et al. Autophagy Is Required for Memory Formation and Reverses Age-Related Me
mory Decline. Curr. Biol. CB 2019, 29, 435-448.e8.

Zhu, J.W.; Zou, M.M.; Li, Y.F.,; Chen, W.J.; Liu, J.C.; Chen, H.; Fang, L.P.; Zhang, Y.; Wang, Z.T.; Chen, J.B.; et al. Abse
nce of TRIM32 Leads to Reduced GABAergic Interneuron Generation and Autism-like Behaviors in Mice via Suppressi
ng MTOR Signaling. Cereb Cortex 2020, 30, 3240-3258.

Kara, N.Z.; Toker, L.; Agam, G.; Anderson, G.W.; Belmaker, R.H.; Einat, H. Trehalose induced antidepressant-like effect
s and autophagy enhancement in mice. Psychopharmacology 2013, 229, 367-375.

Merenlender-Wagner, A.; Malishkevich, A.; Shemer, Z.; Udawela, M.; Gibbons, A.; Scarr, E.; Dean, B.; Levine, J.; Aga
m, G.; Gozes, |. Autophagy has a key role in the pathophysiology of schizophrenia. Mol. Psychiatry 2015, 20, 126-132.

Zhao, Z.; Zhang, L.; Guo, X.D.; Cao, L.L.; Xue, T.F.; Zhao, X.J.; Yang, D.D.; Yang, J.; Ji, J.; Huang, J.Y.; et al. Rosiglitaz
one Exerts an Anti-depressive Effect in Unpredictable Chronic Mild-Stress-Induced Depressive Mice by Maintaining Es
sential Neuron Autophagy and Inhibiting Excessive Astrocytic Apoptosis. Front. Mol. Neurosci. 2017, 10, 293.

Al Eissa, M.M.; Fiorentino, A.; Sharp, S.l.; O'Brien, N.L.; Wolfe, K.; Giaroli, G.; Curtis, D.; Bass, N.J.; McQuillin, A. Exo
me sequence analysis and follow up genotyping implicates rare ULK1 variants to be involved in susceptibility to schizo
phrenia. Ann. Hum. Genet. 2018, 82, 88-92.

Gulbins, A.; Schumacher, F.; Becker, K.A.; Wilker, B.; Soddemann, M.; Boldrin, F.; Muller, C.P.; Edwards, M.J.; Goodma
n, M.; Caldwell, C.C.; et al. Antidepressants act by inducing autophagy controlled by sphingomyelin-ceramide. Mol. Psy
chiatry 2018, 23, 2324-2346.

Kara, N.Z.; Flaisher-Grinberg, S.; Anderson, G.W.; Agam, G.; Einat, H. Mood-stabilizing effects of rapamycin and its an
alog temsirolimus: Relevance to autophagy. Behav. Pharmacol. 2018, 29, 379-384.

. Sumitomo, A.; Yukitake, H.; Hirai, K.; Horike, K.; Ueta, K.; Chung, Y.; Warabi, E.; Yanagawa, T.; Kitaoka, S.; Furuyashik

i, T.; et al. UIk2 controls cortical excitatory-inhibitory balance via autophagic regulation of p62 and GABAA receptor traffi
cking in pyramidal neurons. Hum. Mol. Genet. 2018, 27, 3165-3176.

Tan, X.; Du, X.; Jiang, Y.; Botchway, B.O.A.; Hu, Z.; Fang, M. Inhibition of Autophagy in Microglia Alters Depressive-Lik
e Behavior via BDNF Pathway in Postpartum Depression. Front. Psychiatry 2018, 9, 434.

Geng, J.; Liu, J.; Yuan, X.; Liu, W.; Guo, W. Andrographolide triggers autophagy-mediated inflammation inhibition and a
ttenuates chronic unpredictable mild stress (CUMS)-induced depressive-like behavior in mice. Toxicol. Appl. Pharmaco
I. 2019, 379, 114688.

He, S.; Zeng, D.; Xu, F.; Zhang, J.; Zhao, N.; Wang, Q.; Shi, J.; Lin, Z.; Yu, W.; Li, H. Baseline Serum Levels of Beclin-
1, but Not Inflammatory Factors, May Predict Antidepressant Treatment Response in Chinese Han Patients With MDD:
A Preliminary Study. Front. Psychiatry 2019, 10, 378.



