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‘Doubling down’ on the autophagy
pathway to suppress tumor growth
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In this issue of Genes & Development, Wei and colleagues
(pp. 1204-1216) use elegant genetic approaches to simul-
taneously delete the essential autophagy gene FIP200 (FAK
family-interacting protein of 200 kDa) and the signaling
adaptor p62/SQSTM1 within established murine tumors,
which reveals an unexpected synergism between the
autophagy pathway and p62 in driving tumor growth.
Intriguingly, these observations suggest that the com-
bined targeting of autophagy and p62 may serve as an ef-
fective approach to treat specific cancers.

Macroautophagy (hereafter called autophagy) is a catabolic
process in which cells sequester cytoplasmic proteins and
organelles into double-membrane vesicles, called auto-
phagosomes, and deliver them to the lysosome, where the
contents are subsequently digested and recycled. The bulk
degradation of cellular material through autophagy serves
as an important quality control mechanism and survival
pathway during starvation and stress (Kimmelman 2011).
Given the prominent role of stress resistance and survival in
the development and progression of cancer, it is not surpris-
ing that the autophagy pathway is emerging as an important
determinant of tumor cell fate. However, current evidence
indicates multifaceted roles for autophagy during tumori-
genesis, either suppressing or promoting tumor growth,
depending on the cancer subtype and the stage of tumor
development (Kimmelman 2011; White 2012). To char-
acterize the distinct functions of autophagy during tumor
progression, separate from its role in tumor initiation,
Wei et al. (2014) developed an inducible mouse model to
ablate autophagy within established tumors and uncov-
ered that the autophagy pathway cooperates with the
signaling adaptor p62/SQSTM1 to drive tumor growth.
The core components of the autophagy machinery, called
ATGs (for autophagy-related), are conserved from yeast to
humans. One notable exception is FIP200 (FAK family-
interacting protein of 200 kDa), which lacks an obvious
sequence ortholog within yeast but is critical for autophagy
in higher eukaryotes. In mammals, FIP200 forms a complex
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with the serine-threonine kinase ULK1 and two additional
proteins, ATG13 and ATG101, which together serve to
regulate the early steps of autophagosome formation.
Subsequently, additional ATGs mediate elongation of the
autophagosome membrane and, ultimately, its closure to
form the double-membrane vesicle. Selective autophagy
receptors that bind LC3, of which the archetypal family
member is p62/SQSTMI1, are recruited with their cargo to
the maturing autophagosome and sequestered from the
cytosol upon closure of the double-membrane vesicle
(Kimmelman 2011; Boya et al. 2013). Finally, the auto-
phagosome fuses with the lysosome, and its contents are
degraded. Importantly, disruption of essential genes within
the autophagy pathway, including FIP200, impairs auto-
phagosome biogenesis at its earliest stages and leads to the
accumulation of substrates such as p62 (Fig. 1).

The first links between autophagy and cancer came
with the discovery that beclin1 haploinsufficiency predis-
poses both humans and mice to tumor development
(Kimmelman 2011). Subsequent studies in genetically engi-
neered murine models (GEMMs) of cancer have revealed
that defects in the autophagy pathway promote genome
damage, inflammation, and cancer cell growth (White
2012). The molecular basis for these pro-oncogenic changes
in part appears to be linked to the aberrant accumulation of
the selective autophagy receptor p62, a multifunctional
adaptor protein at the nexus of the NF-kB, NRF2-KEAP],
and mTOR signaling pathways (Fig. 1, White 2012). How-
ever, autophagy is not purely tumor-suppressive because
numerous studies indicate that pathway inhibition can
impede tumor growth and sensitize cancer cells to therapy.
For example, tumors with activating mutations in RAS
family proteins, such as lung and pancreatic cancer, rely on
the autophagy pathway for growth and proliferation (Guo
et al. 2013). Similarly, in GEMMs for hereditary breast
cancer that harbor deletions in PALB2, the partial allelic
loss of beclinl increases apoptosis and delays tumor de-
velopment in a p53-dependent manner (Guo et al. 2013).
Previous studies by Guan and colleagues (Wei et al. 2011)
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Figure 1. Autophagy regulates p62/SQSTM1 levels
to control multiple pro-oncogenic signaling path-
ways. (Top panel) The formation of autophagosomes
is controlled at the initiation stage by the coordinated
action of the ULKI1-FIP200-ATG13-ATG101 and
Beclinl-Vps34 signaling complexes and enzymes,
FIP200 including ATG7 and ATG5-ATGI12, that function to

