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1. Introduction

Alzheimer's disease (AD) is a neurodegenerative disorder 
characterized by progressive cognitive decline, primarily 
affecting the elderly population. According to the World 
Health Organization, approximately 55 million people 
worldwide suffer from dementia, with AD being the 
most common form, accounting for 60% to 70% of cases 
(1). As global aging accelerates, the incidence of AD 
continues to rise, making it a serious public health issue 
that poses a heavy burden on patients, their families, and 
society.
 The exact pathogenesis of AD remains unclear; 
however, growing evidence suggests that the progression 
of the disease is closely linked to multiple pathological 
changes. Among these, the deposition of β-amyloid (Aβ) 
is considered a hallmark of AD. Aβ accumulates between 
neurons, forming plaques that disrupt neuronal function 
and ultimately lead to neuronal death. In addition to 
Aβ accumulation, the abnormal phosphorylation of tau 
protein is regarded as a critical pathological mechanism 

in AD, leading to the formation of neurofibrillary tangles 
that further exacerbate neurodegeneration. Moreover, 
neuroinflammation plays a crucial role in the progression 
of AD. Excessive inflammatory responses not only 
damage neurons but also contribute to the aggregation 
of Aβ and tau, creating a vicious cycle that accelerates 
disease progression.
 Current treatment options for AD primarily focus 
on managing symptoms. Commonly used drugs 
include cholinesterase inhibitors and NMDA receptor 
antagonists (2,3). However, these treatments have 
been largely ineffective in halting the progression 
of the disease, underscoring the urgent need for new 
therapeutic strategies. Targeting the multiple pathological 
mechanisms of AD and integrating modern biomedical 
technologies to develop novel therapies has thus become 
a major area of research (4).
 Over the past few years, mesenchymal stem cells 
(MSCs) and the exosomes secreted by them have 
gained considerable attention in the field of regenerative 
medicine. MSCs are adult stem cells with the capacity 
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Alzheimer's disease (AD) is a severe neurodegenerative disorder, and the current treatment options are 
limited. Mesenchymal stem cell-derived exosomes (MSC-Exos) have garnered significant attention 
due to their unique biological properties, showcasing tremendous potential as an acellular alternative 
therapy for AD. MSC-Exos exhibit excellent biocompatibility and low immunogenicity, enabling them 
to effectively cross the blood-brain barrier (BBB) and deliver therapeutic molecules directly to target 
cells. They are highly efficacious in delivering nucleic acid-based drugs. Moreover, the production 
process of MSC-Exos benefits from a high proliferation capacity and multilineage differentiation 
potential, allowing for production while maintaining a stable composition. Despite the significant 
theoretical advantages of MSC-Exos, their clinical use still faces multiple challenges, including cross-
contamination during isolation and purification processes, the complexity of their components, and 
the presence of potential adverse paracrine factors. Future research needs to focus on optimizing 
separation and purification techniques, enhancing delivery methods to improve therapeutic efficacy, 
and performing detailed analyses of the components of MSC-Exos. In summary, MSC-Exos hold 
promise as an effective option for the treatment of AD and other neurodegenerative diseases, driving 
their clinical research and use in related fields.
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for self-renewal and multipotent differentiation and are 
found in various tissues such as bone marrow, adipose 
tissue, and the umbilical cord (5-7). Mesenchymal stem 
cell-derived exosomes (MSC-Exos) are small vesicles 
secreted by MSCs that contain numerous bioactive 
molecules, including proteins, lipids, and RNA. These 
exosomes mediate intercellular communication and 
regulate various biological processes (8). Research 
has shown that MSC-Exos have promising therapeutic 
potential in a variety of diseases, demonstrating anti-
inflammatory, immunomodulatory, neuroprotective, and 
regenerative properties.
 MSC-Exos can protect neurons through various 
mechanisms, including reducing the toxicity of Aβ and 
tau proteins and preventing neuronal apoptosis. Studies 
suggest that the growth factors and antioxidant molecules 
contained within exosomes significantly enhance 
neuronal survival rates. Given that neuroinflammation 
plays a major role in AD pathology, MSC-Exos also 
exhibit the ability to modulate immune cell function, 
effectively suppressing excessive inflammatory 
responses and thereby reducing neuronal damage. In 
addition, MSC-Exos can promote the proliferation 
and differentiation of neural stem cells, aiding in the 
restoration of neural networks. This points to a novel 
therapeutic approach for AD treatment.
 Although preliminary studies have indicated that 
MSC-Exos may offer benefits to patients with AD, 
their use in AD treatment remains in the exploratory 
phase, with several challenges yet to be addressed. 
These challenges include the processes of preparation, 
purification, and storage, as well as ensuring consistency 
and efficacy in clinical use. At present, there are various 
methods for exosome preparation and purification, 
but many are costly, operationally complex, and have 
limited efficiency. Therefore, there is an urgent need to 
develop more efficient and cost-effective technologies 
for isolating and purifying exosomes to increase their 
yield and purity. The bioactivity of MSC-Exos largely 
depends on their specific components. However, a 
comprehensive analysis of the precise proteins, RNA, 
and lipids present within MSC-Exos is still lacking. 
In this regard, evaluating the efficacy and safety of 
MSC-Exos, while ensuring consistency in quality and 
therapeutic outcomes for clinical use, is a key focus for 
future research.
 In conclusion, MSC-Exos represent a promising 
and innovative therapeutic strategy for AD treatment. 
By further exploring their multiple therapeutic 
mechanisms, we can gain a deeper understanding of 
their potential in combating AD. As research advances, 
the clinical translation of MSC-Exos could significantly 
improve the quality of life for patients with AD and 
reduce the social burden of the disease. The aim of this 
study was to provide new insights and directions for 
future research, fostering the development and use of 
MSC-Exos in the field of neurodegenerative diseases.

2. Pathological mechanisms of AD

AD is a complex neurodegenerative disorder primarily 
characterized by memory impairment, cognitive 
decline, and loss of daily living abilities. While the 
exact mechanisms underlying AD remain unclear, 
mounting research indicates that its pathology 
involves multiple interrelated factors, including the 
deposition of Aβ, abnormal tau protein phosphorylation, 
neuroinflammation, and neurodegeneration.

