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Abstract

Disturbed proteostasis as reflected by a massive accumulation of misfolded protein aggregates is a central feature in Alzhei-
mer’s disease. Proteostatic disturbances may be caused by a shift in protein production and clearance. Whereas rare genetic
causes of the disease affect the production side, sporadic cases appear to be directed by dysfunction in protein clearance. This
review focusses on the involvement of lysosome-mediated clearance. Autophagy is a degradational system where intracel-
lular components are degraded by lysosomal organelles. In addition, “outside-to-inside” trafficking through the endosomes
converges with the autolysosomal pathway, thereby bringing together intracellular and extracellular components. Recent
findings demonstrate that disturbance in the endo- and autolysosomal pathway induces “inside-to-outside” communication
via induction of unconventional secretion, which may bear relevance to the spreading of disease pathology through the brain.
The involvement of these pathways in the pathogenesis of the disease is discussed with an outlook to the opportunities it
provides for diagnostics as well as therapeutic interventions.

Endo- and autolysosomal impairment contributes to
Alzheimer’s disease pathogenesis.

Endo- and autolysosomal impairment affects the intra-
cellular clearance of proteins as well as unconventional
secretion to the extracellular space.

Endo- and autolysosomal dysfunction provides opportu-
nities for diagnostics and therapeutic intervention.
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1 Introduction

The key hallmark of Alzheimer’s disease (AD) and other
neurodegenerative diseases is a severe disturbance in the
protein homeostasis or proteostasis. This is reflected by
the accumulation of misfolded proteins that are ultimately
deposited in aggregates. In AD, two distinct types of inclu-
sion bodies are found: extracellular plaques mainly com-
prising amyloid B (Ap) aggregates, and intracellular tangles,
of which the microtubule binding protein tau is the main
constituent. AP and tau pathology together determine the
pathological definition of AD, but how the two pathologies
are connected is still largely unknown. The currently lead-
ing hypothesis in the field states that A is the initiator of
the AD pathogenic process and tau the executor [1, 2]. In
strong support of the latter, the cognitive deficit of patients
displays a strong correlation with the tangle load, originally
extrapolated from post-mortem studies [3] and more recently
confirmed by positron emission tomography (PET) studies
in living patients [4]. The spatio—temporal distribution of
the plaques and tangles follows a stereotypical pattern in
the majority of patients with AD that differs for the two
pathologies [3]. This spatial paradox illustrates that there is
no linear mechanistic link between Af and tau pathology.
Recently, accumulating data support a prion-like propaga-
tion and cell-to-cell spreading of tau pathology, in both cell
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and animal models (reviewed in Goedert and Spillantini [5]),
indicating that tau pathology can self-propagate independent
of AP. Indeed, tau aggregation by itself is sufficient to induce
neurodegeneration in primary tauopathies, including familial
frontotemporal dementias (FTD) that are directly associated
with mutations in tau [6].

Familial variants of AD (FAD) typically enhance the for-
mation of AP or its aggregation properties, supporting a role
for AP early in the pathological cascade. FAD mutations are
found in the amyloid precursor protein (APP) or the catalytic
subunit of one of the APP-processing enzymes, presenilin
(PSEN) 1 or 2 [7]. In contrast to these rare familial cases,
impaired clearance of misfolded proteins and aggregates is
considered to underlie the pathological protein accumula-
tion of both Af and tau in sporadic AD, involving the large
majority of AD cases [8]. In AD, in particular the endolyso-
somal and autolysosomal systems are impaired, which are
involved in the degradation of both intracellular and extra-
cellular material. In this concise review, we discuss the role
of autolysosomal dysfunction in AD pathogenesis and how
this can be exploited for diagnostic and therapeutic purposes.

2 Lysosomal Organelles: Where Intracellular
Meets Extracellular: “Outside-In"
and “Inside-Out”

Lysosomal degradation of proteins is a key aspect of main-
taining proteostasis in the cell, which occurs in a heterogene-
ous group of hybrid organelles termed autolysosomes [9] or
endolysosomes [10]. These organelles are morphologically
similar and share molecular markers and thus represent a
major crossroad of the endolysosomal and autolysosomal
pathways in the cell (Fig. 1). The endolysosomal system
regulates extracellular and organelle-contained cargo where
extracellular components enter the cell by endo- or phago-
cytosis and are delivered to the early endosome. Early
endosomes are also the major entry point of membrane-
bound and luminal cargo of organelles that are delivered
by membrane transport vesicles. These early endosomes
mature to late endosomes, concentrating the cargo targeted
for degradation in their lumen. This maturation coincides
with several sorting and recycling events and acidification of
the endosome lumen. Late endosomes fuse with lysosomes,
which triggers the degradation of all luminal content by
activated acid hydrolases. Cytosolic content can also be
degraded by lysosomal organelles through different types
of autophagy, the “self-eating” of the cell [11].

