
Converging Endo-Lysosomal and Autophagy Dysfunctions in
Amyloid-β and α-Synuclein-Driven Neurodegeneration

Vansh Jindal1

Received January 13, 2026
Accepted July 17, 2026
Electronic access September 30, 2026

Neurodegenerative diseases such as Alzheimer’s disease and Parkinson’s disease involve progressive neuronal loss associated
with the accumulation of misfolded proteins. During Alzheimer’s Disease, extracellular amyloid-β plaques are hallmark
features, compared to Parkinson’s disease, which is characterized by Lewy bodies composed of α-synuclein. Endosomal and
autophagic are both important and both proteins heavily rely on them; in these systems, toxic protein buildup and subsequent
neurotoxity is also common. Amyloid-β and α-synuclein have overlapping mechanisms even though they differ in their
localization and aggression patterns. The overlapping mechanism leads to disruption in neuronal proteostasis. This literature
review explores the distinction and common pathways underlying endolysosomal and autophagic clearance impairments
of the two proteins. Recently developed therapies are focused on the restoration of proteostasis; results are encouraging.
Approaches, including Transcription factor EB, enhancements of lysosomal enzymes activities, and correcting the vesicle
trafficking which demonstrate potential reduction to protein accumulation and preserve neuronal integrity. With the integration
of mechanistic insights and therapeutic advances, this literature review underscores the central role of proteostatic pathways in
neurodegenerative disorders, as well as establishes conceptual frameworks for the development of broad-spectrum interventions
for mitigating disease progression.
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Introduction

Neurodegenerative diseases are a group of progressive disor-
ders characterized by the gradual loss of structure or function
of neurons1. Neurodegenerative disorders currently have an
effect on an estimated 30 million individuals worldwide, with
numbers expected and projected to rise substantially2. Com-
pared to the general population, individuals with neurodegen-
erative diseases often experience shorter lifespans. For ex-
ample, Alzheimer’s disease and frontotemporal dementia can
shorten life expectancy by 10 to 20 years, whereas Parkinson’s
disease generally reduces lifespan by only a few years3. This
gradual loss often leads to cognitive, motor, and behavioral
impairments.

Alzheimer’s disease and Parkinson’s disease are typically
irreversible and worsen over time. Neurodegenerative dis-
eases affect individuals through a range of progressive symp-
toms that depend on the disease and the person but most com-
monly include memory loss, motor dysfunction, cognitive de-
cline, and behavioral changes. Memory impairment and con-
fusion are also symptoms associated with Alzheimer’s dis-
ease. Parkinson’s disease is characterized by tremors, rigidity,
and slowed movement4.
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Although these neurodegenerative diseases manifest dis-
tinct clinical features, recent studies showcase similarities of
common molecular and cellular mechanisms. One common
feature is the misfolding and aggregation of proteins, such as
amyloid-β (Aβ ) in Alzheimer’s disease and α-synuclein in
Parkinson’s disease, which aggregate over time resulting in
the damage or loss of neurons4. These proteins disturb normal
processes of neurons, leading to the overproduction of reac-
tive oxygen species (ROS). Excessive ROS contributes to the
damage of DNA, proteins, and lipids, further impairing neu-
ronal health4. Another common feature between Alzheimer’s
and Parkinson’s disease is the impairment of intracellular pro-
tein degradation pathways, such as the endolysosomal and au-
tophagy pathways5. Together, these systems help neurons re-
move damaged organelles, misfolded proteins, and other cy-
totoxic materials.

Dysfunctions in these pathways involve cellular impair-
ments that disrupt the clearance of damaged organelles and
misfolded proteins, which are processes that are necessary for
maintaining neuronal health. The resulting accumulation of
toxic proteins, including Aβ and α-syn, overwhelms and im-
pairs these degradative systems (Figure 1)5. In Parkinson’s
disease, mutations in genes like LRRK2 and GBA1, a promi-
nent Parkinson’s disease genetic risk factor, disrupt autophagy
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and lysosomal function, promoting α-synuclein accumula-
tion. Similarly in Alzheimer’s disease, defective lysosomal
degradation contributes to amyloid-β buildup.

