
vegastemcell.com 

 

1 | P a g e  
 

Scientific Resources 

© 2026 Vega Medical Services. All rights reserved. 

 

 

Prion-like propagation of pathogenic proteins in neurodegenerative diseases: molecular 

mechanisms, underlying networks, and spreading routes 

Nattida Kampuang, PhD 

 

“This review of the literature compiles scientific evidence that misfolded toxic protein 

aggregates spread in a self-propagating prion-like fashion along axonal tracts through 

interconnected neural networks to promote progressive neurodegeneration.”  

 

 
Date: 13 September 2026 

Address: 3/6, The Primary 

101, Ladphrao 101 Road, 

Klongchan, Bangkapi, 

Bangkok 10240 Thailand 

Contact us: +66 652 258 2599 

E-mail: 

nattida.k@vegastemcell.com 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract 

Neurodegenerative diseases such as Alzheimer disease, 

Parkinson disease, amyotrophic lateral sclerosis, and 

frontotemporal lobar degeneration are characterized 

pathologically by the selective accumulation of misfolded 

protein aggregates in vulnerable regions of the central nervous 

system. Such phenomena are historically considered to be cell 

autonomous, where the affected neurons are clustered in a 

localized fashion independently from one another, but 

compelling scientific evidence now establishes a paradigm of 

non-cell autonomous network driven phenomena. In this novel 

paradigm, the pathological proteins tau, α-synuclein, TAR DNA 

binding protein 43 and amyloid-β act as prionoids or self-

propagating propagons. These toxic conformers recruit the 

native monomeric counterparts by template assisted misfolding 

and seeded aggregation. Once initiated, pathological seeds can 

breach plasma membrane barriers through specialized release 

and uptake mechanisms, propagate long anatomical distances 

within axonal tracts by anterograde and retrograde molecular 

transport machinery, and transsynaptically transmit to second 

order target neurons. This literature review offers an in-depth 

synthesis of the biophysical, cellular and neuroanatomical 

mechanisms involved in the axonal propagation of pathogenic 

protein aggregates. We describe the kinetics of nucleation 

dependent polymerization, liquid phase separation, pathways of 

vesicle mediated and direct intercellular transfer, axonal 

transport dynamics by kinesin and dynein motors and protein 

specific neuropathological spreading patterns across major 

neurological conditions. Finally, we discuss the clinical, 

diagnostic and disease modifying therapeutic implications of 

targeting the extracellular and trans synaptic phases of 

neuropathological progression.

 

Keywords: Prion like propagation, Axonal transport, Seeded aggregation, Trans synaptic 

spreading, TDP-43, Tauopathy, α-synuclein, Neurodegenerative disorders 
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1.Introduction: From Cell-Autonomous 

Pathology to Network Based Propagation  

Neurodegenerative diseases are a 

growing worldwide health problem 

characterized by progressive death of specific 

groups of neurons and neurological function. 

The key commonality of these clinically 

heterogeneous diseases is the accumulation 

of characteristic proteinaceous aggregates in 

the brain and spinal cord(Brettschneider, Del 

Tredici, Lee, & Trojanowski, 2015). For 

decades classical neuropathological 

paradigms have been based on a purely cell 

autonomous hypothesis. Disease progression 

was traditionally thought to be the result of 

independent aggregation events proceeding 

in parallel, synchronized across isolated cells 

sharing intrinsic metabolic or genetic 

vulnerabilities(Brundin, Melki, & Kopito, 

2010). However, clinical observations of 

stereotypical topographically predictable 

disease progression, together with landmark 

pathological findings, have revolutionized 

this consensus to a cell nonautonomous 

network-based model of 

neuropathology(Brettschneider et al., 2015; 

McAlary, Plotkin, Yerbury, & Cashman, 

2019). 

The dominant paradigm is that 

neurodegenerative disease progression is 

mediated via transfer of pathological protein 

seeds between cells and their self-

propagation via interconnected anatomical 

pathways. We refer to the phenomenon as 

prion-like propagation. In classical prion 

diseases, the cellular prion protein is 

converted into a β-sheet rich scrapie isoform 

which is infectious, replicates by template 

directed conversion and transmits between 

organisms (Brundin et al., 2010). 