Autophagy comprises macroautophagy, chaperone-
mediated autophagy (CMA) and microautophagy (Fig. 1).
Macroautophagy is a multi-step process (see, for example,
Bento et al. [12] for details on molecular steps) starting with
the enclosure of substrate by a double lipid membrane. After
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formation of these autophagosomes, fusion with lysosomes
results in generation of autolysosomes that degrade the
autophagic substrates. Macroautophagy can be induced by
inhibition of the mammalian target of rapamycin (mTOR;
a serine/threonine kinase), for instance through amino acid
starvation or rapamycin, but also by mTOR-independent
activators. The entire autolysosomal pathway is affected
by activation of the transcription factor EB (TFEB), a
broad transcriptional master regulator of autophagy and
autophagosome biogenesis (reviewed in Bajaj et al. [13]
and Cortes and La Spada [14]). The cytosolic content enters
autophagosomes largely on a stochastic basis, but increasing
numbers of specific autophagy receptors are being identi-
fied as involved in selective autophagy and hence enrich
for specific substrates [15]. Microautophagy involves the
invagination of the endosomal membrane by a series of
ESCRT complexes to generate intraluminal vesicles (ILVs;
Fig. 1), thereby capturing cytosolic and membrane-bound
molecules [16]. As ILVs accumulate in the maturing endo-
some, these organelles are also called multivesicular bodies
(MVBs) due to their distinct morphology [17]. The biogen-
esis of ILVs comprises another crossroad of the endo- and
autolysosomal pathway where intracellular cytosolic con-
tent and membrane-bound cargo from organelles and the
plasma membrane are sorted together to lysosomal degra-
dation (Fig. 1). CMA involves a sequence-directed target-
ing of unfolded cytosolic proteins to the lysosome by the
chaperone HSC70. These proteins do not require membrane
traffic but can be directly delivered to the lumen of autol-
ysosomal organelles via a translocation complex that also
comprises LAMP2 [18]. There is considerable crosstalk
between CMA and microautophagy; for example, HSC70
can also target components to microautophagy that depends
on ESCRT complexes I and II1 [19, 20]. The different inter-
mediates in the endo- and autolysosomal pathways provide
an “outside-to-inside” connection where intracellular and
extracellular proteins meet (Fig. 1). Hence the collective
endocytic and autophagic pathways can mediate the degra-
dation of internalized soluble molecules, membrane com-
ponents and soluble cytosolic content by convergence on
lysosomal degradation.

Apart from the established role of endo- and autolyso-
somal compartments in degradation, an exciting new field
of research focusses on their role in secretion. In the con-
ventional secretory pathway, cargo produced in the endo-
plasmic reticulum (ER) passes through the Golgi before
trafficking to the plasma membrane for release. Unconven-
tional secretory pathways bypass the Golgi and typically
employ the autophagic and endolysosomal compartments.
Fusion of vesicles derived from the endo-autolysosomal
system with the plasma membrane was first described for
secretory lysosomes, where lysosomal catabolic enzymes
can be released into the extracellular space. More recently
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Fig.1 Convergence of endolysosomal and autolysosomal pathways.
Molecules can enter the cell by endo- or phagocytosis and are deliv-
ered to the early endosome. Intracellular organelle-contained cargo
is delivered to the early endosome though transport vesicles. On the
maturing endosome membrane, vesicles bud inward to form intralu-
minal vesicles (ILVs), thereby sorting both membrane-bound endo-
some cargo and cytosolic microautophagy cargo for lysosomal deg-
radation. Alternatively, cytosolic unfolded proteins can directly be
delivered to the endosome/lysosome lumen by chaperone-mediated
autophagy (CMA) translocation complexes. The late endosome or

