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Abstract: Neurodegeneration is becoming one of the leading causes of death worldwide as the
population expands and grows older. There is a growing desire to understand the mechanisms
behind prion proteins as well as the prion-like proteins that make up neurodegenerative diseases
(NDs), including Alzheimer’s disease (AD) and Parkinson’s disease (PD). Both amyloid-β (Aβ)
and hyperphosphorylated tau (p-tau) proteins behave in ways similar to those of the infectious
form of the prion protein, PrPSc, such as aggregating, seeding, and replicating under not yet fully
understood mechanisms, thus the designation of prion-like. This review aims to highlight the shared
mechanisms between prion-like proteins and prion proteins in the structural variations associated
with aggregation and disease development. These mechanisms largely focus on the dysregulation of
protein homeostasis, self-replication, and protein aggregation, and this knowledge could contribute
to diagnoses and treatments for the given NDs.
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1. Introduction

Prions are best understood as a misfolding of proteins within the brain that are not
exclusive to just one species and can be transmitted between both humans and animals.
The associated prion diseases are also called transmissible spongiform encephalopathies
(TSEs). The term prion was coined in 1982 by Stanley B. Prusiner as a shortened form of
a proteinaceous infectious particle while studying Syrian hamsters [1]. This infectious,
misfolded protein then becomes self-propagating in a not yet fully understood manner.
Within humans, the most notable prion is PrPSc, which is the infectious form of the PrPC

protein. The presentation of prions in humans can be seen in diseases such as Kuru,
Creutzfeldt–Jakob Disease, Gerstmann–Straüssler–Scheinker Syndrome (GSS), and Fatal
Familial Insomnia (FFI) [2]. However, there are differences in the pathogenesis of each of
these diseases, as some may result from infection or sporadic mutation.

The function of the PrPC protein is of interest due to its possibility to shed light on
the prion process, including the development of nervous system cells and cell signaling [3].
Also, of growing interest regarding the PrPC protein is its ability to shift phases, and how
these phase shifts may then interact with both prion-like and non-prion-like proteins.

With progress in the study of neurodegeneration and the understanding that prions
are misfolded proteins that are capable of self-proliferation [4], the definition of prions has
evolved to be broader and more widely encompassing. As the average human lifespan
increases, age-related non-prion neurodegenerative diseases (NDs) become more prevalent.
Naturally, the understanding of NDs also becomes more crucial. The two most common
NDs are the incurable Alzheimer’s disease (AD) and Parkinson’s disease (PD). Both AD
and PD have a close relationship with their respective prion-like proteins: p-tau and Aβ
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for AD, and alpha-synuclein for PD. As such, a study of prions and the ND-related prion-
like proteins will be beneficial to the understanding of the molecular mechanisms behind
these diseases.

Despite the progress in understanding NDs, the contribution of prions and prion-like
proteins in relation to neurodegeneration continues to pose many unresolved questions.
One such question is that of the mechanism that regulates ND development and progres-
sion. This mechanism can be broken down into three subsections: protein homeostasis
(proteostasis), self-replication, and aggregation. As seen in Figure 1 below, these sub-
sections may have both potential promoters (to “aid” in continued neurodegeneration)
and inhibitors (to slow/prevent continuation). Furthermore, current research typically
focuses on a single ND; however, it may be beneficial to look at different prion-like-protein-
related diseases in comparison with each other. As such, this review aims mainly to
broadly overview the prion-like proteins associated with ND and summarize the recent
advances in the understanding of prions and prion-like proteins through structural varia-
tions, underlying regulation mechanisms, and the impact these have on disease-associated
protein aggregation.
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potential promoters (top/arrows) and inhibitors (bottom/flat).

2. Primary Structural Features of Prions and Prion-like Proteins

The four ND-related proteins that this review focuses on are PrPSc, Aβ, p-tau, and
alpha-synuclein. While in their biological forms, these four proteins each have their own
roles that aid in maintaining neuronal homeostasis, neuronal growth, neuronal repair, and
stabilizing neuronal MT. The “infectious” forms become detrimental once a sizable amount
has accumulated, allowing for symptoms to be observed.

2.1. Prnp, PrPC, and PrPSc

The 253 amino-acid-long prion protein PrP is encoded by the Prnp gene, which is
expressed in the brain and other tissues. The general structure of PrPs can be divided
into an N-terminal disordered domain and a C-terminal α-helical domain. The N-terminal
domain contains a positively charged region at the N-terminus that is crucial for the
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endocytosis of PrPC, a series of four octapeptide repeats that allow PrPC to bind divalent
metal cations (Cu2+ and Zn2+), and a hydrophobic tract that is evolutionarily conserved.
The C-terminal domain includes three α-helices and two short β-strands. This domain
is the site of the post-translational modifications in PrPC with a single disulfide bridge
linking helices 2 and 3 (Figure 2a) [5]. The initial non-infectious structural conformation of
the prion protein, PrPC, is of alpha helices that are attached to the cell membrane at the
C-terminal by glycophosphatidylinositol (GPI) [6], and is thought to play a role in cellular
adhesion and stem cell renewal [7].

Meanwhile, the infectious form of PrP, PrPSc, is a β-sheet-rich isoform and is highly
insoluble, making it difficult to perform a complete structural analysis of it with current
methods [8]. There are two main hypotheses as to how the conformational change from the
normal, noninfectious PrPC form to the infectious PrPSc form occurs. The first is that the
change is due to the N-terminal of the PrPC protein, which is disordered and thus has a
flexible tail. The second is the change that occurs at the C-terminal of the protein, which is
speculated to be a highly ordered globular domain containing two antiparallel β-sheets and
three α-helices. These distinct differences leave room for speculation as to which terminal
may be more in control of form conversion [8,9]. Furthermore, there are distinct strains of
the PrPSc form, which can be categorized by histology, clinical signs, and most commonly,
the incubation period (the time elapsed between inoculation and the onset of disease in
animal models) [10]. However, even though there are strains that are distinct biologically,
not all can be distinguished biochemically [10].

2.2. Amyloid and Hyperphosphorylated Tau

The proteins present in AD-associated neurodegeneration are now deemed to be prion-
like proteins. This designation results from the replication using a so-called self-template,
similar to what is seen in prion proteins. The complete mechanisms behind self-replication
are still not understood for both prion-like proteins and prion proteins, but there are many
proposed mechanisms that are beginning to be widely accepted.