Alternatively, the pathological proteins 

associated with common neurodegenerative 

diseases such as tau, α-synuclein, TDP-43 

and fused in sarcoma share fundamental 

molecular mechanisms of templated 

misfolding, cell to cell transfer and structural 

strain diversity but generally lack inter host 

infectivity. These non-infectious entities are 

called prionoids or propagons to emphasize 

their intra host spread and to distinguish them 

from true infectious prions(Brettschneider et 

al., 2015). 

To unravel disease trajectory, it is 

critical to understand how these toxic 

aggregates travel the long anatomical 

distances of axonal tracts. Axons of 

projection neurons and motor nerve fibers 

extend over large spatial areas and therefore 

are uniquely dependent on the integrity of the 

cytoskeleton and intracellular transport 

machinery(Koshy, Kincaid, & Bartz, 2022). 

Pathological seeds travel anterogradely or 

retrogradely through these axonal conduits 

between anatomically linked brain regions, 

causing localized molecular misfolding to 

become widespread network 

failure(Pongrácová, Buratti, & Romano, 

2024). 

 

Primary nucleation of native 

monomeric proteins involves a rate limiting 

conformational transition to form stable 

aggregation nuclei; addition of pre formed 

pathogenic seeds to the system abolishes the 

nucleation lag phase, resulting in rapid 

exponential elongation and fibril 

fragmentation into multiple active 

seeds((Brundin et al., 2010) , as shown in 

Figure 1. 

 

2. Mechanisms at the molecular scale of 

misfolding, seeded aggregation and 

structural strains 

2.1 Thermodynamic Kinetics of Seeded 

Polymerization 

Conversion of soluble functional 

proteins into insoluble pathogenic aggregates 

is a nucleation-dependent polymerization 

process with a characteristic sigmoidal 

kinetic profile. Native functional proteins are 

in thermodynamically stable conformations 

at physiological conditions(McAlary et al., 
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2019). Primary nucleation, the initial 

formation of a stable, self-propagating 

oligomeric assembly, is thermodynamically 

unfavorable and is the slow, rate-limiting lag 

phase of disease initiation. In this phase, 

native monomers undergo transient 

conformational shifts that expose 

hydrophobic amino acid side chains, which 

are normally buried within the folded 

structure of the protein(Brundin et al., 2010). 

After a stable oligomeric nucleus or 

seed is formed, the reaction proceeds with an 

exponential elongation stage. This step 

involves rapid incorporation of soluble 

monomeric proteins into the growing 

aggregate tips in the aberrant, β-sheet rich 

template conformation(Brundin et al., 2010). 

Moreover, as large amyloid fibrils 

accumulate, fibril fragmentation occurs due 

to mechanical shear forces or cellular 

chaperones, resulting in a plethora of smaller, 

highly reactive seed fragments. These newly 

formed seeds provide further surfaces for 

elongation and initiate a self-propagating 

cascade of aggregation. For exogenous pre 

formed aggregates or patient derived seeds 

entering a naive recipient cell the primary 

nucleation lag phase is completely 

circumvented, dramatically accelerating the 

conversion of endogenous native 

monomers(Brundin et al., 2010). 

2.2 Molecular Models: Template-Assisted 

vs Seeded Polymerization 

There are two main mechanistic models 

explaining the process of pathogenic seeds 

corrupting native protein populations in the 

neuronal cytoplasm: 

1. The Template Assistance Model: 

Proposes that the misfolded protein 

binds to a native monomer, forming a 

transient heterodimeric complex, 

acting as a conformational chaperone, 

lowering the activation energy 

required for native protein to refold 

into the pathological 

conformation(Brundin et al., 2010). 

2. The Seeded Polymerization Model: 

posits a continuous reversible 

equilibrium between native and 

altered monomeric forms. Under 

normal physiological conditions the 

misfolded monomeric state is not 

stable and rapidly cleared or 

converted back. However, the 

oligomeric state of a multi protein 

aggregate of misfolded monomers is 

sufficient to overcome the entropic 

cost and stabilize the aggregate 

structure, providing a physical 

template for continued 

polymerization (Brundin et al., 2010). 

2.3 Phase separation and low complexity 

domains in liquid-liquid systems 

Recent research advances have 

pointed to liquid liquid phase separation as a 

major contributor to pathological aggregation 

especially of RNA binding proteins such as 

TDP-43 and FUS (Pongrácová et al., 2024). 