it has been demonstrated that cytosolic cargo can also be
released via unconventional secretion [21], indicating that
endo-autolysosomal organelles are not only important for
“outside-to-inside” transport but also mediate “inside-
to-outside” signaling. When MVBs fuse with the plasma
membrane, the ILVs are also released to the extracellular
space and are then called “exosomes”. Exosomes are a
subclass of the wider family of extracellular vesicles that
also comprise plasma membrane-formed microvesicles
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multivesicular body (MVB) will fuse with the lysosome to degrade
all content. The macroautophagy pathway captures cytosolic proteins
and organelles by the phagophore that closes to form an autophago-
some. These autophagosomes also fuse with lysosomes, thus at the
lysosome intracellular and extracellular protein degradation converge.
Furthermore, MVBs, autolysosomes and other intermediates of these
pathways can fuse with the plasma membrane to release their content,
including ILVs that are then named exosomes (exo), to the extracellu-
lar space. Thereby these organelles mediate both “outside-to-inside”
and “inside-to-outside” signaling

and larger membrane structures [22]. Exosomes carry a
wide variety of cytosolic proteins and microRNAs (miR-
NAs) and can be purified from many tissues, including
blood, urine, and cerebrospinal fluid. As their content is
protected in the extracellular milieu by the exosomal mem-
brane, these vesicles can facilitate spreading of pathologi-
cal proteins and RNAs to neighboring cells. In addition,
the improved exosome-purification protocols provide a
powerful tool for biomarker detection from fluid biopsies.
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3 Dysfunctional Endo-Autolysosomal
System in Alzheimer’s Disease—Cause
and Effect

The extreme polarity and limited regenerative capacity of
neurons demand strong functional autophagy to clear long-
lived proteins, cell organelles, and aggregates to ensure
cell survival. The unique spatial architecture of neurons
results in cell type-specific aspects regarding biogenesis,
fusion, and maturation of the different intermediates in
the pathway [23, 24]. Impairment of autophagy has been
observed in several neurodegenerative diseases. In AD
and in primary tauopathies, the extensive accumulation
of endo- and auto-lysosomal structures is a pronounced
feature [25, 26]. This involves accumulation of aberrant
intermediates both in dystrophic neurites that surround
plaques [27] and in the somata, where it presents as gran-
ulo-vacuolar-degeneration bodies (GVBs) [25]. The latter
carry signatures of cellular stress [28]. Recently, it was
shown that the removal of defective mitochondria via a
type of selective autophagy (“mitophagy”) is also impaired
in the AD brain and neurons derived from patient induced
pluripotent stem cells (iPSCs) [29]. The strong association
between disturbed autophagy and AD may indicate that it
contributes to the accumulation of Ap and tau.

Indeed, mice with a brain-specific deletion of general
autophagy factors such as ATG7 or TFEB accumulate phos-
phorylated tau [30] and secrete and accumulate more Af
[31, 32]. Defective lysosomal clearance hence contributes to
accumulation of pathological AP and tau species and thereby
to plaque and tangle formation in AD. BACEI1, which
together with PSEN is responsible for the formation of Ap, is
degraded by autophagy which presents another way in which
autophagic dysfunction will result in higher Ap levels [33,
34]. APP is chaperoned by SORL1 through the endolysoso-
mal system and recycles back to the plasma membrane [35].
Prolonged retention of APP in BACE1-positive endosomes
results in increased AP production, whereas stimulation of
APP exit from the endolysosomal system decreases A lev-
els, indicating that endolysosomal structures are a key loca-
tion for AP generation [36, 37]. Furthermore, APP binds to
HSC70 and contains an ESCRT-recognition motif, linking
its processing directly to CMA and microautophagy [38].
Interestingly, apart from effects on the formation of A,
FAD mutations in PSENI1 are associated with impairment
of lysosomal function for which effects on the pH, calcium
homeostasis, and regulation of auto-lysosomal signaling
have been reported [32, 39—41]. In addition, both disturbed
Ap metabolism and tau pathology are observed in differ-
ent lysosomal storage diseases (LSDs), indicating another
direct connection between the lysosome dysfunction and AD
pathology [42—45].
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In turn, both AP peptide [46—48] and pathogenic tau
[49], have been demonstrated to induce lysosomal dysfunc-
tion. In brains of patients with FAD or primary tauopathies,
cathepsin D is observed localized in the cytosol, indicating
that the lysosomal integrity is impaired [26]. Tau was also
shown to directly impair mitophagy by sequestering parkin,
a ubiquitin ligase involved in the initiation of the clearance
of mitochondria by autophagy [50].

