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Abstract: Protein aggregation may lead to detrimental changes in brain and several other tissues.
Amyloids or large protein aggregates are formed in different brain areas under multiple diseases
classified as proteinopathies. However, our understanding of the initiation, elongation, and spread
of amyloid aggregates is limited. Our current knowledge about these diseases is generic and we
lack specific mechanisms for several diseases affecting memory, movement, and behavior. Multiple
studies have indicated the involvement of vesicular transport in the spread of aggregates formed
inside the brain. For example, the trafficking of amyloid precursor protein (APP) occurs from Golgi
to Endosome using an adapter protein complex. Amyloids, once formed, may also affect cholesterol
(an important membrane constituent), homeostasis, and overall membranous transport. A disruption
of vesicular transport could be deleterious for synaptic neurotransmission. Alterations caused by
amyloid proteins in vesicular transport may form a feedback loop and thus contribute further to the
pathogenesis of Alzheimer’s disease (AD) and many others. In this review, we are providing recent
updates on this crisscross puzzle and exploring an evolving correlation between amyloid formation
and vesicular transport.
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1. Introduction

Amyloid beta (Aβ) peptides are the primary component of the plaques deposited
extracellularly in AD patients’ brain tissues. These small peptides are produced from
cleavage of amyloid precursor protein (APP) and exhibit multiple effects on vesicular
transport in neuronal cells [1,2]. APP and its cleavage products, including Aβ can influence
vesicular transport through its packaging into vesicles or its secretion into the extracellular
space, followed by the intracellular transport of these amyloid-containing vesicles in both
anterograde and retrograde directions [3–5]. It has been observed that Aβ can directly
interfere with the cellular transport and normal trafficking of vesicles within the neuron,
potentially disrupting the delivery of essential cargoes to their intended destinations [6,7].
Additionally, Aβ can open up membrane pores and allows the leakage/influx of Ca2+

leading to the loss of mitochondrial homeostasis and the death of neurons [8]. Moreover,
Aβ peptides and their aggregatory forms, for example, oligomers, fibrils, and plaques, can
alter multiple other pathways leading to a perturbed homeostasis in the neurons [6,9]. For
example, Aβ affects cellular cholesterol homeostasis that may contribute to the neuropatho-
logical changes associated with perturbed vesicular trafficking in AD [10]. Aβ has also
been demonstrated to induce rapid changes in the transport of brain-derived neurotrophic
factor (BDNF)-containing vesicles, with BDNF and the amyloid precursor protein (APP)
co-localizing with low-density lipid vesicles [11,12].

Vesicular transport may also play a prominent role in the spread of APP, its cleavage
products, including Aβ monomers and oligomers [13,14]. Multiple mechanisms have
been identified that indicate the direct involvement of membrane-bound vesicles or sac in
the packaging, transport, and targeted delivery of Aβ-containing cargoes [15,16]. Several
animal-based studies have reported that Aβ-enriched extracts can travel through body
fluids from the site of their injection to affect distantly located regions/tissues [17,18]. An
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abundance of evidence supports a prion-like transmission of Aβ peptides [19,20]. However,
our current understanding is yet to be substantiated. Overall, the linkage between the
neuronal vesicular transport system and amyloids, particularly Aβ, is a crucial component
in the AD pathomechanism and other neurodegenerative disorders. Therefore, interfer-
ing with the crosstalk between amyloids and vesicular transport may have widespread
consequences. These include impaired synaptic signaling and neuronal survival [21]. A
detailed understanding of the pathways and mechanisms that lead to amyloid-mediated
interference in vesicular transport and the exploration of possible approaches to alleviating
pathogenic changes may help devise new therapeutic avenues for the development of
effective treatments and the prevention of neurodegeneration [5].