TDP-43 has a flexible intrinsically disordered 

low complexity C terminal domain enriched 

in glycine, glutamine and asparagine 

residues, which confer strong self-assembly 

properties. In cellular stress conditions, TDP-

43 changes its normal location in the nucleus 

into cytoplasm and aggregates in liquid like 

biomolecular condensates like stress 

granules(François-Moutal et al., 2019; 

Kumar et al., 2023). 

Physiological stress granules are 

readily disassembled upon stress resolution, 

but disease-associated genetic alterations, 

persistent oxidative stress or abnormal post-

translational modifications such as 

hyperphosphorylation, ubiquitination and C-

terminal cleavage to 25-kDa and 35-kDa 

fragments increase condensate viscosity. This 

changes the biomolecular state by an 

irreversible transition from liquid to solid 

phase that leads to the assembly of toxic 

oligomers and insoluble fibrillar 

inclusions(Chen et al., 2010; Pongrácová et 

al., 2024).
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Figure 1 The Biophysical Cascade of Misfolded Proteins. The figure illustrates the conversion 

of native helical proteins into β-sheet amyloid fibrils. The primary nucleation, template-

assisted conversion and fibril elongation are the main steps, which are directly correlated with 

the different phases of the sigmoidal kinetic growth curve. 

  

2.4 Structural Strains and Phenotypic 

Diversity  

The presence of structural strains, 

which are different conformational variants 

of the same protein polymer encoding 

different pathological phenotypes is one of 

the hallmarks taken from classical prion 

biology. High-resolution structural studies 

reveal distinct tertiary folds, filament 

dimensions, and biochemical stabilities for 

tau, α-synuclein, and TDP-43 aggregates 

derived from different clinical disease 

subtypes(Carta & Aguzzi, 2022). In cell or 

animal models, this unique brain derived 

aggregate strain faithfully self-propagates its 

exact molecular conformation, inducing 

subtype specific inclusion morphologies, 

anatomical spreading velocities and cell type 

tropisms(Laferrière et al., 2019). This strain 

diversity provides a strong molecular basis 

for the fact that a single protein such as TDP-

43 can manifest as ALS, frontotemporal 

dementia or limbic predominant age related 

TDP-43 encephalopathy (Mompeán et al., 

2014). 

 

3. Cellular Mechanisms of Intercellular 

Seed Release and Receptor Uptake 

Cytosolic or nuclear aggregates must 

transit a multi-step extracellular phase to 

propagate across interconnected neural 

networks. This procedure has strict cellular 

requirements: recruitment of soluble 

monomers to the aggregate and 

fragmentation, continuous synthesis of native 

monomeric substrate in recipient cells, active 

or passive secretion of seeds to the 

extracellular space, and binding, 

internalization and cytoplasmic escape within 

the recipient neuron(Brundin et al., 2010). 

 

Pathogenic aggregate seeds are 

released from donor cells through 

unconventional exocytosis, exosomal 

secretion and tunneling nanotubes, and 

subsequently taken up by recipient neurons 

through heparan sulfate proteoglycan 

mediated macropinocytosis or receptor 

operated endocytosis, as illustrated in Figure 

2(Ren et al., 2009).
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Figure 2. Nerve Cell Transmission. This figure shows the transfer of protein aggregates from 

a donor to a recipient neuron by exocytosis, exosomes and tunneling nanotubes. 

   

3.1 Mechanisms of Seed Dispersion 

between Cells 

Pathogenic protein aggregates lack the 

classical signal peptides that are required for 

classical secretion pathways from the ER to 

the Golgi(Colin et al., 2020). but their release 

into the interstitial fluid is mediated by 

specialized active and passive non-classical 

mechanisms: 

1. Unconventional Exocytosis: Direct 

secretion of monomeric and 

oligomeric species of tau and α-

synuclein across the plasma 

membrane or via secretory lysosomes 

and amphisomes (Kaufman & 

Diamond, 2013). 

2. Extracellular Vesicle Secretion: 

Aggregated protein species are 

sequestered in multivesicular bodies 

and released in 30- to 150-nm-

diameter exosomes or larger 

microvesicles. Encapsulation in 

exosomes protects the internal seeds 

from extracellular proteases and 

allows them to travel safely through 

interstitial spaces. Pathological forms 

of TDP-43, tau, and α-synuclein have 

been identified in extracellular vesicle 

fractions from patient cerebrospinal 

fluid and blood plasma(Kfoury, 

Holmes, Jiang, Holtzman, & 

Diamond, 2012). 

