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ABSTRACT 

 

Background: Exosomes are nanoscale vesicles that encapsulate a broad spectrum of bioactive molecules, including 

proteins, lipids, mRNA, miRNA, lncRNA, and DNA, and are present in various biological fluids, such as blood, sa-

liva, and urine, where they serve as key mediators in intercellular communication and play critical roles in a wide 

range of physiological and pathological processes. This review aims to provide a comprehensive overview of cur-

rent techniques for exosome isolation and enrichment, along with a detailed comparative analysis of their perfor-

mance characteristics. Methods: Studies concerning exosome isolation and enrichment were systematically re-

viewed and organized based on methodological approaches, with a particular focus on the principles, procedures, 

and comparative features of each technique.  

Results: The principal isolation strategies comprise ultracentrifugation, polymer-based precipitation, filtration, 

size exclusion chromatography, immunoaffinity capture, and microfluidics-based techniques. Exosome enrich-

ment approaches can be broadly categorized into physical methods (centrifugation, precipitation, filtration, and 

size exclusion chromatography) and biological methods (immunomagnetic bead–based technique).  

Conclusions: Exosomes hold considerable potential in the diagnosis, treatment, and prognostic evaluation of clini-

cal diseases. Efficient isolation and enrichment are prerequisites for downstream analyses and applications. Ad-

vances in these methodologies are therefore critical for translating exosome research into effective diagnostic and 

therapeutic strategies. 

(Clin. Lab. 2026;72:xx-xx. DOI: 10.7754/Clin.Lab.2025.250756) 
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INTRODUCTION 

 

Cells release nanoscale particles with a lipid bilayer 

structure that carry diverse signaling molecules through 

various mechanisms, thereby transmitting biological in-

formation to recipient cells and facilitating intercellular 

communication. These particles are collectively referred 

to as extracellular vesicles (EVs) [1]. Exosomes, a sub-

type of EVs measuring 30 to 200 nm in diameter, are 

generated within multivesicular bodies (MVBs) in the 

cytoplasm and are secreted into the extracellular milieu 

upon fusion of MVBs with the plasma membrane, con-

tributing to communication not only between cells but 
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also across organs [1,2]. Due to their critical role in sig-

naling, exosomes are involved in a range of physiologi-

cal and pathological processes, making them key play-

ers in disease progression. For example, in pancreatic 

ductal adenocarcinoma, exosomes derived from cancer 

cells contain the CD44v6/C1QBP complex, which pro-

motes metastasis by activating the Wnt/β-catenin sig-

naling pathway [3,4]. This illustrates how exosomes can 

drive disease progression, underscoring their potential 

as both biomarkers and therapeutic targets.  

Exosomes serve vital physiological functions, such as 

maintaining cellular homeostasis and facilitating the 

clearance of cellular debris. They achieve this by trans-

porting bioactive molecules, including proteins, lipids, 

mRNA, miRNA, lncRNA, and DNA [2]. An example 

of their beneficial role is seen in exosomes derived from 

adipose mesenchymal stem cells, which transfer mito-

chondrial components to alveolar macrophages. This 

transfer enhances mitochondrial integrity and oxidative 

phosphorylation, ultimately preserving macrophage ho-

meostasis and alleviating pulmonary inflammation [5]. 

Similarly, in neurological diseases, such as Alzheimer's, 

exosomes derived from human brain microvascular en-

dothelial cells contain P-glycoprotein, which captures 

amyloid-β peptides and removes them from the brain, 

mitigating cognitive impairments [6]. These examples 

highlight the diverse roles of exosomes in maintaining 

tissue homeostasis and their potential for treating com-

plex diseases. Notably, exosomes are secreted by all 

mammalian cells, except mature red blood cells [7]. 

