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Abstract—Neurodegenerative disorders are a broad
spectrum of progressive diseases characterized by the
degeneration of neurons, synapses, and eventually the
death of nerve cells. Regardless of differences in
symptoms, progression, and brain areas affected, these
disorders often share a common feature: the incorrect
folding and buildup of specific proteins. Tau, a-
synuclein, and prion protein, respectively, are examples
of various proteins that can follow similar pathways to
promote neurodegeneration in the brain. In
physiological circumstances, tau helps stabilize
microtubules and facilitates axonal transport, whereas a-
synuclein serves an essential aspect in the functioning of
neurons and synapses. Prion diseases are caused by the
conversion of the normal cellular prion protein, PrP*C,
into the pathogenic PrP”Sc. These proteins are prone to
misfolding, which may generate oligomers and p-sheet-
rich fibrils with the potential to disrupt the cell signaling
pathways of synapses, axonal transport, mitochondrial
function, membrane composition, protein clearance
pathways, and cellular stress response systems.

One important property that they share is their ability to
self-assemble in a seed-dependent manner. The
misfolded proteins cause a conformational shift in
normally folded proteins, so pathology spreads from one
section of the brain to another and from one cell to
another.

However, tau and o-synuclein, while sharing prion-like
features, vary from classic infectious prions in their
specific biochemical, genetic, and clinical characteristics.
Furthermore, a direct relationship and cross-seeding
between tau and a-synuclein have been reported,
indicating that neurodegenerative diseases may be
characterized by linked misfolding processes rather than
by entirely separate systems. These results have
important therapeutic implications. Current strategies
aim to inhibit pathological protein modification and
aggregation, reduce toxic soluble oligomers, block
cellular uptake and spread, selectively target aggregates,
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enhance or modulate proteasomal and autophagic
clearance, and employ mAbs or similar agents to bind,
neutralize, or enhance the clearance of toxic protein
species. To summarize, the increased understanding of
tau, a-synuclein, and prion protein demonstrates that the
mechanisms of disturbed proteostasis, templated
misfolding, conformational change, and propagation of
aggregation are common mechanisms that can be
targeted therapeutically in neurodegenerative disorders.

Index Terms—neurodegeneration, protein misfolding,
tau, a-synuclein, prion protein, prion-like propagation,
cross-seeding, proteostasis.

I.  INTRODUCTION

1.1. Overview of Neurodegenerative Diseases
Neurodegenerative illnesses are a heterogeneous
group of chronic diseases characterized by neuronal
malfunction and degeneration in specific areas of the
central and peripheral nervous systems. Neuronal
degeneration causes progressive loss of the reflex arcs
and circuits in which the neurons participate. This
leads to a gradual loss of cognition, mobility, behavior,
autonomic function, or a combination of these [1, 2].
Neurodegeneration is generally a slow process of
progression. Molecular or cellular problems
associated with  neurodegeneration may be
physiologically asymptomatic until symptoms
develop. These early cellular and molecular

events are necessary for understanding disease
progression and treatment approaches. This is because
the pathogenic changes in proteins may predate signs
of brain injury by years [1].

Infectious spongiform encephalopathies or prion
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diseases, including kuru, Creutzfeldt-Jakob disease
(CJD), and Gerstmann-Straussler-Scheinker
syndrome (GSS), are one group of neurodegenerative
disorders. Other major neurodegenerative diseases
include Alzheimer’s disease (AD), Parkinson’s
disecase  (PD), Huntington’s disease (HD),
frontotemporal ~ lobar  degeneration  (FTLD),
amyotrophic lateral sclerosis (ALS), dementia with
Lewy bodies (DLB), and multiple system atrophy
(MSA) [2, 3].

1.2. Protein Homeostasis in Neurones

Protein homeostasis (proteostasis) is the maintenance
of a functional proteome by the coordination of
mechanisms required for protein synthesis, folding,
transport, quality control, and destruction [4]. The
folding of newly synthesised polypeptides begins
during translation and continues after synthesis by
adopting functional three-dimensional conformations,
or the native state [5].

Molecular chaperones of the Hsp70, Hsp90, and
Hsp60 families are capable of binding to and assisting
unfolded and partially folded proteins to prevent their
making incorrect contacts and to attain stable
conformations [5, 6]. If a protein fails to fold into its
native structure, cellular quality-control procedures
usually remove it. There are two major degradation
systems: the ubiquitin-proteasome system (UPS) and
the autophagy-lysosome system. In the UPS, ubiquitin
is conjugated onto damaged or misfolded proteins and
marks them for proteasomal destruction.

Autophagy is particularly important for removing
large clumps of proteins and damaged organelles. For
example, cellular waste can be sequestered into
double-membraned autophagosomes and then fuse
with lysosomes for degradation. Most neurons are
post-mitotic and cannot dilute damaged proteins via
cell division. This process would account for the
accumulation of protein aggregates in some brain

regions and the unique importance of quality control
mechanisms in nervous tissue [7, 8].

Their lengthy axons and large dendritic networks, as
well as their extremely polar shape, also require
precise protein trafficking and constant maintenance
[7]. Therefore, autophagy is a

critical process for neuronal survival, and its
dysfunction has been linked to protein aggregation in
AD, PD, and ALS [7, 8]. Furthermore, some neuronal
populations have extremely high energy requirements
that may impact their vulnerability to degeneration [1].
When protein production, folding, refolding,
trafficking, or degradation become uneven, this
process might be thrown off balance. Abnormal
protein  accumulation may then disrupt the
proteasomal and autophagic processes, creating a
feedback loop in which clearance failure results in
additional aggregation.