All amyloid precursor protein (APP) family members share conserved E1 and E2
extracellular domains, an APP intracellular domain (AICD), and the YENPTY motif at
the carboxyl terminus (Figure 2b) [11,12]. The APP is a type-I transmembrane protein
whose proteolysis gives rise to amyloid-β peptides. APP processing can undergo one
of two pathways: one being the non-amyloidogenic pathway and the other being the
amyloidogenic pathway. This second pathway contains what eventually leads to the
aggregation of flexible, soluble oligomers that cause neuropathy [13]. In this pathway,
alternative cleaving by γ-secretase leads to two notable forms of Aβ: Aβ40 and Aβ42, where
Aβ42 contains two additional amino acids [13]. Both Aβ40 and Aβ42 are able to aggregate
into fibrils; however, Aβ42 is faster to form aggregates and more neurotoxic [13,14].

Of interest is how exactly the Aβ protein causes memory deficits alongside neurode-
generation. Aβ can occur either sporadically or due to genetic factors. However, a recent
study demonstrated that human Aβ entering mice’s circulation can induce the occurrence
of Aβ plaque in the brain, suggesting that Aβ derived from blood can enter the brain [15].
Aβ pathology can be introduced to mice without human Aβ (hAβ) by parabiosis. These
mice can then develop AD-related pathologies as well as experience phosphorylation of
tau. However, what remains to be fully seen in this model is if there is a notable cognitive
decline [15].

Tau, as has been mentioned, is an important factor in microtubule (MT) generation
and degeneration. Tau consists of three domains, with the projection domain in the
amino-terminus, the proline-rich domain in the middle, and the assembly domain in the
carboxyl-terminus. The assembly domain contains repeat domains and flanking regions,
and supports microtubule assembly (Figure 2c) [16]. As tau undergoes phosphorylation, its
binding to the MTs weakens until it dissociates, and then the p-tau will begin to aggregate
together. These disordered aggregates of p-tau are known as neurofibrillary tangles (NFTs)
and neuropil threads and are one of the hallmarks of AD. While unphosphorylated tau
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does not significantly aggregate in the absence of artificial inducers (such as heparin), p-tau
is able to spontaneously aggregate [17]. In addition, the treatment of neuroblastoma cells
with p-tau is sufficient to cause cell death, whereas treatment with non-phosphorylated tau
does not significantly affect cell viability [17].

2.3. α-Synuclein Proteins

Alpha-synuclein is a protein predominantly found in presynaptic terminals and plays
a role in regulating synaptic vesicle function. All α-synuclein proteins comprise three basic
domains, including an N-terminal amphipathic region, a central non-amyloid component
(NAC) domain, and a C-terminal acidic domain. The seven membrane-interacting amino
acid motifs are also in the first half of the protein. The region preceding the NAC domain
contains all pathogenic α-Syn mutations identified so far (Figure 2d) [18]. In neurodegener-
ative disorders such as Parkinson’s disease and related synucleinopathies, alpha-synuclein
undergoes conformational changes and forms pathological aggregates. Recent studies
have shed light on the structural variations of alpha-synuclein and their association with
neurodegeneration.

The elucidation of these novel structural variations of alpha-synuclein provides valu-
able insights into the mechanisms underlying alpha-synuclein-mediated neurodegenera-
tion. The distinct conformations, strains, and aggregation states of alpha-synuclein may
contribute to the diverse clinical presentations and disease progression observed in synucle-
inopathies. For example, different diseases may have significantly different alpha-synuclein
aggregation sites and pS129 levels [19,20]. This, taken together with the observation that
pS129 level correlates with disease progression [19], shows promise in the use of pS129
as a biomarker for PD and other related diseases. Moreover, these structural variations
offer potential targets for the development of therapeutic strategies aimed at modulating or
preventing the formation of toxic alpha-synuclein species.
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3. Structural Variation of Prions and Prion-like Proteins and Their Association with
Neurodegeneration
3.1. Structural Variation of Prions and Neurodegeneration

Over the past decade, significant progress has been made in elucidating the unique
structural variations of prion proteins and prion-like proteins, including tau, which are
intimately linked to the pathogenesis of various neurodegenerative disorders. Prion dis-
eases, such as Creutzfeldt–Jakob disease (CJD), are characterized by the accumulation of
misfolded prion protein (PrPSc) in the brain, leading to neuronal dysfunction and ultimately
neurodegeneration. Recent studies employing advanced structural biology techniques,
such as cryo-electron microscopy (cryo-EM) and X-ray crystallography, have provided
unprecedented insights into the three-dimensional architecture of PrPSc [21,22].

In 1994, a groundbreaking study by Wickner and colleagues, published in the journal
Science, provided genetic evidence for the existence of prion-like behavior in the yeast
Saccharomyces cerevisiae [23]. The genetic demonstration of the prion-like behavior of
Sup35 in yeast provided a paradigm-shifting insight into the nature of prion diseases. It
established that prion formation and propagation can occur through protein conformational
changes rather than solely genetic mutations [23].

One of the most remarkable findings is the existence of distinct strains of PrPSc with
different conformations, which contribute to the diverse clinical phenotypes observed in
prion diseases. High-resolution cryo-EM studies have revealed that PrPSc adopts a beta-
sheet-rich amyloid-like structure, distinct from the predominantly alpha-helical structure
of its normal cellular isoform (PrPC). Furthermore, these studies have demonstrated that
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PrPSc can adopt multiple distinct conformations, each associated with a specific prion
strain and clinical presentation. The ability of these different conformations to induce
strain-specific templated misfolding of PrPC highlights the structural diversity of prions
and its direct impact on disease progression [24–27].

3.2. Structural Variation of Prion-like Proteins and Neurodegeneration

In addition to prion diseases, other neurodegenerative disorders, such as Alzheimer’s
disease, exhibit prion-like behavior, wherein specific proteins misfold and self-propagate
within the brain, leading to the formation of pathological aggregates [28,29]. Tau, a
microtubule-associated protein involved in stabilizing neuronal microtubules, is a key
player in Alzheimer’s disease and related tauopathies. Recent studies have shed light
on the conformational changes that tau undergoes during disease progression. Cryo-EM
studies of tau aggregates isolated from human brain samples have revealed filamentous
structures comprising twisted paired helical filaments (PHFs) and straight filaments (SFs),
which are rich in beta-sheet secondary structures distinct from the predominantly random
coil and alpha-helical structure of normal tau [21,30]. Furthermore, the cryo-EM studies
have revealed that tau aggregates exhibit polymorphic structures, meaning they can adopt
different conformations and morphologies [31]. This structural polymorphism may con-
tribute to the wide spectrum of clinical phenotypes observed in tauopathies, including
Alzheimer’s disease, frontotemporal dementia, and progressive supranuclear palsy. As tau
undergoes conformational changes, the ability to undergo phosphorylation also changes,
along with the ability of a kinase to access a given site on the tau protein [32]. There are
strong indications that the tau in AD is resistant to being dephosphorylated due to the
presence of filaments within the NFTs [32].