Figure. 1 Pathological protein features in Alzheimer’s and Parkin-
son’s disease.In Alzheimer’s disease (left), amyloid precursor protein
(APP) is sequentially cleaved by β -secretase followed by γ-secretase
to generate Aβ , which aggregates into higher-order assemblies and
ultimately forms extracellular Aβ plaques, a defining pathological
hallmark. In Parkinson’s disease (right), misfolded α-synuclein ac-
cumulates intracellularly and impairs chaperone-mediated autophagy
(CMA) within the lysosome. These proteinopathies establish the up-
stream molecular stressors that contribute to endolysosomal and pro-
teostatic failure. Figure created with BioRender. APP, amyloid-β
(Aβ ), α-synuclein (α-syn), chaperone-mediated autophagy (CMA).

Despite increasing recognition of the importance of intra-
cellular protein degradation pathways in neurodegenerative
disease, the literature remains fragmented on how endolyso-
somal and autophagic dysfunctions converge to drive the pro-
gression of Aβ -and α-synuclein-linked neurodegeneration6.
The purpose of this review is to integrate existing evidence
on the common breakdowns in endolysosomal and autophagy
pathways in Alzheimer’s and Parkinson’s disease. Based on
recent reports from peer-reviewed literature, this article dis-
cusses the molecular mechanisms of clearance failure through
endolysosomal and autophagy mechanisms, the direct role
of Aβ and α-synuclein in disrupting these systems, and the
downstream effects on neuronal viability. Furthermore, this
review addresses shared genetic regulators, therapeutic ap-
proaches directed against these pathways, and future direc-
tions for exploration7. By the integration of knowledge relat-
ing to two important proteinopathies, this review advances the
understanding of cellular mechanisms underlying neurode-
generation and highlights potential targets for the creation of
broad-spectrum therapeutic agents8.

The purpose of this review is to integrate existing evidence
on the common breakdowns in endolysosomal and autophagy
pathways in Alzheimer’s and Parkinson’s disease.

Based on recent reports from peer-reviewed literature, this
article discusses the molecular mechanisms of clearance fail-

ure through endolysosomal and autophagy mechanisms, the
direct role of Aβ and α-synuclein in disrupting these systems,
and the downstream effects on neuronal viability. Further-
more, this review addresses shared genetic regulators, ther-
apeutic approaches directed against these pathways, and fu-
ture directions for exploration7. By the integration of knowl-
edge relating to two important proteinopathies, this review ad-
vances the understanding of cellular mechanisms underlying
neurodegeneration and highlights potential targets for the cre-
ation of broad-spectrum therapeutic agents8.

Methods

Pubmed and Google Scholar were utilized to identify appro-
priate papers for this literature review. Combinations of rel-
evant key words used to locate papers included: 1) (“en-
dolysosomal” OR “autophagy”) AND (“Alzheimer’s disease”
OR “Parkinson’s disease”) 2) “endolysosomal dysfunction”
OR “autophagy dysfunction” 3) (“endolysosomal dysfunc-
tion” OR “autophagy dysfunction”) AND (“amyloid-β” OR
“α-synuclein”). Papers were included from the year 2000 to
present day.

The Endolysosomal System

In healthy neurons, the endolysosomal system operates like
an internal housekeeping network9. The endolysosomal sys-
tem is a network of interconnected membrane-bound com-
partments. It is located inside of cells and is responsible for
regulating the trafficking, sorting, recycling, and degradation
of cellular material such as proteins, lipids, and other macro-
molecules. The endolysosomal system is essential for main-
taining cellular homeostasis, signaling, and defense.

Endosomes, a part of the endolysosomal system, are re-
sponsible for the sorting and transport of internalized cargo
when they enter the cell. The job of endosomes is to deliver
useful proteins and lipids to the cell and degrade the rest10.
Another part of the endolysosomal system is lysosomes. Lyso-
somes are acidic, enzyme-filled organelles with hydrolytic en-
zymes that break down proteins, lipids, organelles, and other
macromolecules that are no longer fit for use into reusable
building blocks11. They are thus responsible for the enzymatic
degradation of waste. The processes of the endolysosomal
system begin with endocytosis, which forms early endosomes
responsible for directing cargo either toward recycling routes
or to degradation12. These early endosomes mature into late
endosomes. Late endosomes typically fuse with lysosomes
to form endolysosomes, which serve as the primary sites of
degradation. The endolysosomal pathway is especially criti-
cal in neurons9, which, unlike many other cell types, do not
divide and therefore cannot dilute harmful components over
time. As such, any disruption in this clearance system tends
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to have long-term and serious consequences in the brain13.
Autophagosomes, key structures in the autophagy pathway,
also fuse with lysosomes to enable the degradation of dam-
aged proteins and protein aggregates, linking the endolysoso-
mal system to autophagy13. The endolysosomal pathway and
its disruption in neurodegenerative disease are illustrated in
Figure 2.