2.1. Aβ deposition

Aβ deposition is a hallmark pathological feature of 
AD. Aβ is generated through the cleavage of amyloid 
precursor protein (APP) by β- and γ-secretases (9). 
Under normal physiological conditions, APP metabolism 
is tightly regulated. In patients with AD, however, this 
balance is disrupted, resulting in the overproduction and 
aggregation of Aβ, which subsequently forms amyloid 
plaques (Figure 1). Research has demonstrated that 
Aβ deposition impairs neuronal function and induces 
cell death by triggering oxidative stress, releasing pro-
inflammatory factors, and ultimately causing neuronal 
dysfunction.
 Aβ aggregation occurs in three stages: monomers, 
oligomers, and fibrils, with oligomers being the most toxic 
form. Oligomeric Aβ binds to neuronal cell membranes, 
disrupting intracellular signaling pathways and leading 
to calcium homeostasis imbalances, ultimately resulting 
in apoptosis. Moreover, amyloid plaque deposition is 
closely associated with microglial activation. Microglia, 
the immune cells of the central nervous system, respond 
to Aβ deposition by attempting to clear the harmful 
substance. However, excessive microglial activation can 
trigger neuroinflammation, creating a vicious cycle that 
exacerbates neuronal damage.

2.2. Tau protein phosphorylation

Tau protein, a microtubule-associated protein primarily 
found in neurons, plays a key role in stabilizing 
microtubules and facilitating intracellular transport. In 
AD, tau undergoes abnormal hyperphosphorylation, 
causing it to detach from microtubules and aggregate into 
neurofibrillary tangles (NFTs), another major pathological 
hallmark of AD closely linked to cognitive impairment 
(10).
 Research has shown that tau hyperphosphorylation 
is regulated by several kinases, including glycogen 
synthase kinase 3β (GSK-3β) and cyclin-dependent kinase 
5 (Cdk5) (11,12). These kinases are influenced by Aβ 
deposition, which further promotes tau phosphorylation. 
Tau aggregation disrupts intracellular signaling and 
metabolic pathways, leading to neurodegeneration (Figure 
1). Studies indicate that abnormal tau phosphorylation not 
only directly contributes to neuronal death but also plays a 
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marked by the loss of neurons, synaptic dysfunction, and 
the breakdown of neural networks. This process is driven 
by a combination of Aβ deposition, abnormal tau protein 
aggregation, and chronic neuroinflammation. As neurons 
are lost, patients experience progressive cognitive 
decline, manifesting in memory loss, diminished learning 
capacity, and impaired executive functions (14).
 Neurodegeneration in AD is often accompanied by 
a reduced capacity for neuronal regeneration, which 
is associated with impaired neural stem cell function 
and a lack of growth factors. Research has indicated 
that decreased neural stem cell activity and reduced 
neurogenesis may contribute to the neurodegenerative 
processes observed in the brain of patients with AD (15). 
Consequently, restoring neural stem cell function and 
promoting neurogenesis represent promising directions 
for future AD therapies.

3. General characteristics of exosomes

3.1. Biogenesis of exosomes

Exosomes are small membrane-bound vesicles secreted 
by cells, ranging in diameter from 30 to 150 nm. The 
process of exosome biogenesis primarily involves the 
inward budding of the plasma membrane, leading to 
the formation of multivesicular bodies (MVBs) within 
the cell. This process begins with the invagination of 

significant role in synaptic dysfunction and neural network 
disruption.

2.3. Neuroinflammation

Neuroinflammation plays a dual role in AD progression. 
Initially, the inflammatory response may be protective, 
aimed at clearing cellular damage or pathogens. As 
the disease advances, however, chronic inflammation 
persists, leading to further neuronal damage and 
death. Microglia and astrocytes, the primary immune 
cells of the central nervous system, are central to the 
inflammatory response in AD.
 Activated microglia release various pro-inflammatory 
cytokines, including tumor necrosis factor-α (TNF-α), 
interleukin-1β (IL-1β), and interleukin-6 (IL-6), that 
can induce neuronal apoptosis and synaptic damage 
(13). In addition, chronic inflammation can accelerate 
AD pathology by influencing Aβ metabolism and tau 
phosphorylation (Figure 1). Studies have shown that 
inhibiting neuroinflammation can alleviate cognitive 
impairment in mouse models of AD, suggesting that 
targeting neuroinflammation may be a therapeutic 
approach to AD treatment.

2.4. Neurodegeneration

Neurodegeneration is the final consequence of AD and is 

Figure 1. Pathogenesis of Alzheimer's disease. The progression of Alzheimer's disease is driven by various interconnected factors, such as Aβ 
deposition, abnormal tau protein phosphorylation, neuroinflammation, and neurodegeneration.
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the plasma membrane, which captures surface proteins 
and soluble proteins from the extracellular environment, 
thus marking the start of exosome biogenesis. In 
addition, the Golgi apparatus and the endoplasmic 
reticulum contribute to the formation and fusion of early 
endosomes (ESE) (16-18). As these early endosomes 
mature into late endosomes, a secondary invagination 
occurs, resulting in the formation of intraluminal vesicles 
(ILVs), which are the precursors of exosomes. The 
size and number of ILVs vary depending on the extent 
of invagination. Some MVBs fuse with lysosomes or 
autophagosomes, leading to the degradation of their 
contents, while others fuse with the plasma membrane, 
releasing ILVs into the extracellular space, where they 
become exosomes (18,19). Once MVBs fuse with 
the plasma membrane, the ILVs are released into the 
extracellular space as exosomes that possess a lipid 
bilayer structure similar to that of the plasma membrane 
(16,20). Figure 2 provides an illustration of this process. 
Proteins involved in exosome biogenesis include Ras-
related proteins (Rab GTPases), ESCRT proteins, 
exosome marker proteins (e.g., TSG101, flotillin, 
ceramide, and Alix), and exosome surface proteins (e.g., 
integrins, immunomodulatory proteins, and tetraspanins) 
(17,21,22). Alterations in the function of Rab and 
ESCRT proteins can indirectly affect the autophagic-
lysosomal pathway and vesicular transport from the 
Golgi apparatus, thereby impacting exosome biogenesis. 
Moreover, factors such as cell type, culture conditions, 
and the genomic health of cells can influence key 
regulatory factors of exosome biogenesis both in vivo 
and in vitro (17).

3.2. Composition of exosomes

Exosomes consist of lipids, proteins, nucleic acids, 
and metabolites, reflecting the characteristics and 
physiological state of their donor cells. Their membrane 
structure consists of a lipid bilayer rich in cholesterol, 
sphingolipids, and ceramides (lipid rafts), which not 
only maintain structural integrity but also play a pivotal 
role in exosome formation and signal transduction (23 
24).
 Exosomes contain a variety of proteins, including 
ESCRT proteins and Rab GTPases, which participate 
in their biogenesis. In addition, exosomes carry marker 
proteins such as TSG101, flotillin, ceramide, and Alix 
and surface proteins like integrins, immunomodulatory 
proteins, and tetraspanins (17,21,22). Cell-specific 
proteins, such as MHC class I and II molecules, 
are also present in exosomes and reflect the unique 
characteristics of their donor cells (25).
 Moreover, exosomes contain various nucleic acids, 
including DNA, mRNA, and non-coding RNA, with 
microRNA (miRNA) being the most abundant. These 
nucleic acids can be transferred to recipient cells via 
exosomes, influencing gene expression and cellular 
functions (26,27). In addition, exosomes carry small 
metabolites, such as growth factors and cytokines, that 
play critical roles in cellular metabolism and signal 
transduction (26,28,29). The composition of exosomes 
can vary depending on the cell type, cellular state, and 
environmental factors.