In line with structural variation, recent studies have identified distinct strains of
tau aggregates that exhibit variations in their biochemical properties and anatomical dis-
tribution [30,33]. These tau strains are reminiscent of prion strains and are associated
with different clinical phenotypes and disease progression. The existence of different tau
strains and their strain-specific conformations contribute to the heterogeneity observed
in tauopathies and provide insights into the mechanisms underlying the spread of tau
pathology throughout the brain.

Both Tau and Aβ oligomeric species interact with PrPC to elicit opposite effects on
synaptic plasticity, probably mediated by different effectors [34]. These distinct tau strains
exhibit variations in their biochemical properties and anatomical distribution, contributing
to the diversity of clinical phenotypes. The elucidation of tau’s structural variations and the
identification of strain-specific conformations have opened new avenues for therapeutic in-
terventions targeting the pathological conformations of tau [21,33]. These findings highlight
the complexity of Aβ/tau pathology and provide potential targets for the development
of therapeutic interventions aimed at modulating or targeting specific conformations or
strains of Aβ/tau.

Similarly, alpha-synuclein aggregates also exhibit structural polymorphism. Firstly,
alpha-synuclein aggregates can be categorized by the degree of fibrillation (unaggregated
monomers, short oligomers, proto-fibrils, and fibrils), and pS129 versus unphosphorylated
at S129. It is commonly believed that oligomers are the main contributors to toxicity, as
the introduction of oligomers can cause alpha-synuclein pathology more than fibrils [35],
but fibrils are the end product of aggregation, making it difficult to study oligomers in
isolation [35]. Furthermore, there is evidence that alpha-synuclein aggregate conformation
may depend on the phosphorylation at pS129, which also affects toxicity [36]. However,
exactly which physical properties cause disease pathology is yet to be clearly determined.

One of the key structural variations of alpha-synuclein is its transition from a soluble,
predominantly unfolded monomeric state to an insoluble, aggregated state. This transition
involves the adoption of beta-sheet-rich conformations by alpha-synuclein, leading to the
formation of oligomers, protofibrils, and fibrils [37,38]. Cryo-EM studies have provided
high-resolution structural insights into the fibrillar forms of alpha-synuclein. These studies
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have revealed that alpha-synuclein fibrils adopt a characteristic cross-beta structure, with
beta-strands aligned perpendicular to the fibril axis [39].

Parkinson’s disease and other Lewy body diseases are heavily associated with phos-
phorylated serine 129 (pS129), with >90% of synucleinopathy brains showing significant
accumulation of pS129, compared to <4% in normal brains [37]. This finding suggests that
alpha-synuclein may be toxic; however, the exact relationship between pS129 of alpha-
synuclein and its aggregation is currently unclear. While it might be logical to assume that
pS129 functions similarly to hyperphosphorylation of tau and promotes aggregation, it
seems not to be the case. In fact, a recent study showed that pS129 decreases both the rate
of alpha-synuclein seeding and aggregation [40].

Furthermore, recent studies have highlighted the existence of distinct strains or con-
formers of alpha-synuclein aggregates. These different strains exhibit variations in their
biochemical properties, cellular toxicity, and anatomical distribution [36,41,42]. For exam-
ple, alpha-synuclein aggregates seem to function differently depending on the seed used:
even though unphosphorylated alpha-synuclein forms aggregates at a faster rate (corrobo-
rating the finding in [40]), the slower-forming aggregates made by pS129 demonstrated
a higher cytotoxicity [36]. The presence of different strains of alpha-synuclein aggregates
may contribute to the heterogeneity observed in synucleinopathies, including differences
in clinical phenotypes, disease progression, and response to therapeutic interventions.

In addition to fibrillar forms, recent research has also uncovered the significance of
soluble oligomeric species of alpha-synuclein in neurodegeneration. These oligomers
are thought to be highly toxic and play a crucial role in impairing cellular functions and
promoting neuronal dysfunction [43,44]. The structural properties of these oligomers, such
as their size, shape, and stability, may influence their toxicity and pathological effects.

4. Mechanistic Insights into Structural Changes Driving Protein Aggregation and
Neurodegeneration
4.1. Dysregulation of Protein Homeostasis Associated with Protein Aggregation

Homeostasis of proteins (proteostasis) is becoming a critical field in ND, as the main-
tained regulation of protein accumulation can prove crucial for decreasing or negating the
likelihood of developing an ND. When proteostasis undergoes dysregulation, the given
protein system is ultimately disrupted. It is this dysregulation that then gives rise to the
blockade of proteasomal/lysosomal dependent protein degradation and the accumulation
of aberrant proteins, as there is no longer a well-maintained level of newly synthesized
proteins and a well-maintained clearance of old or damaged proteins.

Impaired proteasomal degradation has been strongly associated with the accumulation
of misfolded and aggregated proteins in neurodegenerative diseases such as Alzheimer’s
disease and prion diseases [45,46]. In Alzheimer’s disease, the proteasomal system is
compromised, leading to the accumulation of amyloid-beta plaques and tau tangles, which
are hallmark protein aggregates [47–49]. Similarly, in prion diseases, the abnormal conver-
sion of prion proteins into a misfolded and aggregated form overwhelms the proteasomal
machinery, resulting in the accumulation of infectious prion particles [50,51]. Therefore, im-
paired proteasomal degradation plays a crucial role in the pathogenesis of both Alzheimer’s
disease and prion diseases by contributing to the formation and persistence of protein
aggregates [49].

Within proteostasis, there are many facets to consider for the clearance of overabundant
proteins as well as defective proteins that can accumulate to cause pathological issues.
As such, the mitochondrial quality of cells within the CNS may play a crucial role in
controlling the neuropathology caused by PrPSc, Aβ, and p-tau within these proteins’
respective associated NDs. A recent study found that in cells infected with scrapie, there
was an excessive induction of mitophagosome and mitophagolysosome formation, and the
PrPSc protein was enriched in these areas, alluding to the possibility that scrapie infection
promotes mitophagy [52].
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Impaired brain clearance mechanisms responsible for protein accumulation in NDs
provide new diagnostic and therapeutic opportunities to delay or prevent clinical symp-
toms. The glymphatic system is one such, rather newly discovered, system that may be
of significance in regard to the clearance of parenchymal proteins such as Aβ and p-tau
seen in AD. As a pathway for exchanging cerebrospinal fluid (CSF) and interstitial fluid
(ISF), the glymphatic system is facilitated by aquaporin 4 (AQP4). Harrison et al. found
impaired CSF-ISF exchange and AQP4 polarization in a mouse model of tauopathy. A
novel drug-based AQP4-specific inhibitor, TGN-020, was shown to decrease tau and p-tau
clearance, implicating faulty AQP4 in tau accumulation and suggesting that the glymphatic
system could be a druggable target for AD treatment and possibly other NDs as well [53].