1.3. Proteinopathies

Proteinopathies are diseases that are generally
described by proteins demonstrating abnormal
folding, buildup of aggregates, or processing.
Proteinopathies can be caused by proteins that are
unrelated in their natural conformation and function
but exhibit common pathological properties, such as
seeding behavior, oligomer and fibril formation, and
gradual spread of pathology to other proteins [2, 3].
Major neurodegenerative disorders are often grouped
in representative proteinopathies according to disease-
protein correlations revealed in the reviewed literature
[1, 2, 3]. The concept of proteinopathies is relevant, as
abnormal protein assemblies are not necessarily
restricted to their cell of origin. Aggregates can serve
as conformational templates that promote

the self-assembly of other proteins, thereby facilitating
the propagation of misfolding to neighboring cells or
related brain regions [2].

Table 1. Major pathological proteins associated with selected neurodegenerative diseases

Neurodegenerative Disease or Group

Major Pathological Protein

Characteristic Pathology

Alzheimer's Disease

Amyloid-, tau

Intracellular tau neurofibrillary
lesions and

extracellular amyloid plaques [2, 3]

Parkinson’s Disease

o-Synuclein

Lewy bodies and Lewy neurites [9]

Multiple System Atrophy

a-Synuclein

Mostly cytoplasmic
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inclusions in glia [10]

Dementia with Lewy bodies

a-Synuclein

Lewy pathology of neurons
extensively [9]

Tauopathies, including PSP, CBD,
and Pick's disease

Intracellular tau clumps are abnormal
[16]

Huntington's disease Mutant huntingtin Polyglutamine-rich huntingtin
aggregates [2]
ALS TDP-43, SODI1, FUS Abnormal protein inclusions,

especially in motor neurons [2]

Prion diseases

Conversion of pathogenic prion
protein and its
self-perpetuating accumulation [27]

1.4. Rationale for Selecting Tau, o-Synuclein, and
Prion Protein

The selection of tau, a-synuclein, and prion provides a
useful platform for comparing the three protein-
associated neurodegenerative disease processes. These
proteins are different in structure, localization, and
clinical context but share key features such as seed-
dependent misfolding,

progressive propagation, aggregation, and
accumulation of pathogenic assemblies. But at the
same time, this comparison has a major drawback.
Similar concepts, such as “seeding” or "propagation"
are not always founded on the same fundamental
principles for various diseases [11, 14].

Tau is, for the most part, a marker of neurofibrillary
illness intracellularly. Tau is involved in microtubule
assembly and stabilization, axonal maintenance, and
intracellular transport [16].

Pathological changes, such as hyperphosphorylation,
diminish tau binding to microtubules and promote tau
polymerization into paired helical filaments and
neurofibrillary tangles [16].

a-Synuclein is a unique paradigm with a disease
involving both neuronal and glial synucleinopathies.
Pathogenic a-synuclein is closely linked to Lewy
bodies and Lewy neurites in neurons in Parkinson’s
disease and dementia with Lewy bodies. Conversely,
a-synuclein predominantly deposits in the form of
glial cytoplasmic inclusions in multiple system
atrophy [9, 10, 11]. So the same protein can potentially
contribute to different disease manifestations
depending on the cellular environment. The biggest
commonality is the prion protein. In prion diseases,
normal cellular prion protein, PrPC, interacts with
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misfolded PrPSc, inducing a conformational shift into
a pathogenic form that is rich in B-sheets [27, 29]. This
form leads to a self-reinforcing cycle of repeated
conversion. PrPSc is the molecular cause of true
transmissible  prion disease [27].  Prion-like
proliferation and seeding of tau and a-synuclein allow
pathological conformations to associate with normally
folded proteins and encourage the progressive spread
of aggregation between cells and interconnected brain
regions [11, 14].

II. MOLECULAR BASIS OF PROTEIN
MISFOLDING

2.1. Normal Protein Folding

The function of a protein is greatly dependent on its
ability to obtain and maintain a proper three-
dimensional structure. The first step is the
fundamental structure, the sequence of amino acids
that make up the polypeptide chain. As the chain forms
during translation, distinct areas can interact and
generate stabilizing bonds, so folding can start co-
translationally and continue after synthesis [5]. These
interactions give rise to secondary structures, notably
a-helices and [-sheets, which are stabilized by
hydrogen bonds between groups in the polypeptide
backbone

[12]. Further folding results in tertiary structure, in
which secondary structural pieces are folded into a
more complicated three-dimensional conformation.
This structure is stabilized by several molecular
interactions. Hydrophilic areas are exposed, and
hydrophobic residues from amino

acids are normally buried away from the watery
cellular environment [12].

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 4335



© October 2026 | IJIRT | Volume 13 Issue 5 | ISSN: 2349-6002

The natural structure is the spatial arrangement that
allows the protein to carry out its biological activity
efficiently. Ionic interactions between charged groups,
hydrogen bonding, van der Waals forces, and, in some
proteins, covalent disulfide bonds [12] stabilize this
structure.

2.2. Protein Misfolding

Misfolded proteins could expose regions that are
normally hidden in the properly folded conformation.
Therefore, they may interact abnormally with
organelles, membranes, and other proteins [12]. There
are several circumstances that can destabilize a
protein's structure. Mutations can affect the primary
structure or the metabolic and processing pathway
directly [1].

Post-translational changes can also affect the behavior
of proteins. For example, hyperphosphorylation,
cleavage, glycosylation, ubiquitination, nitration, and
glycation of tau are known to occur (the latter being
especially relevant as they can switch tau from normal
microtubule binding to pathological self-association
[3, 16]).