3.3. Exosome isolation and purification

Figure 2. The process of exosome biogenesis. Exosome biogenesis begins with the invagination of the plasma membrane, capturing surface and 
extracellular proteins to form MVBs. The Golgi apparatus and endoplasmic reticulum aid in the formation of early endosomes, which mature into 
late endosomes. During this process, ILVs are formed as exosome precursors. Some MVBs fuse with lysosomes or autophagosomes for degradation, 
while others fuse with the plasma membrane, releasing ILVs as exosomes into the extracellular space with a lipid bilayer similar to the plasma 
membrane. Abbreviations: ILVs: intraluminal vesicles; MVBs: multivesicular bodies.
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Isolating exosomes is a critical step in studying their 
functions and potential uses. Currently, there are several 
effective methods of isolation, including differential 
ultracentrifugation, size- and molecular weight-based 
ultrafiltration, polymer precipitation, washing separation, 
immunomagnetic bead separation, microfluidic 
separation, and mass spectrometry. Each method has its 
own set of advantages and disadvantages.
 Differential ultracentrifugation is the most commonly 
used technique, separating particles by altering or 
gradually increasing centrifugation speeds. This 
method has been widely used for exosome isolation and 
purification (30). While it requires specialized equipment 
and can be time-consuming, it yields relatively pure 
exosomes (31). Another variation is density gradient 
centrifugation, which uses sucrose or cesium chloride 
to establish a density gradient that helps separate 
exosomes from other components. Although this method 
enhances exosome purity, it is labor-intensive and time-
consuming, and repeated centrifugation or exposure 
to high centrifugal forces may irreversibly damage 
the vesicles (32,33). Ultrafiltration, based on size and 
molecular weight, uses membranes with varying pore 
sizes to filter cell culture supernatants. Although this 
method is simple and fast, it may cause damage to or 
loss of exosome structures. It is efficient, economical, 
and easy to perform, making it suitable for large-scale 
processing, but the ultrafiltration membranes can become 
clogged, and excessive pressure during the process can 
lead to exosome denaturation (34). Polymer precipitation 
involves adding solvents to a solution to alter the polarity 
and solubility of components, causing exosomes to 
precipitate. This method, which utilizes commercially 
available kits, enhances exosome separation from 
biological fluids (35,36). Immunomagnetic bead 
separation uses the specific binding between antibodies 
and exosome surface markers for isolation. It is a 
fast and highly specific method with a high yield and 
purity (37,38). However, the process is expensive and 
can affect the functionality of exosomes. Microfluidic 
separation allows precise control and manipulation of 
micro-scale fluids for exosome isolation in micron/
nanometer-sized spaces. This technology is also widely 
used in cancer diagnosis and detection (39-41). Size 
exclusion chromatography (SEC) separates exosomes 
based on particle size using a gel filtration column. This 
method preserves exosome bioactivity, is time-efficient, 
cost-effective, and highly reproducible. However, it has 
relatively low recovery rates and purity (42). Given the 
advantages and limitations of each method, combining 
multiple approaches may help maximize exosome 
enrichment. One of the main challenges to clinical 
use of exosomes is the reproducibility of the isolation 
techniques, thus requiring further optimization and 
standardization.
 Exosome yield is influenced by various factors, with 
cell type being one of the most critical. Different cells, 

such as tumor cells, immune cells, and stem cells, differ 
significantly in exosome yield and content (43,44). For 
example, MSCs secrete large amounts of exosomes, 
whereas immature dendritic cells produce fewer (45,46). 
In addition, the growth stage and physiological state of 
the cells affect exosome secretion. Under conditions 
of starvation, stress, or hypoxia, certain cell types may 
increase exosome production (47,48).
 Culture conditions, including medium composition, 
pH, and temperature, also influence exosome secretion 
(49). Cell seeding density and growth density further 
affect yield (50). To optimize exosome yield, several 
strategies can be used. Biochemical strategies (e.g., 
LPS, BMP-2, HIF-1α, interferon-γ (IFN-γ), and TNF-α), 
physical strategies (e.g., hypoxia, heat stress, and 
starvation), mechanical strategies (e.g., shear stress and 
3D culture), and instrumental strategies (e.g., hollow 
fiber bioreactors and stirred-tank bioreactors) can 
significantly enhance exosome production. Optimizing 
these techniques can not only increase exosome yield but 
also modulate their properties (51).

3.4. Characterization of exosomes

The characterization of exosomes is a crucial step in 
understanding their functions and mechanisms of action. 
Current methods primarily focus on analyzing the size, 
morphology, surface charges, and contents of exosomes. 
Common techniques for determining exosome size 
include nanoparticle tracking analysis (NTA), dynamic 
light scattering (DLS), and tunable resistive pulse sensing 
(TRPS) (40).
 NTA measures the size and concentration of 
exosomes by tracking the Brownian motion of particles 
in a liquid (52). One key advantage of NTA is that it can 
detect a variety of extracellular vesicles (EVs), including 
exosomes, with relatively simple sample preparation. In 
addition, the sample can be recovered after measurement. 
Fluorescently labeled antibodies may also be used to 
detect EV antigens. However, a significant limitation 
is the difficulty in distinguishing exosomes from 
contaminants, such as proteins (52-54).
 DLS, in contrast, analyzes the scattered light of 
particles in suspension to determine their size and is 
often used to measure the average particle size and 
distribution of exosomes (54). Its benefit lies in its ability 
to measure particles ranging from 1 nm to 6 µm, which 
makes it ideal for measuring particles in suspension (55).
 TRPS measures electrical resistance changes when 
particles pass through a membrane with tunable pore 
sizes, allowing for single-particle characterization and 
concentration measurement of exosomes. However, 
TRPS is susceptible to issues like system instability, pore 
clogging, and sensitivity (56).
 To analyze exosome morphology, transmission 
electron microscopy (TEM) and scanning electron 
microscopy (SEM) are frequently used. TEM is a high-
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resolution imaging technique that uses an electron beam 
to penetrate the sample, making it ideal for visualizing 
EV morphology and measuring vesicle diameter. Despite 
its utility, TEM requires complex sample preparation 
and is not suitable for rapid analysis of large sample 
quantities, as it may cause morphological changes in EVs 
(57). In contrast, SEM scans the sample's surface with 
an electron beam, quickly generating high-resolution 
images (53). SEM offers the advantage of fast imaging 
and direct observation of solid samples without the need 
for complex sectioning or staining. However, it cannot 
be used directly on liquid samples, and sample vacuum 
stability must also be considered.
 Exosome contents are typically analyzed in terms 
of proteomics, lipidomics, and genomics. Common 
methods include Western blotting, ELISA, flow 
cytometry, mass spectrometry, and PCR (53,58). 
These techniques can be used together to obtain 
comprehensive information about exosomes, including 
their morphology, size, concentration, surface markers, 
and molecular composition. In practice, researchers 
often use a combination of methods such as NTA, 
TEM, and Western blotting to ensure accurate exosome 
characterization.