2. Protein Aggregates, Amyloids and Cellular Homeostasis

Proteins are crucial players in cellular homeostasis. A balanced environment inside
and outside of a cell requires a healthy pool of proteins that can continuously perform
their physiological roles. To achieve that, proteins remain in a unique three-dimensional
structure all the time [22]. However, external stresses and internal perturbances may affect
the structural integrity of proteins and thus disrupt their physiological functions [23]. Some
changes may interfere with the folding (by molecular chaperones) of newly synthesized
proteins. Several mutations that can alter the structure, solubility, and stability of a protein
and can lead to conformational changes and subsequent protein aggregation. Similarly, a
few intra- or extracellular factors may lead to the misfolding of existing proteins [24,25].
Intracellular factors include mutations, posttranslational modifications, increased proteotox-
icity, inefficient chaperoning, etc., while extracellular factors include pH, salt concentration,
temperature changes, etc. Continuous misfolding of proteins may generate enormous
proteotoxicity inside cells. The aggravated load of misfolded proteins may in turn lead
to the aggregation of misfolded proteins and the generation of inclusion bodies [26]. This
cycle continues and leads to a systemic failure of the cellular protein quality control (PQC)
system, generating amyloids and intracellular inclusion bodies. Interestingly, amyloid
formation may have several protective and beneficial effects across different species and
organisms. For example, amyloidic structures from proteins involved in bacterial biofilms,
protective eggshells in insects and fish, peptide hormone storage, and memory formation
in mammals have previously been reported [27].

The formation of highly stable, ordered, repetitive cross-β sheet structures called
amyloid fibrils, may lead to several neurodegenerative diseases, including Alzheimer’s
and Parkinson’s disease [28]. Nonetheless, a detailed understanding of the mechanisms
involved and the roles of additional co-factors in the etiology of these diseases is not
fully developed. The oxidation of proteins due to intensive oxidative stress, particularly
during aging, is a very common factor that promotes the aggregation of proteins [29]. As
shown in Figure 1, factors like molecular crowding, mutations, stresses, and aging-related
changes may increase the likelihood of protein misfolding and the formation of amyloids,
which eventually contributes to a high proteotoxic load [30,31]. Additionally, studies
have indicated that several post-translational modifications (PTMs), such as glycosylation,
phosphorylation, and oxidation, can influence the aggregation behavior of proteins [32].
Overall, a highly complex interplay between protein aggregation, amyloid formation, and
accessory co-factors is a key aspect of the pathogenesis of neurodegenerative diseases. A
holistic approach toward the investigation of these molecular pathways associated with
amyloid formation may develop a better understanding of disease pathologies and is
crucial to the development of effective therapeutic strategies.
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Figure 1. Schematic overview of amyloid formation. Cellular proteins, after being synthesized by 
ribosomes, are folded into their native conformation by molecular chaperones. However, due to 
several intracellular or extracellular factors, proteins may misfold and start aggregating. Sometimes, 
aggregation-prone proteins tend to attain a highly structured and thus stable conformations called 
amyloids. 

3. Vesicular Transport 
Vesicular transport is a process by which cellular components are transported via 

small membrane-bound sacs called vesicles (please see Figure 2). The vesicles facilitate the 
movement of substances/molecules across different compartments of a cell and from one 
cell to another [33,34]. Vesicular transport involves formation of a sac from a membrane 
through a process called budding. The vesicles contain highly specific cargoes and sends 
those to the target membranes precisely. Vesicles can recognize and fuse with the correct 
target membrane [35,36]. These vesicles may exist in multiple forms and take part in dif-
ferent pathways by utilizing distinct coatproteins and GTP-binding proteins to facilitate 
their formation and functioning. Examples of vesicles are clathrin-coated vesicles, COPI-
coated vesicles, and COPII-coated vesicles [37,38]. Each type of vesicle is specialized in 
playing crucial roles in transport of proteins and lipids. Following which, the correct tar-
get delivery requires fusion with a designated target and release of cargo selectively. 
SNARE proteins play vital role in the fusion of vesicles [39,40]. They mediate the interac-
tion and merger of vesicles to the fusion sites and hence facilitate the delivery of cargo to 
the appropriate location [41,42]. In summary, vesicular transport enables selective and 
precise regulation of the exchange of material between cell compartments. Their roles are 
investigated and established in the secretion and uptake of external material and the trans-
portation of enzymes to the cell organelles. Several reports in the past have indicated that 
this mechanism of transportation may also play critical roles in the spread of amyloidic 
proteins and hence the toxicity caused by pathogenic amyloid aggregates [43,44]. Conse-
quently, the formation of amyloids and their interaction with cellular membrane compo-
nents, including vesicles, may affect and disrupt various processes including vesicular 
transport system [3]. In next few sections, a brief overview of this undefined relationship 
between amyloids and vesicles is discussed. 