This widespread secretion capacity makes exosomes 

versatile and applicable across various medical disci-

plines. Exosomes derived from stem cells - such as em-

bryonic stem cells, induced pluripotent stem cells, he-

matopoietic stem cells, mesenchymal stem cells, neural 

stem cells, and endothelial stem cells - have demon-

strated therapeutic potential in treating conditions across 

multiple specialties, including orthopedics, neurosur-

gery, plastic surgery, general surgery, cardiothoracic 

surgery, urology, head and neck surgery, ophthalmolo-

gy, and obstetrics and gynecology [8]. Their natural 

ability to serve as nanocarriers also makes them promis-

ing candidates for drug delivery systems and therapeutic 

applications [9]. In addition, exosomes can be utilized 

as biomarkers for disease diagnosis. For instance, exo-

somal circ_0005540 has shown promise as a potential 

marker for atherosclerosis [10]. Currently, exosomes are 

of significant value in the development of novel diag-

nostic and therapeutic strategies. The efficient and spe-

cific isolation and enrichment of exosomes have be-

come critical prerequisites and major bottlenecks for ad-

vancing research and application in this field. Exosomes 

are characterized by their small size and low abundance, 

exhibiting considerable heterogeneity in terms of size, 

composition, function, and origin. Additionally, they 

exist in complex biological fluids that contain various 

interfering substances, making their efficient isolation a 

considerable challenge. Consequently, there has been 

increasing attention from researchers worldwide on the 

isolation and enrichment of exosomes in recent years. 

Xu et al. [11] and Zhang et al. [12] have summarized 

exosome isolation and enrichment techniques from dif-

ferent perspectives, yet new methods continue to 

emerge. Therefore, this study aims to provide a compre-

hensive summary of both traditional and emerging tech-

niques for exosome isolation and enrichment, with the 

goal of offering a theoretical foundation for method-

ological advancements in exosome research and its ap-

plications. 

 

Significance of the isolation and enrichment 

Effective isolation and enrichment of exosomes are 

pivotal to advancing research and clinical applications 

in this field. Exosomes, with their small size, low densi-

ty (1.1 - 1.19 g/mL), and negative surface charge, share 

similar physical properties with other components in bi-

ological fluids, such as cellular debris, soluble proteins, 

and lipoproteins [13,14]. This overlap in characteristics 

often leads to challenges in detection, including false 

positives. For example, during the centrifugation and 

staining of lymphoblastoid B-cell exosome samples, 

PKH26 nanoparticles - though not exosomes – frequent-

ly form, resembling PKH26-labeled exosomes in terms 

of size, surface area, and fluorescence intensity. This re-

sults in reduced exosome recovery rates and false-posi-

tive signals in staining assays [15]. These challenges 

highlight the critical need for efficient isolation tech-

niques to eliminate impurities, thus ensuring accurate 

analysis of exosome function and composition. Once 

isolated, the goal of exosome enrichment is to increase 

their concentration or purity. This becomes especially 

important when sample concentrations fall below detec-

tion limits or when exosomes fail to generate detectable 

signals. A notable example of effective enrichment is a 

strategy developed for plasma exosomes, which demon-

strated the ability to enhance detectable protein species 

and peptides beyond the dynamic range of liquid chro-

matography mass spectrometry in unfractionated plas-

ma. This advancement provides a more robust tool for 

plasma proteomics analysis [16]. Furthermore, in cancer 

diagnostics, exosome-based liquid biopsies can benefit 

from enriching exosomes with tissue-specific or cancer-

specific markers, significantly improving both the sensi-

tivity and specificity of diagnostic tests [17]. In the case 

of large-volume samples, separate enrichment steps are 

necessary to ensure the purity of the exosome fraction, 

further reinforcing the importance of enrichment in 

maintaining the accuracy and reliability of exosome-

based research. 

Exosomes, derived from different biological fluids, ex-

hibit distinct membrane compositions depending on 

their cellular origin. These differences can influence 

both the purity and yield of isolated exosomes. As a re-

sult, high-quality isolation methods, coupled with ro-

bust compositional analysis, are essential to fully har-

ness the diagnostic and therapeutic potential of exoso-

mes. The development of such techniques is not only 

vital for advancing basic biomedical research but also 
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for translating exosome-based applications into clinical 

practice. 

 

Isolation techniques 

Ultracentrifugation (UC) 

In 1987, Johnstone et al. [18] pioneered the isolation of 

extracellular vesicles (EVs) by culturing sheep reticulo-

cytes in vitro and subjecting them to centrifugation at 

100,000 x g. This process successfully isolated exoso-

mes, which are EVs with diameters smaller than 50 nm. 