3.5. Exosome heterogeneity

Exosome heterogeneity manifests in their origin, size, 
composition, and effects on recipient cell functions. 
Different cells secrete exosomes with diverse biological 
characteristics (42,59,60). Nearly all human cell types, 
including adipocytes, macrophages, olfactory mucosa 
cells, dendritic cells, stem cells, and tumor cells, are 
capable of releasing exosomes.
 The size heterogeneity of exosomes may result 
from uneven invagination of the plasma membrane 
during biogenesis or contamination with other types of 
extracellular vesicles during isolation (61). These size 
differences can influence exosome density. In addition, 
exosomes contain various biomolecules such as proteins, 
lipids, RNA, and DNA, although the abundance of these 
molecules varies between exosomes (62-65). Notably, 
there are significant differences in protein and RNA 
composition between exosomes derived from different 
sources. Exosome impacts on recipient cells are closely 
related to surface receptor expression. For example, in 
cancer therapy, exosomes may either inhibit or promote 
tumor progression depending on their origin (66). The 
cellular microenvironment and biological characteristics 
of the donor cells also influence exosome cargo and 
markers, making exosome heterogeneity a key focus of 
research. Exosomes are found in various bodily fluids, 
such as blood, tears, saliva, amniotic fluid, and even 
breast milk, where they act as stable disease biomarkers 
that are useful for clinical liquid biopsies (67-69).

3.6. Exosome uptake and biodistribution

Exosomes reach their target cells through various 
mechanisms, including membrane fusion, receptor-
mediated interactions, and endocytosis. Membrane 
fusion involves the direct release of exosomal contents 
into the cytoplasm of recipient cells when the exosome 
membrane merges with the recipient cell membrane. 
Proteins like SNAREs, Rab family proteins, exosomal 
lipid domains, integrins, and adhesion molecules are 
crucial to this fusion process (70,71). Receptor-mediated 
interactions occur when transmembrane ligands on 
the exosome surface bind to recipient cell receptors, 
triggering downstream signaling cascades in pathways 
that are often involved in immune regulation and 
apoptosis (72,73).
 Endocytosis is another major uptake mechanism, 
allowing exosomes to be internalized by recipient cells. 
This can occur through clathrin-mediated endocytosis, 
phagocytosis, or lipid raft-mediated endocytosis. These 
processes may occur simultaneously and are not mutually 
exclusive (74,75). After internalization, exosomal cargo 
is released into the cytoplasm, depending on factors 
like the exosome's origin, cargo, and the metabolic state 
of the recipient cell (76). For instance, research has 
demonstrated that oncogenic signaling induced by mutant 
KRAS expression promotes the uptake of exosomes by 
human pancreatic cancer cells via macrophages (77,78). 
In contrast, human melanoma cells have been found to 
internalize exosome contents through plasma membrane 
fusion (79), while neurosecretory PC12 cells (derived 
from rat adrenal medullary tumors) exhibit a higher 
dependency on lectin-mediated endocytosis for exosomal 
cargo uptake (80).
 The biodistribution of exogenous exosomes is 
influenced by factors such as the route of administration, 
exosome size, and surface composition. Different routes 
result in distinct distribution patterns. For instance, 
intravenously administered exosomes primarily 
accumulate in the liver, spleen, lungs, and gastrointestinal 
tract but are quickly cleared from circulation (81,82). 
Oral administration allows exosomes to reach multiple 
organs, including the brain (83), while intranasal 
administration efficiently delivers exosomes to the brain 
(84,85). Intratumoral injection ensures exosomes remain 
within tumors longer (86).
 Exosome size also plays a role in biodistribution, 
with larger vesicles accumulating in bones, lymph 
nodes, and the liver (61). In addition, surface molecular 
composition influences in vivo distribution. For example, 
rabies virus glycoprotein (RVG) can direct exosomes to 
the brain (87), while cancer-derived exosomes rich in 
mannose and sialic acid target specific cell types (88). 
Another notable example involves RVG, which has 
been found to direct exosomal delivery specifically to 
the brain (87). Moreover, glycoproteins enriched with 
mannose and sialic acid on the surface of cancer cells 
have been identified as key contributors to the targeting 
of specific cell types (88). Glioblastoma-derived 
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exosomes, which are rich in phosphatidylethanolamine, 
show a greater propensity to target glioblastoma cells, 
while sphingomyelin-rich melanoma-derived exosomes 
demonstrate enhanced targeting capabilities within the 
tumor microenvironment (79).

3.7. Storage of exosomes

The storage of exosomes is essential to maintaining 
their stability and biological functionality. To prevent 
degradation, exosomes are typically stored at low 
temperatures. Common methods of preservation include 
cryopreservation, freeze-drying, and spray-drying. The 
optimal storage temperature is -80°C, which ensures 
long-term stability, whereas storage at 4°C may result 
in compromised biological activity and reduced protein 
content (89,90). For short-term storage, -20°C may 
suffice.
 Non-permeable disaccharide cryoprotectants such 
as sucrose and trehalose are often used to enhance 
exosome protection during low-temperature storage 
(91). Freeze-drying, which converts exosomes into 
a stable powder form, is another effective method of 
long-term preservation that also aids in transportation. 
Freeze-drying (using lyophilization) removes moisture, 
preventing degradation, and studies suggest that 
exosomes treated with cryoprotectants can retain their 
protein and RNA activity for up to four weeks at room 
temperature (92).
 Spray-drying offers another way to convert exosomes 
into dry powder, enhancing their stability and facilitating 
their transport (93). Prior to use, exosome quality needs 
to be assessed, including particle size and concentration, 
to ensure their integrity and activity.