Figure 1. Schematic overview of amyloid formation. Cellular proteins, after being synthesized
by ribosomes, are folded into their native conformation by molecular chaperones. However, due
to several intracellular or extracellular factors, proteins may misfold and start aggregating. Some-
times, aggregation-prone proteins tend to attain a highly structured and thus stable conformations
called amyloids.

3. Vesicular Transport

Vesicular transport is a process by which cellular components are transported via
small membrane-bound sacs called vesicles (please see Figure 2). The vesicles facilitate the
movement of substances/molecules across different compartments of a cell and from one
cell to another [33,34]. Vesicular transport involves formation of a sac from a membrane
through a process called budding. The vesicles contain highly specific cargoes and sends
those to the target membranes precisely. Vesicles can recognize and fuse with the correct
target membrane [35,36]. These vesicles may exist in multiple forms and take part in differ-
ent pathways by utilizing distinct coatproteins and GTP-binding proteins to facilitate their
formation and functioning. Examples of vesicles are clathrin-coated vesicles, COPI-coated
vesicles, and COPII-coated vesicles [37,38]. Each type of vesicle is specialized in playing
crucial roles in transport of proteins and lipids. Following which, the correct target delivery
requires fusion with a designated target and release of cargo selectively. SNARE proteins
play vital role in the fusion of vesicles [39,40]. They mediate the interaction and merger
of vesicles to the fusion sites and hence facilitate the delivery of cargo to the appropriate
location [41,42]. In summary, vesicular transport enables selective and precise regulation
of the exchange of material between cell compartments. Their roles are investigated and
established in the secretion and uptake of external material and the transportation of en-
zymes to the cell organelles. Several reports in the past have indicated that this mechanism
of transportation may also play critical roles in the spread of amyloidic proteins and hence
the toxicity caused by pathogenic amyloid aggregates [43,44]. Consequently, the formation
of amyloids and their interaction with cellular membrane components, including vesicles,
may affect and disrupt various processes including vesicular transport system [3]. In next
few sections, a brief overview of this undefined relationship between amyloids and vesicles
is discussed.
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Figure 2. An outline of the crucial steps involved in a vesicular transport system. The secretory 
pathway involves the budding of transport vesicles from the ER, the transport of content away to 
the cis side of a Golgi, and the release of the cargo on the trans side. These vesicles may fuse with 
cell membranes or endosomes and may later fuse with lysosomes. Early endosomes are formed 
from membranes and extracellular components to target materials at late endosomes, which can 
later be delivered to lysosomes for degradation. Cargo selection, the deformation of the plasma 
membrane bilayer, and its breaking off into an extracellular transport vesicle (budding) followed by 
their correct targeting (tethering, docking, and fusion) are highly regulated events. 

4. How Does Amyloid Interact and Interfere with Vesicular Transport? 
Vesicular transport is a highly critical process in neurons that carries out the traffick-