ULK1 lipidate LC3. Selective autophagy receptors, including
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of digested material to be recycled by the cells.
(Bottom panel) Loss of essential autophagy genes,
such as FIP200 or ATG7, attenuates the autophagy
pathway and results in the accumulation of both
selective autophagy receptors and cargo. Increased
p62 potentiates NF-kB signaling and the elaboration
of protumorigenic inflammatory cytokines. Defects
in p62 clearance by the autophagy pathway may also
reinforce pro-oncogenic signaling through the activa-
tion of mTOR and NRF2, which respectively control
cellular growth and antioxidant response pathways.

have also demonstrated that genetic ablation of FIP200 in
a polyoma middle T antigen (PyMT)-driven breast cancer
model profoundly inhibits the frequency and progression of
murine mammary tumors . Finally, therapeutic inhibition
of autophagy in diverse tumor types has shown promise as
an effective anti-cancer treatment (Yang et al. 2011).
Overall, it remains unclear how autophagy inhibition
leads to such seemingly disparate outcomes in different
cancers. How do we determine which tumors will respond
to autophagy inhibition? Fundamentally, the answers to
these questions require a better understanding of how the
autophagy pathway functions in specific contexts, includ-
ing distinct tumor types, oncogenic backgrounds, or tumor
stages. Perhaps one of the most significant challenges in
assessing the function of autophagy in cancer has been an
inability to discern between the contributions of autophagy
to tumor initiation versus its role in tumor progression. To
tackle this important issue, Wei et al. (2014) developed
a clever genetic approach that allowed them to specifically
ablate autophagy in advanced tumors. Mouse embryo
fibroblasts (MEFs| derived from FIP200 floxed mice were
transformed with E1A/H-Ras¥'? and subsequently trans-
duced with a retroviral vector encoding a tamoxifen-
inducible form of the Cre recombinase (Cre®RT); as
a result, FIP200 could be conditionally deleted in estab-
lished tumors in vivo upon administration of tamoxifen.
Intriguingly, upon FIP200 deletion and impairment of the
autophagy pathway in established tumors, Wei et al. (2014)
observed a profound reduction in tumor growth. These
observations were not exclusive to transformed MEFs,
since deletion of FIP200 within tumors derived from
PyMT transformed mouse mammary tumor cells also
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resulted in impaired growth. An assessment of the pro-
portion of replicating and apoptotic cells within the two
treatment groups revealed that the defect in tumor growth
was a manifestation of both attenuated tumor cell pro-
liferation and increased cell death. Although the investi-
gators did not examine the status of metabolic pathways in
the FIP200-null tumors, it is tempting to speculate that the
impaired proliferation and increased apoptosis are at least
partly associated with a failure to sustain energy and
biosynthetic pathways (Guo et al. 2013).