3.8. The role and therapeutic potential of exosomes in 
neurodegenerative disorders

Exosomes play a crucial role in the pathogenesis of 
neurodegenerative diseases, largely by promoting or 
mitigating the aggregation of misfolded or unfolded 
proteins in the brain (94-96). Research has indicated that 
exosomes facilitate disease progression by spreading 
and aggregating misfolded proteins. For example, 
exosomes have been implicated in the transmission of 
the infectious prion protein PrPSc, which is associated 
with prion diseases (97). In AD, Tau and Aβ amyloid 
proteins have been detected in exosomes derived from 
cerebrospinal fluid (CSF) of patients (for Tau) and from 
the culture supernatants of mouse and human cells (for 
Aβ). Exosomes are also involved in propagating Tau 
aggregation pathology (98,99). In HeLa and Neuro-2a 
cells, APP cleavage occurs in early endosomes, leading 
to the release of Aβ into the extracellular space via 
exosomes (98). However, whether exosomes promote 
the oligomerization of neurotoxic Aβ in vivo remains 
unclear, and this warrants further investigation.

 In addition to their role in the spread of misfolded 
proteins, exosomes have also been found to engage in the 
clearance of such proteins, acting as detoxifying agents 
and having a neuroprotective effect. By inhibiting the 
formation of neurotoxic oligomers or facilitating their 
expulsion from the cell, exosomes contribute to cellular 
protection (100,101). For instance, in APP transgenic 
mice, dysfunction of neuron-secreted exosomes, 
specifically in relation to endothelin-converting enzyme 
1/2 (ECE1/2), leads to an accumulation of oligomeric 
Aβ within exosomes, accelerating the spread of Aβ 
amyloid (102). A similar phenomenon has been observed 
in Parkinson's disease (PD) and other proteinopathies, 
where exosomes from the CSF of patients with PD 
contain aggregates of α-synuclein (103). Moreover, 
α-synuclein inhibits the endosomal sorting complex 
required for transport (ESCRT) system, thereby limiting 
its intracellular degradation and promoting intercellular 
propagation (104). In amyotrophic lateral sclerosis 
(ALS) and frontotemporal degeneration, cytoplasmic 
aggregation of TDP-43 is a hallmark pathology. In TDP-
43 A325T transgenic mice, the secretion of exosomes 
facilitates the clearance of TDP-43 from neuronal cell 
bodies (105).
 W h i l e  t h e  p r i m a r y  r o l e  o f  e x o s o m e s  i n 
neurodegenerative diseases is related to regulating 
misfolded proteins, other components, such as nucleic 
acids, also contribute to disease progression or 
amelioration (106). Importantly, exosomes can cross the 
BBB, making them a promising therapeutic approach for 
neurodegenerative disorders (107).

3.9. Comparison of MSC therapy and MSC-Exos therapy

Research has shown that MSCs derived from bone 
marrow, adipose tissue, and dental pulp can differentiate 
into neurons (7,108,109). In addition, MSCs play a 
crucial role in tissue repair and regeneration through 
paracrine signaling. By secreting a variety of bioactive 
factors, MSCs regulate the behavior of surrounding 
cells, promoting tissue repair, anti-inflammatory 
responses, immune modulation, and angiogenesis. 
Specifically, MSCs secrete growth factors (such as 
TGF-β, VEGF, and epidermal growth factor (EGF)), 
anti-inflammatory and immune-modulating factors 
(such as IL-10, TGF-β, Prostaglandin E2 (PGE2), and 
Indoleamine 2,3-dioxygenase (IDO)), angiogenic factors 
(such as VEGF, FGF, and PDGF), and anti-apoptotic 
and antioxidant factors (such as HGF and IGF-1), all 
of which provide vital support to damaged neurons and 
which enhance neural tissue repair and regeneration 
(110). Due to their ability to differentiate into neurons 
and their potent immunosuppressive and pro-angiogenic 
properties, MSCs have emerged as a promising treatment 
strategy for neurological disorders (111).
 However, several safety concerns must be addressed 
when using MSCs in clinical settings. Factors such as 
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donor age, genetic characteristics, and medical history 
significantly influence the therapeutic potential of MSCs 
(112). This is particularly important for autologous 
MSC transplantation in elderly patients, where age-
related changes, such as diminished proliferation 
and differentiation potential, may reduce therapeutic 
efficacy (112). Although MSCs typically exhibit low 
immunogenicity, they can still trigger immune responses 
(113). In addition, MSCs from different sources may 
exhibit varying immunogenic profiles, requiring close 
monitoring of potential immune reactions, especially in 
allogeneic transplants. MSCs are generally considered 
to have low tumorigenic potential, but there is still a risk 
of abnormal proliferation or transformation in certain 
in vivo microenvironments, particularly in long-term 
cultures or with genetically modified MSCs (112,114). 
The behavior of MSCs may also vary depending on the 
tissue and disease context; in some cancer environments, 
MSCs have been found to promote tumor growth and 
metastasis. Therefore, a thorough understanding and 
monitoring of MSC behavior in specific pathological 
settings is critical.
 Moreover, when MSCs are used in combination 
with immunosuppressive drugs, respiratory and 
gastrointestinal infections have occurred in some patients, 
indicating that MSCs should not be used concurrently 
with other immunosuppressive therapies (112,114). 
In contrast, MSC-Exos contain bioactive factors that 
regulate immune responses, vascular function, and 
neuronal repair. Due to their nanoscale size and lipid-
encapsulated structure, MSC-Exos can easily penetrate 
neural tissues and reach target cells (115). The exosomal 
membrane, which is rich in cholesterol, sphingolipids, 
ceramides, and lipid raft proteins, protects the exosomal 

contents from degradation. In addition, adhesion 
molecules such as CD29, CD44, and CD73 expressed 
on MSC-Exos promote their migration to inflamed or 
damaged tissues. Once they reach their destination, 
MSC-Exos directly fuse with cell membranes, delivering 
their contents into the cytoplasm of target cells and 
modulating their phenotype and function (116). MSC-
Exos contain nucleic acids, proteins (such as cytokines 
and chemokines), and lipids that can alter the phenotype, 
function, and viability of neuronal and immune cells 
(116). Thus, MSC-Exos play an important role in treating 
neuroinflammatory diseases.
 Importantly, no adverse effects have been observed 
in animal models or patients treated with MSC-Exos, 
suggesting that these exosomes could serve as a safer 
alternative to MSC therapy for treating inflammatory 
and degenerative neurological diseases (115). MSC-Exos 
inherit the therapeutic properties of MSCs, including 
anti-inflammatory, immune-modulatory, and regenerative 
effects, and they represent a viable alternative to MSC 
therapy while mitigating the risks associated with MSC 
use (Table 1).

4. Use of MSC-Exos in AD

MSC-Exos have a neuroprotective effect against AD 
via a variety of mechanisms, including the clearance 
of abnormal protein accumulations, alleviation of 
inflammation, and reduction of oxidative stress. 
Collectively, these effects significantly alleviate the 
pathological changes associated with AD and improve 
cognitive ability (Table 2).