Figure. 2 Endolysosomal pathway in health and its disruption in
Alzheimer’s and Parkinson’s disease.Under physiological conditions,
endocytosed cargo transitions through early and late endosomes,
matures into multivesicular bodies, and ultimately fuses with lyso-
somes to generate endolysosomes, the major sites of degradation.
In Alzheimer’s disease, extracellular Aβ accumulation is associated
with defective lysosomal acidification, reducing enzymatic activity
and impairing degradative capacity 14. This reflects early endosomal
and lysosomal dysfunction associated with amyloid-β accumulation.
In Parkinson’s disease, misfolded α-synuclein is associated with im-
pairments in chaperone-mediated autophagy (CMA), lysosomal acid-
ification, and Rab GTPase–mediated vesicular trafficking, contribut-
ing to lysosomal dysfunction15. These deficits collectively compro-
mise neuronal proteostasis and contribute to the neurodegenerative
process. The central portion of the figure highlights shared disrup-
tions in vesicle trafficking and lysosomal function that are common
to both Alzheimer’s disease and Parkinson’s disease. Rab GTPase
dysfunction is represented in the figure as a key contributor to im-
paired vesicular trafficking in Parkinson’s disease. Figure created
with BioRender.

Autophagy

Autophagy is a cellular process in which the cell degrades
and recycles its own components through the formation of
autophagosomes that ultimately fuse with lysosomes16. This
system is responsible for helping maintain cell health, espe-
cially under stressful conditions. The first step in autophagy
is the initiation. During the initiation, a double-membrane
structure called a phagophore forms in the cytoplasm. The
next step is engulfment, where the phagophore expands and
engulfs damaged proteins, misfolded aggregates, or defec-
tive organelles, such as dysfunctional mitochondria. The

third step is autophagosome formation, in which the edges of
the phagophore fuse, forming a sealed vesicle called an au-
tophagosome. Subsequently, the autophagosome fuses with a
lysosome, creating an autolysosome. Degradation and recy-
cling is the final step. In this step, enzymes inside the lyso-
some break down the contents into amino acids, fatty acids,
and sugars, which can be reused by the cell17.

Clearance Dysfunction in Amyloid-β

Amyloid-β

Distinct and shared mechanisms of endolysosomal dysfunc-
tion in Alzheimer’s and Parkinson’s disease are illustrated in
Figure 3.

Figure. 3 Distinct and shared mechanisms of endolysosomal dys-
function in Alzheimer’s and Parkinson’s disease.In Alzheimer’s dis-
ease, Aβ accumulation induces defective lysosomal acidification,
thereby reducing enzymatic activity and impairing endolysosomal
degradation. In Parkinson’s disease, misfolded α-synuclein is asso-
ciated with impairments in chaperone-mediated autophagy (CMA),
leading to reduced substrate degradation and lysosomal dysfunction.
Shared pathways show the interactions within Aβ and α-synuclein
which promote aggregation and converge on endolysosomal failure.
The mechanisms show collective impairment of neuronal proteosta-
sis and show contributions to neurodegeneration. The figures shown
were developed and created with BioRender.

Amyloid-β is a hydrophobic peptide which is short that
consists of 36 to 43 amino acids, commonly 40 to 42 residues
in length (Aβ40 and Aβ42)18. Through a process of sequen-
tial cleavage of amyloid precursor protein found in neurons
(APP), Aβ is developed. APP is a transmembrane protein,
commonly found inside neurons. The cleavage is done by β -
secretase and followed by γ-secretase. APP can also undergo
processing throughout non-amyloidogenic pathways under
physiological conditions. During this process, α-secretase
cleaves APP within the Aβ region, preventing amyloid-β for-
mation and instead producing soluble APPα fragments that
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are generally considered neuroprotective19. Aβ peptides,
particularly Aβ42, are prone to misfolding and aggregation,
which contributes to the formation of toxic oligomers and
insoluble extracellular plaques, a key pathological feature in
Alzheimer’s disease20.

Even though Aβ research is mostly done due to its role
in Alzheimer’s disease, it also has a vital role in the normal
brain. Aβ could possibly play a role in neuronal health and
could potentially influence synaptic activity at low concentra-
tions. This theory has been suggested by researchers in the
field. Reports show potential influences of calcium homeosta-
sis within neurons and can help with synaptic plasticity, es-
sential for learning and memory. Researchers suggest that Aβ

could possibly play roles in the brian’s natural immune de-
fenses, demonstrating a potential antibacterial quality against
specific infections. The processes can depend on a fine equi-
librium. Balance can result in the damaged build-up of Aβ

that defends neurodegenerative diesese21.