2.3. Protein Aggregation

Aggregation is not an event; it is a multi-stage process,
as described in Section 2.3. Primary nucleation, the
gathering of particular monomers to form a stable
nucleus, takes place first. Elongation occurs, with
more protein monomers being added to the developing
structure. Other mechanisms proposed include
secondary nucleation and fibril fragmentation [13].
Both procedures generate novel sites for aggregation
and can promote the rate of aggregation in the presence
of fibrils [13]. This is important because medications
inhibiting early nucleation may not affect further
spreading via fragmentation [13]. Oligomers are small
soluble clumps that can form. These oligomers may be
extended to protofibrils and eventually evolve to large
fibrillar assemblies [47, 49].

Many pathogenic fibrils develop an amyloid form in
which the p-sheets are arranged in the cross-j3
orientation [47], as described in section 2.3.
However, the eventual insoluble fibril is not
necessarily the only “harmful” conformation.
Different soluble oligomeric intermediates that can
arise may have various levels of neurotoxicity and
solubility. Different structural strains of the same
aggregate have varied biological ramifications [46, 47,
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49]. When many aggregates have evolved, they can
become seeds. These seeds can bind to normally
folded proteins and trigger their conversion into the
pathogenic aggregation state [14]. The aggregation
develops with the addition of more misfolded
monomers. This leads to a self-accelerating build-up
[14]. This seeding activity and templated misfolding is
the molecular basis of prion disease, and comparable
mechanisms are validated by prion-related proteins,
including tau and a-synuclein [11, 14, 27].

2.4. How Protein Aggregation Damages Neurons
Protein aggregates injure neurons through a multitude
of overlapping routes rather than one unique process.
Pathological fibrils or oligomeric proteins could cause
problems with synaptic function by impacting
neurotransmitter release, synaptic organization, or
receptor activation [7, 46]. Tau disease may destabilize
microtubules and disrupt axonal transport (the flow of
chemicals and organelles down the axon). This
transport deficiency may cause greater widespread
synaptic dysfunction over time [16]. Aggregated
proteins can also be focused on mitochondria,
resulting in reduced energy production in the cell and
higher levels of oxidative stress. Subsequently,
reactive oxygen species can damage other proteins,
leading to more misfolding and an increase in the cycle
of oxidative injury [7, 22, 23]. Abnormal protein
species may also interact with cell membranes,
affecting the organization of membrane receptor-
associated signaling and permeability [46, 47].

Aggregation also aggravates neuroinflammation. It
has been shown that misfolded proteins stimulate
activation of microglia and astrocytes to create stress
molecules and inflammatory cytokines [4, 36]. Short-
term stimulation might be useful to remove the
aberrant aggregates, but continuous activation leads to
chronic inflammation and increased neuronal and
proteostatic stress [36]. Impaired synaptic function,
oxidative  stress, axonal transport failure,
neuroinflammation, quality control failure, and
membrane disruption act in concert to reduce neuronal
function and survival. These pathways are
complementary and cause irreversible neuronal
malfunction and death [4, 7, 16, 36].
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III. TAUMISFOLDING IN ALZHEIMER’S
DISEASE

Tau is an extremely soluble microtubule-associated
protein that is distributed throughout the nervous
system and is present in very high quantities in
neuronal axons. Under physiological conditions, tau
associates with microtubules and participates in their
regulation, stabilization, and assembly. Tau helps to
keep microtubule networks intact, allowing vesicles,
proteins, and organelles to travel between neuronal
cell bodies and synaptic terminals to support axonal
structure [16]. Human tau is encoded by the MAPT
gene and produced as several isoforms by alternative
splicing. The isoforms differ in the presence of N-
terminal inserts and in the number of microtubule-
binding repeats (three or four), resulting in 3R and 4R
tau isoforms. Different tauopathies have different
isoforms; e.g., Alzheimer’s disease (AD) usually
contains both 3R and 4R tau [15].

Post-translational ~ changes of tau, including
acetylation, ubiquitination, glycosylation, nitration,
cleavage, phosphorylation, and

dramatically modulate its function [3, 16].
Phosphorylation is particularly significant, as the
normal microtubule-binding properties of tau depend
on its phosphorylation state. Tau is phosphorylated by
various kinases such as glycogen synthase kinase 3
(GSK3p) and cyclin-dependent kinase 5 (CDKS5) and
is dephosphorylated by phosphatases such as protein
phosphatase 2A (PP2A). Phosphorylation per se is not
damaging, and reversible phosphorylation is a normal

glycation,

regulatory process for tau. But when phosphorylation
is excessive or chronically aberrant, it becomes an
issue. Under such conditions, tau has lower affinity for
microtubules, and hence more soluble tau is available
to participate in pathogenic interactions [2, 16].

When tau leaves microtubules, two things could be
happening at once. First, the typical function of tau in
stabilizing the microtubules within the neurone is lost.
Second, aberrant tau is more prone to self-association.
The tau molecules may then aggregate into soluble
oligomers and mature into larger-sized fibrillar
structures and produce pathogenic assemblies such as
paired helical filaments and neurofibrillary tangles,
hallmarks of Alzheimer’s disease [15, 16]. This
creates a self-sustaining loop, with tau dissociation
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generally  destabilizing microtubules, and their
disassembly reducing axonal shape and transit. But the
formation of aggregates does not explain tau
neurotoxicity. Diverse conformational forms of tau
may have diverse biological significance, and soluble
oligomeric intermediates are increasingly identified as
essential pathogenic species that impede cellular
activities before the emergence of massive fibrillar
inclusions [6, 46, 47, 49].