Ultracentrifugation (UC) has since become a founda-

tional and widely adopted technique for exosome isola-

tion in extracellular vesicle research [13]. UC relies on 

differences in sedimentation coefficients between exo-

somes and other components in biological fluids, using 

high-speed centrifugal force to separate exosomes from 

contaminants. Among the various UC-based methods, 

differential ultracentrifugation (DC) is the most com-

monly used approach [19,20]. 

The DC process consists of a series of centrifugation 

steps aimed at sequentially removing larger components 

and isolating exosomes. Initially, samples are centri-

fuged at 300 x g and 2,000 x g for 10 minutes each to 

eliminate dead cells, large apoptotic debris, and larger 

vesicles. Next, centrifugation at 10,000 X g for 30 min-

utes removes cellular debris. Finally, a high-speed cen-

trifugation at 100,000 x g for 70 minutes pellets exoso-

mes along with residual impurities. The pellet is then 

washed in phosphate-buffered saline (PBS) and centri-

fuged again at 100,000 x g for 70 minutes to purify the 

exosomes [20,21]. Despite its widespread use, DC is 

time-intensive and can result in contamination by medi-

um proteins due to the prolonged exposure of exosomes 

to the culture medium. This typically leads to low 

yields, often only 5 - 25% of the initial MHC class II 

concentration in the starting exosome population [22]. 

Moreover, the high centrifugal forces in UC may dis-

rupt exosome structures, further compromising their pu-

rity [23]. As a result, additional enrichment steps are 

frequently required, increasing the complexity of the ex-

traction process. To address some of these challenges, 

density gradient ultracentrifugation has been developed 

as an alternative UC-based method [19]. This technique 

uses inert centrifugal media, such as sucrose or iodixa-

nol, to create density gradients that enable exosomes to 

migrate to specific density zones during centrifugation, 

thereby facilitating their separation from impurities 

[24]. For example, sucrose gradient centrifugation has 

been used to isolate ginseng-derived exosomes, which 

have been shown to inhibit osteoclast differentiation 

and exhibit anti-osteoporotic effects in a lipopolysac-

charide-induced bone resorption mouse model [25]. 

However, density gradient centrifugation also presents 

limitations, such as low throughput, long processing 

times, and the need for skilled personnel to perform the 

procedure correctly [24]. Although UC-based tech-

niques like DC and density gradient centrifugation are 

essential for exosome research, they are not without 

their drawbacks. These challenges highlight the need for 

continuous optimization and refinement of UC methods 

to enhance their efficiency, throughput, and reliability, 

ensuring that exosome isolation remains an accessible 

and reproducible technique for both basic research and 

clinical applications. 

Polymer-based precipitation (PBP) 

Polymer precipitation (PBP) exploits hydrophilic inter-

actions between hydrophilic polymers, such as polyeth-

ylene glycol (PEG), and exosomes. These polymers cre-

ate a hydrophobic microenvironment around the exoso-

mes, reducing their solubility in the surrounding medi-

um. As a result, exosomes aggregate and can be isolated 

by low-speed centrifugation, which induces sedimenta-

tion. PBP offers several advantages over traditional exo-

some isolation methods. It is cost-effective, signifi-

cantly faster, with separation speeds approximately six 

times greater than UC, and yields exosome concentra-

tions that are roughly 2.5 times higher per milliliter 

compared to UC [7,26,27]. These efficiencies have con-

tributed to the widespread use of PBP-based kits, such 

as ExoQuick, in clinical applications. 

While PBP demonstrates higher exosome recovery than 

UC, it is somewhat less efficient than ultrafiltration 

(UF). Nevertheless, one of the key strengths of PBP is 

its ability to minimize protein contamination, leading to 

a better particle-to-protein ratio. This enhancement not 

only improves the purity of the exosome preparation but 

also helps to preserve the functional integrity of the iso-

lated exosomes, making them more suitable for down-

stream applications [28,29]. Furthermore, PBP has been 

optimized for targeted exosome extraction. For exam-

ple, a modified precipitation method for isolating uri-

nary exosomes incorporates an additional step to re-

move Tamm-Horsfall protein, which is often co-precipi-

tated with exosomes. This step improves both the effi-

ciency of separation and the yield of exosome particles, 

making the method particularly well-suited for subse-

quent RNA analysis [30]. 