The Endolysosomal Pathway

The endolysosomal pathway is an intracellular system, re-
sponsible for the sorting, trafficking, and degradation of cel-
lular material. Even though the endolysosomal pathways are
present in every cell type, its essential and much critical in
neurons since these cells are long-lived and do not divide.
This makes for efficient degradation and recycling of systems
which are essential for maintaining cellular homeostasis. In
Aβ , the process starts with endocytosis, in which the extracel-
lular molecules like APP and other substances are internalized
into early endoscopes. The compartments undergo maturation
to late endoscopes, during which cargo is sorted and further
processed22.

Commonly, late endoscopes develop into multivesicular
bodies. The bodies are specialized structures; these struc-
tures contain small vesicles that fuse with lysosomes and then
release their contents throughout exosomes. Lysosomes are
acidic organelles, rich in hydrolytic enzymes. The job of these
enzymes are to break down macromolecules, turning them
into constituent parts in recycling and disposal. To make sure
no harm is caused, efficient functioning is necessary and crit-
ical. Without the necessary functioning, harmful substances
can accumulate which then leads to the loss of neuronal via-
bility23.

Within Alzheimer’s disease, APP is transported through the
endolysosomal system. In this pathway, β - and γ-secretase
enzymes in acidic compartments generate amyloid-β pep-
tides. During normal conditions, the peptides are efficiently
degraded and cleared, although, impairments including defec-
tive acidification, where failure to maintain the necessary low
pH levels for optimal lysosomal enzyme activities lead to in-
tracellular accumulation of amyloid-β . The accumulation can

then contribute to extracellular plaque formation and is impli-
cated in the progression of neurodegeneration22.

Autophagy

Autophagy is a degradative process lysosome-mediated that
plays a critical role in maintaining protein homeostasis and
overall cellular health. Neurons, in particular, depend on a
higher basal level of autophagy for survival than non-neuronal
cells. Autophagy is a tightly regulated catabolic process which
involves the formation of autophagosomes that engulf cyto-
plasmic materials such as damaged organelles and misfolding
proteins sequestered into autophagosomes for degradation and
recycling24. In this process, autophagosomes fuse with lyso-
somes and form autolysosomes. The contents are then broken
down and recycled. The process is mediated by autophagy-
related (ATG) proteins and is also influenced by key signaling
pathways, such as mTOR and AMPK25.

The mechanism helps with clearing potentially toxic sub-
strates. These substrates could otherwise accumulate and dis-
turb normal cellular function. In neurodegenerative diseases
including Alzheimer’s and Parkinson’s, the impairments in the
autophagic flux, including impaired d lysosomal fusion or de-
fective autophagosome clearance, can lead to the accumula-
tion of neurotoxic proteins like amyloid-β and α-synuclein26.
The protein aggregation can disturb the end-lysosomal traf-
ficking and can further exacerbate autophagy dysfunction; this
then evolves into a detrimental cycle which contributes to pro-
gressive neuronal damage27.

Amyloid precursor protein goes through endocytosis and
is trafficked through the endosomal-lysosomal. During this
process, it is cleaved by β - and γ-secretases to generate
amyloid-β peptides28. APP can be processed through the non-
amyloidogenic pathway under physiological conditions. Dur-
ing this, α-secretase cleaves APP in the Aβ region, preventing
amyloid-β formation and producing soluble fragments, which
are considered neuroprotective. Aβ then accumulates within
autophagic vesicles while clearance is impaired. Under the
conditions of autophagy dysfunction, lysosomal degradation
becomes ineffective. Due to the ineffectiveness, retention of
Aβ within the autophagosomes occurs. The accumulation ex-
erts stress on the vesicular membrane, leading to structural in-
stability and impaired fusion within lysosomes29. Due to this,
autolysosomes or autophagosomes inside of Aβ can easily
rupture or leak. Due to this, Aβ is allowed to enter the cytosol
and be secreted extracellularly. As Aβ peptides are released
outside, neuron aggregation and extracellular amyloid plaques
form. This is a major neuropathological hallmark which is
present in Alzheimer’s disease30. Additionally to the plaque
formation, studies show that extracellular Aβ further impairs
autophagy and lysosomal integrity, exacerbating intracellular
clearance deficits as well as reinforcing a pathogenic feedback
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loop responsible for accelerating neurodegeneration28.

