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Abstract: Exosomes are nanoscale vesicles wrapped in lipid bilayers that are secreted by cells

and carry a variety of proteins, lipids, nucleic acids, and metabolites. Exosomes are widely
present in various bodily fluids and mediate intercellular communication. They participate in a
variety of physiological and pathological processes, including immune regulation, angiogenesis,
tumorigenesis, and metastasis, and have significant clinical diagnosis and treatment potential.
Exosomes are source-rich, structurally stable, and reflect the states of their parental cells.
Therefore, they are expected to serve as novel diagnostic markers for various diseases. In addi-
tion, stem-cell-derived exosomes show therapeutic potential and have the advantages of low
immunogenicity, high safety and easy storage, and exhibit therapeutic potential for neurode-
generative disorder, cardiovascular disease, and cancer. Furthermore, exosomes are highly
biocompatible, have natural homing properties, and are capable of easily penetrating biological
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barriers, making them excellent drug—delivery carriers. Isolation and enrichment of exosomes is
a prerequisite for downstream analysis and application. High-purity, high-yield, and high-
throughput exosome-isolation methods are expected to be used in clinical diagnosis and treat-
ment applications. Based on the physicochemical properties of exosomes, including density,
size, charge, and surface composition, exosome-isolation methods are mainly divided into den-
sity-based (e. g., differential ultracentrifugation, density-gradient ultracentrifugation), size-
based (e.g., ultrafiltration, size-exclusion chromatography, field-flow fractionation) , polymer-
precipitation (e.g., polyethylene-glycol-based precipitation) , and chemical affinity (e.g., anti-
body-based, aptamer-based, and surface-lipid-based lipid probes) methods. Currently, basic
research into exosomes and their clinical applications face a number of challenges. Firstly, the
complexity and heterogeneity of exosomes and the lack of standardized isolation methods has
led to highly variable research results that hinder comparing and reproducing results between
different laboratories and clinical settings. Current isolation methods are generally hindered by
insufficient purity, low yield, low throughput, and difficulties separating specific subpopula-
tions, which seriously restrict the development of the exosome field. Secondly, exosome-isola-
tion methods that are easy to use in the clinic, have few technical requirements, and are highly
efficient and inexpensive are lacking. Commonly used classical methods, such as ultracentrifu-
gation, are time-consuming, labor-intensive, require large sample volumes, and are inappropri-
ate for clinical settings. Methods such as immunoaffinity can be used to isolate exosomes from
precious trace samples in clinical practice; however, high costs, low recoveries, and high op-
erating requirements are shortcomings that restrict sample analysis in the clinic. In addition, ro-
bust large-scale methods for preparing exosomes are lacking. There is an urgent need to devel-
op repeatable and scalable methods for preparing batches of high-quality exosomes owing to the
rapid development of exosomes for the treatment of clinical diseases. Generally, exosome re-
search progress is expected to greatly improve our understanding of the biological functions and
components of exosomes, which will help transform the exosome research into effective diag-
nostic and therapeutic strategies and lead to new precision-medicine and personalized-treatment
applications. This article summarizes the latest progress in exosome-isolation and -enrichment
technologies and introduces the application of exosomes as disease diagnostic markers, thera-
peutic agents, and drug delivery carriers. Finally, the future developmental trends in exosome
isolation and enrichment technologies for disease diagnosis and treatment are discussed.
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Fig. 5 Schematic diagram of exosome isolation method

based on PC-CP zwitterionic coordination strate-
gy[49]
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Table 1 Principles, advantages, disadvantages, and applicability of exosome isolation methods

Method Principle Advantages

Disadvantages Refs.

Differential
ultracentrifugation isolation high purity
Density gradient density-based high purity

ultracentrifugation isolation

Polymer-based hydrophobic  simple operation; high recovery

precipitation effect

Ultrafiltration size-based simple operation; economical and
isolation efficient

Size-exclusion size-based simple and efficient; maintaining

chromatography isolation the integrity and biological activity

of exosomes

Field flow size-based gentle and fast separation process

fractionation isolation

Chemical affinity  affinity-based high purity and specificity
isolation

density-based gold standard method; relatively

time-consuming ( >4 h) ; low recovery; protein [9,10]

aggregation; damaged exosome structure
very time-consuming (>18 h) ; high operating [11-13]
requirements; low recovery

low purity; lack of specificity; difficult to remove [18,20,21]
polymer

filter membrane easily clogged; low purity; large [23,24,27]
sample volume
low processing throughput; low purity [28,30]

time consuming; low recovery; requires specialized [35-37]
equipment; high operating requirements

high cost; not suitable for large-scale sample [40,45,46,
processing 49]
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