Liquid-liquid phase separation (LLPS) is a dynamic and reversible process that assem-
bles biomolecular condensates as well as separates homogenous solutions into different
phases: dilute and dense [54]. LLPS within proteins is part of a complex system that helps
to control cellular functions, and abnormalities within this can lead to disease develop-
ment [55]. As such, the PrP protein is not unique in the fact that it undergoes LLPS, having
similar characteristics to other proteins that undergo LLPS, such as binding to nucleic acids
(NA) and being highly disordered [56]. Therefore an additional mechanism in maintaining
protein homeostasis is that of protein phase separation. Understanding the conversion from
non-infectious to infectious forms of proteins is of great importance, as doing so creates
pathways for potential treatments and diagnostic routes. It is also worth noting that the
interaction between PrPC and the amyloid β oligomer (AβO) present in AD can trigger a
phase shift in their previously established relationship [57].

The phase separations of the highly disordered PrP (and other ND-causing proteins)
can be manipulated by NA aptamers to create aggregates of the bound NA-protein com-
plexes in similar ways to NA-free protein aggregates [56]. As protein concentration in-
creases, the ratio of NA to protein becomes increasingly important to the likelihood of
droplet formation and eventual aggregation. The addition of various NA aptamers im-
pacts the protein structure and its ability to aggregate and maintain an aggregated state.
Furthermore, there are studies showing that tau also undergoes phase separation and can
form complexes with RNA in varying salt concentrations [55]. Therefore, by elucidating
the mechanisms by which differing NAs cause conformation changes and aggregation of
prion and prion-like proteins into condensates, methods to prevent aggregation may be
developed by preventing phase separation dysregulation.

Also, based on the high affinity interaction of PrPC with amyloid-β oligomers (AβO)
and the fact that PrPC undergoes an LLPS in which α-helical Thr becomes unfolded,
Kostyley et al. found the interaction between PrPC Lys residues and AβO created a
hydrogel containing immobile AβO and relatively mobile PrPC. NMR studies of hydrogel
PrPC revealed a specific α-helical conformation for natively unfolded amino-terminal Gly
and Ala residues. Additionally, recombinant PrPC could extract endogenous AβO from
human Alzheimer’s brain lysates into hydrogel, and a PrPC antagonist could release AβO
from endogenous brain hydrogel [57]. The findings suggest that Aβ species from AD can
drive coupled phase and conformational transitions of PrPC.

4.2. PTM-Associated Structural Anomalies and Protein Aggregation

Alterations in primary gene and/or protein sequences or the formation of new struc-
tural domains, including by peptide cleavage and mutations, are essential as the structural
basis of protein aggregation. Therefore, the differences in the conformation of a given
protein may be a crucial factor in determining if an infection can fully take root in the brain.
All three proteins being examined in this review are subject to structural changes that can
then result in a distinct strain, possibly resulting from gene mutations or abnormal cleavage
of proteins, both of which may be affected by post-translational modification (PTM).

Accounting for factors, such as glycoforms, within a structural model may give rise to
better representations of the various strains that are present within prion diseases, since
how different clinical phenotypes manifest from different structures of the same protein
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elicit remains poorly understood. Consideration of structural diversity may be the clue
to understanding why these varying strains occur, based on ratios of un-, mono-, and
di-glycosylated glycoforms and sialoglycoforms [58].

Regarding the PrPC protein, differences in glycosylation help determine the likelihood
of the formation of newly generated PrPSc proteins and their various associated strains, as
well as the ability and patterns of these proteins to deposit within the CNS [59]. Beyond just
the glycosylation of the PrPC protein being a source of new strains, patterns of carbohydrate
epitopes on N-glycans, sialyation, and glycan charge may also have an impact on strain
formation and chances of occurring [60]. Tau is also subject to many different strains based
on whether and where it experiences phosphorylation, acetylation, and ubiquitination,
which then dictates whether the tau will be able to participate in AD fibrils [60].

While tau proteins may be phosphorylated by many different kinases in the brain,
phosphorylation by CaM kinase is what is deemed responsible for the tau in the NFTs
witnessed in AD [61]. It is not fully understood what mechanisms cause tau to become
hyperphosphorylated, but one speculation is that it occurs due to an impairment of glucose
levels, causing decreased tau O-GlcNAcylation, which then causes hyperphosphorylation
of tau that eventually leads to NFTs [62]. The NFTs that form eventually accumulate as
insoluble forms. In a healthy brain, tau exists intrinsically disordered and can become
ordered by having a binding partner. However, tau in an unhealthy brain may be “mis-
disordered” and then misordered, and this has been detected by the use of the antibody
DC11, which binds to the truncated tau proteins in AD [63]. These findings demonstrate
the impact of post-translational modification on the transition of structural anomalies.

4.3. Regulation of Protein Structures by Environmental Factors: Chaperones, RNA, and Ions

Present in prion diseases, as well as AD, is the development of amyloids, which
eventually progresses into amyloidogenesis as neurodegeneration progresses [64–66]. There
may also be a macroenvironmental dependence that dictates the amyloid formation and
infection chances of prion and prion-like proteins [67], as well as the strain formation of the
prion protein [68]. Additionally, the microenvironment factors may also help determine
the prion protein structure, replication, and toxicity [69]. Along with the environmental
dependence, concomitant is the hydrophobicity that may be present within a species due
to alterations [70]. Metal ions, such as copper, may also have a role in defining protein
conformations. Depending on the region of the protein and the type of ion being considered,
the protein may experience a looser or tighter conformational change, as well as affect the
likelihood of conversion from the noninfectious form to the infectious form [71].

The chaperones of the proteins can also serve to protect from infectious form con-
versions, but they can also be catalysts for these infectious forms to occur, depending on
their abundance. The different chaperones introduced to a protein may also have different
efficiency rates in protection and infection; this can be seen in studies focusing on yeast
prions and their varying mutability [72,73]. The presence of RNA in an environment may
also impact the conformational changes that a protein may undergo. Rai et al. found
that in heterotrophic conditions with RNA present, the proteins of interest are able to
undergo transformations until they eventually form a solid-like aggregation [58]. RNA
aptamers also serve as a potential way to control the conformational change or structure
that may occur, but there is still much to be investigated regarding the use of these aptamers
regarding structural regulation.