Interestingly, it has been shown that cells with impaired
lysosomal function activate unconventional secretory routes
to remove misfolded proteins, including tau and AP [51-54].
This is, for instance, observed in Neul null mutant mice,
which show enhanced Ap secretion through lysosomal exo-
cytosis [55]. This may relieve the protein load inside the
cell while contributing to the cell-to-cell transmission of
pathology, which is the prevailing hypothesis underlying AD
progression.

The connection between AD pathology and endo-autolys-
osomal dysfunction therefore appears to comprise a vicious
cycle: endo-autolysosomal dysfunction contributes to the
accumulation of aberrant AP and tau species, which in
turn contribute to dysfunction of auto- and endolysosome
pathways.

4 Possibilities for Diagnosis

Diagnostic tools for neurodegenerative disease such as AD
are limited by the long presymptomatic development of the
disease and the fact that the central nervous system is poorly
accessible for taking samples for diagnostic testing. Nonin-
vasive imaging of A and tau pathology in living patients
has been considerably improved over recent years by the
development of new tracers [56]. Although these tools ren-
der detailed images of specific protein accumulations, they
do not provide information on the cause of the proteostatic
dysregulation that underlies the pathology, which may differ
between patients with AD. Such information is essential for
effective therapeutic intervention.

The inside-to-outside signaling of endo-autolysosomal
organelles can be utilized to obtain information on intracel-
lular protein homeostasis. Exosomes contain to a large extent
a protein and miRNA footprint of the cell from which they
were released [22]. Small fractions of the secreted AP and
phosphorylated tau are carried by exosomes [57-59]. Dif-
ferent miRNA levels have been detected in exosome samples
of patients with AD from blood [60, 61] and cerebrospinal
fluid (CSF) [62]. Furthermore, miRNA profiles from CSF
exosome fractions differentiated patients with AD and those
with Parkinson’s disease, indicating they could be used for
diagnostic purposes [63]. LICAM-immunopurified exosome
preparations from patient serum samples indicated differ-
ent protein profiles between AD and FTD [64], suggesting



Endolysosome and Autolysosome Dysfunction in Alzheimer’s Disease

643

that exosome profiling could assist in differential diagnosis.
Interestingly, patients with mild cognitive impairment that
remained stable versus patients who developed AD showed
distinct exosome profiles [65] indicating potential to serve
as a prognostic marker. Furthermore, differences in synaptic
proteins and autolysosomal markers (including cathepsin D
and HSC70) have been demonstrated in these blood-derived
exosome fractions of patients with AD and are already pre-
sent in individuals before the symptomatic onset of AD [66,
67]. The extent to which these markers can be utilized as
diagnostics tools of presymptomatic AD warrants further
replication and exploration. If confirmed, such biomarkers
will be of major importance for the inclusion of patients
in clinical trials for drugs that target disease mechanisms
involving the endo-autolysosomal system as well as efficacy
monitoring of the treatment.

5 Therapeutic Opportunities

To date, no therapy is available to halt the progression of
AD, and therapeutic options are limited to the treatment of
behavioral and cognitive symptoms. Given the impairment
of autophagy in AD and its intricate connection to the patho-
genesis, stimulation of the pathway it is an attractive target
that may ameliorate pathological effects [68].

Here, a great deal can be learned from studies on LSDs,
neurological diseases where the lysosomal defect is the
direct cause of the disease. Specific mutations in lysosomal
genes provide an obvious target for restoration of the defect,
and enzyme-replacement therapies are actively pursued for
many of these disorders (see Marques and Saftig [69] and
Beck [70] for details). Approaches using direct replacement
with recombinant protein are faced with hurdles that are
also relevant for AD: Targeting across the blood—brain bar-
rier and side effects caused by the extracellular presence of
recombinant proteins. Alternatively, viral delivery using spe-
cific adeno-associated virus (AAVO serotypes is employed
to deliver a copy of the intact gene to brain cells [71]. In
this case, the mutant gene product is still present. Current
developments in gene-editing technology, particularly in
increasing the safety and efficiency of Crispr/Cas-mediated
methods [72, 73] are a promising future direction in combi-
nation with appropriate viral delivery methods. For AD, the
connection with lysosomal dysfunction cannot be directly
connected to a single gene defect, and the single enzyme-
replacement approach does not address the problem. Nev-
ertheless, in preclinical studies, proof of concept has been
obtained that modulation of the autolysosomal pathway ame-
liorates the pathology as well as the downstream neurode-
generation. Intervention at different steps of the pathway has
been studied, from the initiation of phagophore formation
to increasing the proteolytic capacity of the autolysosomes.