ing and distribution of various cargoes; for example, signaling molecules and neurotrans-
mitters to the appropriate cellular locations [36,40]. This dynamic and highly regulated 
mechanism is critical for neuronal function, synaptic transmission, and overall homeosta-
sis in the brain [21]. However, growing evidence suggests that amyloid formation in AD 
can have a profound impact on vesicular transport, leading to perturbed neuronal home-
ostasis and contributing to the pathogenesis of AD [45]. As shown in Figure 3, one major 
disruption induced by Aβ proteoforms is leaky membrane pores leading to perturbed Ca2+ 
homeostasis [8]. The interaction of Aβ peptides with membrane phospholipids and gan-
gliosides may also contribute to porous or leaky membranes [46]. In addition, the presence 
of Aβ has been observed to alter cholesterol metabolism and vesicular traffic, contributing 
to the neurodegenerative changes seen in the AD brain [10]. Cholesterol, a crucial compo-
nent of membranes in neurons, plays a vital role in the proper functioning of vesicular 
transport mechanisms [47]. In AD brains, Aβ accumulation leads to disruptions in choles-
terol metabolism, and thus can lead to impairments in vesicle formation, trafficking, and 
fusion. This, in turn, impairs neuronal functions and contributes to AD pathologies [48]. 
Similarly, Aβ oligomers also destabilizes membranes by lowering the levels of phospha-
tidylinositol-4,5-bisphosphate [49]. 

Figure 2. An outline of the crucial steps involved in a vesicular transport system. The secretory
pathway involves the budding of transport vesicles from the ER, the transport of content away to the
cis side of a Golgi, and the release of the cargo on the trans side. These vesicles may fuse with cell
membranes or endosomes and may later fuse with lysosomes. Early endosomes are formed from
membranes and extracellular components to target materials at late endosomes, which can later be
delivered to lysosomes for degradation. Cargo selection, the deformation of the plasma membrane
bilayer, and its breaking off into an extracellular transport vesicle (budding) followed by their correct
targeting (tethering, docking, and fusion) are highly regulated events.

4. How Does Amyloid Interact and Interfere with Vesicular Transport?

Vesicular transport is a highly critical process in neurons that carries out the trafficking
and distribution of various cargoes; for example, signaling molecules and neurotrans-
mitters to the appropriate cellular locations [36,40]. This dynamic and highly regulated
mechanism is critical for neuronal function, synaptic transmission, and overall homeostasis
in the brain [21]. However, growing evidence suggests that amyloid formation in AD
can have a profound impact on vesicular transport, leading to perturbed neuronal home-
ostasis and contributing to the pathogenesis of AD [45]. As shown in Figure 3, one major
disruption induced by Aβ proteoforms is leaky membrane pores leading to perturbed
Ca2+ homeostasis [8]. The interaction of Aβ peptides with membrane phospholipids and
gangliosides may also contribute to porous or leaky membranes [46]. In addition, the
presence of Aβ has been observed to alter cholesterol metabolism and vesicular traffic,
contributing to the neurodegenerative changes seen in the AD brain [10]. Cholesterol, a
crucial component of membranes in neurons, plays a vital role in the proper functioning
of vesicular transport mechanisms [47]. In AD brains, Aβ accumulation leads to disrup-
tions in cholesterol metabolism, and thus can lead to impairments in vesicle formation,
trafficking, and fusion. This, in turn, impairs neuronal functions and contributes to AD
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pathologies [48]. Similarly, Aβ oligomers also destabilizes membranes by lowering the
levels of phosphatidylinositol-4,5-bisphosphate [49].
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system in multiple ways. (A) Pore formation by oligomeric or fibrillar aggregates is a common 
method, along with interfering with cholesterol metabolism to destabilize the lipid bilayer. (B) In 
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(C) Similarly, α-synuclein may lead to vesicle clustering, causing restricted vesicle trafficking and 
cargo transport. 

