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Absence of TDP-43 is difficult to digest
Natasa Skoko, Marco Baralle & Francisco E Baralle

It is well established that TDP-43 accumu-
lates in degenerating neurons in patients
with ALS/FTLD, which might affect normal
TDP-43 function. In this issue of The EMBO
Journal Xia et al (2016) show a novel
connection between TDP-43 loss of function
and autophagy failure. Using knockdown
models of TDP-43, they observed enhanced
autophagosome and lysosome biogenesis
through mTORC1 activity inhibition and
TFEB activation. Impaired autophagosome–
lysosome fusion was also observed,
however in an mTORC1-independent
manner. The data identify dysfunctions at
multiple stages of the autophagic pathway
following TDP-43 depletion that might
represent possible targets of future thera-
peutic interventions.

See also: Q Xia et al (January 2016)

A myotrophic lateral sclerosis (ALS)

and frontotemporal dementia (FTD)

are neurodegenerative diseases char-

acterized by the deposition of pathological

protein aggregates composed of TAR DNA-

binding protein 43 (TDP-43) (Neumann

et al, 2006). A chicken-and-egg question for

neurodegeneration is whether TDP-43 aggre-

gation per se causes neurotoxicity or is a

by-product of the disease process. The fact

that the loss of TDP-43 results in motor

dysfunction and neuropathological alter-

ations—common to ALS—in different animal

models such as Drosophila (Feiguin et al,

2009) and mouse (Iguchi et al, 2013) indi-

cates that TDP-43 loss of function appears to

play a central role in ALS/FTLD pathogene-

sis. After all, it is known that eggs came

before chickens (the reptilians, cold-blooded

bird’s ancestors, laid eggs), so there should

be a plausible order of the events in TDP-43-

associated neurodegeneration. However, as

one tries to go beyond this analogy, answers

begin to become not so straightforward.

Studies of the cellular targets of TDP-43 have

yielded more than 6,000 brain RNAs targets

and TDP-43 depletion causes the change of

the pattern of splicing of about 1,500 RNAs

in the mammalian brain (Polymenidou et al,

2011; Tollervey et al, 2011) consequently

changing the proteome. Among the targets

are those of ALS-linked genes such as Ang1,

Atxn2 and FUS/TLS as well as Atg7 and p62/

SQSTM1, which are components of the

autophagy system, the protein clearance

pathway essential for normal neuronal func-

tioning.

The ensuing TDP43-induced disturbance

in RNA and protein homeostasis therefore

also seems highly probable to play a central

feature in ALS/FTLD pathogenesis (Ling

et al, 2013). In regard to autophagy, the

accumulation of TDP-43 in patients with

ALS/FTLD suggests that dysfunction in this

process may be involved in the disease

pathogenesis. In line with this, it was

observed in a FTLD mouse model based on

TDP-43 overexpression that autophagy acti-

vators successfully inhibit formation of TDP-

43-positive inclusions and enhance neuronal

survival (Wang et al, 2012). But surpris-

ingly, in fact, autophagy appears to be

already upregulated in ALS. Indeed,

autophagosomes have been observed to

accumulate in motor neurons of patients

with ALS (Sasaki, 2011), in agreement with

similar findings in the knockout TDP-43

mouse (Iguchi et al, 2013).

Xia et al (2016) now demonstrate how

TDP-43 knockdown enhances global

autophagy–lysosome pathway (ALP) gene

expression leading to an increase in autoph-

agy and lysosomal biogenesis in an

mTORC1-dependent manner. Their results

reconcile the previous observations, proving

that TDP-43 absence from the cell can

induce upregulation of the autophagosome

pathway but at the same time inhibits

autophagosome–lysosome fusion in an

mTORC1-independent way.

The study shows, both in vitro and

in vivo, that TDP-43 knockdown results in

downregulation of mTORC1 adaptor protein

raptor, resulting in lower mTOR lysosomal

localization and mTORC1 activity, which in

turn leads to an increased Transcription

factor EB (TFEB) nuclear translocation and

activity. TFEB, the master regulator of ALP

(Settembre et al, 2011), in turn drives the

expression of autophagy and lysosomal

genes (see Fig 1).