3. Tunneling Nanotubes: 

 Membranous, actin-rich intercellular 

bridges that allow direct cytoplasmic 

continuity between connected 

neurons. Tunneling nanotubes enable 

the direct transfer of large aggregates, 

endosomes and organelle structures 

between donor and recipient cells 

without any involvement of the 

extracellular environment (Brundin et 

al., 2010). 

4. Passive Release via Neuronal 

Death: In advanced stages of the 

disease, necrotic or apoptotic 

neuronal death leads to plasma 

membrane breakdown, releasing 

large insoluble inclusions and naked 

fibrils directly into the extracellular 

matrix, where they become available 

to surrounding cells (Brundin et al., 

2010; Kaufman & Diamond, 2013). 
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3.2 Mechanisms of Cellular Uptake and 

Escape into Cytoplasm 

Once in the extracellular interstitial space 

seeds interact with specific recipient cell 

surface receptors to induce internalization: 

• Heparan Sulfate Proteoglycans: 

Transmembrane heparan sulfate 

proteoglycans are the main endocytic 

receptors for extracellular tau, α-

synuclein and TDP-43 fibrils. 

Binding to these proteoglycans 

induces bulk fluid phase 

macropinocytosis, by which seeds are 

engulfed into macropinosomes 

(Goedert, Masuda-Suzukake, & 

Falcon, 2017). 

• Receptor Mediated Endocytosis: 

Specific surface receptors facilitate 

the entry of aggregates. These include 

low density lipoprotein receptor 

related protein 1 and the cellular prion 

protein that are high affinity receptors 

binding extracellular aggregates and 

promoting their endocytosis to 

enhance toxic downstream signaling 

(Colin et al., 2020). 

• Endosomal Escape: Internalized 

seeds are first found in early 

endosomes and maturation derived 

autolysosomes. The acidic luminal 

environment and lysosomal 

hydrolases induce endosomal 

membrane rupture and a subset of 

seed competent aggregates escape 

into the cytosol. Once in the 

cytoplasm, these seeds interact 

directly with native monomeric 

proteins and catalyze template 

assisted conversion (Brundin et al., 

2010; Goedert et al., 2017). 

3.3 Non-cell autonomous Glial 

Contribution 

Astrocytes and microglia are actively 

modulating prion-like propagation kinetics. 

Microglia take up extracellular aggregates via 

scavenger receptors, clearing some and thus 

reducing the seed concentration, but an 

excessive build-up of aggregates can trigger 

inflammasome activation and secretion of 

pro-inflammatory cytokines (Braak & Del 

Tredici, 2013). Exosomes released by 

activated microglia have also been shown to 

contain seeds that promote the spread of tau 

and TDP-43 to neighboring neurons. 

Astrocytes also internalize neuronal 

aggregates but can become metabolically 

exhausted and release processed seeds back 

into the neuropil (Braak & Del Tredici, 2013; 

Goedert et al., 2017). 

 

4. Axonal transport and trans-synaptic 

spreading dynamics 

4.1 Kinesin and Dynein: Molecular Motor 

Machinery  

Once inside the neuronal cytoplasm, 

protein seeds use the endogenous cytoskeletal 

transport machinery of the neuron to move 

the long anatomical distances along axonal 

tracts (Koshy et al., 2022). Axonal transport 

depends on polarized microtubule tracks, 

where: 

• Anterograde Transport: The kinesin 

motor proteins transport vesicles to 

the axon terminals toward the plus 

end of the microtubule (Koshy et al., 

2022). 

• Retrograde Transport: Cytoplasmic 

dynein motor complexes move 

toward the minus ends toward the 

soma (Koshy et al., 2022). 

 

Internalized aggregate seeds are 

actively transported bidirectionally along 

microtubule tracks by kinesin motors 

(anterograde) and dynein motors 

(retrograde). Figure 3 shows the resulting 

trans-synaptic secretion of aggregate seeds 

into the synaptic cleft and uptake by 

postsynaptic second order neurons. In vitro 

models using microfluidic chambers that 

physically separate cell bodies from axon 

terminals show that tau, α-synuclein, TDP-43
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Figure 3. Axonal transport and transsynaptic propagation of misfolded proteins. Schematic 

of the bidirectional transport of misfolded protein seeds along axonal microtubules and their 

trans-synaptic propagation to postsynaptic neurons. 