The presence of Aβ and other associated amyloid species inside vesicles can lead to 
cascading effects on the dynamics of vesicular transport, possibly leading to the disturb-
ances in various cellular processes contributing to neurodegeneration. The small Aβ pep-
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For example, Aβ leads to the inhibition of dynamin-1 that may end up in the accumulation 
of amphiphysin at the membrane, compared to the cytoplasm of cultured primary hippo-
campal neurons. This may lead to perturbed synaptic vesicle endocytosis [50]. BDNF is a 
critical neurotrophic factor that often supports the survival and function of neurons [51]. 
The precise trafficking of BDNF is essential for maintaining neuronal health. Interestingly, 
APP and Aβ have been observed to co-localize with low-density lipid vesicles, suggesting 
a potential disruption in the normal transport of these important signaling molecules. An-
other study in Tg2576 mice proposed that Aβ leads to a reduction in Uchl1, a deubiquiti-
nase enzyme, and causes a ubiquitin-mediated disruption in the retrograde trafficking 
and signaling of TrkB/BDNF [52]. BDNF signaling deficits could be altered by γ-secretase 
inhibitors [53]. The impairment of BDNF trafficking by Aβ can have far-reaching conse-
quences, including the disruption of synaptic plasticity, neuronal survival, and overall 
neuronal function [53,54].  
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Figure 3. Protein aggregates and amyloid may alter membrane integrity and the vesicular transport
system in multiple ways. (A) Pore formation by oligomeric or fibrillar aggregates is a common method,
along with interfering with cholesterol metabolism to destabilize the lipid bilayer. (B) In AD brains,
both amyloid beta and tau proteins may affect vesicular transport by altering different important
players in the pathway. While hyperphosphorylated tau deposition leads to the destabilization of
microtubules, the roles of Aβ in perturbing vesicles via multiple pathways are known. (C) Similarly,
α-synuclein may lead to vesicle clustering, causing restricted vesicle trafficking and cargo transport.

The presence of Aβ and other associated amyloid species inside vesicles can lead
to cascading effects on the dynamics of vesicular transport, possibly leading to the dis-
turbances in various cellular processes contributing to neurodegeneration. The small Aβ

peptides may affect the essential steps of endocytosis and exocytosis via multiple pathways.
For example, Aβ leads to the inhibition of dynamin-1 that may end up in the accumulation
of amphiphysin at the membrane, compared to the cytoplasm of cultured primary hip-
pocampal neurons. This may lead to perturbed synaptic vesicle endocytosis [50]. BDNF is
a critical neurotrophic factor that often supports the survival and function of neurons [51].
The precise trafficking of BDNF is essential for maintaining neuronal health. Interestingly,
APP and Aβ have been observed to co-localize with low-density lipid vesicles, suggesting
a potential disruption in the normal transport of these important signaling molecules.
Another study in Tg2576 mice proposed that Aβ leads to a reduction in Uchl1, a deubiqui-
tinase enzyme, and causes a ubiquitin-mediated disruption in the retrograde trafficking
and signaling of TrkB/BDNF [52]. BDNF signaling deficits could be altered by γ-secretase
inhibitors [53]. The impairment of BDNF trafficking by Aβ can have far-reaching conse-
quences, including the disruption of synaptic plasticity, neuronal survival, and overall
neuronal function [53,54].

The interplay between the Aβ- and adaptor protein complex AP1-1B-mediated trans-
port of APP may also regulate vesicular transport [55]. Many proteins involved in APP
processing, endocytic recycling, and intracellular transport can be affected by amyloid-
related disruptions to these pathways, leading to detrimental consequences [56]. Overall,
the disruptive effects of amyloids on multiple aspects of vesicular transport may play a key
role in the pathomechanism of neurodegenerative diseases like AD. Interestingly, the im-
pact of amyloids on vesicular transport is not limited to Aβ peptides alone. Multiple other
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disease-associate amyloidogenic proteins, for example, α-synuclein (in Parkinson’s disease),
superoxide dismutase 1 (in amyotrophic lateral sclerosis), and huntingtin (in Huntington’s
disease), also indicate a possible alteration in vesicular transport mechanisms [57–59].
For example, α-synuclein may lead to the clustering of vesicles and hence restrict vesicle
trafficking and the transport of neurotransmitters [60]. This emphasizes the impact that
amyloid-mediated vesicular transport impairments may play in the pathogenesis of various
neurodegenerative disorders.