Tau can also adopt various conformations. These
conformational variants, known as strains, differ in
their degree of biological activity, cell selectivity, and
ability to transmit pathology [14, 16]. Once formed, an
aberrant tau seed can recruit soluble tau molecules and
convert them to aggregation-prone conformations.
The newly misfolded tau then joins the developing
aggregate, allowing the diseased structure to
proliferate [14, 16]. Another way that abnormal tau
may spread is from cell to cell, which would accelerate
the spread of pathology to interconnected parts of the
brain. In Alzheimer’s disease, tau pathology generally
originates in isolated places and then spreads to more
extensive limbic and neocortical regions [17]. That is
why tau propagation is called prion-like, but it does not
have the same known natural infectivity between
individuals as classical prion proteins [14, 17]. These
aberrant tau types can also be disrupted [16, 17].

IV.  A-SYNUCLEIN MISFOLDING IN
PARKINSON’S DISEASE

Synucleinopathies are a group of neurodegenerative
disorders; within this category falls Parkinson's
disease. a-Synuclein is a relatively small presynaptic
protein, which is thought to perform an essential
function in the development and pathology of the
disease. Under normal bodily conditions, a-Synuclein
has been shown to regulate synaptic vesicle transport,
vesicle organization, neurotransmitter release, and
SNARE-associated cellular processes [18, 19, 20]. a-
Synuclein is structurally flexible, rather than a stable
globular protein. Structurally versatile,

a-synuclein interacts actively with lipid membranes
and proteins, but it may also give rise to pathological
self-association [18, 19, 20]. An N-terminal portion, a
central hydrophobic core, and a C-terminal area make
up the structural domains of the 140-amino-acid
protein a-synuclein [20]. These domains control
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membrane binding, aggregation, cellular processes,
and inter-protein interactions. Under these
pathological  conditions,  soluble  a-synuclein
undergoes oligomer formation and fibrillar aggregate
production, with the latter containing a higher
percentage of B-sheet [2, 3, 11, 20]. a-Synuclein
aggregates are an important part of Lewy bodies and
Lewy neurites in neurons found in PD and dementia
with Lewy bodies [9, 11]. If multiple system atrophy
occurs, a-Synuclein aggregates mostly occur in
oligodendrocytes in the form of glial cytoplasmic
inclusions [10, 11].

Plenty of factors can encourage the conversion of a-
synuclein into a pathological form. For example, point
mutations and gene duplications, when genetic
modifications take place, can encourage the
aggregation or misfolding of a-Synuclein [2, 4, 20].
Other mechanisms that may contribute are
environmental stress and oxidative harm, alterations to
the quaternary structure, and failed clearance
mechanisms [2, 4]. Post-translational modifications
also act as a means of regulation. Post-translational
modifications can occur in many ways, such as
nitration, glycosylation, phosphorylation, and
SUMOylation; these types of modifications have been
studied in association with pathological conformations
of a-Synuclein [2, 11]. Biomarker and a-synuclein
pathology studies depend heavily on phosphorylated
forms, namely those that involve serine residues like
S129 [2, 11].

Irregular conformations of a-Synuclein can transform
soluble monomers into oligomers, as discussed
previously [2, 11, 46]. Alternatively, in Tau, the most
significant components are not biologically harmful
conformations; soluble oligomer forms may inhibit the
activities of membranes and synapses before large
protofibrils are even formed [46, 47, 49]. Various a-
Synuclein fibrils have different thresholds for stress
levels and can even adopt different orientations.
Differences in the morphology of a-synuclein
filaments help in understanding how seeding activity
processes, cellular tropism, and disease expression
differ even when the pathological protein is the same
[2, 11]. They also provide a possible explanation for
the functions of the same protein in multiple
pathologies, for example, a-Synuclein's role in both
Parkinson's disease and multiple system atrophy [2, 7,
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11].

a-Synuclein displays seed-dependent activity given its
prion-like nature. Endogenous a-Synuclein is
aggregated by preformed pathological fibrils, which
indicates that irregular pathological structures can
associate with normally soluble proteins to form an
assembly of pathological aggregates [11, 14].

a-Synuclein pathology is not confined to the brain.
Investigation of peripheral a-synuclein pathology and
neural pathways has led to the theory of body-first and
brain-first subtypes of PD.

The initial site of pathological a-synuclein aggregation
may differ between individuals and determine the
order of symptom progression [2, 21]. However, gaps
in genomic and epidemiological data remain [2, 21].

Neurons can be damaged due to aggregation of a-
synuclein via many mechanisms. Aggregates are
linked to malfunctioning of the synapse, alterations in
mitochondrial activity, oxidative stress,
neuroinflammation, and impaired proteostasis [2, 22,
23, 25]. In typical conditions,

a-Synuclein operates at the presynaptic terminals, but
when a-Synuclein is in a pathological conformation,
its structural abnormalities can directly affect the
transit of wvesicles and the discharge of
neurotransmitter molecules into the synaptic cleft [18,
19, 25]. Mitochondrial abnormalities can lower the
amount of energy produced and increase the
generation of reactive oxygen species [22, 23, 25],
leading to further degradation of proteins and higher
levels of misfolding of normal protein molecules [22,
23].