 

and prion seeds are taken up in either the 

somatodendritic or axonal terminal 

compartments and transported bidirectionally 

over long distances (Freundt et al., 2012). 

 

4.2 Transport Velocities: Fast vs. Slow 

Axonal Transport 

Axonal transport is running in different 

velocity regimes: 

• Fast Axonal Transport: Carries 

membranous organelles and 

neurotransmitter vesicles at rates of 

50-400 millimeters per day (Koshy et 

al., 2022). 

• Slow Axonal Transport: It is 

separated into slow component a, for 

neurofilaments and microtubules 

(0.2–1 mm/day) and slow component 

b, for cytosolic protein complexes (1–

8 mm/day) (Koshy et al., 2022). 

 

Live cell imaging and radiolabeled 

tracking studies indicate that the propagation 

velocity of prion-like aggregates of about 1 to 

5 millimeters per day is compatible with the 

rate of slow component b transport. This rate 

is similar to observed clinical propagation 

speeds of pathology along central white 

matter tracts in human neurodegenerative 

conditions (Brettschneider et al., 2015; 

Kaufman & Diamond, 2013). A motor driven 

transport of discrete vesicular cargoes has 

been developed, and a complementary 

domino like membrane propagation model 

has been established. In this model, 

membrane-anchored seeds induce a 

sequential conformational conversion of 

native proteins continuously along the axonal 

plasma membrane, propagating a wave of 

misfolding down the nerve fiber (Koshy et 

al., 2022). 

4.3 Synaptic & Trans Synaptic Transfer  

Activity-dependent exocytosis 

releases aggregate seeds into the synaptic 

cleft when reaching axon terminals. 

Increased firing of the synapses and 

depolarization of the neurons improve the 

release of tau and α-synuclein into the extra-

cellular space, which in turn speeds up the 

trans synaptic transfer toward the post-
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synaptic neurons. This connectivity 

dependent transfer accounts for why 

pathology spreads along functional neuronal 

networks rather than simply diffusing into 

contiguous anatomical space (Brettschneider 

et al., 2015). 

4.4 Interference with the axonal transport 

machinery 

Pathogenic aggregates accumulate in 

nerve fibers and disrupt transport mechanics 

actively. TDP-43 and prion aggregates 

abnormally activate Casein Kinase 2, which 

phosphorylates kinesin light chains, causing 

premature dissociation of kinesin motors 

from microtubule tracks. This impairment 

hampers the fast axonal transport of vital 

cellular cargos such as mitochondria, 

neurofilaments and neurotrophic factor 

receptors, leading to axonal dying back 

pathology and synaptic dysfunction before 

the death of the somatic cell (Colin et al., 

2020; Zamponi et al., 2017). 

 

5. Pathogenic Protein Diversity in 

Neurodegenerative Diseases 

5.1 α-synuclein in Parkinson’s disease and 

synucleinopathies 

Aggregated α-synuclein inclusions 

are a hallmark of Parkinson disease, dementia 

with Lewy bodies and multiple system 

atrophy. Neuropathological staging has 

demonstrated that Lewy pathology begins at 

specific induction sites, particularly the 

anterior olfactory bulb and the dorsal motor 

nucleus of the vagus nerve in the brainstem. 

Pathology then spreads in a stereotyped 

fashion rostrally along anatomical fiber tracts 

through the pons, midbrain substantia nigra, 

basal forebrain and ultimately the neocortex 

(Jellinger, 2009). 

The gut-brain hypothesis proposes 

that α-synuclein misfolding is initiated by 

environmental triggers in postganglionic 

enteric neurons of the gastrointestinal tract. 

These seeds migrate retrogradely in vagal 

nerve fibers to the dorsal motor nucleus of the 

central nervous system. Clinical evidence for 

cell-to-cell transfer is provided by post-

mortem analyzes of Parkinson disease 

patients treated with embryonic neural grafts. 

Years after the surgery, a proportion of the 

grafted dopamine neurons developed 

classical α-synuclein positive Lewy bodies, 

showing host to graft transmission of 

pathology in the human brain (Braak et al., 

2003; Freed et al., 2001). 