76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Shu, X.; Sun, Y.; Sun, X.; Zhou, Y.; Bian, Y.; Shu, Z.; Ding, J.; Lu, M.; Hu, G. The effect of fluoxetine on astrocyte autop
hagy flux and injured mitochondria clearance in a mouse model of depression. Cell Death Dis. 2019, 10, 577.

Wang, Z.T.; Lu, M.H.; Zhang, Y.; Ji, W.L.; Lei, L.; Wang, W.; Fang, L.P.; Wang, L.W.; Yu, F.; Wang, J.; et al. Disrupted-in
-schizophrenia-1 protects synaptic plasticity in a transgenic mouse model of Alzheimer’s disease as a mitophagy recept
or. Aging Cell 2019, 18, €12860.

Wang, Z.; Liu, S.; Pan, W.; Guo, Y.; Shen, Z. Bafilomycin Al alleviates depressionlike symptoms in chronic unpredictabl
e mild stress rats. Mol. Med. Rep. 2018, 18, 4587-4594.

Hernandez, D.; Torres, C.A.; Setlik, W.; Cebrian, C.; Mosharov, E.V.; Tang, G.; Cheng, H.C.; Kholodilov, N.; Yarygina,
O.; Burke, R.E.; et al. Regulation of presynaptic neurotransmission by macroautophagy. Neuron 2012, 74, 277-284.

Binotti, B.; Pavlos, N.J.; Riedel, D.; Wenzel, D.; Vorbruggen, G.; Schalk, A.M.; Kuhnel, K.; Boyken, J.; Erck, C.; Marten
s, H.; et al. The GTPase Rab26 links synaptic vesicles to the autophagy pathway. eLife 2015, 4, e05597.

George, A.A.; Hayden, S.; Stanton, G.R.; Brockerhoff, S.E. Arf6é and the 5'phosphatase of Synaptojanin 1 regulate auto
phagy in cone photoreceptors. Inside Cell 2016, 1, 117-133.

Murdoch, J.D.; Rostosky, C.M.; Gowrisankaran, S.; Arora, A.S.; Soukup, S.F.; Vidal, R.; Capece, V.; Freytag, S.; Fische
r, A.; Verstreken, P.; et al. Endophilin-A Deficiency Induces the Foxo3a-Fbxo32 Network in the Brain and Causes Dysre
gulation of Autophagy and the Ubiquitin-Proteasome System. Cell Rep. 2016, 17, 1071-1086.

Soukup, S.F.; Kuenen, S.; Vanhauwaert, R.; Manetsberger, J.; Hernandez-Diaz, S.; Swerts, J.; Schoovaerts, N.; Vilain,
S.; Gounko, N.V.; Vints, K.; et al. A LRRK2-Dependent EndophilinA Phosphoswitch Is Critical for Macroautophagy at Pr
esynaptic Terminals. Neuron 2016, 92, 829-844.

Soukup, S.F.; Verstreken, P. EndoA/Endophilin-A creates docking stations for autophagic proteins at synapses. Autoph
agy 2017, 13, 971-972.

Nikoletopoulou, V.; Tavernarakis, N. Regulation and Roles of Autophagy at Synapses. Trends Cell Biol. 2018, 28, 646—
661.

Maday, S.; Holzbaur, E.L. Autophagosome biogenesis in primary neurons follows an ordered and spatially regulated pa
thway. Dev. Cell 2014, 30, 71-85.

Jordens, |.; Fernandez-Borja, M.; Marsman, M.; Dusseljee, S.; Janssen, L.; Calafat, J.; Janssen, H.; Wubbolts, R.; Neef
jes, J. The Rab7 effector protein RILP controls lysosomal transport by inducing the recruitment of dynein-dynactin moto
rs. Curr. Biol. CB 2001, 11, 1680-1685.

Ravikumar, B.; Acevedo-Arozena, A.; Imarisio, S.; Berger, Z.; Vacher, C.; O’Kane, C.J.; Brown, S.D.; Rubinsztein, D.C.
Dynein mutations impair autophagic clearance of aggregate-prone proteins. Nat. Genet. 2005, 37, 771-776.

Kimura, S.; Noda, T.; Yoshimori, T. Dynein-dependent movement of autophagosomes mediates efficient encounters wit
h lysosomes. Cell Struct. Funct. 2008, 33, 109-122.