In sum, the deep molecular basis of prion strains and the factors leading to the forma-
tion and propagation of prions is a complex and fascinating area of research. Key insights
into the molecular basis and factors involve combinations of prion protein conformation,
strain-specific conformations, prion strain diversity, and factors influencing prion formation
and propagation.
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5. Disease-Related Self-Replication and Aggregation Model
5.1. Self-Replication of Prions and Prion-like Proteins

In attempts to elucidate self-replication of the prion or prion-like proteins, many mod-
els have been created, but seemingly none have fit the disease models perfectly. Elucidating
the way prion and prion-like proteins replicate is arguably a key to understanding why
these aggregates occur and how to potentially treat and prevent them. The self-replication
of these proteins is based on a conformational change of the protein, essentially a refolding
of the native protein into a structurally changed molecule. This is seen within the PrPC to
PrPSc conversion, as the protein structure changes from being largely composed of alpha
helices to being slargely composed of beta sheets. Additionally, it has been found that
all disease-associated proteins have a faster doubling time compared to their relevant
biological time scale, further suggesting that replication is an essential mechanism of prion
diseases [74]. The difficulty of fully understanding this remains, however, due to the
differences that may result from in vitro versus in vivo studies.

The protein aggregation seen in AD is of interest due to the impact of two prion-like
proteins at work. The aggregation associated with the Aβ plaques is still yet to be fully
understood, as it can occur in different structural forms: roughly spherical or irregular
wispy deposits [75]. The phosphorylated tau protein aggregates into NFTs that eventually
spread throughout the brain [62], in a manner similar to PrPSc [57]. The spread of infectious
proteins via aggregation may also be influenced by the presence of chaperones, as inhibition
of chaperone proteins may promote infection and protein aggregation, while enhancement
of chaperones may be a potential way to prevent the spread of infectious protein aggregates
in a homeostasis-maintaining manner [76,77]. For example, the neuronally expressed
chaperone proSAAS can help block Aβ fibrillation [78], and the overexpression of Rnq1
decreases [RNQ+] prions toxicity, thus preventing the conversion of other proteins into
amyloid species [71].

The simple act of aggregation may have initially had an evolutionary benefit for mod-
ern humans, assuming that the protein(s) in question can form filamentous aggregates,
as many non-prion-like proteins may form filamentous aggregates and are largely depen-
dent on a secondary nucleation point, as described by Meisl et al. in 2022 [74]. It is this
secondary nucleation that causes the divide between normal growth and self-replication,
as the secondary process is what allows the system to become autocatalytic and begin
to grow exponentially. As seen in Figure 3, the introduction of new protein seeds on the
surface of the aggregates allows for the continued growth/lengthening and formation of
new aggregates as time goes on. As such, understanding the full function of the protein(s)
role in the CNS may serve as a way to begin to focus studies about preventing aggregation
or other secondary processes.
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5.2. Neurological Inflammation

Alongside the protein self-replication and aggregation mechanisms, another factor
that may influence the mechanistic progression of NDs is that of neurological inflammation.
Initially, neuroinflammation may serve a protective role within the CNS, but if it is pro-
longed or under dysregulation, it may begin to aid in the progression of diseases [78]. There
is also growing evidence that neurological inflammation may serve as a way to spread
infectious proteins throughout the CNS via astrocytes and microglia [79,80].

Regarding neurodegeneration caused by both prion and prion-like diseases, the poten-
tial role that astrocytes may play in the spreading of these misfolded proteins is of interest.
It has been noted that animals have aggregates in astrocytes prior to the appearance of
disease symptoms [81], heavily suggesting that astrocytes play a major role in prion infec-
tion [82]. As animal-based prions act rather similarly in infection models, it is possible to
speculate that the human astrocyte would also be playing a crucial role in both prion and
prion-like infections. In a PS19 mouse model, as early as 3–4 months, the microglia are
activated in the brain and spine, and at 6 months old, there are reactive astrocytes in the
CA3 region of the brain in a study focusing on tauopathy [83]. This hypothesis has been
further studied in animal models, as has the role of astrocytes in neuroinflammation in
not only prion disease but prion-like protein diseases, such as AD. Worth noting, however,
is that in astrocyte-associated infection and microglia-associated infection by extension,
spreading may be limited to a specific type of infection due to there being three categories:
genetic, sporadic, and acquired, which occur at different rates.

6. Perspectives in Diagnosis, Prevention, and Therapy

Recent studies have shown that there may be an interplay between astrocytes and
glial cells, which could potentially be beneficial in reducing infectious forms but, at the
same time, may also contribute to the spread of infectious proteins in the central nervous
system (CNS) [80]. Currently, there are no tests that can be performed on a still-living
individual that can conclusively diagnose an individual with an ND, but there are tests that
can be performed that have a high level of confidence regarding the given diagnosis, such
as magnetic resonance imaging (MRI), positron emission tomography (PET), computed
tomography (CT), single-photon emission computed tomography (SPECT), spinal tap to
sample spinal fluids, and electroencephalograms [84]; however, the only truly definitive
way to diagnose NDs is post-mortem during a brain autopsy (neuropathology autopsy).

All present methods of treating NDs are aimed at halting the progression of symptoms
while also trying to prevent any new symptoms from developing for as long as possible.
As of now, there is no cure for any ND, but there is considerable interest in developing
increasingly improved treatments until a cure can be developed.

Both pharmaceutical-based and therapeutic-based treatments have a large number of
potential targets, such as (1) the prevention of Aβ protein from forming, accumulating, and
spreading within the CNS; (2) delaying and preventing cognitive decline from occurring
and treating it when/if it does occur; and (3) treating neuroinflammation and any resulting
apoptosis while trying to enhance neuroprotection. Treatments targeted towards the p-tau
protein need to focus on the reduction of hyperphosphorylation from occurring and a
reduction of the accumulation and spread of p-tau and NFTs in the CNS, as well as a similar
focus as (2) and (3) in the treatment of the Aβ proteins. Similar to treatments for Aβ protein
and p-tau protein, the treatments for the PrPSc protein will also need to focus on prevention
of formation, accumulation, and spread, as well as the previously listed focuses of (2) and
(3), but also need a focus on preventing infection from being able to potentially spread to
other individuals and species.

6.1. Pharmaceutical-Based and Therapeutic-Based Treatment Methods

Pharmaceutical-based treatments for neurodegeneration have largely focused on
immunosuppression in order to prevent the large spread and continual occurrence of
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misfolded proteins. Currently, pharmaceutical treatments largely focus on researching the
repurposing of existing medications [85].