5.2 Tau in Alzheimer’s disease and 

tauopathies  

Tau is a soluble microtubule 

associated protein that stabilizes the neuronal 

cytoskeleton. In Alzheimer disease and 

primary tauopathies, hyperphosphorylated 

tau detaches from microtubules and 

aggregates into paired helical filaments and 

neurofibrillary tangles (Brettschneider et al., 

2015; Goedert et al., 2017). Tau pathology 

progresses in a strict hierarchical manner that 

can be charted in discrete stages: 

• Transentorhinal Stages: Deposits 

are found in the transentorhinal and 

entorhinal cortex.  

• Limbic Stages: Pathology spreads 

through the hippocampus and limbic 

structures via the axonal projections 

of the perforant path.  

• Isocortical Stages: Tangles spread 

widely to association and primary 

areas of neocortex (Colin et al., 2020). 

This model of connectivity is 

supported by transgenic mouse models where 

human mutant tau is expressed only in the 

entorhinal cortex, and human tau pathology 

spreads over time trans synaptically to 

dentate gyrus granule cells and hippocampal 

pyramidal neurons receiving direct synaptic 

projections from the entorhinal cortex. 

Importantly, anatomical dissemination is 

halted by surgical or traumatic transection of 

axonal tracts (Goedert et al., 2017). 

5.3 TDP-43 in Amyotrophic Lateral 

Sclerosis and Frontal Temporal Dementia 
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TAR DNA binding protein 43 (TDP-

43) is a nuclear protein that binds nucleic 

acids and regulates RNA splicing, transport 

and stability. In the vast majority of ALS 

cases and in about half of frontotemporal 

dementia cases, TDP-43 is translocated to the 

cytoplasm and forms hyperphosphorylated, 

ubiquitinated inclusions (Brettschneider et 

al., 2015; Pongrácová et al., 2024). 

The neuropathological stage models 

describe the progression of TDP-43 in ALS as 

a four stage corticofugal spreading: 

• Stage 1: Inclusions are found in the 

upper motor neurons of the motor 

cortex, cranial nerve motor nuclei and 

spinal cord motor neurons.  

• Stage 2: Pathology extends 

anterogradely along corticospinal 

white matter tracts to prefrontal 

neocortex, red nucleus and reticular 

formation. 

• Stage 3: Dissemination (involving 

the postcentral somatosensory cortex 

and basal ganglia)  

• Stage 4: Late-stage involvement 

includes anteromedial temporal 

structures such as the hippocampus 

and amygdala (Brettschneider et al., 

2015). 

Experimental studies in rodents show 

that stereotaxic injection of patient derived 

frontotemporal dementia or ALS brain 

extracts into the forebrain or motor tracts 

induces widespread, time dependent 

phosphorylated TDP-43 pathology along 

connected white matter tracts and ALS like 

motor deficits (Brettschneider et al., 2015). 

5.4 Cross-Seeding Dynamics of Misfolded 

Proteins 

In brains affected by neurodegeneration, 

pathological proteins often interact. Cross 

seeding is a process in which an aggregate 

seed from one protein recruits and templates 

the misfolding of a heterologous protein 

species: 

• Extracellular amyloid-β plaques lead 

to intracellular tau 

hyperphosphorylation and 

propagation of tangles.  

• The misfolded prion or α-synuclein 

aggregates cross seed TDP-43 

trapping TDP-43 into cytoplasmic 

coaggregates and causing nuclear 

clearance(Brettschneider et al., 2015; 

Pongrácová et al., 2024). 

• Aberrant translation of C9orf72 

hexanucleotide expansions leads to 

the production of dipeptide repeat 

proteins which spread between 

neurons, disturb stress granule 

dynamics, and induce secondary 

TDP-43 pathology (McAlary et al., 

2019). 

 

6. Discussion: Clinical implications, 

staging and therapeutic horizons 

6.1 Connectome-Based Staging and 

Neuroimaging 

Network-based recognition of axonal 

propagation has revolutionized clinical 

diagnostic paradigms. Diffusion tensor 

imaging white matter tractography and 

whole-brain functional connectivity MRI 

show that regional patterns of cortical 

atrophy and axonal degeneration map onto 

functional connectivity networks rather than 

spatial proximity (Brettschneider et al., 2015; 

Colin et al., 2020). Advanced tau and α-

synuclein positron emission tomography 

tracers allow physicians to map the 

longitudinal evolution of aggregate seeds 

along axonal tracts in living patients, 

allowing real time biomarker validation of 

neuropathological staging schemes 

(Okamura et al., 2014). 