4.1. Clearance of abnormal protein accumulation

Table 1. Comparison of MSC therapy and MSC-Exos therapy

Characteristics

Mechanism

Multilineage differentiation potential

Applicability

Isolation

Safety

Ethical concerns

Transportation and storage

Regulatory approval

Abbreviations: MSC: mesenchymal stem cell; MSC-Exos: mesenchymal stem cell-derived exosomes.

MSC therapy

Regeneration and repair via living cells

Present

Suitable for treating various diseases

MSCs are easily isolated and are scalable 
for large-scale production

May induce immune responses and carry a 
risk of tumor formation

Ethical issues exist

Requires strict storage and transportation 
conditions

Regulatory guidelines have been established

MSC-Exos therapy

Therapy through exosomes released by MSCs

Absent

MSC-Exos have efficacy comparable to that of stem 
cells but are smaller in size

Lower yield in large-scale production

Minimal risk of tumor formation and immune response

No ethical concerns

Stable, suitable for long-term storage and transport

Lacks standardized quality control and faces regulatory 
challenges



www.biosciencetrends.com

BioScience Trends. 2024; 18(5):413-430.BioScience Trends. 2024; 18(5):413-430.

A hallmark of AD pathology is the presence of 
Aβ plaques and hyperphosphorylated tau proteins, 
which contribute to synaptic disruption and neuronal 
degeneration. Therefore, clearing these abnormal 
proteins is crucial to improving synaptic function and 
neuronal survival, representing a significant therapeutic 
target for AD (130). Notably, MSC-Exos demonstrate the 
ability to modulate the levels of key proteins involved in 
the progression of AD.
 For instance, sphingosine-1-phosphate (S1P) 
receptors, which are widely expressed throughout the 
body, play vital roles in various physiological processes, 
including angiogenesis, neurogenesis, immune cell 
trafficking, endothelial barrier function, and vascular 
tone regulation (131). Bone-marrow mesenchymal 
stem cell-derived exosomes (BMSC-Exos) can reduce 
Aβ deposition and promote cognitive recovery in mice 
with AD by enhancing the expression of S1P (117). 
In addition, neprilysin (NEP), a membrane-bound 
metallopeptidase capable of degrading neuropeptides and 
amyloid proteins, represents a potential therapeutic target 
for AD (132,133). Research by Elia et al. demonstrated 
that injecting BMSC-Exos into the cortex of APP/PS1 
mice significantly increased the expression and activity 
of NEP, leading to reduced Aβ protein deposition in both 
the hippocampus and cortex (118). Similarly, Wang et al. 
administered human umbilical cord mesenchymal stem 
cell-derived exosomes (hUC-MSC-Exos) to 9-month-old 
APP/PS1 mice via the tail vein. This intervention resulted 
in a reduction in Aβ accumulation and neuronal loss in 
the hippocampus, along with improvements in cognitive 
function, likely mediated by its effects on the nuclear 
factor erythroid 2-related factor 2 (Nrf2) signaling 
pathway, which is a critical mediator of neuronal damage 
in AD (119).
 Moreover, MSC-Exos have been found to possess 
the capability to clear pathological proteins through 
non-coding RNAs. The pathology of AD begins with 
the cleavage of APP by β-secretase (BACE), making 
BACE1 inhibitors potential therapeutic agents for 
AD (134,135). Research by Sha et al. revealed that 
microRNA-29c-3p, delivered through BMSC-Exos, 
suppressed BACE1 expression (120) and activated the 
Wnt/β-catenin pathway, thereby lowering BACE1 levels 
and demonstrating efficacy against AD (136).

4.2. Anti-inflammatory effects

Neuroinflammation is a significant feature in the 
pathological process of AD and is primarily characterized 
by the abnormal activation of immune cells, such as 
microglia and astrocytes, within the brain, along with 
excessive production of inflammatory factors. In the early 
stages of AD, activated microglia typically exhibit an M2 
phenotype, which is associated with neuroprotective and 
anti-inflammatory properties. As the disease progresses, 
however, this M2 phenotype gradually shifts towards 

a pro-inflammatory M1 phenotype, exacerbating 
neuroinflammation and neuronal damage.
 The immunomodulatory effects of MSC-Exos in 
the treatment of AD primarily involve the inhibition 
of neuroinflammation and the regulation of microglial 
polarization. Specifically, MSC-Exos can reduce 
the production of pro-inflammatory cytokines and 
inhibit the activation of both microglia and astrocytes. 
In addition, MSC-Exos promote the polarization of 
microglia from the M1 phenotype to the M2 phenotype, 
thereby mitigating neuroinflammation and facilitating 
neural repair, which ultimately alleviates AD-related 
neurodegeneration. For instance, research by Ding et al. 
demonstrated that injecting hUC-MSC-Exos in a mouse 
model of AD modulated the phenotype and function 
of microglia in APP/PS1 mice, thereby alleviating 
neuroinflammation (121).
 Moreover, the findings of Nakano et al. corroborate 
these results, showing that miR-146a present in BMSC-
Exos can inhibit TRAF6 and IRAK1 in microglia, 
subsequently reducing NF-κB activity. This reduction 
leads to decreased gene expression of inducible 
nitric oxide synthase (iNOS), TNF-α, IL-1β, and IL-
6, resulting in diminished production of the pro-
inflammatory M1 phenotype in microglia treated 
with MSC-Exos (122). In addition to miR-146a, 
MSC-derived miR-21 also plays a role in modulating 
immunity and protecting neurons. Research has 
indicated that hypoxia-preconditioned MSC-Exos 
inhibit microglial activation through miR-21, decreasing 
inflammatory factors (such as TNF-α and IL-1β) while 
increasing the anti-inflammatory factor IL-10 (123). 
Thus, MSC-Exos induce anti-inflammatory effects by 
inhibiting activated microglia, reactive astrocytes, and 
the release of cytokines (137).
 Importantly, overexpression or dysregulation of pro-
inflammatory cytokines (such as iNOS) can promote 
AD pathology (138). Studies have shown that MSC-
derived EVs have beneficial effects in mouse models 
of AD by inhibiting Aβ-induced iNOS expression in 
APP/PS1 mice (139). Moreover, research by Liu et al. 
demonstrated that direct injection of exosomes into the 
lateral ventricles of mice with AD significantly reduced 
the activation of glial cells in the hippocampus and 
lowered levels of pro-inflammatory markers such as IL-
1β and TNF-α. This indicates that exosomes have an 
inhibitory effect on inflammatory responses, potentially 
mitigating the damage caused by neuroinflammation 
(129).
 In addition, Godoy et al. found that MSC-Exos 
naturally contain and carry endogenous catalase. This 
enzyme can be delivered to neurons via exosomes, 
providing antioxidant protection and preventing 
synaptic loss in neurons exposed to Aβ. This finding 
suggests that MSC-Exos may offer a novel therapeutic 
possibility for AD by reducing oxidative stress and its 
associated neuronal damage (124).
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4.3. Promotion of neurogenesis