Overall, while PBP may not be as efficient as UF in 

some cases, its speed, cost-effectiveness, and ability to 

preserve exosome activity make it an attractive method 

for isolating exosomes in both research and clinical set-

tings. Its adaptability for targeted extraction further en-

hances its versatility, offering valuable solutions for 

various analytical needs. 

Filtration methods 

Filtration methods provide an efficient approach for pu-

rifying fluids and isolating exosomes, offering signifi-

cant advantages over traditional techniques such as ul-

tracentrifugation (UC) and polymer precipitation (PBP). 

These methods significantly enhance exosome purity - 

by up to 3 - 6 times - while also achieving higher pro-

tein yields at a reduced cost [29,31]. Common filtration 

techniques employed in clinical and research settings 

include ultrafiltration (UF) and tangential flow filtration 

(TFF). 

UF is a simple and reagent-free method that purifies 

exosomes directly from culture supernatants through the 

use of filter membranes with specific pore sizes or mo-
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lecular weight cutoffs [32]. This allows for the removal 

of impurities without the need for ultracentrifugation 

[33]. However, UF typically relies on dead-end filtra-

tion (DEF), where the fluid flows in the same direction 

as the filtration process. As a result, solids quickly accu-

mulate on the membrane surface, forming a filter cake 

that reduces permeability, eventually leading to mem-

brane clogging and decreased separation efficiency [33, 

34]. This inherent limitation of UF can hinder its effi-

ciency, especially for large volumes. 

In contrast, TFF overcomes many of these limitations 

by employing cross-flow filtration principles [35]. Un-

like DEF, TFF directs fluid flow at an angle to the 

membrane surface, significantly slowing the formation 

of a filter cake. This design not only prolongs the life-

span of the membrane but also improves separation effi-

ciency. Studies have demonstrated that TFF outper-

forms UC in terms of exosome yield, making it a more 

suitable method for large-scale applications where both 

quantity and quality of exosomes are critical [35]. 

A further advancement in filtration technology is the 

EXODUS (Ultrafast Isolation System), which specifi-

cally addresses the challenge of membrane clogging. 

EXODUS utilizes negative pressure oscillation and 

dual-coupled resonators to generate high-frequency re-

verse vibrations. These vibrations prevent the accumu-

lation of particles on the membrane, ensuring continu-

ous filtration and improving overall separation efficien-

cy by up to 15 times compared to DEF-based methods 

[36]. Clinically, EXODUS has been successfully ap-

plied to isolate and enrich high-purity circulating exoso-

mes from plasma in patients with esophageal squamous 

cell carcinoma, demonstrating its potential to revolu-

tionize exosome-based liquid biopsies in cancer detec-

tion [37]. 

In summary, filtration methods - such as UF, TFF, and 

EXODUS - represent significant advancements in exo-

some isolation. They offer improvements in purity, 

yield, and efficiency compared to traditional methods, 

overcoming many of the limitations associated with 

older techniques. As these methods continue to evolve, 

they are poised to play a central role in both clinical ap-

plications and large-scale research, providing more effi-

cient and reliable tools for exosome-based diagnostics 

and therapeutics. 

Size exclusion chromatography (SEC) 

SEC is a well-established technique for separating ma-

cromolecules based on their size or hydrodynamic vol-

ume [13]. It utilizes a biological fluid as the mobile 

phase and porous gel filtration polymers - such as 

Sepharose CL-2B, CL-4B, CL-6B, or Sephacryl S-200 

HR, S-300 HR - as the stationary phase [38,39]. SEC is 

particularly advantageous for exosome isolation due to 

its ability to separate particles based on size, making it 

an effective method for purifying exosomes from other 

cellular components. 

In clinical settings, SEC is often combined with other 

isolation techniques to enhance both efficiency and ac-

curacy. For example, a comparative study demonstrated 

that when ultracentrifugation (UC) alone was used to 

isolate bovine serum exosomes, albumin contamination 

was present in the final preparation. However, when UC 

was followed by SEC in a sequential approach (UC-

SEC or US), albumin contamination was effectively 

eliminated. This combined method not only reduced 

false positives but also improved the detection of exo-

somal markers, highlighting the value of integrating 

SEC with UC for more reliable exosome isolation [40]. 