Convergence of Aβ Endolysosomal and Au-
tophagy Dysfunctions in Neurodegenerative Dis-
ease

Aβ metabolism is closely linked to the endolysosomal system
and autophagy. Disruptions to these degradative pathways sig-
nificantly contribute to pathological accumulation and down-
stream neurotoxicity in Alzheimer’s disease. During neurode-
generation, APP gets processed in the endosomes. APP is
also trafficked through the endosomal-lysosomal system. Dur-
ing this state, cleavage by β - and γ-secretases lead to the de-
velopment of Aβ peptides8. During normal conditions, Aβ

is cleared through the autophagy–lysosomal pathway and au-
tophagic vacuoles help deliver Aβ to lysosomes for degrada-
tion8.

Because of aging and genetic mutations, the lysosomal
function is compromised. This causes Aβ accumulation intra-
cellular and accumulation also occurs in the autophagic vesi-
cles31. Aβ interferes with RAB GTPases. RAB GTPases are
regulators which serve the purpose of trafficking membrane-
bound organelles32. This interference destabilizes vesicular
membranes, impeding the fusion step critical for degrada-
tion33. An additional effect of the accumulation is that it
perpetuates autophagic and lysosomal defects, developing a
cycle of proteostatic which causes amplified cellular stress.
Over time, the chronic disruption within intracellular clear-
ance mechanisms contributes to widespread neuronal dysfunc-
tion and degeneration. This is characterized by synaptic loss,
mitochondrial damage, and cell death; these are all pathologi-
cal features that are defined by Alzheimer’s disease34.

Clearance Dysfunction in α-syn

α-Syn

While amyloid-β has a crucial and central role in Alzheimer’s
disease, disruptions similar in cellular clearance mechanisms
are observed in similar diseases, such as Parkinson’s disease
in a α-synuclein pathology. α-Synuclein is a 140-amino-acid
protein, abundantly found and expressed in the central ner-
vous system, specifically at the presynaptic terminals within
the neurons. α-Synuclein belongs to a family of synucleins,
also including β - and γ-synuclein. α-Syn remains the most
researched due to its importance and relevance in neurode-
generative diseases. α-Syn is structurally considered as an
intrinsically disordered protein, meaning it lacks a fixed ter-
tiary structure under physiological conditions. This allows
it to adopt multiple conformations and interact flexibly with
membranes and other proteins35.

Physiologically, α-syn has roles in several critical neu-
ronal functions. α-Syn helps with regulating synaptic vesi-
cle trafficking, promoting SNARE-complex assembly, and
helps with supporting neurotransmitters released, specifically
in dopaminergic neurons36. α-Syn also plays a role in main-
taining dopamine homeostasis, modulating synaptic plasticity,
and potentially participating in mitochondrial function as well
as signaling under normal conditions36.

In pathological contexts, α-syn undergoes misfiling and ag-
gregation into β -sheet-rich oligomers and fibrils. The aggre-
gated forms of α-syn which are major constituents of Lewy
bodies and Lewy neuritis, are the hallmark for intracellular
incisions which are observed in Parkinson’s disease, demen-
tia with Lewy bodies, and multiple system atrophy, known as
synucleinopathies37.

Genetic mutations found in the SNCA gene encoding α-
syn, such as point mutations (e.g., A53T, A30P, E46K) and
gene multiplications (duplications or triplications) were found
to have been directly linked to familiar forms of Parkinson’s
disease. The mutations found increased α-syn expression
or alter its structure, enhancing the tendency for it to aggre-
gate and contribute to early-onset, progressive neurodegener-
ation35. Environmental stressors including oxidative damage,
mitochondrial damage, and impaired protostats may also po-
tentially promote α-syn misfolding and pathological accumu-
lation35.