MSC-Exos have displayed the ability to alleviate the 
neuropathology associated with AD and improve 
cognitive function by promoting the proliferation 
and differentiation of neural stem cells, as well as by 
enhancing synaptic plasticity. A study has indicated that 
MSC-Exos can stimulate the generation of new neurons 
within the brain ventricles, thereby alleviating cognitive 
impairments caused by β1-42 amyloid protein (125). A 
notable study by Ma et al. found that EVs secreted by 
adipose-derived mesenchymal stem cells (ADMSCs) 
and delivered intranasally rapidly entered the brain, 
significantly repairing neural damage and improving 
spatial learning and memory abilities (140).
 Moreover, MSC-Exos promote the expression 
of nerve growth factor (NGF), which enhances the 
survival and functionality of neural cells. Research by 
Li et al. demonstrated that MSC-Exos upregulate NGF 
expression and activity, stimulating the proliferation and 
differentiation of adult neural stem cells. This process 
promotes neurogenesis and synaptic plasticity, ultimately 
alleviating cognitive deficits associated with AD (141).
 As research on the pathological mechanisms of AD 
progresses, the potential use of MSCs and their derived 
exosomes in treating neurodegenerative diseases has 
garnered increasing attention. Notably, MSC-Exos 
demonstrate significant potential for the treatment 
of AD through various mechanisms, including the 
clearance of abnormal protein accumulation, inhibition 
of neuroinflammation, and promotion of neurogenesis. 
However, an important point to note is that most of the 
current research involves animal models, underscoring 
the need for more clinical trials to verify the efficacy and 
safety of MSC-Exos.

5. Advanced techniques for optimizing exosome 
function

With advances in research on MSC-Exos, these 
nanoscale vesicles have shown significant promise in 
regenerative medicine and disease treatment. Exosomes 
are essential carriers of intercellular signaling, and their 
bioactivity and functionality are influenced by several 
factors, including the physiological state of the source 
cells, culture conditions, and changes in the extracellular 
environment (142). Therefore, exploring cutting-edge 
technologies to optimize exosome function is crucial to 
enhancing their therapeutic efficacy in neurodegenerative 
diseases such as AD.

5.1. The impact of preconditioning techniques on 
exosomes

Preconditioning techniques involve manipulating the 
parent cells under specific culture conditions, such as 
hypoxia, three-dimensional (3D) culture, and serum 

deprivation. In addition, biochemical stimuli like 
lipopolysaccharides, nitric oxide, pro-inflammatory 
cytokines, or exogenous genes (e.g., plasmid DNA 
and miRNAs) can be introduced to alter the culture 
environment, thereby modulating the function of the 
cells (143-145). Recent research has indicated that 
hypoxia or pro-inflammatory cytokine preconditioning 
can be effectively used to produce MSC-Exos for 
the treatment of AD. For example, a study by Cui 
et al. demonstrated that exosomes derived from 
hypoxia-preconditioned mesenchymal stem cells (PC-
MSCs) significantly increased the levels of miR-
21 in the brains of mice with AD. This increase not 
only reduced Aβ deposition but also decreased pro-
inflammatory cytokines such as TNF-α and IL-1β, 
thereby enhancing therapeutic efficacy in transgenic 
mice with AD (123). Similarly, Liu et al. found that 
exosomes derived from hypoxia-preconditioned 
ADMSCs improved cognitive function in mice with 
AD by upregulating circRNA-Epc1. This modulation 
of microglial M1/M2 polarization reduced neuronal 
damage and enhanced cognitive function (146). 
Hypoxic preconditioning of MSCs enhances their 
neuroprotective effects primarily by inducing the 
secretion of HIF-1α, reactive oxygen species (ROS), 
and anti-inflammatory cytokines (147). Moreover, 
preconditioning MSCs with pro-inflammatory cytokines 
enhances the immunomodulatory properties of MSC-
Exos. For instance, Losurdo et al. found that MSC-
Exos preconditioned with IFNγ and TNF-α suppressed 
microglial activation and increased dendritic spine 
density, thereby displaying both immunomodulatory 
and neuroprotective effects in AD (148).
 In addit ion,  Chen et  al .  demonstrated that 
preconditioning MSCs with an prostaglandin E2 
receptor 4 (EP4) antagonist inhibited the proliferation of 
reactive astrocytes, reduced widespread inflammation, 
enhanced BBB integrity, and alleviated learning and 
memory deficits (149). Moreover, altering MSC culture 
conditions, such as use of 3D culture methods, can 
significantly modify the miRNA and protein profiles of 
MSC-Exos (3D-MSC-Exos) compared to traditional two-
dimensional culture systems. Studies have confirmed 
that 3D culture upregulates α-secretase expression 
and inhibits β-secretase activity, thereby reducing Aβ 
production in pathological AD cells and transgenic mice 
(142).
 These findings suggest that preconditioning strategies 
can enhance MSC functionality by modifying the culture 
environment, thus optimizing their performance before 
transplantation. However, an important point is to 
carefully consider the effects of preconditioning on the 
parent cells, as changes in physiological conditions may 
impact therapeutic outcomes in particular. Therefore, 
assessing whether the components generated within 
exosomes can negatively affect these outcomes is 
essential.
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5.2. Drug-loaded MSC-Exos