In the very beginning, protein pathology triggers broad
cellular stress responses, which cascade into the
stimulation of microglial cellular receptors and
inflammatory signalling by misfolded forms of a-
Synuclein [24, 25, 36]. Disruption of protein clearance
cycles boosts the positive feedback loop of
aggregation; o-Synuclein is processed by autophagy-
lysosomal and proteasomal pathways regularly, so
issues in these pathways are strongly linked to the
accumulation of pathological aggregates, and irregular
a-Synuclein disturbs the UPS pathway. Inadequate
autophagic degradation leads to the build-up of
oligomers and fibrils [7, 8, 11].
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Pathological aggregation can be both a result of
proteostasis failure and a cause of its progression [7,
8].

Treatment strategies target various phases of a-
synuclein disorder. Both Anle138b and NPT200-11
are examples of small-molecule compounds that have
been investigated for their ability to suppress
aggregation [2, 37]. Other approaches are aimed at
boosting autophagy, enhancing clearance processes,
and hindering cellular uptake and proliferation [3, 7].
Blocking or inhibiting endocytic mechanisms and
pathways in experiments has provided evidence that
regulating uptake can inhibit the transfer of a-
Synuclein in experimental models [3, 11].
Monoclonal antibodies (mAbs) like prasinezumab and
traditional immunotherapy methods can be used to
detect and bind to specific epitopes of a-Synuclein
[26]. Others target extracellular a-synuclein to prevent
the propagation of pathology between cells [11, 26].
Even in light of these findings, the translation of
clinical studies to medical practice is difficult, and
mAb therapies have not yet yielded a distinct disease-
altering treatment for Parkinson's disease [2, 11, 26].

V. PRION PROTEIN MISFOLDING AND
PROPAGATION

Prion disorders are a classic instance of diseases
resulting from self-replicating protein conformations
[14, 27]. These include prion disorders such as
transmissible spongiform

encephalopathies (e.g., Creutzfeldt-Jakob disease) and
both genetically inherited and acquired prion diseases
[27, 31, 32]. The hallmark change is the structural
conversion of the normal cellular prion protein,
PrP"C, into PrP"Sc [1, 27].

This change is related to structure and morphology,
not genetics. Every new pathological

molecule produced has the same primary structure as
PrP~C but has a different pattern of folding [27]. The
pathogenic version of PrP binds with endogenous
PrP~C to facilitate self-assembly toward an abnormal
state with a high beta-sheet character [1, 27].

This process of conformational conversion is done via
the use of directive templates [27, 29].

PrP~Sc takes the role of a seed here and associates with
PrP”C; the PrP”Sc undergoes elongation by recruiting
even more PrPAC and integrating the newly
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pathological molecules into a growing cluster of
assemblies [27, 29]. Smaller fragments of larger
aggregates can now act as additional surfaces for
seeding, which creates a growing number of active
templates; this mechanism can explain how a small
pathological conformation of a protein can lead to the
spread of pathology across different regions [28—30].
PMCA and other methods of prion amplification play
out this concept in vitro by incubating pathological PrP
seeds with a much larger quantity of PrP

substrate [28—30]. This process allows conversion and
elongation to happen before fibrils are fragmented to
create new seeds [29, 30].

The study of prions helps in understanding which
aspects of propagation are common and where the
proteins differ in progression. This principle remains
true, especially for Tau and a-synuclein since both
share some parts of the same process [11, 14, 27].
Accumulation of PrP"Sc adds to the progression of
neuronal death and dysfunction, but this process, like
in other misfolded proteins, occurs through multiple
different steps and mechanisms [4, 7, 27]. Misfolded
proteins have various effects on surrounding
structures; namely, they can impair the function of
lysosomes, trigger stress responses in cells, interfere
with synaptic connections, disrupt transport within
cells, and make membranes unstable [4, 7, 27].
Alongside these effects, glial activation and
neuroinflammation signaling can speed up the rate at
which neurons degenerate [4, 36].

Prion diseases can also be inherited across
generations; this knowledge serves as a means of
understanding the implications of genetic variations on
how susceptible an individual can be to a
neurodegenerative disease and the stability of protein
conformations in genetically different individuals [31,
32]. Genetic variations that are pathogenic in nature in
the PRNP gene may lead to inherited prion diseases by
altering the propensity of PrP to undergo
conformational conversion, with different
pathological variants giving rise to differences in
disease phenotype [31, 32]. More details on specific
mutations require a dedicated source for prion-
associated genes [31, 32].

Prion disease is particularly hard to treat, as
propagation of pathology is dependent on the
interactions between pathological and normal versions
of PrP [27, 29]. Therapeutic measures can inhibit
pathogenic PRP formation and prevent interactions
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with both normal and aberrant PRP [3, 7, 27].
Additionally, enhancing clearance systems, disrupting
oligomer and fibril formation and growth, and
stabilizing cellular normal PRP could all serve as
beneficial pathways for treatment [3, 7, 27, 37].
Chemical compounds that can alter beta-sheet
formation or assembly in pathological proteins can
show anti-prion effects, according to research, though
clinical translation is challenging [3, 37]. The
strongest practical results of prion research so far have
been in improving diagnosis rather than treatment [1,
28, 33]. PMCA and RT-QulC both strategically use
the self-propagating quality of PrP to amplify smaller
fragments of seeds in patient samples [28, 29, 33]. RT-
QuIC displays strong performance in diagnosing
Creutzfeldt-Jakob disease by detecting seeds present in
cerebrospinal fluid, with high accuracy and sensitivity
[33]. Many similar seed-amplification and detection
strategies are now being implemented for a-synuclein,
PrP, amyloid-beta, tau, and other pathological proteins
[1,2].

VI.  COMPARATIVE MECHANISMS OF
NEURODEGENERATION

Tau, a-synuclein, and prion protein's pathological
behavior can shift from a non-pathological form into
pathological conformations with higher aggregation
potential. These pathological

species can form oligomeric and fibrillar associations
and interact with quality control systems, acting as
seeds and ultimately contributing to progressive
neuronal dysfunction [2, 3, 11, 14, 27].