Additionally, SEC has been recommended in combina-

tion with filtration for isolating exosomes derived from 

synovial tissue. This combined approach provides a 

more effective and robust methodology for osteoarthri-

tis research, where high purity and accurate characteri-

zation of exosomes are essential for understanding dis-

ease mechanisms and potential therapeutic applications 

[41]. 

Overall, the integration of SEC with other isolation 

methods, such as UC and filtration, enhances the effi-

ciency, purity, and accuracy of exosome isolation. This 

approach underscores the growing importance of SEC 

as a versatile tool in both clinical diagnostics and re-

search applications, offering a reliable solution for exo-

some-based studies across various fields. 

Immunoaffinity capture 

Exosome membrane trafficking and fusion are regulated 

by proteins such as CD9, CD63, and CD81 [42]. Immu-

noaffinity capture takes advantage of the specific bind-

ing between antigens/antibodies or ligands/receptors in 

membrane affinity chromatography. This technique is 

particularly useful for isolating exosomes with high 

specificity and purity. For example, CD63, a member of 

the tetraspanin family, plays a key role in regulating 

malignancy in various cancers, such as melanoma and 

breast cancer, and has emerged as a potential cancer 

biomarker. A CD63-1 aptamer-based magnetic bead 

system has been developed to efficiently isolate exoso-

mes from the culture media of breast cancer MDA-MB-

231 cells and CD63-overexpressing HEK293T cells 

[43]. This targeted approach enables the isolation of 

specific exosome subpopulations, offering a high degree 

of specificity and purity, which is crucial for detailed 

molecular studies. 

Furthermore, immunoaffinity capture has shown superi-

or performance in isolating small RNAs (25 - 200 nt) 

compared to traditional methods like UC and SEC [40]. 

This makes it especially useful for applications where 

the isolation of specific RNA species is required. How-

ever, despite its advantages, immunoaffinity capture has 

some limitations. The high cost of reagents and the 

stringent storage requirements can make it less feasible 

for studies that do not require extremely high purity or 

the isolation of specific exosome subpopulations [33]. 

Therefore, while immunoaffinity capture offers a highly 

specialized and effective method for exosome isolation, 

its use is generally limited to studies where high speci-

ficity and purity are essential. 
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Table 1. Characteristics of isolation methods. 

 

Technology 

categories 

Technical 

principles 

Time -

consuming 

Operational 

complexity 
Purity 

Recovery 

rate 
Cost 

Sample 

suitability 
References 

UC/DC  

(gold 

standard) 

isolation based on 

differences in 

sedimentation 

coefficients between 

exosomes and 

impurities 

> 4 hours difficult 

5% to 25% of 

the initial EV 

MHC class II 

concentration 

low low 
large 

samples 

[22,23,52, 

53] 

Density 

gradient 

centri-

fugation 

uses inert centrifugal 

media to isolate 

exosomes by density 

during centrifugation 

> 18 hours difficult > UC low low 
large 

samples 
[54] 

PBP 

hydrophilic polymers 

create a hydrophobic 

microenvironment 

around exosomes, 

leading to 

precipitation by 

centrifugation 

6 times 

faster than 

UC 

simple > UC > UC low unlimited 
[7,28,29,52, 

53] 

UF/DEF 

exosomes are isolated 

using filters with 

specific pore sizes or 

molecular weight 

cutoffs to remove 

impurities 

< 4 hours simple low 
> PBP,  

> UC 
low 

large 

samples 

[28,33, 

52-54] 

TFF 

exosomes are 

concentrated and 

isolated using cross-

flow filtration 

principles 

short simple high > UC low 
large 

samples 
[35,54] 

SEC 

isolates 

macromolecules 

based on size or 

hydrodynamic 

volume 

< 0.5 hour simple > UC > UC high unlimited [53] 

Immuno-

affinity 

capture 

uses specific 

biomolecular binding 

to isolate exosomes 

4 - 20 

hours 
simple high 低 high unlimited [52,53,55] 

Micro-

fluidic 

technology 

1) immunoaffinity-

based isolation using 

immobilized 

biomarkers;  

2) isolation using 

acoustics and 

dielectrophoresis for 

label-free isolation 

short simple high > UC low 
small 

samples 
[52,53] 