Pathogenic α-syn aggregates could aggregate multiple in-
tracellular systems. They interfere with mitochondrial in-
tegrity, induce oxidative stress, impair autophagy and lysoso-
mal degradation, and hinder vesicle trafficking, contributing
to neuronal dysfunction and cell death38. These toxic species
also exhibit prion-like properties, which can spread from cell
to cell and amplify pathology across brain regions. Impor-
tantly, α-syn displays a concentration- and conformation-
dependent duality: under physiological conditions, it is nec-
essary for neuronal function. However, when abnormally ex-
pressed, misfolded, or aggregated, α-syn exerts neurotoxic ef-
fects that drive disease pathogenesis39. α-Synuclein, during
an aggregated state, disrupts key neuronal processes, such as
mitochondrial integrity, vesicular trafficking, and intracellu-
lar degradation pathways. Specifically, pathogenic α-syn will
impair autophagic flux and lysosomal functions by interfering
with vesicle fusion events, lowering lysosomal enzyme activ-
ity and destabilizing the membrane integrity38. These disrup-
tions contribute to gradual declines within neuronal homeosta-
sis and viability, establishing α-syn as a central driver of cel-
lular dysfunction within synucleinopathies.

The Endolysosomal Pathway

During Parkinson’s disease and other synucleinopathies, the
protein α-synuclein misfolds and begins to aggregate. The
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protein clumps are not just byproducts, but instead actively in-
terfere with the function of the endolysosomal system. They
can disturb membrane dynamics, as well as impair cargo
transport and potentially overload lysosomal processing ca-
pacity40.

A clear dictation of this dysfunction is the appearance of
Lewy bodies. Lewy bodies are Intracellular inclusions, which
are rich in α-synuclein and contain lipids, damaged mitochon-
dria, ubiquitinated proteins, and components of the lysosomal
system. Presence of these inclusions is a clear sign of neuron’s
clearance machinery being broken down41.

Another problem is α-synuclein appears to interfere with
Rab GTPases, proteins found inside the cell that play the role
similar to traffic directors. The interference disturbs proper
movements and fusion of vesicles, leading to cellular grid-
lock. Without proper end-some maturation or fusion with
lysosomes, the system gets clogged with waste, damaging the
cell42. With progression over time, the dysfunction leads to
synaptic loss, inflammation, and degeneration of dopamin-
ergic neurons. Due to the importance of the endolysosomal
pathways for maintaining cellular homeostasis, disruptions in
this system have significant implications for protein clearance
and neurodegenerative diseases.

Autophagy
Autophagy is required for the degradation of damaged or-
ganelle and misfiled proteins. This is very important and es-
sential for keeping the neurons healthy. Neurons heavily rely
on autophagy. Since neurons are unable to divide, they must
sustain proteostasis over a lifetime. Over time, accumulation
of pathological α-synuclein occurs and contributes to neu-
rodegeneration in diseases like Parkinson’s24.

Usually, α-synuclein gets cleared by autophagy and the
proteasome system. Within normal and ideal conditions, α-
synuclein can be cleared through the autophagy-lysosomal
system, especially via chaperone-mediated autophagy (CMA).
CMA is a selective form of autophagy which only recognizes
specific and selective protein motifs. Mutations or aggregated
α-synuclein may interfere within autophagy stages such as
autophagosome formation, trafficking, and fusion with lyso-
some43.

Particularly, α-synuclein in teh aggregated form has been
shown to bind to the lysosomal receptors in LAMP2A, caus-
ing blockage to the translation of other CMA substrates and
thereby inhibiting CMA efficiency. The interference causes
issues within degradation, not just of α-synuclein itself, but to
many other proteins as well. All these proteins rely on CMA,
which leads to cellular stress. Over time, these impairments
which have been sustained for extended periods of time, now
have accumulation of toxic protein aggregates. The toxic ag-
gregates disrupt neuronal function and contribute to the patho-
genesis of Parkinson’s disease15.

The disruptions in autophagy create a chain reaction of
harmful feedback loops, during which, α-synuclein aggre-
gates disrupt vesicle trafficking proteins such as Rab GT-
Pases (e.g., Rab1a, Rab7, Rab11). The disruption then im-
pairs autophagic flux. Autophagic flux refers to the dynamic
process of autophagy, encompassing the formation, matura-
tion, and degradation of autophagosomes inside of lysosomes.
Moreover, autophagosomes and autolysosomes then accumu-
late within under graded cargo; this leads to accumulation
and stress build up on the neurons, causing impaired cellular
homeostasis44.

In addition to causing intracellular damage, α-synuclein
impacts intracellular processes as well. Accumulated aggre-
gates may also be released into the extracellular spaces and
then be taken up by neighboring neurons. The pathogenic
α-synuclein species are not defined to individual cells; they
propagate between neurons in a prion-similar manner. This
intercellular transmission facilitates the spread of misfolded
α-synuclein throughout the brain, driving the progression of
synucleinopathies. When toxic α-synuclein spreads from one
neuron to another, it represents an inducer of autophagy dys-
function of the recipient cell; this leads to further impairment
to the degradation machinery. This mechanism spreads and
amplifies pathological burdens past the initially affected neu-
rons, increasing the speed at which neurodegeneration oc-
curs and expanding the disease pathology over the brain re-
gions45. Together, these processes highlight the importance
of autophagy in maintaining proteostasis, setting the stage for
understanding how its dysfunction contributes to disease.