5. Consequences of Amyloid-Induced Vesicular Transport Disruption

The disruption of vesicular transport by amyloid proteins, particularly Aβ, can have
far-reaching consequences for neuronal function and overall brain health. One of the key
consequences is the impairment of neurotransmitter release and synaptic transmission.
As stated earlier, vesicular transport is essential for the trafficking and delivery of neuro-
transmitters to presynaptic terminals, where they can be released into the synaptic cleft
and facilitate neuronal communication [61]. Disruptions in this process, as a result of Aβ

accumulation, can lead to alterations in the availability and distribution of neurotrans-
mitters, ultimately impairing synaptic function and contributing to the cognitive deficits
observed in Alzheimer’s disease [62]. Furthermore, the disruption of vesicular transport
can also impact the trafficking and delivery of other essential cargoes, such as signaling
molecules, cellular organelles, and neurotrophic factors, to their intended locations within
the neuron [63,64]. This can have cascading effects on many cellular processes like neu-
ronal survival, synaptic plasticity, and overall neuronal homeostasis. For instance, the
impairment of BDNF trafficking by Aβ can compromise the trophic support and survival
of neurons, leading to neurodegeneration and cognitive decline.

6. Vesicular Transport Facilitates Amyloid Propagation

The processing of APP by a series of proteases leads to the secretion of Aβ peptides in
extracellular space. APP is cut by β- and γ-secretase consecutively to release Aβ fragments
of varying lengths [65]. The monomeric Aβ peptides may form multiple types of assemblies
leading to the formation of oligomers and fibrils which may further form large insoluble
amyloid plaques. The co-existence of multiple distinct forms of Aβ peptides makes it
difficult to characterize these species and draw conclusions about their toxicity [66]. In fact,
a series of studies indicate that soluble oligomers are the drivers of pathogenicity, including
synaptic loss at the initial stage of the disease [67–70]. On the other hand, another set of
studies focus on the fibrils as the most toxic species of Aβ peptides and emphasize that it is
amyloid plaques that lead to neuronal dystrophy and degeneration [66,71,72]. Despite Aβ

alone does not cause entire destruction in AD brain, and a conclusive correlation between
amyloid fibrils andneurodegeneration is yet to be established, the amyloid hypothesis is
the most accepted theory explaining AD pathology [73,74]. However, we do not have
a well-defined understanding of the pattern of distribution of amyloid pathology in the
patient brain, either spatially or temporally. Most probably, plaques appear first in the
neocortical regions of the AD brain and then spread to allocortex and other subcortical
brain regions [75–77].

Multiple studies propose a prion like seeding and the spread of Aβ in AD mice and
patient brains [19,20,78]. Oligomeric assemblies may seed and start the polymerization
of Aβ monomers and other cellular proteins. As shown in Figure 4, the propagation of
these assemblies following the injection of preformed assemblies, as reported in multiple
independent studies, indicates that the neuronal transport system possibly plays a vital
role in this propagation. Sinha et al. recently showed that patient-derived Aβ-containing
exosomes may act as vehicles that propagate seeds in neuronal cell culture [79]. Cell-to-
cell propagation could be a possible hypothesis, but conclusive evidence establishing an
active neuron-to-neuron transport of Aβ assemblies is missing. A passive diffusion of
Aβ assemblies is reported in a transplantation experiment, where wildtype neurons were
grafted onto AD mice with Aβ pathology [80]. A few studies using intravenous injections
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of Aβ-rich extracts have indicated the possibility of the vascular transport of Aβ, possibly
via the involvement of immune cells [17,18,81]. Other studies elaborating the mechanism
of Aβ peptide spread have indicated that these peptides are packaged into intraluminal
vesicles and released in multivesicular bodies (MVBs). Following MVB fusion with a
membrane, the vesicles (and the Aβ peptides) are released in the form of exosomes from
the cell membrane into the interstitial spaces [82,83].
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Figure 4. Vesicular transport may play vital roles in the transmission of protein aggregates and
amyloids from one cell to another. (A) This could be achieved by a mechanism very similar to how
prion proteins are transported from neurons to neurons or other glia cells utilizing vesicle budding
and endocytosis. (B) A similar transport of Aβ peptides was observed in microglia cell culture
where EV-packaged Aβ peptides were injected in transgenic AD mice and spread to other brain
regions. (C) Apart from the brain, vesicles are important for the delivery of protein aggregates to
other organs also. For example, mutant forms of transthyretin are carried by EVs and delivered to
other cells’ surfaces.