Therapeutic treatments for neurodegeneration are largely focused on individuals
who have a genetic predisposition to develop an ND. This focus aims to delay the onset
of noticeable symptoms for as long as possible and tends to rely on pharmacological
approaches in order to stave off the accumulation of the infectious protein isoforms.

As the brain continues to be studied and the systems within it are uncovered and
researched, more potential treatment options for NDs become available. One such is the
usage of the glymphatic system in AD in order to clear out Aβ and p-tau as the proteins
accumulate. When the system was first described in 2012 by Maiken Nedergaard and
colleagues, the dependency on astroglial cells was once again highlighted [86]. While most
of the research on the glymphatic system has focused on the Aβ protein, such as in Peng
et al., there is a growing number of studies focusing on the MT-associated tau protein, such
as in Harrison et al. [53,87].

The AppNL-G-F/NL-G-F mouse model developed by Sakakibara and colleagues poses
the potential to serve as a good base for developing therapeutic treatments for AD-related
Aβ plaque formations [88]. Beyond just developing new animal models with better human
accuracy, however, there needs to be a way to trace the presence of the proteins within
humans, such as by developing ways to flag the proteins, similar to what Hosokawa-Muto,
J. et al. did during a fluorescence resonance energy transfer (FRET) analysis on the protein,
although this method was used in an attempt to elucidate structural information and
required plasmid transfection of the gene coding for the fluorescent-labeled PrP [89].

6.2. Notable Advancements in Treatments in Recent Years

PrPC can serve in a neuroprotective capacity when interacting with AβO in astrocyte
cells to prevent oxidative damage that can eventually contribute to neurodegeneration [65].
However, PrPC can also interact with subsets of AβO in AD to further cognitive impair-
ment as the disease progresses [90]. Furthermore, differing biomarkers (especially Aβ)
that are used in the diagnosis and monitoring of AD are also a field of increasing focus,
such as monitoring the accumulation of neurotoxic protein aggregates and the resulting
neurodegeneration through blood Aβ levels [91] or the potential for diagnosis and mon-
itoring disease progression through the retina [92]. Furthermore, brain-derived tau has
recently shown promise as another potential AD biomarker, outperforming the previously
less-specific blood total-tau levels [93].

As reviewed by Murakami, K. et al., aptamers have become a popular topic in regard
to their potential for treating amyloidogenic proteins, such as PrPSc and Aβ. The use of
aptamers for treatment is a difficult but potentially prosperous possibility [94]. This is due
to the existence of DNA and RNA aptamers in order to target a given part of a protein.
clustered regularly interspaced short palindromic repeats (CRISPR)/Cas9 gene editing may
also serve as a way to treat prions and prion-like proteins, especially for those with a genetic
predisposition for a given disease. One study by Castle et al. in 2022 attempted to introduce
a null Prnp allele or edited Prnp gene into mice, which, while overall unsuccessful, showed
promising aspects for a basis to further develop this possibility by reworking the issues
that arose within the study, such as focusing on developing a complete germline [95].

Autophagy stimulation is another treatment method that has been of popular interest
in regard to treating prion infection due to the ability to manipulate autophagy at different
points in the infection stages. This, along with other treatments, poses difficulties due to
the fear of the likelihood of prions developing resistance to treatment. As such, one group
has recently tried a combination of autophagy stimulation and cellulose ethers, as both are
known to show positive results in regard to prion reduction, but this combination did not
show as good results as compared to individual treatments, leaving still more to investigate
for possible combination treatments [96].

Finally, vaccination treatment shows promise in reducing levels of protein aggregation.
Vaccines against neurodegenerative diseases are not a new concept; however, early trials
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of vaccination treatment have shown adverse effects [97]. Recently, due to COVID-19,
there has been growing scientific interest in DNA vaccines. These ideas have been applied
to Aβ vaccination against Alzheimer’s disease, which has been shown to be potentially
safer than traditional vaccines [97]. Additionally, traditional vaccines against aggregated
alpha-synuclein have shown potential in combating Parkinson’s disease, with the PD01A
vaccine recently completing phase I trials [97]. Unfortunately, while these vaccination
treatments do show promise, this research is still new, and some adverse vaccine-related
effects may still remain [97,98].

7. Conclusions

The significance of this review lies in improving our understanding of the mechanisms
of structural changes and protein aggregation in prions and prion-like proteins that are
seen in AD and PD and the neurodegeneration associated with each respective protein.
As interest in prions and infectious proteins grows, the exploration of parallels and struc-
tural information will hopefully aid in developing increasingly successful treatments for
preventing neurodegeneration before it starts, along with helping to prevent continued
ongoing neurodegeneration from occurring.

It is becoming more and more apparent that neurodegenerative disease progression
is somehow linked with the structures of the associated prion-like proteins. Therefore, as
more information regarding the structure of the infectious prion protein is achieved and
understood, it will hopefully lead to better treatments for diseases associated with prions
and prion-like proteins, as explored throughout this review. Recent research on prions has
begun to link novel structures and mutations, such as amino acid replacements, protein
seeding, environmental changes, and hydrophobic cores, in prions and prion-like proteins
to dysregulated homeostasis, leading to misfolding, propagation, and aggregation of these
proteins. By summarizing recent advances in causal relations of structural anomalies
and the potential of the aggregation model, we disclose underlying mechanisms in the
onset of neurodegeneration from the perspective of prion diseases, AD, and PD and the
possible interlinking of the proteins associated. Finally, by understanding the molecular
background of these proteins, we can begin to explore novel treatment plans, such as
aptimer and vaccine treatments.
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70. Roterman, I.; Stapor, K.; Gądek, K.; Gubała, T.; Nowakowski, P.; Fabian, P.; Konieczny, L. On the Dependence of Prion and
Amyloid Structure on the Folding Environment. Int. J. Mol. Sci. 2021, 22, 13494. [CrossRef]

71. Salzano, G.; Brennich, M.; Mancini, G.; Tran, T.H.; Legname, G.; D’Angelo, P.; Giachin, G. Deciphering Copper Coordination in
the Mammalian Prion Protein Amyloidogenic Domain. Biophys. J. 2020, 118, 676–687. [CrossRef]

72. Douglas, P.M.; Treusch, S.; Ren, H.-Y.; Halfmann, R.; Duennwald, M.L.; Lindquist, S.; Cyr, D.M. Chaperone-dependent amyloid
assembly protects cells from prion toxicity. Proc. Natl. Acad. Sci. USA 2008, 105, 7206–7211. [CrossRef] [PubMed]