Differences between them are also relevant: tau is
heavily associated with the neuronal cytoskeleton, so
loss of tau microtubule binding directly disrupts
transport along the axon [16]. a-synuclein pathology is
linked to presynaptic function, where it can disrupt
movement of vesicles, transmission of impulses, and
processes associated with the membrane [18, 19, 22].
Prion protein disease is unique due to its efficient
conformational conversion and transmissibility [27,
29].

Keeping these differences aside, aggregation follows
related methods: initial nucleation creates a seed,
which promotes assembly; elongation recruits more
monomers, while fragmentation of fibrils acts as new
aggregation sites and causes secondary nucleation [13,
14, 47]. When enough pathogenic material
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accumulates, this process becomes self-amplifying,
and different fibrillar

conformations act as strains and preserve structural
features as the template for later generations of
aggregates [ 14, 47].

Tau and o-synuclein can move between cells and
initiate aggregation in them. Introduction of
pathogenic tau or o-synuclein experimentally can
trigger additional endogenous aggregation, which acts
as direct evidence for the spread via seeding [11, 14,
17, 35]. PrP follows the same logic and principle as a
more extreme version, where its conformational
propagation underlies the molecular basis of classical
prion disease [27, 29].

A seed doesn't always act on identical molecules; for
example, Tau and o-synuclein can influence
aggregation of one and the other [11, 34, 35, 44].
Various strains of a-synuclein differ in their three-
dimensional seed structure [11, 14]. In Parkinson's
disease, tau protein has the function of boosting
aggregation and transmission of a-Synuclein, another
example of how

neurodegenerative disorders may affect the spread of
each other's pathology [11, 34, 35]. A patient may
have multiple pathogenic protein species with the
ability to alter each other's behavior [43, 44].
Interactions between tau and a-synuclein may explain
the overlapping aspects of pathology in Alzheimer's
disease, Parkinson's disease, dementia with Lewy
bodies, and associated illnesses [11, 34, 35, 43].
According to this theory, disease phenotypes come
from wider proteostatic environments where proteins,
stress responses, and pathways of cells interact with
each other [43].

Tau, a-synuclein, and PrP all place stress on protein
clearance and quality control systems [7, 8]. Misfolded
proteins interfere with these systems and the
autophagy-lysosomal degradation pathway [7, 8].
They also interfere with mitochondrial activity, which
can lead to oxidative stress and promote the
aggregation of larger protofibrils that disrupt many
synaptic and membrane-related functions [22, 23, 25].
Aggregates interfere with many synaptic and
membrane-related functions, as discussed earlier; for
instance, inflammatory mediators are released by
microglia and astrocytes, which could influence the
environment of neurons [24, 25, 36]. That is why
common molecules that work via protein-specific
biological mechanisms are associated with an
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increased level of disease specificity. Knowing where
each protein is located and its normal function can help
researchers determine which systems are more likely
to be damaged first. a-Synuclein is enriched in the
functioning of the synapse, dopaminergic activity of
neurons, and transport of vesicles to fuse with the
presynaptic membrane [18, 19, 20]. Tau diseases
damage and target microtubules and axonal transport,
as the tau protein influences and regulates both these
processes [16].

Pathological PrP has an extremely effective system of
templated conformational conversion [27, 29].
Differences in the cell environment, strain, anatomical

interactions determine what the phenotype of the
disease is or what clinical symptoms will be expressed
after significant neuronal degradation [27, 32].

The total comparative analysis of each of the three
neurodegenerative disorders shouldn't be taken solely
as independent biological pathways but rather as
recurrent sequences with different initial proteins.
There is a sequence or structure of events
corresponding to all three diseases; this framework is
conformational instability, misfolding, nucleation,
seeding, propagation, proteostasis disturbance,
neuronal dysfunction, and degeneration of neurons [2,
3,7,11, 14, 27].

brain region, genetic influences, and protein
Table 2. Comparative features of tau, a-synuclein, and prion protein pathology.
Feature Tau a-Synuclein Prion Protein

Main normal role

Microtubule stabilization,
axonal preservation, and
transport [1]

Neurotransmitter release
and
trafficking of synaptic
vesicles [26, 27]

Normal PrP is involved in
cellular processes, whereas
conversion is
characteristic of prion
disease. [12]

Major disease association

AD and other
tauopathies [11]

PD, DLB, MSA, and
other
synucleinopathies [9,
10, 13]

CJD and other prion
diseases [12, 34]

Pathological transition

Abnormal PTMs, notably

Structurally flexible a-

Templated conformational

hyperphosphorylation synuclein misfolds into change of PrP*C to
, diminish oligomeric and fibrillar pathogenic PrP [12,
microtubule binding and species [13, 15]
enhance aggregation [11]. 28]
Major aggregates Oligomers, paired helical | Oligomers, fibrils, Lewy Pathological

filaments, neurofibrillary

bodies, Lewy neurites, and

B-sheet-rich PrP

tangles [15, 16] cytoplasmic aggregates [12, 15]
inclusions in glia [9, 10, 13,
20]
Seed-dependent aggregation| Yes[11,24] Yes[13, 14] Yes[12,15]
Cell-to-cell propagation Prion-like [14, 25] Prion-like [13, 14] Classical prion propagation
[12,15]