Vesicle transport plays vital roles in the propagation of amyloids in non-neuronal
cells of the brain also. In a recent study, cultured microglia-derived exosomal vesicles
treated with Aβ oligomers were introduced in a mouse brain using stereotaxic injection.
The study indicated a spread of Aβ to brain regions distinct from the site of injection.
This spread further led to signs of hippocampal memory loss [84]. Vesicular transport
is essential for amyloid transport, including both release and propagation of amyloid
assemblies from one cell to the other in many other organs [85]. Moreover, vesicle-mediated
transmission and aggregation of amyloidogenic proteins secreted from organs other than
brain have also been reported. For example, transthyretin, produced in the liver, binds
to human serum-derived EVs and is deposited onto the surface of cultured cells [86].
Vesicles may impact the deposition and toxicity profile of amyloid proteins and hence
the overall progression of neurodegenerative changes [87,88]. A well-regulated release of
Aβ peptides and assemblies may facilitate their propagation and thus help amplify the
spread of toxicity. Additionally, the packaging of Aβ and its C-terminal fragments into
vesicles, followed by their release from the membrane into the extracellular environment,
and the subsequent intracellular transport of these amyloid species, can contribute to the
propagation of pathological processes within the brain [89,90]. Overall, the transport of
amyloid-containing vesicles can facilitate the spread of these toxic species throughout the
neuronal network, potentially leading to the recruitment of additional neurons into the
pathological cascade and the exacerbation of neurodegeneration.

Amyloid-containing vesicles may influence the aggregation kinetics and behavior of
Aβ peptides. They may affect the structural features of the growing fibrils by inhibiting
the elongation of fibrils, and may favor the generation of shorter assemblies that poten-
tially contribute to an increased toxicity [87,88]. Membrane trafficking is highly crucial
for amyloid precursor protein (APP) processing and amyloid beta peptide secretion. Aβ

peptides may possibly bind to the plasma membrane and affect the membrane’s integrity
and trafficking in multiple ways. In type 2 Diabetes mellitus-affected cynomolgus monkey
brains, elevated cholesterol levels lead to disturbances in endocytic pathways and Aβ

and APP accumulation. The perturbed membrane may also perturb lysosomal machinery
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affecting the degradation of Aβ aggregates further [13,91]. Aging is another factor that
contributes to alterations in APP trafficking and Aβ production. An upregulation in APP
endocytosis with aging leads to increased production of Aβ [92]. Overall, dysregulated
membrane trafficking and altered endosomal transport are potential markers of degener-
ated AD brains. These studies indicate a strong connection between membrane integrity
and Aβ production.

7. Vesicular Transport System Plays Vital Role in Tau Propagation

Tau is the other pathological protein candidate causing widespread proteotoxicity
in AD brains. Evidence suggests that the pathological forms of tau can propagate from
affected brain areas to the nearby healthy areas of the brain, resembling a mechanism
often used by prion proteins [93,94]. The prion-like propagation means an active and well-
regulated process of transcellular diffusion of proteins via extracellular space. AD mouse
and human brain extracts may induce tau pathology by propagating pathological proteins
into the neurons [95–98]. The injection of synthetic tau fibrils in mouse overexpressing
mutant human tau (P301S) leads to the formation of tangles in the brain regions away from
the site of injection [99]. Extracellular tau aggregates may also be internalized and play a
crucial part in the formation of fibrillar aggregates from intracellular tau, with an inherent
tendency to diffuse from one cell to another [100,101]. Synaptic connections in neurons
may also contribute to the propagation of tau tangles [102]. Several studies have previously
reported the presence of phosphor-tau-containing extracellular vesicles in transgenic mouse
brains and AD patients’ blood and CSF samples [103–106].