73. King, C.-Y. The Mutability of Yeast Prions. Viruses 2022, 14, 2337. [CrossRef]
74. Meisl, G.; Xu, C.K.; Taylor, J.D.; Michaels, T.T.C.; Levin, A.; Otzen, D.; Klenerman, D.; Matthews, S.; Linse, S.; Andreasen, M.;

et al. Uncovering the universality of self-replication in protein aggregation and its link to disease. Sci. Adv. 2022, 8, eabn6831.
[CrossRef]

75. Games, D.; Adams, D.; Alessandrini, R.; Barbour, R.; Borthelette, P.; Blackwell, C.; Carr, T.; Clemens, J.; Donaldson, T.; Gillespie, F.;
et al. Alzheimer-type neuropathology in transgenic mice overexpressing V717F β-amyloid precursor protein. Nature 1995, 373,
523–527. [CrossRef] [PubMed]

76. Bai, X.; Sui, C.; Liu, F.; Chen, T.; Zhang, L.; Zheng, Y.; Liu, B.; Gao, C. The protein arginine methyltransferase PRMT9 attenuates
MAVS activation through arginine methylation. Nat. Commun. 2022, 13, 5016. [CrossRef] [PubMed]

77. Peinado, J.R.; Chaplot, K.; Jarvela, T.S.; Barbieri, E.M.; Shorter, J.; Lindberg, I. Sequestration of TDP-43216-414 Aggregates by
Cytoplasmic Expression of the proSAAS Chaperone. ACS Chem. Neurosci. 2022, 13, 1651–1665. [CrossRef]

78. Li, B.; Chen, M.; Zhu, C. Neuroinflammation in Prion Disease. Int. J. Mol. Sci. 2021, 22, 2196. [CrossRef]
79. Kwon, H.S.; Koh, S.H. Neuroinflammation in neurodegenerative disorders: The roles of microglia and astrocytes. Transl.

Neurodegener. 2020, 9, 42. [CrossRef]
80. Linnerbauer, M.; Wheeler, M.A.; Quintana, F.J. Astrocyte Crosstalk in CNS Inflammation. Neuron 2020, 108, 608–622. [CrossRef]

[PubMed]
81. Diedrich, J.F.; Bendheim, P.E.; Kim, Y.S.; Carp, R.I.; Haase, A.T. Scrapie-associated prion protein accumulates in astrocytes during

scrapie infection. Proc. Natl. Acad. Sci. USA 1991, 88, 375–379. [CrossRef] [PubMed]
82. Raeber, A.J.; Race, R.E.; Brandner, S.; Priola, S.A.; Sailer, A.; Bessen, R.A.; Mucke, L.; Manson, J.; Aguzzi, A.; Oldstone, M.B.; et al.

Astrocyte-specific expression of hamster prion protein (PrP) renders PrP knockout mice susceptible to hamster scrapie. EMBO J.
1997, 16, 6057–6065. [CrossRef] [PubMed]

83. Yoshiyama, Y.; Higuchi, M.; Zhang, B.; Huang, S.M.; Iwata, N.; Saido, T.; Maeda, J.; Suhara, T.; Trojanowski, J.Q.; Lee, V.M.Y.
Synapse Loss and Microglial Activation Precede Tangles in a P301S Tauopathy Mouse Model. Neuron 2007, 53, 337–351. [CrossRef]
[PubMed]

84. Valotassiou, V.; Malamitsi, J.; Papatriantafyllou, J.; Dardiotis, E.; Tsougos, I.; Psimadas, D.; Alexiou, S.; Hadjigeorgiou, G.;
Georgoulias, P. SPECT and PET imaging in Alzheimer’s disease. Ann. Nucl. Med. 2018, 32, 583–593. [CrossRef]

85. Durães, F.; Pinto, M.; Sousa, E. Old Drugs as New Treatments for Neurodegenerative Diseases. Pharmaceuticals 2018, 11, 44.
[CrossRef] [PubMed]

https://doi.org/10.3390/v10120723
https://doi.org/10.1016/S0896-627380424-9
https://doi.org/10.3390/ijms22020901
https://www.ncbi.nlm.nih.gov/pubmed/33477465
https://doi.org/10.1002/j.1460-2075.1990.tb07563.x
https://www.ncbi.nlm.nih.gov/pubmed/2120043
https://doi.org/10.2174/092986708785909111
https://www.ncbi.nlm.nih.gov/pubmed/18855662
https://doi.org/10.1159/000283478
https://www.ncbi.nlm.nih.gov/pubmed/20160453
https://doi.org/10.1111/j.1750-3639.1996.tb00796.x
https://www.ncbi.nlm.nih.gov/pubmed/8737929
https://doi.org/10.1126/science.1079469
https://www.ncbi.nlm.nih.gov/pubmed/12702875
https://doi.org/10.1007/s11010-022-04631-w
https://www.ncbi.nlm.nih.gov/pubmed/36576715
https://doi.org/10.1074/jbc.M117.810747
https://doi.org/10.1371/journal.ppat.1007093
https://doi.org/10.1371/journal.ppat.1009642
https://doi.org/10.3390/ijms222413494
https://doi.org/10.1016/j.bpj.2019.12.025
https://doi.org/10.1073/pnas.0802593105
https://www.ncbi.nlm.nih.gov/pubmed/18480252
https://doi.org/10.3390/v14112337
https://doi.org/10.1126/sciadv.abn6831
https://doi.org/10.1038/373523a0
https://www.ncbi.nlm.nih.gov/pubmed/7845465
https://doi.org/10.1038/s41467-022-32628-y
https://www.ncbi.nlm.nih.gov/pubmed/36028484
https://doi.org/10.1021/acschemneuro.2c00156
https://doi.org/10.3390/ijms22042196
https://doi.org/10.1186/s40035-020-00221-2
https://doi.org/10.1016/j.neuron.2020.08.012
https://www.ncbi.nlm.nih.gov/pubmed/32898475
https://doi.org/10.1073/pnas.88.2.375
https://www.ncbi.nlm.nih.gov/pubmed/1671170
https://doi.org/10.1093/emboj/16.20.6057
https://www.ncbi.nlm.nih.gov/pubmed/9321385
https://doi.org/10.1016/j.neuron.2007.01.010
https://www.ncbi.nlm.nih.gov/pubmed/17270732
https://doi.org/10.1007/s12149-018-1292-6
https://doi.org/10.3390/ph11020044
https://www.ncbi.nlm.nih.gov/pubmed/29751602