Fu, M.M.; Holzbaur, E.L. JIP1 regulates the directionality of APP axonal transport by coordinating kinesin and dynein m
otors. J. Cell Biol. 2013, 202, 495-508.

Fu, M.M.; Nirschl, J.J.; Holzbaur, E.L.F. LC3 binding to the scaffolding protein JIP1 regulates processive dynein-driven t
ransport of autophagosomes. Dev. Cell 2014, 29, 577-590.

Cheng, X.T.; Zhou, B.; Lin, M.Y.; Cai, Q.; Sheng, Z.H. Axonal autophagosomes recruit dynein for retrograde transport th
rough fusion with late endosomes. J. Cell Biol. 2015, 209, 377-386.

Kononenko, N.L.; Classen, G.A.; Kuijpers, M.; Puchkov, D.; Maritzen, T.; Tempes, A.; Malik, A.R.; Skalecka, A.; Bera,
S.; Jaworski, J.; et al. Retrograde transport of TrkB-containing autophagosomes via the adaptor AP-2 mediates neuron
al complexity and prevents neurodegeneration. Nat. Commun. 2017, 8, 14819.

Soukup, S.F.; Vanhauwaert, R.; Verstreken, P. Parkinson’s disease: Convergence on synaptic homeostasis. EMBO J. 2
018, 37.

Lee, S.; Sato, Y.; Nixon, R.A. Lysosomal proteolysis inhibition selectively disrupts axonal transport of degradative organ
elles and causes an Alzheimer’s-like axonal dystrophy. J. Neurosci. 2011, 31, 7817-7830.

Gowrishankar, S.; Yuan, P.; Wu, Y.; Schrag, M.; Paradise, S.; Grutzendler, J.; De Camilli, P.; Ferguson, S.M. Massive a
ccumulation of luminal protease-deficient axonal lysosomes at Alzheimer’s disease amyloid plaques. Proc. Natl. Acad.
Sci. USA 2015, 112, E3699-E3708.

Maday, S.; Holzbaur, E.L. Compartment-Specific Regulation of Autophagy in Primary Neurons. J. Neurosci. 2016, 36, 5
933-5945.

Maday, S.; Wallace, K.E.; Holzbaur, E.L. Autophagosomes initiate distally and mature during transport toward the cell s
oma in primary neurons. J. Cell Biol. 2012, 196, 407-417.



99

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.
115.
116.
117.

118.

119.

120.

121.

122.

. Davis, C.H.; Kim, K.Y.; Bushong, E.A.; Mills, E.A.; Boassa, D.; Shih, T.; Kinebuchi, M.; Phan, S.; Zhou, Y.; Bihimeyer, N.
A.; et al. Transcellular degradation of axonal mitochondria. Proc. Natl. Acad. Sci. USA 2014, 111, 9633-9638.

Melentijevic, |.; Toth, M.L.; Arnold, M.L.; Guasp, R.J.; Harinath, G.; Nguyen, K.C.; Taub, D.; Parker, J.A.; Neri, C.; Gabe
I, C.V.; et al. C. elegans neurons jettison protein aggregates and mitochondria under neurotoxic stress. Nature 2017, 54
2, 367-371.

Nicholls, R.E.; Alarcon, J.M.; Malleret, G.; Carroll, R.C.; Grody, M.; Vronskaya, S.; Kandel, E.R. Transgenic mice lackin
g NMDAR-dependent LTD exhibit deficits in behavioral flexibility. Neuron 2008, 58, 104-117.

Luscher, C.; Malenka, R.C. NMDA receptor-dependent long-term potentiation and long-term depression (LTP/LTD). Col
d Spring Harb. Perspect. Biol. 2012, 4, a005710.

Shehata, M.; Matsumura, H.; Okubo-Suzuki, R.; Ohkawa, N.; Inokuchi, K. Neuronal stimulation induces autophagy in hi
ppocampal neurons that is involved in AMPA receptor degradation after chemical long-term depression. J. Neurosci. 20
12, 32, 10413-10422.

Takeuchi, T.; Duszkiewicz, A.J.; Morris, R.G. The synaptic plasticity and memory hypothesis: Encoding, storage and per
sistence. Philos. Trans. R. Soc. Lond. Ser. B Biol. Sci. 2014, 369, 20130288.

Zhao, Y.G.; Sun, L.; Miao, G.; Ji, C.; Zhao, H.; Sun, H.; Miao, L.; Yoshii, S.R.; Mizushima, N.; Wang, X.; et al. The autop
hagy gene Wdr45/Wipi4 regulates learning and memory function and axonal homeostasis. Autophagy 2015, 11, 881-8
90.