There are multiple routes of tau propagation, including packaging into microvesicles,
followed by release and uptake. The internalization of tau takes place by the cytoplasmic
exosomes (also referred as intraluminal vesicles) present in multivesicular bodies and
their release in extracellular space thereafter [106]. The internalization of tau in large
vesicles (called ectosomes) has also been observed via the evagination of plasma mem-
branes [107]. The pathogenic aggregates of tau may also develop pore-like formations in
plasma membranes that may help further transmission of the protein [108–110]. Notably,
a detailed understanding of how vesicular transport effectively propagates Aβ, tau, and
other aggregation-prone proteins may offer promising avenues for the treatment of amy-
loidopathies. By enhancing vesicle recycling and modulating trafficking, we can alter the
spread of and toxicity caused by amyloid proteins.

8. Amyloids, Vesicles, and Transport—Avenues for Future Therapeutics

Overall, amyloid beta (Aβ) can significantly impact various aspects of vesicular trans-
port within neurons. On the other hand, vesicular transport plays vital roles in the pack-
aging and propagation of amyloids within and outside of cells. For example, Aβ and
C-terminal fragments can be packed into small vesicles and released extracellularly and
later could be transported intracellularly in both directions. Additionally, impaired vesic-
ular trafficking exacerbates synaptic dysfunction and contributes to the propagation of
amyloid pathology. For instance, a disrupted vesicular transport mechanism leads to the
accumulation of amyloid aggregates in brain tissue and aggravates the neurotoxic envi-
ronment. Similarly, this interplay between amyloid and vesicle transport may negatively
affect the synaptic function. Following the disruption of vesicles by amyloid proteins, a
reduction in the release of neurotransmitters may lead to impaired neuronal communica-
tion. Notably, the disruption of vesicular transport by amyloids is not limited to Aβ and
can also occur in other neurodegenerative disorders. This highlights the broader relevance
of amyloid-mediated vesicular transport disruption in the field of neurodegeneration.

Investigation of the interactions between amyloids and vesicular transport machinery
components may offer valuable insights into the causative mechanisms and provide new
tools to understand amyloid-mediated neurodegeneration. In my opinion, these insights
may further facilitate the development of more precise and effective therapeutic strategies,
involving the modulation of crucial players in cellular signaling pathways or membrane



Biologics 2024, 4 384

trafficking processes [111–113]. Ongoing research has developed our understanding of how
amyloids, particularly Aβ, affect vesicular transport mechanisms in neurons. At the same
time, the roles of vesicles in the propagation of amyloid proteins, oligomers, and fibrils are
also confirmed in multiple studies. This crosstalk between amyloids and vesicular transport
may provide us with multiple options for the therapeutic targeting for neurodegenerative
disorders. One possibility could be identifying pharmacological compounds that can
modulate the interaction between the vesicular transport system and amyloid proteins.
More effective strategies need to be developed to target amyloidogenic pathways and
prevent the progression of neurodegeneration. These strategies may include targeting APP
processing to lower the production of Aβ or enhance Aβ clearance mechanisms. An overall
reduction in amyloid burden may indirectly mitigate the disruption caused by amyloid
aggregates to the overall integrity of the neuronal transport system and hence will maintain
proper trafficking and delivery of cargoes.

9. Discussion

Amyloids are one of the most highly structured protein forms that have been studied
for both pathological and beneficial roles. However, the majority of amyloidogenic proteins
are associated with one or multiple disorders, combinedly referred to as proteinopathies.
Neuronal death is one of the outcomes of amyloid formation in brain tissues. In recent years,
studies have shown that the propagation of amyloids is positively affected by the vesicular
transport system. Interestingly, amyloids once formed may affect membrane integrity
and disrupt the vesicular transport system also. The crosstalk between amyloids and the
vesicular system is an interesting area that needs more attention. This article provides a
brief outline of how these two are intertwined. Investigating this relationship may provide
better understanding of the early stages of amyloid formation and their propagation, hence
may contribute to developing better therapeutic solutions.
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