Xia et al (2016) also observe an unex-

pected effect: The induction of autophagy

flux through starvation does not normalize

the autophagy behavior in siTDP-43 cells.

This observation strongly suggests that the

effect of TDP-43 knockdown during starva-

tion is mTORC1 independent. Specifically,

TDP-43 depletion induces autophagosome–

lysosome fusion impairment with no

involvement of mTORC1. An explanation

provided by the authors is that Dctn1 gene

expression level and Dynactin 1 protein level

are reduced in TDP-43-depleted cells, which

in turn affects lysosomal positioning and

autophagosome–lysosome fusion.

Taken together, Xia and co-workers suggest

that TDP-43 knockdown has both mTORC1-

dependent and mTORC1-independent effects

on the autophagy–lysosome pathway and

that abnormal accumulation of autophagic

cargoes contributes to TDP-43-mediated

neurodegeneration (see Fig 1).

In accordance with their findings, mTOR

inhibitor rapamycin worsens the phenotype

of TDP-43�/� flies, whereas phosphatidic

acid, an mTOR agonist, treatment improves

it. These findings are in agreement with

earlier observations that the activation of

autophagy can become harmful in the

context of impaired autophagic flux, as

ICGEB, Trieste, Italy. E-mail: baralle@icgeb.org
DOI 10.15252/embj.201593603 | Published online 23 December 2015

ª 2015 The Authors The EMBO Journal Vol 35 | No 2 | 2016 115

http://dx.doi.org/10.15252/embj.201591998
http://dx.doi.org/10.15252/embj.201591998
http://dx.doi.org/10.15252/embj.201591998


previously observed in the SOD mouse

model of ALS (Zhang et al, 2011).

In conclusion, Xia et al (2016) shed light

on some critical points with regard to

TDP43-mediated abnormal regulation of

autophagy in neurodegeneration. In addi-

tion, their observations are consistent with

the hypothesis that TDP-43 loss of function,

caused by its sequestering in the characteris-

tic inclusions observed in ALS neurons, is at

the basis of ALS/FTLD pathogenesis through

a negative loop: TDP-43 depletion by

sequestering aggregates leads to defective

clearance pathways, which in turn will

increase TDP-43 sequestration/depletion,

and eventually lead to neuronal dysfunction

(Buratti & Baralle, 2009).

Most importantly, understanding the

complexity behind the autophagocytosis fail-

ure induced by functional TDP-43 depletion

in ALS/FTLD neurodegeneration will be

essential for the development of future

therapeutic approaches targeting autophagy.

In fact, irrespective of the role played by the

aggregates, their reduction represents an

important therapeutic route. The reduction

will either remove the toxicity of the aggre-

gates or abolish the “sink” that sequesters

soluble TDP-43.

The results are also helpful to point our

research toward a direction that was not an

easily foreseeable one. For neurodegenera-

tive disorders, the widespread view is that

stimulation of autophagy reduces protein

inclusions and alleviates motor neuron

degeneration. However, from the results of

Xia et al (2016), it seems that for TDP-43

proteinopathies, a generalized activation of

autophagy might not be the best strategy

after all. Rather, a perhaps much better

choice would be to design compounds that

specifically target the maturation of

autophagosomes, which in turn will

promote aggregate breakdown in lysosomes.
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Figure 1. RNA and protein homeostasis derangements underlie TDP-43-associated neuro-
degenerative pathology.
Aggregation of TDP-43 causes its loss of function, which in turn is linked to autophagosome and
lysosome biogenesis activation through mTORC1 inhibition and TFEB activation. At the same time, it
leads to autophagosome–lysosome fusion impairment in an mTORC1-independent manner. The
resulting accumulation of autophagic vacuoles contributes to TDP-43 aggregation and neurode-
generation.
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