Vitureira, N.; Goda, Y. Cell biology in neuroscience: The interplay between Hebbian and homeostatic synaptic plasticity.
J. Cell Biol. 2013, 203, 175-186.

Nikoletopoulou, V.; Sidiropoulou, K.; Kallergi, E.; Dalezios, Y.; Tavernarakis, N. Modulation of Autophagy by BDNF Und
erlies Synaptic Plasticity. Cell Metab. 2017, 26, 230—242.e5.

Rowland, A.M.; Richmond, J.E.; Olsen, J.G.; Hall, D.H.; Bamber, B.A. Presynaptic terminals independently regulate syn
aptic clustering and autophagy of GABAA receptors in Caenorhabditis elegans. J. Neurosci. 2006, 26, 1711-1720.

Ishibashi, K.; Uemura, T.; Waguri, S.; Fukuda, M. Atgl6L1, an essential factor for canonical autophagy, participates in h
ormone secretion from PC12 cells independently of autophagic activity. Mol. Biol. Cell 2012, 23, 3193-3202.

Pantoom, S.; Konstantinidis, G.; Voss, S.; Han, H.; Hofnagel, O.; Li, Z.; Wu, Y.W. RAB33B recruits the ATG16L1 compl
ex to the phagophore via a noncanonical RAB binding protein. Autophagy 2020, 1-15.

Heckmann, B.L.; Teubner, B.J.W.; Tummers, B.; Boada-Romero, E.; Harris, L.; Yang, M.; Guy, C.S.; Zakharenko, S.S.;
Green, D.R. LC3-Associated Endocytosis Facilitates beta-Amyloid Clearance and Mitigates Neurodegeneration in Muri
ne Alzheimer’s Disease. Cell 2019, 178, 536-551.e14.

lula, L.; Keitelman, |.A.; Sabbione, F.; Fuentes, F.; Guzman, M.; Galletti, J.G.; Gerber, P.P.; Ostrowski, M.; Geffner, J.R.;
Jancic, C.C.; et al. Autophagy Mediates Interleukin-1beta Secretion in Human Neutrophils. Front. Immunol. 2018, 9, 26
9.

Fleming, A.; Rubinsztein, D.C. Autophagy in Neuronal Development and Plasticity. Trends Neurosci. 2020, 43, 767-77
9.

Kenyon, C.J. The genetics of ageing. Nature 2010, 464, 504-512.
Rubinsztein, D.C.; Marino, G.; Kroemer, G. Autophagy and aging. Cell 2011, 146, 682—-695.
Gelino, S.; Hansen, M. Autophagy—An Emerging Anti-Aging Mechanism. J. Clin. Exp. Pathol. 2012, 2.

Sarkis, G.J.; Ashcom, J.D.; Hawdon, J.M.; Jacobson, L.A. Decline in protease activities with age in the nematode Caen
orhabditis elegans. Mech. Ageing Dev. 1988, 45, 191-201.

Cuervo, A.M.; Dice, J.F. How do intracellular proteolytic systems change with age? Front. Biosci. J. Virtual Libr. 1998, 3,
d25-d43.

Simonsen, A.; Cumming, R.C.; Brech, A.; Isakson, P.; Schubert, D.R.; Finley, K.D. Promoting basal levels of autophagy
in the nervous system enhances longevity and oxidant resistance in adult Drosophila. Autophagy 2008, 4, 176-184.

Demontis, F.; Perrimon, N. FOXO/4E-BP signaling in Drosophila muscles regulates organism-wide proteostasis during
aging. Cell 2010, 143, 813-825.

Kaushik, S.; Arias, E.; Kwon, H.; Lopez, N.M.; Athonvarangkul, D.; Sahu, S.; Schwartz, G.J.; Pessin, J.E.; Singh, R. Los
s of autophagy in hypothalamic POMC neurons impairs lipolysis. EMBO Rep. 2012, 13, 258-265.

Juhasz, G.; Erdi, B.; Sass, M.; Neufeld, T.P. Atg7-dependent autophagy promotes neuronal health, stress tolerance, an
d longevity but is dispensable for metamorphosis in Drosophila. Genes Dev. 2007, 21, 3061-3066.



123.

124.

125.

126.

127.