Cross-seeding Especially with Especially with tau and Distinct classical prion
a-synuclein and other other proteins [13, 39, 40, | conversion mechanism [12,
proteins [13, 39, 40, 41] 15]
41]
Major cellular effects Cytoskeletal instability, Synaptic, mitochondrial, Progressive neuronal
impaired axonal transport, | membrane, and proteostasis| dysfunction associated with
synaptic dysfunction [11] dysfunction [21, 22, self-propagating PrP

30, 31]

conversion [12]

Natural infectious behavior

Not established as a

Not established as a

Yes, in transmissible prion
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[14, 25]

classical infectious disease| classical infectious disease

disease [12, 34]

[13, 14]

VII. THERAPEUTIC STRATEGIES AND
EMERGING BIOMARKERS

Recent identifications of similarities in processes in
tau, a-synuclein, and prion protein have changed the
focus of therapeutic research from symptom
management to disease treatment [3, 7]. As of today,
the aim is to reshape the molecular mechanisms and
pathways that lead to these diseases. Potential areas
that could lead to ideas for interventions include
synthesis, folding, post-translational modifications,
oligomerization, fibril formation, cellular uptake,
propagation, and causing degeneration in the
pathogenic protein during the course of its life cycle
[3, 7]. But the challenge still lies in choosing what is
to be targeted and what would be optimal as a target,
as monomers, oligomers, protofibrils, mature fibrils,
and conformational strains all could produce very
different consequences in relation to our biology [46,
47, 49].

One method of intervention could be to disrupt the
mechanism early by reducing the availability or
creation of aggregation-prone proteins [3, 7]. If we
take the example of tau, this process could involve
selectively  targeting proteins with  aberrant
phosphorylation; we could also target proteins with
pathogenic post-translational changes for a-synuclein
and related proteins [3, 16].

The second method explored is the direct inhibition of
aggregation; small compounds, in particular, can bind
to monomeric or oligomeric species, disrupting the
formation of beta-sheets and guiding proteins towards
non-toxic assemblies [3, 7, 46, 47]. Two examples that
have been examined are Anlel38b and
hydromethyltheonine; they have been developed as a-
synuclein and tau aggregation inhibitors, respectively
[37, 38]. Anle138b was developed as a modulator for

oligomers and has strong experimental evidence
involving a-synuclein and PrP aggregation [3, 37].
Hydromethyltheonine is a tau aggregation inhibitor
that was evaluated clinically in Alzheimer’s disease
[38].

EGCG and other polyphenols additionally
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demonstrate anti-amyloidogenic effects in standard
laboratory conditions, which impact a-synuclein and
tau aggregation [2, 3]. Preclinical activity, however, is
unable to always translate to clinical efficacy [3, 7].
Therefore, immunotherapy can act as an area for novel
treatments and serves as a platform for active
investigation [2, 3, 7]. Antibodies have been developed
for different variations and species of tau; for example,
antibodies have been generated against N-terminal
regions, domains for microtubule interactions,
phosphorylated epitopes, and various conformational
pathologies of tau [2, 3]. One of the most significant
issues is selectivity; medications and treatments must
be directed only towards the pathological variants of a
protein species to avoid disrupting the non-pathogenic
variants of the same protein species and to maintain
essential body functions [3, 7].

Treatment methods that enhance our biological protein
clearance system or the activity of molecular
chaperones may be a more holistic strategy for
proteinopathies than focusing on the treatment of
individual pathological proteins; some examples of
possible treatments include heat shock response
modulation,  chaperone-guided therapies, and
autophagy augmentation [6, 7, 39, 40]. Of course,
there are some drawbacks to this process; for example,
if degradation pathways are too active, they can impact
cell activities that have no connection to pathological
proteins [40]. Excessive or poorly targeted autophagy,
particularly when lysosomal clearance is already
impaired, can lead to autophagosome accumulation,
degradation of essential cellular components, or
additional neuronal stress [40]. In the same way, tau
and a-synuclein are challenging to isolate without
taking into account their normal neuronal roles [16,
18, 19].

Treatments in the future will probably depend on the
selective targeting and identification of abnormal
conformations rather than blindly decreasing all forms
of a protein [3, 7, 46].

Neurodegenerative proteinopathies can lie dormant for
years before clinical symptoms appear, creating an
opportunity to modify the disease with treatments and
increase their impact [1, 7].

Methods for seed amplification are also being
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designed to identify and detect tau conformers and
their activity rather than just the concentration of the
protein [1, 2]. Differences may be relevant, as two
patients with similar concentration levels of tau may
have different amounts of pathological seeds that are
biologically active in their bodies [1, 2]. Oligomeric
species and post-translationally modified forms are
being investigated as possible biomarkers for the
detection of a-synuclein [1, 2, 3].

Both  PMCA and RT-QulC can increase the
concentration of a-synuclein seeds from low amounts,
and both have been used in CSF and peripheral tissues,
for example, olfactory mucosa, gastrointestinal tissue,
salivary glands, and skin [1, 2]. The mechanisms of
seed amplification could inform researchers about the
identity of a-synuclein strains, giving rise to the
prospect of differentiating among various types of
synucleinopathies rather than just identifying o-
synuclein pathology [1, 2].

A lot of these strategies are based on the principle of
prion disease; PMCA and RT-QuIC, for example, both
multiply diseased seeds by providing non-pathological
cellular protein substrates in settings optimal for
template conversion [28, 29, 33].

