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INTRODUCTION 

Neurodegenerative diseases, such as Alzheimer's disease, 
Parkinson's disease, Huntington's disease and Amyotrophic 
Lateral Sclerosis (ALS), are a group of debilitating 
conditions that affect millions of individuals worldwide. 
These diseases are characterized by the progressive 
degeneration of neurons, leading to a range of cognitive, 
motor and behavioral impairments. While the exact causes 
of these diseases are complex and multifaceted, emerging 
research suggests that Extracellular Vesicles (EVs) play a 
crucial role in their development and progression. This 
article explores the significance of extracellular vesicles in 
the context of neurodegenerative diseases, shedding light 
on their potential as both diagnostic tools and therapeutic 
targets.

DESCRIPTION
What are extracellular vesicles?

Extracellular vesicles are a heterogeneous group of small 
membranous structures that are released by almost all cell 
types in the body. They are typically classified into three 
main categories: Exosomes, microvesicles and apoptotic 
bodies. These vesicles carry various bioactive molecules, 
including proteins, lipids, nucleic acids (such as DNA 
and RNA) and metabolites. Their primary function is to 
facilitate intercellular communication, allowing cells to 
exchange information and molecules.

Exosomes are the smallest type of extracellular vesicles, 
typically ranging in size from 30 nm to 150 nm. They are 
formed within endosomes and are released from the cell 
when multivesicular bodies fuse with the cell's plasma 
membrane. Microvesicles, on the other hand, are larger in 
size (ranging from 100 nm to 1000 nm) and are formed 
by the outward budding and shedding of the cell's plasma 
membrane. Apoptotic bodies are generated during cell 
apoptosis (programmed cell death) and are larger still, 
ranging from 500 nm to 2000 nm.

Extracellular vesicles in healthy physiology

Extracellular vesicles have long been recognized for their 
roles in normal physiological processes. They f unction 
as mediators of intercellular communication and play a 
pivotal role in various cellular functions. For example, they 
can transfer biologically active molecules, such as growth 
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factors, signaling molecules and genetic material, between 
cells, influencing recipient cell behavior. Additionally, they 
participate in the regulation of immune responses, tissue 
repair and even synaptic plasticity in the brain.

The role of extracellular vesicles in 
neurodegenerative diseases

Emerging evidence suggests that extracellular vesicles are 
intimately involved in the development and progression 
of neurodegenerative diseases. Here, we will explore 
their specific roles in some of the most common 
neurodegenerative conditions:

The role of extracellular vesicles in 
neurodegenerative diseases

Emerging evidence suggests that extracellular vesicles are 
intimately involved in the development and progression 
of neurodegenerative diseases. Here, we will explore 
their specific roles in some of the most common 
neurodegenerative conditions:

Alzheimer's Disease (AD): Alzheimer's disease is 
characterized by the accumulation of abnormal protein 
aggregates, including beta-amyloid plaques and tau tangles, 
in the brain. Recent studies have shown that extracellular 
vesicles, particularly exosomes, are involved in the spreading 
of pathological proteins between neurons. These vesicles 
carry misfolded proteins and facilitate their transmission, 
contributing to the progressive nature of AD.

Parkinson's Disease (PD): In Parkinson's disease, the 
misfolding and aggregation of alpha-synuclein protein 
in neurons is a hallmark feature. Exosomes have been 
implicated in the propagation of alpha-synuclein aggregates 
between cells. These vesicles can transport alpha-synuclein 
and other pathogenic proteins, leading to the spread of 
neurodegeneration from one brain region to another.

Huntington's Disease (HD): Huntington's disease is 
caused by a mutation in the HTT gene, leading to the 
accumulation of mutant huntingtin protein in the brain. 
Extracellular vesicles have been found to carry mutant 
huntingtin RNA and protein, contributing to the cell-to-
cell transmission of the toxic material. This propagation 
mechanism plays a role in the widespread damage observed 
in the brains of HD patients.

Amyotrophic Lateral Sclerosis (ALS): ALS is characterized 
by the progressive degeneration of motor neurons in the 
spinal cord and brain. Research suggests that extracellular 
vesicles, especially exosomes, are involved in the transfer 
of toxic proteins and RNA molecules between neurons, 
leading to the spread of neurodegeneration in ALS.

Potential diagnostic and therapeutic 
applications
The involvement of extracellular vesicles in neurodegenerative

diseases has opened up new avenues for both 
diagnosis and therapeutic interventions. Researchers are 
exploring their potential in the following areas:

Biomarkers for early diagnosis: Extracellular 
vesicles can be isolated from various bodily fluids, such 
as blood, cerebrospinal fluid and urine. As they 
carry disease-specific molecules, including proteins and 
nucleic acids, they hold promise as biomarkers for the 
early detection of neurodegenerative diseases. This non-
invasive approach could enable earlier diagnosis, 
potentially improving patient outcomes.

Drug delivery: Extracellular vesicles are being 
investigated as potential carriers for drug delivery to the 
central nervous system. Their natural ability to traverse 
the blood-brain barrier and target specific cell types 
makes them attractive candidates for delivering 
therapeutic agents directly to affected areas in the 
brain. Th  is approach could help mitigate the 
progression of neurodegenerative diseases and improve 
the effectiveness of treatment strategies.

Inhibition of vesicle release: Researchers are exploring 
ways to interfere with the release of extracellular vesicles 
containing disease-associated molecules. By blocking the 
production or release of these vesicles, it may be possible 
to slow down or even halt the propagation of pathology 
between neurons, thereby offering a novel therapeutic 
strategy.

Immunotherapies: Extracellular vesicles can also be 
engineered to carry specific therapeutic payloads, such as 
antibodies, small molecules or RNA-based therapies, aimed 
at mitigating the disease's underlying mechanisms. By 
leveraging the natural ability of these vesicles to transport 
cargo between cells, researchers are developing targeted 
immunotherapies for neurodegenerative diseases.

CONCLUSION
Extracellular vesicles are emerging as key players in the 
complex pathophysiology of neurodegenerative diseases. 
Their roles in the propagation of disease-associated 
proteins and genetic material between cells have significant 
implications for the development of diagnostic tools and 
therapeutic strategies. While many challenges remain, 
including the standardization of isolation methods and the 
development of safe and effective therapeutic approaches, 
the study of extracellular vesicles offers promise in the 
quest to understand, diagnose and treat these devastating 
conditions. As research in this field continues to advance, 
we may eventually unlock the potential of extracellular 
vesicles in the fight against neurodegenerative diseases, 
offering hope to patients and their families for a brighter 
future.