Similarites and Disimiarites

Given these distinct yet overlapping mechanisms, it is impor-
tant to examine both the similarities and differences between
amyloid-β and α-synuclein pathology. Aβ and α-synuclein
are central proteinopathies in Alzheimer’s disease and Parkin-
son’s disease, respectively. Despite their distinct clinical pre-
sentations and molecular structures, both proteins share no-
table similarities and differences in how their clearance dys-
function contributes to neurodegeneration.

Similarities

Due to impairments in the endolysosomal and autophagic
pathways, both Aβ and α-synuclein accumulate. Both of
these pathways are critical for neuronal proteostasis and for
clearing damaged proteins and organelles. Without proper
function of these pathways, cellular components will accumu-
late, which leads to neuronal dysfunction. If dysfunction oc-
curs during the endolysosomal and autophagy pathways, toxic
protein aggregates inside the neurons occur, which leads to the
vesicle trafficking and lysosomal functions being disturbed.
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A central similarity between both proteins is that they both
interfere with Rab GTPases. Rab GTPases are essential for
regulating vesicle maturation and fusion, which reduces au-
tophagic flux46. A byproduct of this is the accumulation of
autophagosomes and undegraded cargo, which creates a feed-
back loop. This feedback loop worsens due to clearance fail-
ure47. Clearance, which is impaired, of Aβ and α-synuclein
makes elevated oxidative stress, as well as disrupts mitochon-
drial function, and ultimately promotes neuronal death48.

Differences

Since both Aβ and α-synuclein contribute to neurodegenera-
tive diseases through impaired clearance, the mechanism and
pathological outcomes have varying factors. Aβ is generated
through the sequential cleavage of amyloid precursor protein
in the endolysosomal system. The accumulation occurs pri-
marily extracellularly in the form of amyloid plaques, a com-
mon hallmark present in Alzheimer’s disease49. Varyingly, α-
syn is a cytosolic protein; misfolding and aggregation is a re-
sult from intracellular inclusions known as Lewy bodies, char-
acteristics which are found in Parkinson’s disease and related
synucleinopathies. α-Synis degraded through a chaperone-
mediated autophagy, which is a highly selective pathway that
becomes specifically impaired during synucleinopathies, com-
pared to Aβ clearance, which relies more broadly on macroau-
tophagy and lysosomal degradation. These differences reflect
distinct disease mechanisms, despite a shared reliance on effi-
cient proteostasis for neuronal survival50.

Therapies

Improving Lysosomal Enzyme Function

Understanding these shared mechanisms provides a foun-
dation for developing therapeutic strategies targeting com-
mon pathways in neurodegeneration. Since disruptions of
the endolysosomal and autophagy pathways are central to
the buildup of amyloid-β and α-synuclein, recent therapeu-
tic strategies have shifted toward restoring these clearance
systems51. Key approaches under investigation range from
clinically approved drugs to experimental interventions. One
promising avenue evidenced by preclinical animal research
is to boost the diseased cell’s own lysosomal and autophagy
clearance machinery. This can be done through altering Tran-
scription Factor EB and Trehalose. Transcription Factor EB
is the master regulator of lysosome and autophagy genes,52

whereas Trehalose is a small molecule which is shown to
promote autophagy and reduce protein aggregates53. Acti-
vating Transcription Factor EB will activate the degradative
capacity of the cell. Gene therapy for the Transcription Fac-
tor EB has been shown to reduce α-syn pathology in animal

models. Moreover, Trehalose strategies such as Transcrip-
tion Factor EB activation or trehalose supplementation have
shown promise in animal models, but these remain experi-
mental and have not yet advanced to clinical trials. For exam-
ple, Trehalose was found to enhance autophagic flux and re-
duce α-synuclein and amyloid-β aggregation in mouse mod-
els, thereby improving neuronal survival54. Trials have not
been carried over due to safety issues; if a large dosage is
given, metabolic side effects could occur, such as increased
blood pressure.