ATPS 

forms immiscible 

phases in solution 

with hydrophilic 

polymers or a 

polymer and salt to 

isolate exosomes 

≈ 70 

minutes 
simple high 15% uncertain uncertain [48,49] 

Clustering 

and 

scattering 

methods 

based on size, charge, 

and chaotic 

mechanisms for 

particle isolation 

< 20 

minutes 
simple 

3.5 times that 

of UC 

20 times 

that of UC 
uncertain uncertain [50] 

AF4 

isolates exosomes 

based on size using 

cross-flow and 

parabolic flow 

patterns 

> 4 hours difficult high > UC high 
small 

samples 
[54,56] 

 

UC: Ultracentrifugation, DC: Differential ultracentrifugation, EV: Extracellular vesicle, PBP: Polymer-based precipitation, UF: Ultrafiltra-

tion, DEF: Dead-end filtration, TFF: Tangential flow filtration, SEC: Size exclusion chromatography, US: Ultracentrifugation and size exclu-

sion chromatography, ATPS: Aqueous two-phase systems, AF4: Asymmetric flow field-flow fractionation. 
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Table 2. Characteristics of enrichment methods. 

 

Technical name Technical principles Advantages Disadvantages References 

Physical 

methods 

(gradual 

integration of 

separation and 

enrichment) 

centrifugation 

(DC) 

separates substances with different density 

differences in biological fluids using 

different centrifugal forces to achieve 

dehydration and concentration of exosomes 

the most commonly 

used step for exosome 

enrichment 

time-

consuming 
[57] 

precipitation 

treats biological fluids with 8% PEG to 

facilitate better precipitation of exosomes, 

followed by low-speed centrifugation after 

overnight incubation 

1) minimal impact on 

biological activity, 

2) low cost 

time-

consuming 
[57] 

filtration 
dead-end ultrafiltration strategy based on a 

300 kDa molecular weight cutoff membrane 

preserves exosome 

integrity 

membrane 

clogging 
[61] 

SEC 
separates macromolecules based on 

molecular size or hydrodynamic volume 

1) short time 

consumption, 

2) preserves the activity 

of separated exosomes 

high cost [63] 

Biological 

methods 

immunomagnetic 

bead technology 

novel enrichment technology based on 

biological specific recognition 

efficient enrichment, 

precise localization 

lack of large-

scale research 

currently 

[63] 

 

DC: Differential ultracentrifugation, SEC: Size exclusion chromatography. 

 

 

 

 

 

Microfluidics-based techniques 

Microfluidic technology has demonstrated remarkable 

integration capabilities, consolidating exosome separa-

tion, detection, and analysis functions onto a compact 

microchip platform [44]. Currently, microfluidic-based 

separation techniques are divided into two main cate-

gories. The first relies on immunoaffinity principles, 

where specific biomarkers are immobilized within mi-

crochannels or microstructures to isolate target exoso-

mes [45]. Similar to traditional immunoaffinity capture, 

this approach offers high sensitivity and specificity 

[45], making it highly effective for precise exosome iso-

lation. In clinical practice, microfluidic chips based on 

immunoaffinity mechanisms employ 300 nm magnetic 

nanoparticles conjugated with anti-CD63 antibodies to 

prepare immunomagnetic beads, enabling the specific 

capture of exosomes derived from gastric cancer cells. 

These chips achieve an exosome recovery rate exceed-

ing 80%, a purity greater than 83%, and detection rates 

of 70% or higher for stage I and II gastric cancer [46]. 

The second category combines microfluidics with 

acoustics or dielectrophoresis to enable label-free sepa-

ration of exosomes based on their electrical and physi-

cal properties [45]. For example, an acoustofluidic plat-

form uses separation modules that can differentiate sub-

micron particles, allowing for the distinction between 

larger EV subpopulations and exosomes [47]. This tech-

nique not only eliminates the need for labels but also 

provides an efficient, non-invasive method for exosome 

isolation. 

Additionally, microfluidic technology offers a low de-

tection limit, making it particularly advantageous for 

small sample volumes. Precisely fabricated micro/nano-

channels allow for the accurate manipulation of minute 

fluid volumes, ranging from microliters to nanoliters. 