Technologies are currently being developed with the
purpose of increasing the rate of amplification,
producing a larger quantity of enhanced seeds, and
making them more efficient for transport [41, 42]. RT-
FAST is a novel technology that uses
nanopore/nanopore-based methods as both an
amplification environment and a nanopore sensor to
detect a-synuclein [41]. A model known as Nano-
QuliC wuses a different method. It employs
nanoparticles to make amplification more efficient
[42]. Such techniques are still being tested and
developed, but they are indicators of a shift in the
purpose of developing technologies [41, 42].
Approaches that we have today regarding biomarker
detection are limited. CSF can have a high amount of
disease-associated proteins, but their collection
requires an invasive lumbar procedure. Although
blood-based indicators are much simpler to gather,
blood concentrations could be lower, and peripheral
sources can distort interpretation [1, 2]. The seed
amplifiers test can be lengthy to conduct on highly
uniform recombinant-specific substrates. Various
strains of the protein in question can also respond
differently when tested under different conditions,
which is another challenge in detection [1, 2, 28].
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Biomarkers provide information about the presence of
disease and what their dominant conformation could
be, how strongly it seeds, and whether treatment is
reducing its activity [1, 2, 33, 41, 42]. This kind of
approach can push neurodegenerative medicine
toward more accurate identification and classification
of molecules, rather than relying on symptom-based
approaches that come later in disease progression [1,
2].

VIII. FUTURE PERSPECTIVES

Studies regarding abnormal misfolding of proteins are
moving away from the school of thought that
neurodegenerative diseases are the result of singular
protein deposits and are isolated conditions [2, 3, 43].
Tauopathies, synucleinopathies, and prion diseases
may vary in their biology and structure, but they all
have conformational instability, seeding, nucleation,
strain production, propagation, and failure in
proteostasis in common [2, 3, 7, 14]. For this reason
future studies should not focus solely on single
proteins but also on their cellular environment and the
functions in which those proteins interact [43, 44].
Cross-seeding may grow to become an important
aspect in the study of these diseases. Tau and o-
synuclein can influence each other's aggregation [11,
34, 35]; interactions have also been reported among
amyloid-beta, TDP-43, and other aggregation-prone
proteins [43, 44].

Abnormalities in proteins can occur much before
clinical neurodegeneration presents itself, and
treatments may be too late if there is significant
damage to the neurons [1, 7]. However, sensitivity
must be compared against specificity, as pathogenic
protein deposits or proteins may be found in patients
who do not have any clinical neurodegeneration [1].
Neuronal and glial interactions can be studied on
regulated and standardized platforms. These platforms
are known as organoid models; within these platforms,
structural techniques can be used for high-resolution
assessment of oligomers and fibrils, alongside
computational tools and large datasets to identify links
between the primary amino acid sequence, native
conformation of protein, clinical manifestation and
disease  phenotype, genetic background, and
conformational pathological structure [45]. A question
that may arise in the future is which pathogenic species
should be treated and targeted. Targeting larger

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 4343



© October 2026 | IJIRT | Volume 13 Issue 5 | ISSN: 2349-6002

fibrillar deposits may be ineffective, as soluble
oligomers or seeds are often the toxic species [46, 47,
49]. However, inhibiting a stage of aggregation may
redirect the pathway towards other soluble assemblies;
this step makes it especially important to identify and
determine whether treatment reduces or stabilizes
potentially toxic oligomeric species [46, 47, 48]. To
achieve effective treatment, more information about
changes in monomers, oligomers, seeds, protofibrils,
and mature fibrils throughout the span of the disease is
necessary [7, 46, 49].

In the case of neurodegenerative diseases, combination
therapy could be more useful than using only a specific
treatment [3, 7]. Both treatments combined should
limit pathogenic protein synthesis, reduce pathogenic
aggregate formation,  maintain  proteostasis
mechanisms, handle neuroinflammation, and inhibit
extracellular aggregates; all of these mechanisms
focus on different regions in the same disease network
and target a variety of the specific proteins'
pathological forms [3, 7, 36]. The main issue is that
finding the correct combination of treatments for the
specific disease proteinopathy, illness stage, and
patient is difficult [3, 7].

IX. CONCLUSION

Considering that many neurodegenerative diseases
share the accumulation of abnormal proteins,
examination of tau, a-synuclein, and prion proteins
suggests that protein misfolding is responsible for
more than just protein accumulation [2, 3]. The
conformational conversion in every system facilitates
aggregation, produces physiologically active seeds,
recruits more protein molecules, impairs cellular
homeostasis, and leads to progressive neuronal
degeneration [2, 7, 14].

Irregular  post-translational ~ modifications and
aggregation of tau are linked to microtubule instability
and abnormal axonal transport dysfunction [16].
Researchers also observe abnormal synapse function,
mitochondrial stress, membrane disruption, and the
development of neuronal or glial inclusions [18, 22,
23, 25]. a-synuclein disorder is associated with protein
misfolding [2, 11, 20]. The prion protein is the most
clear-cut example of templated conformational
conversion, where diseased protein replicates its
structure by binding to normal PrP [27, 29]. Though
these proteins differ in many different factors, they act
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through similar processes that can be characterized by
mechanisms such as seed-dependent amplification,
proteostasis, oxidative damage and cellular responses,
neural inflammation, and a long-term progression of
pathology [2, 3, 7, 14, 27]. Evidence suggesting cross-
seeding between tau and a-synuclein indicates that
neurodegeneration is not always a single protein
disorder and can involve the pathologies of proteins
that accelerate each other's aggregation [11, 34, 35, 43,
44].

The aforementioned similarities between prion
proteins, o-synuclein, and tau all provide vast
opportunities for treatment and intervention based on
inhibiting aggregation and seeding, strengthening the
body's protein clearance system, selectively targeting
aggregate-prone proteins, intracellular propagation,
and other viable techniques [3, 7, 37, 39, 40].
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