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AKT modulates the autophagy-lysosome pathway via TFEB
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The serine and threonine kinase AKT (also known as protein
kinase B, PKB) integrates inputs from growth factors and meta-
bolic effectors to control key multifunctional signaling hubs via
direct phosphorylation of substrates that control cell growth,
proliferation and survival.' Among critical pro-survival mecha-
nisms, autophagy is an evolutionarily conserved housekeeping
pathway that functions to degrade and recycle macromolecules
and organelles as part of basal cell metabolism as well as in
response to specific stimuli.” Autophagic degradation is based
on the activity of the lysosome, a membrane-enclosed organelle
that contains a wide array of hydrolytic enzymes with different
macromolecule specificities.

Our previous work has established that transcription factor
EB (TFEB) acts as a master regulator of the autophagy-lyso-
some pathway (reviewed in ref. 3). Since the initial characteri-
zation of TFEB as a transcriptional modulator of the lysosomal
system, cytoplasm-to-nucleus translocation of TFEB has been
identified as the main mechanism underlying regulation of
TFEB activity.* While several proof-of-concept studies have
shown that exogenous expression of TFEB can counteract
appearance and progression of pathological changes in animal
models of diseases with a prominent intracellular storage com-
ponent, clinical translation has been limited by the lack of suit-
able entry points to modulate TFEB activity that are amenable
to pharmacological manipulation with available drugs.

Our recent work has uncovered AKT-mediated phosphory-
lation of TFEB as a mechanism by which AKT modulates the
autophagy-lysosomal pathway.” AKT phosphorylates TFEB on
serine 467, a residue that is evolutionarily conserved in verte-
brate species and that is also conserved in TFEB’s close homo-
logs, TFE3 and MITF. A TFEB phosphomutant in which the
AKT phosphoacceptor site was substituted by alanine to
impede AKT-mediated phosphorylation (TFEB S467A) showed
increased nuclear localization and stability as well as increased
ability to activate TFEB downstream target genes, thus indicat-
ing that TFEB function is inhibited by AKT phosphorylation.”
Accordingly, both AKT knockdown and pharmacological inhi-
bition of AKT promoted TFEB nuclear translocation; AKT
inhibition also activated TFE3 and MITF, thus revealing con-
servation of this regulatory pathway (Fig. 1).”

Notably, AKT inhibition resulted in increased number of
LC3-positive autophagic vesicles and increased expression of
autophagic and lysosomal genes, thereby indicating global
enhancement of the autophagy-lysosome pathway. Similar
results were obtained with trehalose, a natural disaccharide that
stimulates autophagy and exerts neuroprotection in various
models of neurodegenerative proteinopathies.” The mechanism
of action of trehalose has been elusive for more than a decade;
recent work has shown that trehalose inhibits the activity of
glucose transporters at the plasma membrane, thus inducing a
starvation-like state that promotes autophagy via the
AMPK-ULK1 axis.” We have shown that trehalose inhibits
AKT activity in vitro and in vivo, thus resulting in TFEB
nuclear translocation and activation of the autophagy-lysosome
pathway.” Importantly, expression of a constitutive active form
of AKT prevented trehalose from inducing TFEB nuclear trans-
location, demonstrating that trehalose indeed activates TFEB
via AKT inhibition.” Activation of the autophagy-lysosome
pathway obtained by pharmacological inhibition of AKT or tre-
halose administration resulted in enhanced clearance of aber-
rant proteolipid aggregates in cells from patients with neuronal
ceroid lipofuscinosis, a genetically diverse subgroup of the lyso-
somal storage diseases.” Significantly, oral administration of
trehalose to a mouse model of juvenile neuronal ceroid lipofus-
cinosis (Batten disease) diminished AKT activity and promoted
TFEB activity in the brain, again resulting in the activation of
the autophagy-lysosome pathway and the subsequent clearance
of ceroid lipopigments in neurons, which finally led to protec-
tion from neurodegeneration and elongation of the life span of
affected mice.”

These findings provide a direct, pharmacologically action-
able entry point to modulate TFEB activity and enhance the
autophagy-lysosome pathway through increased TFEB func-
tion. The AKT-TFEB signaling pathway might be leveraged to
devise treatments of degenerative diseases in which there is
pathological storage of aberrant aggregates of proteins or other
macromolecules, such as in Alzheimer disease, Parkinson dis-
ease, Huntington’s disease and lysosomal storage disorders.
Clinical development of trehalose is currently focusing
on the treatment of arterial aging (ClinicalTrial.gov ID:

CONTACT Marco Sardiello @ sardiell@bcm.edu

Feature to: Palmieri M, Pal R, Nelvagal HR, Lotfi P, Stinnett GR, Seymour ML, Chaudhury A, Bajaj L, Bondar VV, Bremner L, Saleem U, Tse DY, Sanagasetti D, Wu SM, Neilson
JR, Pereira FA, Pautler RG, Rodney GG, Cooper JD, Sardiello M. mTORC1-independent TFEB activation via Akt inhibition promotes cellular clearance in neurodegenerative
storage diseases. Nat Commun. 2017 Feb 6;8:14338; PMID: 28165011; https://doi.org/10.1038/ncomms14338

© 2017 Taylor & Francis


https://crossmark.crossref.org/dialog/?doi=10.1080/15384101.2017.1337968&domain=pdf&date_stamp=2017-07-11
mailto:sardiell@bcm.edu
https://doi.org/10.1038/ncomms14338
https://doi.org/10.1080/15384101.2017.1337968

1238 M. PALMIERI ET AL.

Tendese —— f— Pramacotgea

@ > G
! ¢

Increased TFEB Decreased TFEB
nuclear localization nuclear localization

v v

Activation of the
autophagy-lysosome
pathway

v

Increased clearance of
autophagic-lysosomal
substrates

Inactive

Figure 1. AKT modulates the autophagy-lysosome pathway via TFEB. Phosphoryla-
tion of TFEB by AKT decreases nuclear TFEB. Inhibition of AKT activity using phar-
macological inhibitors or trehalose promotes nuclear translocation of TFEB and
activation of the autophagy-lysosome pathway and enhances the clearance of
autophagic and lysosomal substrates.

NCT01575288),” oculopharyngeal muscular dystrophy (NCTO-
2147886), spinocerebellar ataxia 3 (NCT02147886) and bipolar
depression (NCT02800161)—all conditions that could benefit
from increased autophagy. Pharmacokinetic (PK) and pharma-
codynamic (PD) profiles of trehalose need to be determined to
move forward with the possible clinical application of trehalose
in neurodegenerative diseases. On the other hand, pharmaco-
logical inhibition of AKT is undergoing clinical development
for the treatment of various types of cancer using small drugs
with significantly different PK/PD characteristics' and might
represent as well a possible route to activate the autophagy-
lysosome pathway in degenerative storage disorders. Since
AKT signaling is known to play key roles in neuronal growth,
polarity and survival,' repositioning AKT pharmacological
inhibitors for the long-term treatment of patients with chronic
diseases such as neurodegenerative storage disorders will
require the development of specific strategies to minimize

toxicity and side effects. A possible strategy could focus on
using comparatively low dosages of AKT inhibitors and pat-
terns of sustained administration to enhance basal autophagy
and improve cellular clearance up to therapeutic levels without
compromising neuronal health. An alternative strategy could
entail use of bursts of AKT inhibition followed by rest periods
to counteract, over time, the slowly progressing accumulation
of aberrant storage material to keep it to virtually non-
pathogenic levels. Clearly, much preclinical work is necessary
to determine the most viable route(s) to a clinical translation of
AKT-mediated control of TFEB activity in human disease.
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