128.

129.

130.

131.
132.

133.

134.

135.

136.

137.

138.

139.

Fernandez, A.F.; Sebti, S.; Weli, Y.; Zou, Z.; Shi, M.; McMillan, K.L.; He, C.; Ting, T.; Liu, Y.; Chiang, W.C.; et al. Disrupti
on of the beclin 1-BCL2 autophagy regulatory complex promotes longevity in mice. Nature 2018, 558, 136—140.

Saftig, P.; Beertsen, W.; Eskelinen, E.L. LAMP-2: A control step for phagosome and autophagosome maturation. Autop
hagy 2008, 4, 510-512.

Lipinski, M.M.; Zheng, B.; Lu, T.; Yan, Z.; Py, B.F.; Ng, A.; Xavier, R.J.; Li, C.; Yankner, B.A.; Scherzer, C.R.; et al. Geno
me-wide analysis reveals mechanisms modulating autophagy in normal brain aging and in Alzheimer’s disease. Proc.
Natl. Acad. Sci. USA 2010, 107, 14164-14169.

Cuervo, A.M. Autophagy and aging: Keeping that old broom working. Trends Genet. 2008, 24, 604-612.
Martinez-Lopez, N.; Athonvarangkul, D.; Singh, R. Autophagy and aging. Adv. Exp. Med. Biol. 2015, 847, 73-87.

Menzies, F.M.; Fleming, A.; Rubinsztein, D.C. Compromised autophagy and neurodegenerative diseases. Nat. Rev. Ne
urosci. 2015, 16, 345-357.

Loeser, R.F.; Collins, J.A.; Diekman, B.O. Ageing and the pathogenesis of osteoarthritis. Nat. Rev. Rheumatol. 2016, 1
2, 412-420.

Seluanoyv, A.; Mittelman, D.; Pereira-Smith, O.M.; Wilson, J.H.; Gorbunova, V. DNA end joining becomes less efficient a
nd more error-prone during cellular senescence. Proc. Natl. Acad. Sci. USA 2004, 101, 7624—7629.

Balaban, R.S.; Nemoto, S.; Finkel, T. Mitochondria, oxidants, and aging. Cell 2005, 120, 483—495.

Henriques, C.M.; Ferreira, M.G. Consequences of telomere shortening during lifespan. Curr. Opin. Cell Biol. 2012, 24,
804-808.

Sun, Y.; Coppe, J.P.; Lam, E.W. Cellular Senescence: The Sought or the Unwanted? Trends Mol. Med. 2018, 24, 871—
885.

Yao, Y.; Chinnici, C.; Tang, H.; Trojanowski, J.Q.; Lee, V.M.; Pratico, D. Brain inflammation and oxidative stress in a tran
sgenic mouse model of Alzheimer-like brain amyloidosis. J. Neuroinflamm. 2004, 1, 21.

Budworth, H.; Harris, F.R.; Williams, P.; Lee, D.Y.; Holt, A.; Pahnke, J.; Szczesny, B.; Acevedo-Torres, K.; Ayala-Pena,
S.; McMurray, C.T. Suppression of Somatic Expansion Delays the Onset of Pathophysiology in a Mouse Model of Hunti
ngton’s Disease. PL0oS Genet. 2015, 11, e1005267.

Sepe, S.; Milanese, C.; Gabriels, S.; Derks, K.W.; Payan-Gomez, C.; van, |.W.F.; Rijksen, Y.M.; Nigg, A.L.; Moreno, S.;
Cerri, S.; et al. Inefficient DNA Repair Is an Aging-Related Modifier of Parkinson’s Disease. Cell Rep. 2016, 15, 18661
875.

Beers, D.R.; Appel, S.H. Immune dysregulation in amyotrophic lateral sclerosis: Mechanisms and emerging therapies.
Lancet Neurol. 2019, 18, 211-220.

Amin, A.; Perera, N.D.; Beart, P.M.; Turner, B.J.; Shabanpoor, F. Amyotrophic Lateral Sclerosis and Autophagy: Dysfun
ction and Therapeutic Targeting. Cells 2020, 9, 2413.

Hansen, M.; Rubinsztein, D.C.; Walker, D.W. Autophagy as a promoter of longevity: Insights from model organisms. Na
t. Rev. Mol. Cell Biol. 2018, 19, 579-593.

Retrieved from https://encyclopedia.pub/entry/history/show/31310