Another therapy focuses on repairing lysosomal enzymes
that are often impaired in Parkinson’s disease and related
disorders. Ambroxol, a drug responsible for breaking up
phlegm, boosts the lysosomal enzyme glucocerebrosidase
(GCase) activity, improves lysosomal proteostasis, and is safe
in Parkinson’s disease drug trials. Additionally, experimental
molecules like GT-02287 are now in early trials.

GT-02287 is a brain penetrant, taken orally. The molecule
allows for allosteric modulation GCase which is developed by
Gain therapeutics. The molecule helps restore GCase activity,
which is impaired in Parkinson’s disease (especially in carriers
of *GBA1* mutations) and contributes to α-synuclein aggre-
gation and lysosomal dysfunction. In preclinical models, GT-
02287 reduced α-synuclein aggregation, ameliorated lysoso-
mal and mitochondrial pathology, improved motor and cogni-
tive deficits, and reduced biomarkers of neuronal injury (e.g.
neurofilament light chain). As of mid-2025, it has progressed
into Phase 1b clinical trials in people with Parkinson’s disease
(with or without *GBA1* mutations) to test safety, tolerabil-
ity, brain exposure, and biomarker effects. Gene therapy for
*GBA1*. This gene therapy works by delivering functional
copies of *GBA1* to enhance lysosomal function in PD55.

Targeting Vesicle Trafficking Pathways

Because mutations in vesicle-related genes disrupt trafficking,
researchers are also targeting these pathways directly. One
of the most active areas of investigation is the inhibition of
leucine-rich repeat kinase 2 (LRRK2), a protein kinase that
regulates vesicle trafficking through Rab GTPases. Muta-
tions in the *LRRK2* gene are among the most common ge-
netic causes of Parkinson’s disease and lead to abnormal ki-
nase activity, which disrupts endolysosomal function. Small-
molecule LRRK2 inhibitors, such as BIIB122 (also known as
DNL151), are being evaluated in clinical trials. These drugs
reduce aberrant Rab phosphorylation and help restore vesicle
trafficking and lysosomal homeostasis. Early-phase studies in
humans suggest that these inhibitors are safe and well toler-
ated, with larger trials now underway to assess their therapeu-
tic efficacy56.
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Enhancing Lysosomal Acidification

A similar therapeutic approach attempts to directly restore
lysosomal acidity, something very critical for proper enzy-
matic activity and protein degradation. If there is loss of lyso-
somal acidification, impairments occur in the breakdown of
amyloid-β and α-synuclein, causing accumulation to increase
significantly. Experimental compounds that increase proton
transport or stabilize the vacuolar ATPase (v-ATPase) com-
plex have been tested in preclinical models, where they im-
prove autophagic flux and reduce aggregate formation. Even
though these strategies have not reached late-stage human tri-
als yet, restoring lysosomal pH could enhance the overall effi-
ciency of degradation pathways, even without accounting for
the underlying genetic cause57.

Conclusion

Alzheimer’s disease and Parkinson’s disease are character-
ized by the accumulation of the misfolded proteins, amyloid-
β and α-synuclein. These proteins disrupt normal neuronal
function, leading to cognitive and motor impairments. Both
proteins rely on the endolysosomal and autophagy systems
for proper degradation and clearance. As such, when these
pathways are impaired, toxic proteins accumulate inside neu-
rons, causing stress and eventual cell death. With accumu-
lated amyloid-β and α-synuclein further impairing endolyso-
somal and autophagy functions, self-reinforcing cycles of cel-
lular dysfunction are formed. Excess oxidative stress disrupts
mitochondrial function and destabilizes synapses, collectively
contributing to widespread neuronal degeneration. These dis-
turbances explain the progressive nature of neurodegenera-
tive symptoms in patients. Restoring endolysosomal and au-
tophagy function represents a promising treatment strategy.
Approaches include activating transcription factors like Tran-
scription Factor EB to boost lysosomal and autophagic gene
expression, enhancing lysosomal enzyme activity, promoting
vesicle trafficking, and using small molecules like trehalose
or Ambroxol. Studies show that interventions can help reduce
protein aggregation and improve overall neuronal health. Un-
derstanding both the similarities and dissimilarities between
amyloid-β in Alzheimer’s disease and α-synuclein in Parkin-
son’s disease helps to clarify the intersection between the two
diseases and inform on how therapies might be utilized to
target both cellular vulnerabilities and improve patient symp-
toms. Continued research into endolysosomal and autophagy
dysfunctions will be essential for developing broad-spectrum
interventions that restore neuronal homeostasis and slow the
progression of neurodegeneration.
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