Loading drugs into MSC-Exos capitalized on the natural 
delivery capabilities of exosomes to transport therapeutic 
agents more effectively to targeted disease sites. Drug-
loading strategies can be broadly categorized into two 
main approaches: the first involves loading drugs into 
the parent cells, which subsequently transfer these drugs 
to exosomes. This can be achieved by co-culturing the 
parent cells with the drug or by using chemical methods 
(e.g., liposomal transfection) to introduce the drug into 
the parent cells, after which the drugs are encapsulated 
within the exosomes (44,84,150). The second approach 
is direct exosome loading, where exogenous drugs are 
directly introduced into isolated exosomes. This method 
includes co-incubating the drug with isolated exosomes 
or using physical techniques (e.g., electroporation, low-
permeability dialysis, and ultrasound treatment) and 
chemical methods (e.g., liposomes) to transfer the drug 
to exosomes (151,152).
 Both approaches aim to optimize drug delivery 
efficiency and enhance therapeutic efficacy. Current 
research has shown that nucleic acids, proteins, and 
drugs can be effectively loaded into MSC-Exos for the 
treatment of AD. For instance, Zhai et al. successfully 
loaded miRNA-22 into ADMSCs, producing miRNA-
22-loaded exosomes that suppressed neuroinflammation 
in mice with AD, resulting in improved behavioral 
and memory function (153). Similarly, Jahangard et 
al. loaded miR-29b into BMSCs, generating miR-
29b-enriched exosomes that helped reduce Aβ peptide 
pathology in a rat model of AD (154). Moreover, Xu 
et al. used genetic engineering techniques to transfect 
MSCs with the gene encoding tyrosine phosphatase-2 
(SHP2), resulting in exosomes enriched with SHP2. 
These SHP2-expressing MSC-Exos significantly induced 
mitophagy in neuronal cells, alleviating mitochondrial 
damage-induced apoptosis and NLRP3 inflammasome 
activation in mice with AD (155). Another study 
demonstrated that exosomes derived from enkephalinase 
gene-modified human umbilical cord mesenchymal stem 
cells (hUC-MSCs) significantly enhanced the effects of 
hUC-MSCs on memory and cognitive improvement in 
mice with AD (132).
 The advantages of using MSC-Exos for drug 
loading are twofold. First, MSC-Exos possess inherent 
neuroprotective properties, including the ability to reduce 
Aβ accumulation, inhibit inflammatory responses, and 
improve neuronal function. Second, MSC-Exos have 
strong targeting capabilities, efficiently delivering drugs 
to neurons and diseased regions. In addition, they have 
excellent biocompatibility, lower immunogenicity, and 
the ability to cross the BBB, delivering therapeutic agents 
directly to brain tissue and influencing AD pathology. 
A strategy that combines the therapeutic benefits of 
both drugs and MSC-Exos offers new possibilities and 
directions for AD treatment.

5.3. Surface modification and artificial exosomes

Surface modification techniques allow for the 
endowment of natural exosomes with unique functions, 
such as targeted delivery, through genetic engineering 
or chemical modification of specific peptides or ligands 
(156). Surface functionalization can be divided into two 
categories: endogenous and exogenous modifications. 
Endogenous functionalization involves modifying the 
exosome surface by transfecting vectors into the parent 
cells. This approach preserves the essential functions 
and integrity of the exosomes; however, it may introduce 
heterogeneity and requires complex purification 
processes to isolate the functionalized exosomes (157). 
In contrast, exogenous functionalization uses physical 
or chemical methods to directly modify the exosome 
membrane. Physical methods include extrusion, 
sonication, and freeze-thaw cycles, while chemical 
methods utilize various click chemistry techniques (158). 
However, these methods may affect the internal cargo of 
the exosomes, and further research needs to be conducted 
to fully understand their impact on functionality, 
integrity, and therapeutic potential.
 In addition to natural exosomes, artificial exosomes, 
which act as substitutes, offer greater scalability and 
flexibility. They can be produced through techniques 
such as extrusion and microfluidics (159). Artificial 
exosomes can retain multiple intracellular components 
from the parent cells, and their RNA and protein content 
may be double that of natural exosomes (160). During 
the production process, drugs and therapeutic molecules 
can also be loaded into artificial exosomes. However, 
several challenges remain for the clinical use of artificial 
exosomes. These include potential contamination with 
other organelles during purification, low encapsulation 
efficiency due to quality control issues, and alterations 
in the ratio of cellular membrane components (161). 
Therefore, the establishment of standard operating 
procedures and further exploration into their use in AD 
treatment are essential.

6. Therapeutic advantages and challenges

The use of MSC-Exos in the treatment of AD has gained 
increasing attention. As a cell-free alternative to stem 
cell therapy, these exosomes exhibit immense potential 
for the treatment of neurodegenerative diseases because 
of their unique biological properties and therapeutic 
benefits. Compared to traditional stem cells and 
nanocarriers, MSC-Exos offer superior biocompatibility 
and lower immunogenicity. Since exosomes are non-
replicating entities, they eliminate the tumorigenic risks 
associated with cell proliferation. In addition, unlike 
artificial nanoparticles, they do not trigger strong immune 
responses, which reduces toxicity and contributes to 
their excellent in vivo stability. This safety profile makes 
MSC-Exos ideal for allogeneic applications, minimizing 
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the risk of immune rejection.
 Another key advantage is their nanoscale size, which 
enables MSC-Exos to effectively cross the BBB—
an essential feature for AD treatment. Their natural 
properties allow exosomes to remain stable within the 
body and efficiently reach their target cells. As a drug 
delivery system, MSC-Exos can transport therapeutic 
molecules directly to specific cells within brain tissue, 
and they display a particular affinity for packaging 
and delivering nucleic acid-based drugs. Moreover, 
engineered MSC-Exos with surface modifications 
can enhance targeting capabilities, further improving 
the efficiency of drug delivery. The high proliferative 
capacity and multi-differentiation potential of MSCs also 
make the large-scale production of consistent exosomes 
feasible, a critical factor for clinical use. In addition to 
these advantages, MSC-Exos have multiple biological 
effects—such as anti-inflammatory, antioxidative, 
immunomodulatory, and neuroprotective properties—
enabling them to mitigate AD pathology through various 
mechanisms.
 Despite these significant theoretical advantages, 
several challenges still impede the clinical use of MSC-
Exos. First, the isolation, purification, and storage 
processes for MSC-Exos require further optimization 
and standardization. Current methods of isolation, 
which mainly rely on density and size, may result in 
cross-contamination with other biological molecules 
like lipoproteins and viruses, potentially compromising 
purification quality and therapeutic efficacy. Thus, there 
is an urgent need for more efficient and cost-effective 
isolation techniques, as well as standardized production 
processes, to ensure the consistency and reproducibility 
of MSC-Exos. In addition, the complex composition 
of MSC-Exos may include harmful paracrine factors 
that could interfere with therapeutic outcomes or cause 
adverse effects. To address these concerns, detailed 
analyses of the components within MSC-Exos need to 
be performed to identify and remove potential harmful 
factors while maintaining rigorous quality control before 
clinical use.
 Moving forward, future research and clinical 
efforts should focus on addressing these challenges 
and further exploring the therapeutic potential of 
MSC-Exos in AD treatment. Developing efficient 
production and purification methods will help improve 
the yield and consistency of MSC-Exos. Moreover, 
investigating novel delivery methods—such as local 
delivery and the incorporation of biomaterials to protect 
and enhance exosome delivery—could significantly 
improve therapeutic efficacy. Grappling with these 
aspects collectively would position MSC-Exos to play a 
crucial role in treating AD and other neurodegenerative 
diseases, paving the way for their emergence as a viable 
therapeutic option.
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