Similar to previous studies examining the function of
autophagy during tumorigenesis, Wei et al. (2014) observed
a marked accumulation of p62 upon deletion of FIP200
(Mathew et al. 2009; White 2012). However, in stark
contrast with those reports, p62 accretion in FIP200-
deficient tumor cells correlated with reduced tumor growth,
not enhanced tumorigenesis. To determine the mechanisms
underlying this discrepancy, the investigators RNAi-de-
pleted this signaling adaptor in FIP200-null cells to assess
how cotargeting these molecules impacted tumor growth.
Remarkably, p62 knockdown in FIP200-null tumors further
impaired tumor growth compared with FIP200 alone. Thus,
in certain circumstances, autophagy synergizes with p62 to
promote tumor cell survival or expansion. To validate this
result, Wei et al. (2014) performed a rescue of p62 expression
in p62-deficient, FIP200-null tumor cells, which led to
a partial restoration of tumor growth. Collectively, these
observations highlight a previously unknown collaboration
between the FIP200 pathway and p62 that can promote the
growth of established tumors.

Although the observations of Wei et al. (2014) suggest
that autophagy synergizes with p62 to drive tumorigenesis,



it is conceivable that they merely highlight a unique
relationship between FIP200 and tumor growth. Hence,
the investigators analyzed the effects of autophagy up-
regulation on tumor growth by conditionally overexpress-
ing a constitutively active form of the transcription factor
EB (TFEBS'#24) a master transcriptional regulator of mol-
ecules that coordinately promote both autophagy and
lysosome biogenesis (Settembre et al. 2013). Congruent
with a protumorigenic role for autophagy in this sys-
tem, TFEBS!*2A gverexpression significantly enhanced
the growth and survival of tumor cells in vivo. However,
given the known effects of TFEBS!**A on lysosome bio-
genesis, it remains unclear whether enhanced tumor
progression is the specific result of enhanced autophagy.

The precise mechanism by which p62 promotes growth
in the absence of autophagy is a point of significant
importance, particularly because dual targeting of auto-
phagy and p62 may be an effective treatment for some
cancers. To provide mechanistic insight into the tumor-
promoting function of p62, Wei et al. (2014) examined the
impact of NF-kB suppression on FIP200-null tumor growth.
Indeed, p62 has been shown to be necessary for activation
of the NF-kB pathway, and these functions have been
reported to be important contributors to tumorigenesis
(Duran et al. 2008; Mathew et al. 2009). However, expres-
sion of the IkBa super repressor, a dominant-negative
inhibitor of the NF-kB pathway, within FIP200-null tumors
only modestly reduced tumor growth. Thus, other func-
tions of p62 are also likely to be important for its protu-
morigenic role in the context of FIP200 ablation. One
intriguing possibility is that accumulation of p62 promotes
tumor growth by potentiating mTOR signaling (Fig. 1).
Recently, p62 was found to facilitate the activation of
mTORCI by promoting its ubiquitination and lysosomal
translocation (Duran et al. 2011; Linares et al. 2013). Given
the role of mTOR in coordinating cell growth and its
frequent dysregulation in cancer, it is attractive to specu-
late that the tumor-promoting functions of p62 may be
partly rooted in this pathway. In addition, p62 regulation of
NRF2-KEAP] and the antioxidant defense pathway may
also facilitate tumorigenesis in the absence of functional
FIP200 (Fig. 1; DeNicola et al. 2011). Clearly, the tumor-
promoting mechanisms of p62 in autophagy-deficient cells
remains a critical area of future investigation.

Finally, it is important to consider the therapeutic
potential of simultaneously targeting autophagy and p62
within established cancers. Although Wei et al. (2014)
justified such a combinatorial approach in certain scenar-
ios, ultimately, the availability of pharmacological inhibi-
tors to efficiently target these pathways and further un-
derstanding of the contexts that maximize treatment
efficacy will govern its therapeutic utility. In the first
regard, pharmacological autophagy inhibitors such as
hydroxychloroquine are already in clinical trials (Yang
et al. 2011). In contrast, p62 inhibitors still need to be
developed. Nevertheless, the advent of personalized med-
icine and an explosion in capabilities in GEMMs should
make the task of identifying cancer subtypes and stages
that are suitably targeted by autophagy and p62 inhibitors
far less challenging than it once appeared. Gradually, we
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are “stacking the deck” with therapeutic options to most
effectively target autophagy for cancer treatment.
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