6.2 Diagnostic Innovations Amplification 

Seed Tests 

The knowledge of seed-dependent 

polymerization kinetics has allowed the 

design of ultrasensitive diagnostic tools such 

as Real Time Quaking Induced Conversion
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Figure 4. Targeting Prion-Like Protein Propagation for Therapeutic Intervention. Schematic 

representation of therapeutic targets and strategies to interfere with the propagation and 

toxicity of prion-like proteins in neurons. 

 

and Seeding Amplification Assays. These 

assays (e.g. TDP-43 SAA and α-synuclein 

SAA) amplify minute amounts of 

pathological seeds that are present in 

biospecimens e.g. cerebrospinal fluid, blood 

plasma or nasal olfactory mucosa biopsies by 

incubation with recombinant monomeric 

substrates under intermittent shaking. The 

assays have high diagnostic sensitivity and 

specificity for detection of pre symptomatic 

proteinopathy, opening the door to early 

therapeutic intervention before irreversible 

neurodegeneration (Fontana et al., 2024). 

6.3 Therapeutic Approaches Targeting the 

Extracellular Phase 

An extracellular phase for 

interneuronal seed transit provides a 

reachable therapeutic window for disease 

modifying interventions 

 

Therapeutic approaches (Figure 4) 

target several nodes in the propagation 

cascade such as small molecule inhibition of 

intracellular aggregation, antibody-mediated 

neutralization of extracellular seeds and 

inhibition of exosomal packaging (Pozzi et 

al., 2019). 

 

• Immunotherapy: Passive delivery of 

conformation specific monoclonal 

antibodies to extracellular tau, α-

synuclein or TDP-43 seeds. 

Antibodies bind to extracellular seeds 

in the interstitial fluid, eliminating 

their seeding potential and allowing 

for clearance by microglia via 

receptor-mediated phagocytosis 

before uptake by postsynaptic 

neurons (Wang et al., 2014). 

• Inhibition of Endocytic Receptors: 

Bulk macropinocytosis and seed entry 

into recipient neurons can be inhibited 

with small molecules or competitive 

heparin derivatives that interfere with 

binding of seeds to cell surface 

proteoglycans or lipoprotein 

receptors (Brettschneider et al., 

2015). 

• Targeting Extracellular Vesicle 

Secretion: Gene therapies or 

pharmacological inhibitors targeting 
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Rab GTPases and neutral 

sphingomyelinase 2 inhibit exosome 

biogenesis and secretion thereby 

decreasing vesicle mediated 

aggregate dissemination (Pongrácová 

et al., 2024). 

• Kinase Inhibition and Transport 

Restoration: Inhibitors of Casein 

Kinase 1 and Casein Kinase 2 that are 

small molecules decrease 

pathological phosphorylation and 

prevent kinesin detachment, restore 

fast axonal transport, and prevent 

dying back degeneration (Colin et al., 

2020). 

• Upregulation of Intracellular 

Proteostasis: macroautophagy and 

ubiquitin proteasome system activity 

are increased, leading to faster 

degradation of internalized seeds 

before endosomal escape and 

cytoplasmic seeding (Kaufman & 

Diamond, 2013). 

7. Conclusion 

The paradigm shift from cell 

autonomous pathology to prion-like axonal 

propagation has altered our view of 

neurodegenerative disorders. Pathogenic 

protein aggregates are self-propagating 

propagons that exploit the axonal transport 

system of neurons and trans synaptic 

connectivity to sequentially disseminate 

through neural networks. By deepening our 

molecular understanding of template assisted 

conversion, endosomal escape mechanisms, 

molecular motor transport, and strain 

diversity, we can reveal critical 

vulnerabilities in the spreading cascade. A 

promising approach to stop the progression of 

devastating neurodegenerative diseases is to 

target the extracellular phase of this process 

with combination therapies pairing 

immunotherapies with kinase inhibitors 

restoring transport and proteostasis 

enhancers. 
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