Stimulation of autophagy by genetic reduction of mTOR
[74], as well as by treatment with rapamycin [75], can reduce
AP plaque load as well as behavioral deficits in mouse mod-
els. Also, sarkosyl-insoluble tau and behavioral deficits are
reduced by rapamycin treatment in tauopathy mouse models
[75, 76]. Rapamycin affects the earliest steps of autophagy
via phosphoinositide 3 kinase (PI3K)/mTOR and has pleio-
tropic effects because of the broad spectrum of downstream
effectors of these kinases. A cell-permeable peptide consist-
ing of a fragment of Beclin 1 induces autophagy and clears
protein aggregates downstream of mTOR [77]. This is a very
interesting and specific approach to activate autophagy inde-
pendent of mTOR but has currently only been demonstrated
in cultured cells. Recently, inhibition of the small GTPase
Rhes was shown to reduce tau pathology and neurodegenera-
tion in a mouse model by inducing autophagy [78]. Inhibi-
tion of Rhes was accomplished using a farnesyltransferase
inhibitor, lonafarnib, which will also affect the function of
other farnesylated proteins. In addition, lonafarnib was only
protective in the early stages of tau pathology, which limits
its clinical application. Targeting the autophagy pathway
in an mTOR-independent manner is potentially interest-
ing, but more study is required to enable this approach for
drug development for AD. Overexpression of TFEB reduces
pathology and degeneration in models for tau as well as Ap
pathology [49, 79, 80]. Studies into the role of TFEB to
date have been mainly limited to disease models, although
a recent transcriptomics study indicated increased expres-
sion of TFEB and TFEB targets in the AD hippocampus
[81]. The natural compound trehalose can be used to induce
autophagy in an mTOR-independent manner via activation
of TFEB. Trehalose treatment indeed reduced tau pathol-
ogy in a mouse model [82, 83]. Trehalose has also been
protective in amyloid mouse models, although this could
not always be attributed to effects on autophagy [84-86].

This may relate to the mechanism by which trehalose
leads to TFEB induction, which has only recently been dis-
covered. Trehalose treatment was shown to cause a slight
impairment of lysosomal function that induced TFEB [87].
This may strongly limit its potential for clinical use. It will be
interesting to investigate other candidate drugs that enhance
TFEB signaling. One of these is the commonly used over-
the-counter drug aspirin, which reduced Ap plaque load in
a mouse model in a TFEB/peroxisome proliferator-activated
receptor o (PPARa)-dependent manner [88].

The more global lysosomal targeting by stimulation of the
TFEB response is also being investigated for the treatment
of LSDs and has been shown to reduce the accumulation
of undegraded cargo and ameliorate the clinical phenotype
in a mouse model for Pompe disease [89, 90]. The removal
of intracellular undegraded material is (partly) attributed
to secretion of lysosomal content to the extracellular space
[89, 91]. Indeed, TFEB has been shown to induce lysosomal
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secretion [92]. This is extremely relevant in view of employ-
ing TFEB as a target in AD, because the secreted material
may further exacerbate the neuroinflammatory response,
which is a major contributor to neurodegeneration. In addi-
tion, the potential release of pathological A and tau spe-
cies may further ameliorate the neurodegeneration by direct
extracellular toxicity of oligomeric species. Moreover, the
released AP and tau species could serve as “seeds” that facil-
itate extracellular Ap intracellular tau pathology.

It is good to note that pleiotropic effects may also provide
additional benefit. Recently, deletion of the broad effector
kinase p38a mitogen-activated protein kinase (MAPK) was
used to enhance autophagy and lysosomal degradation in an
Ap mouse model and shown to reduce plaque pathology by
reducing the levels of BACE1 [34]. In addition to this effect
on neuronal autophagy, MAPK inhibitors also inhibit the
pro-inflammatory microglial response, which is a secondary
pathogenic contributor [93]. It is important to note that the
positive effects of compounds on lysosomal clearance may
be partly mediated by glia cells via uptake of extracellular
pathological proteins [94, 95]. Microglia have been impli-
cated in the spreading of tau pathology [96] and as such have
been termed “tau distributors” [97]. Inhibition of exosome
release from microglia inhibits spreading of neuronal tau
pathology in a mouse model, directly pointing to the involve-
ment of the glial endolysosomal system in the spreading of
disease and hence a target to halt progression of the disease.

