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ABSTRACT
We recently identified an interaction between Atg12–Atg3, a complex between 2 core autophagy
regulators, and the ESCRT-associated protein Pdcd6ip (programmed cell death 6 interacting protein,
commonly known as Alix), which coordinately regulates basal autophagy, late endosome-to-lysosome
trafficking, and exosome release. Because these processes all serve fundamental roles in cancer
progression and therapy, Atg12-Atg3 may be an attractive anticancer target.
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Autophagy is a highly conserved pathway that sequesters cyto-
plasmic contents in a double-membrane structure called the
autophagosome and delivers them to the lysosome for degrada-
tion. Autophagy is induced as a cytoprotective response to cell
stresses such as starvation and hypoxia. Cells also exhibit low
levels of basal autophagy independent of nutrient and stress
status that controls homeostatic turnover of proteins and
organelles. Autophagy is functionally connected to endosomal
trafficking, another lysosomal degradation pathway in the cell.
Autophagosomes can fuse with late endosomes rather than
directly to the lysosome,1 and recent work has demonstrated
that endosomal sorting complexes required for transport
(ESCRT) function is required for efficient autophagosome mat-
uration.2 However, until now, clear molecular interactions
between these 2 pathways had not been established. In our
recent study, we identified a novel interaction between compo-
nents of the core autophagy and ESCRT machinery that con-
trols basal autophagosome maturation and late endosome
function.3

Autophagosome formation is controlled by 2 ubiquitin-
like conjugation systems that attach the ubiquitin-like mole-
cule Atg12 to Atg5 to form Atg12–Atg5 complexes and
microtubule-associated protein 1 light chain 3 (MAP1LC3,
best known as LC3) to the lipid phosphatidylethanolamine
(PE) to produce LC3–PE. Although Atg5 is the principle
conjugation target for Atg12, our laboratory previously
identified Atg3, an E2-like enzyme that mediates LC3–PE
conjugation, as an additional substrate for Atg12 conjuga-
tion.4 Interestingly, although Atg12 and Atg3 each control
essential steps in autophagosome formation, cells lacking
the Atg12–Atg3 complex have no observable defects in

starvation-induced autophagy. However, in nutrient-rich
conditions, cells lacking Atg12–Atg3 exhibit increased num-
bers of autophagosomes.4 Based on these results, we
hypothesized that Atg12–Atg3 controls basal autophagic
flux.

In addressing this question, we found that cells lacking
Atg12–Atg3 have impaired basal autolysosome formation and
display a striking accumulation of perinuclear late endosomes,
both of which arise from impaired endolysosomal trafficking.3

Intriguingly, the role of Atg12–Atg3 in late endosome function
is independent of the canonical role of either protein in auto-
phagosome formation. Furthermore, we identified an interac-
tion between Atg12–Atg3 and the ESCRT-associated protein
Pdcd6ip (programmed cell death 6 interacting protein, com-
monly referred to as Alix). The binding of Atg12–Atg3 to Alix
relieves the intramolecular inhibition of Alix by its proline-rich
domain and promotes multiple Alix-dependent processes,
including late endosome distribution, exosome biogenesis, and
viral budding (Fig. 1). Lastly, similar to Atg12–Atg3, Alix is
required for efficient basal, but not starvation-induced, autoph-
agy, revealing novel functional differences between homeostatic
and stress-induced autophagy in mammalian cells. These
results identify a direct connection between the core autophagy
and endosomal sorting machineries that coordinately regulate
basal autophagy and late endosome function to maintain cellu-
lar homeostasis.

Autophagy is proposed to play context-dependent roles in
tumor initiation and progression.5 Autophagy suppresses
tumor initiation by degrading protein aggregates and damaged
organelles that cause oxidative stress and DNA damage. Con-
versely, tumor cells commonly exhibit high basal levels of
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autophagy, which supports the survival and metabolic adapta-
tion of established tumors in response to microenvironmental
or therapeutic stresses. As a result, the lysosomal inhibitor
hydroxychloroquine (HCQ) is being tested as a chemosensitiz-
ing agent in clinical oncology trials.5 Nevertheless, we have an
incomplete understanding of whether HCQ and similar agents
exert their anticancer effects by inhibiting autophagy versus
other lysosomal degradation pathways. In particular, alterations
in endosomal trafficking have also been implicated in cancer
progression.6 Following their endocytosis, signaling molecules
can either be recycled back to the plasma membrane or targeted
to late endosomes for subsequent degradation. Sorting to late
endosomes is controlled by the ESCRT machinery, which
mediates ubiquitination of cargo targeted for downregulation,
membrane remodeling, and budding of intralumenal vesicles.
Many cancer-promoting mutations bias endosomal trafficking
toward recycling of integrins and receptor tyrosine kinases
rather than degradation.6 Our data identify the Atg12–Atg3–
Alix complex as a direct link between the autophagy and endo-
somal sorting machineries.3 Thus, dissecting the functional
consequences of Atg12–Atg3 conjugation on oncogenic signal-
ing and cancer progression represents an exciting avenue of
research.

In association with accessory proteins such as Alix, the
ESCRT machinery also participates in topologically similar
membrane budding events involving membrane deformation
away from the cytoplasm. In a poorly understood process,
late endosomes can fuse with the plasma membrane rather
than with the lysosome, leading to secretion of intralumenal
vesicles as exosomes.7 Exosome signaling influences multiple
aspects of tumor biology, including priming of distant met-
astatic sites and resistance to chemotherapy and radiation
therapy.8 During exosome biogenesis, Alix forms a complex
with the heparan sulfate-containing coreceptor syndecan 1
and the scaffolding protein Sdcbp (syndecan binding pro-
tein, also known as syntenin), mediating the loading of

signaling cargo into exosomes and promoting exosome
release.9 We demonstrate that Atg12–Atg3 relieves the
intramolecular inhibition of Alix and promotes exosome
release.3 Interestingly, previous work in yeast has implicated
core autophagy components in the unconventional secretion
of the long-chain fatty acid transporter ACB1 through an
exosome-like intermediate.10 Our data now identify Atg12–
Atg3 as a novel regulator of exosome release in mammalian
cells. Future studies are required to ascertain the physiologi-
cal significance of Atg12–Atg3 in exosome-dependent pro-
cesses during cancer metastasis.

As increasing evidence points to important roles for
basal autophagy, endosomal trafficking, and exosome
secretion in cancer progression and response to cancer
therapy, our work reveals unique and timely new intercon-
nections between these fundamental cell biological path-
ways. Further mechanistic and in vivo studies are required
to determine the precise contributions of Atg12–Atg3 and
Alix to each of these pathways during cancer progression
in order to inform the rational design of future therapeutic
strategies.
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