Curr. Issues Mol. Biol. 2024, 46 6439

86. Lopes, D.M.; Llewellyn, S.K.; Harrison, I.F. Propagation of tau and α-synuclein in the brain: Therapeutic potential of the
glymphatic system. Transl. Neurodegener. 2022, 11, 19. [CrossRef] [PubMed]

87. Peng, W.; Achariyar, T.M.; Li, B.; Liao, Y.; Mestre, H.; Hitomi, E.; Regan, S.; Kasper, T.; Peng, S.; Ding, F.; et al. Suppression of
glymphatic fluid transport in a mouse model of Alzheimer’s disease. Neurobiol. Dis. 2016, 93, 215–225. [CrossRef] [PubMed]

88. Sakakibara, Y.; Sekiya, M.; Saito, T.; Saido, T.C.; Iijima, K.M. Amyloid-β plaque formation and reactive gliosis are required for
induction of cognitive deficits in App knock-in mouse models of Alzheimer’s disease. BMC Neurosci. 2019, 20, 13. [CrossRef]

89. Hosokawa-Muto, J.; Yamaguchi, K.; Kamatari, Y.O.; Kuwata, K. Synthesis of double-fluorescent labeled prion protein for FRET
analysis. Biosci. Biotechnol. Biochem. 2015, 79, 1802–1809. [CrossRef]

90. Kostylev, M.A.; Kaufman, A.C.; Nygaard, H.B.; Patel, P.; Haas, L.T.; Gunther, E.C.; Vortmeyer, A.; Strittmatter, S.M. Prion-Protein-
interacting Amyloid-β Oligomers of High Molecular Weight Are Tightly Correlated with Memory Impairment in Multiple
Alzheimer Mouse Models. J. Biol. Chem. 2015, 290, 17415–17438. [CrossRef]

91. Youn, Y.C.; Kang, S.; Suh, J.; Park, Y.H.; Kang, M.J.; Pyun, J.M.; Choi, S.H.; Jeong, J.H.; Park, K.W.; Lee, H.W.; et al. Blood
amyloid-β oligomerization associated with neurodegeneration of Alzheimer’s disease. Alzheimer’s Res. Ther. 2019, 11, 40.
[CrossRef] [PubMed]

92. Koronyo, Y.; Rentsendorj, A.; Mirzaei, N.; Regis, G.C.; Sheyn, J.; Shi, H.; Barron, E.; Cook-Wiens, G.; Rodriguez, A.R.; Medeiros,
R.; et al. Retinal pathological features and proteome signatures of Alzheimer’s disease. Acta Neuropathol. 2023, 145, 409–438.
[CrossRef] [PubMed]

93. Gonzalez-Ortiz, F.; Turton, M.; Kac, P.R.; Smirnov, D.; Premi, E.; Ghidoni, R.; Benussi, L.; Cantoni, V.; Saraceno, C.; Rivolta, J.; et al.
Brain-derived tau: A novel blood-based biomarker for Alzheimer’s disease-type neurodegeneration. Brain 2022, 146, 1152–1165.
[CrossRef] [PubMed]

94. Murakami, K.; Izuo, N.; Bitan, G. Aptamers targeting amyloidogenic proteins and their emerging role in neurodegenerative
diseases. J. Biol. Chem. 2022, 298, 101478. [CrossRef]

95. Castle, A.R.; Wohlgemuth, S.; Arce, L.; Westaway, D. Investigating CRISPR/Cas9 gene drive for production of disease-preventing
prion gene alleles. PLoS ONE 2022, 17, e0269342. [CrossRef]

96. Abdulrahman, B.A.; Tahir, W.; Doh-Ura, K.; Gilch, S.; Schatzl, H.M. Combining autophagy stimulators and cellulose ethers for
therapy against prion disease. Prion 2019, 13, 185–196. [CrossRef]

97. Vicidomini, C.; Borbone, N.; Roviello, V.; Roviello, G.N.; Oliviero, G. Summary of the Current Status of DNA Vaccination for
Alzheimer Disease. Vaccines 2023, 11, 1706. [CrossRef]

98. Volc, D.; Poewe, W.; Kutzelnigg, A.; Lührs, P.; Thun-Hohenstein, C.; Schneeberger, A.; Galabova, G.; Majbour, N.; Vaikath, N.;
El-Agnaf, O.; et al. Safety and immunogenicity of the α-synuclein active immunotherapeutic PD01A in patients with Parkinson’s
disease: A randomised, single-blinded, phase 1 trial. Lancet Neurol. 2020, 19, 591–600. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s40035-022-00293-2
https://www.ncbi.nlm.nih.gov/pubmed/35314000
https://doi.org/10.1016/j.nbd.2016.05.015
https://www.ncbi.nlm.nih.gov/pubmed/27234656
https://doi.org/10.1186/s12868-019-0496-6
https://doi.org/10.1080/09168451.2015.1050991
https://doi.org/10.1074/jbc.M115.643577
https://doi.org/10.1186/s13195-019-0499-7
https://www.ncbi.nlm.nih.gov/pubmed/31077246
https://doi.org/10.1007/s00401-023-02548-2
https://www.ncbi.nlm.nih.gov/pubmed/36773106
https://doi.org/10.1093/brain/awac407
https://www.ncbi.nlm.nih.gov/pubmed/36572122
https://doi.org/10.1016/j.jbc.2021.101478
https://doi.org/10.1371/journal.pone.0269342
https://doi.org/10.1080/19336896.2019.1670928
https://doi.org/10.3390/vaccines11111706
https://doi.org/10.1016/S1474-4422(20)30136-8

	Introduction 
	Primary Structural Features of Prions and Prion-like Proteins 
	Prnp, PrPC, and PrPSc 
	Amyloid and Hyperphosphorylated Tau 
	-Synuclein Proteins 

	Structural Variation of Prions and Prion-like Proteins and Their Association with Neurodegeneration 
	Structural Variation of Prions and Neurodegeneration 
	Structural Variation of Prion-like Proteins and Neurodegeneration 

	Mechanistic Insights into Structural Changes Driving Protein Aggregation and Neurodegeneration 
	Dysregulation of Protein Homeostasis Associated with Protein Aggregation 
	PTM-Associated Structural Anomalies and Protein Aggregation 
	Regulation of Protein Structures by Environmental Factors: Chaperones, RNA, and Ions 

	Disease-Related Self-Replication and Aggregation Model 
	Self-Replication of Prions and Prion-like Proteins 
	Neurological Inflammation 

	Perspectives in Diagnosis, Prevention, and Therapy 
	Pharmaceutical-Based and Therapeutic-Based Treatment Methods 
	Notable Advancements in Treatments in Recent Years 

	Conclusions 
	References