In addition to these “general” activators of the pathway,
more selective molecular targeting of autophagy induction
is being investigated (e.g., via Beclinl [88]). Alternatively,
more specifically, increasing mitophagy by urolithin A or
actinonin was shown to also ameliorate both Af and tau
burden in worms and mice [29, 98]. However, for therapeutic
targeting in AD, the initiation of autophagy may not be the
target of choice. The accumulation of different autophagy
intermediates in the AD brain indicates that the induction
of autophagy is not the primary problem but rather a distur-
bance in the flux in the pathway. In addition, treatments such
as rapamycin are not effective against preexisting plaques
and tangles [99]. Intervention further downstream in the
pathway at the level of lysosomal proteolytic capacity can
be achieved by increasing the levels of lysosomal enzymes.
Overexpression of glucocerebrosidase was demonstrated to
ameliorate the toxicity of Af oligomers [100]. Another way
to increase lysosomal proteolysis is by reducing the levels of
cystatins, the endogenous inhibitors of the lysosomal cath-
epsins. This has been demonstrated to decrease the A levels
in wild-type APP mice [101] as well as the pathology and
neurodegeneration in a mouse model for AP plaque pathol-
ogy [47].

The primary cause of impairment in the autophagy or
endolysosomal pathway is an important unresolved issue
that is essential for effective targeting. It is possible that the
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overload of aberrant proteins overwhelms the degradational
capacity. This seems unlikely, as lysosomal accumulation
of tau and AP is not an outstanding feature of the AD brain.
In fact, cathepsin D levels are increased selectively in cor-
relation with tau pathology in the AD brain, suggestive of
a response to increased lysosomal degradative capacity to
the accumulating pathology [102]. The lack of effective-
ness of this response, despite the higher proteolytic enzyme
levels, may indicate that the delivery of specific cargo is
hampered in AD, thereby decreasing the degradation of tau
and AP. Therefore, the study of specific autophagy recep-
tors may identify a more selective target. In fact, although
still in its infancy, specificity of cargo receptors for different
tau species has been reported: NDP52 targets phosphoryl-
ated tau [103], OPTN physiological tau, whereas SQSTM 1
selectively targets aggregated tau [104]. Alternatively, the
lysosomal dysfunction could point to a problem with the
trafficking and/or fusion of the autophagy organelles. This is
supported by the accumulation of GVBs with increasing tau
pathology [105]. These relatively enigmatic organelles are
immune-positive for endo- and autolysosomal markers and
are therefore considered as accumulated endo-autolysosomal
intermediates [106]. More knowledge on the precise origin
of GVBs will provide crucial clues on what is key to the
deficit in the pathway in AD.

6 Concluding Remarks

Dysfunction of endo-autolysosome systems result in accu-
mulation of pathological AP and tau and vice versa, com-
prising a vicious cycle in AD pathogenesis. In particular, the
flux in the pathways appears severely disturbed. Enhancing
the flux through the lysosomal pathway can directly reduce
AP and tau levels, but also potentially reduces the release of
pathological AP and tau species via unconventional secre-
tion. According to the spreading hypothesis, reducing the
amount of available seeds would inhibit the progression of
pathology and neurodegeneration. This concept is employed
in the various vaccination strategies for Ap and tau where
proof of concept has been obtained in preclinical studies and
are currently in several clinical trials. The poor blood—brain
barrier passage of antibodies is a major obstacle in such
approaches. Alternatively, inhibiting seed release by stimu-
lation of autophagy provides a potentially more druggable
target as it is more readily targeted using small molecules.
Importantly, when targeting A or tau by immunotherapy,
it is good to be aware that some antibody approaches may
require an intact endo-autolysosomal system [107-109].

In conclusion, stimulation of endo-autolysosome systems
may be beneficial for AD, not only in the clearance of both
intracellular and extracellular aggregates but also in the
prevention of seed secretion. The unique position of these
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organelles at the intersection of intra- and extracellular pro-
teostatic pathways therefore opens an increasingly attractive
avenue for therapeutic intervention.
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