This precision enables highly efficient isolation of exo-

somes, even from small samples, which reduces reagent 

and sample consumption, promotes cost-effective bio-

analysis, and enhances the efficiency of liquid biopsies 

[13,45]. These features position microfluidic platforms 

as a promising tool in both clinical diagnostics and bio-

medical research, offering a more streamlined and effi-

cient alternative to traditional exosome isolation tech-

niques. 

Other methods 

In addition to the aforementioned methods, several 

other techniques have been developed for exosome sep-

aration. One such method is the aqueous two-phase sys-

tem, which commonly uses two hydrophilic polymers 

(e.g., polyethylene glycol and dextran) or a polymer 

combined with a salt (e.g., polyethylene glycol with 

phosphate or sulfate) to create immiscible phases in an 

aqueous solution, facilitating the separation of exoso-

mes. The polyethylene glycol/dextran system, the most 

widely used aqueous two-phase system, allows for effi-

cient exosome recovery in a short time, with a recovery 

rate of approximately 15% [48,49]. 

Another notable approach includes clustering and scat-

tering techniques, which are based on the size, charge, 

and chaotic mechanisms of exosomes. These methods 

have demonstrated impressive results, achieving the 

highest exosome recovery rate - approximately 20 times 

greater than that of UC - and a purity ratio that is 3.5 

times higher than UC [50]. 

Additionally, asymmetric flow field-flow fractionation 

(AF4) technology has emerged as an effective method 

for separating extracellular nanoparticles. This tech-

nique significantly reduces the separation time com-

pared to UC, offering a faster alternative for isolating 

exosomes from cell culture media. Research suggests 
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that AF4 could play a pivotal role in advancing high-

quality molecular diagnostic and therapeutic approaches 

based on exosomes and their cargo [51]. 

The characteristics of these various separation tech-

niques are summarized in Table 1, highlighting their 

unique advantages and applications in exosome isola-

tion. Each method offers distinct benefits depending on 

the specific requirements of the research or clinical ap-

plication, providing versatile tools for advancing exoso-

me-based diagnostics and therapeutics. 

 

Enrichment techniques 

Physical methods 

Centrifugation 

The core principle of enrichment lies in "concentration", 

aiming to enhance both the concentration and purity of 

target exosomes. In recent years, to improve the effi-

ciency of exosome extraction, separation and enrich-

ment have become increasingly integrated. Among the 

various enrichment methods, DC serves not only as a 

foundational technique for exosome isolation but also as 

the most commonly employed method for exosome en-

richment [57]. DC utilizes varying centrifugal forces to 

separate substances based on their density differences in 

biological fluids, effectively concentrating and dehy-

drating exosomes. However, despite its widespread use, 

both the separation and enrichment processes via DC 

are hindered by challenges such as complex operation 

and prolonged processing times. As a result, researchers 

are continuously working to optimize DC-based enrich-

ment methods. 

One notable advancement in enhancing the efficiency of 

DC involves the use of DNA nanostructures as mass 

tags to increase centrifugal force, thereby enabling rapid 

and specific enrichment of cancer-related exosomes 

[58]. Beyond improving the centrifugal efficiency of 

DC, DNA-related technologies are also emerging as 

viable alternatives for exosome enrichment. 

DNAzymes, catalytically active DNA sequences, have 

demonstrated exceptional performance and sensitivity 

in real-time detection of exosomes from various sources 

[24,59]. For exosome enrichment, DNAzyme probes 

hybridize with complementary sequences of substrate 

probes, triggering the self-assembly of exosomes into 

micrometer-scale clusters. This method bypasses the 

complexity of ultracentrifugation (UC) and facilitates 

rapid enrichment using conventional centrifugation at 

10,000 x g [60]. 

These innovations in DNA-based technologies offer 

promising alternatives to traditional methods, improv-

ing both the efficiency and simplicity of exosome en-

richment while maintaining high specificity. 

Precipitation 

ExtraPEG, a polymer-based precipitation (PBP) meth-

od, involves treating biological fluids with 8% poly-

ethylene glycol (PEG) to enhance the precipitation of 

exosomes. Following overnight incubation, low-speed 

centrifugation is used to achieve both enrichment and 

purification. This approach offers a rapid and cost-ef-

fective solution for enriching exosomes from large vol-

umes of culture media [57]. 

One of the key advantages of ExtraPEG is its minimal 

impact on the biological activity of exosomes. Confocal 

microscopy has confirmed that exosome bioactivity re-

mains intact after the precipitation process, ensuring the 

preserved functional integrity of the isolated exosomes. 

These findings underscore the suitability of ExtraPEG 

for the enrichment of a wide range of exosome types, 

making it a versatile tool for exosome-based research 

and applications [57]. 

By providing an efficient, low-cost method for exosome 

isolation without compromising bioactivity, ExtraPEG 

represents a promising alternative to more complex and 

time-consuming techniques, facilitating large-scale exo-

some isolation for diagnostic, therapeutic, and research 

purposes. 

Filtration 

Fast and Efficient Exosome Enrichment using Filter-

Aided Extracellular Vesicle Enrichment (FAEVEr) is a 

dead-end ultrafiltration strategy utilizing a 300 kDa 

molecular weight cutoff membrane. This membrane is 

designed to effectively retain exosomes while allowing 

smaller molecular weight contaminants, such as pro-

teins, to pass through. By minimizing non-specific pro-

tein adsorption on the membrane, FAEVEr helps pre-

serve the integrity of the exosomes and enhances their 

purity [61]. 

One of the main advantages of this approach is its effi-

ciency in isolating exosomes, as it prevents the accumu-

lation of unwanted proteins that could potentially inter-

fere with subsequent analyses. The result is a higher 

purity and more intact exosome population, making 

FAEVEr an effective and reliable method for exosome 

enrichment. This strategy not only simplifies the isola-

tion process but also improves the overall quality of the 

exosomes, supporting their use in a variety of research 

and clinical applications. 

SEC 

In the extraction of bovine milk exosomes, a method 

that combines initial isolation of EVs through UC fol-

lowed by exosome enrichment using SEC has been re-

ported. This UC-SEC combination offers a significant 

improvement in exosome yield compared to conven-

tional enrichment methods, such as density gradient 

centrifugation [62]. 

By utilizing UC for initial EV isolation and then apply-

ing SEC for further enrichment, this approach effective-

ly enhances both the purity and quantity of exosomes, 

ensuring more reliable and higher yields. The combina-

tion of these two techniques offers a more efficient and 

streamlined process, making it a promising option for 

exosome extraction in various research and clinical ap-

plications. 

Biological methods 

In addition to traditional physical methods that "concen-

trate" exosomes for purification, novel enrichment tech-

nologies based on biological specific recognition are ad-

vancing rapidly. One such method is immunomagnetic 
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bead technology, which combines immunological speci-

ficity with magnetic separation to achieve exosome 

enrichment. This technique involves conjugating anti-

bodies to magnetic materials, allowing for targeted iso-

lation of exosomes. 

For example, a Strep-tag II-based immunomagnetic 

bead separation system has been developed, where cap-

ture antibodies are modified onto magnetic nanoparti-

cles through the specific and reversible recognition be-

tween Strep-Tactin and Strep-tag II. This system en-

ables efficient enrichment and precise localization of 

exosomes, offering several advantages over convention-

al methods. It simplifies the process compared to UC, 

accelerates processing time, and enhances sensitivity, 

making it a highly effective tool for exosome isolation 

and analysis [63]. 

The integration of immunomagnetic bead technology 

represents a promising advancement in exosome enrich-

ment, providing a more efficient, rapid, and precise al-

ternative for applications in research, diagnostics, and 

therapeutics. The characteristics of the various enrich-

ment methods are summarized in Table 2. 

 

Summary and outlook 

The present review has provided a comprehensive over-

view of current techniques for exosome isolation and 

enrichment. The strength of this review lies in its thor-

ough and comparative analysis of both traditional and 

emerging techniques for exosome isolation and enrich-

ment. By synthesizing a wide range of methods, this re-

view offers a comprehensive overview of the technolog-

ical advances in the field, addressing key challenges 

such as exosome purity, yield, and cost-efficiency. Fur-

thermore, it emphasizes the significance of methodolog-

ical innovations that have enhanced the efficiency and 

specificity of exosome isolation, thus providing a valu-

able resource for researchers and clinicians alike. 

In recent years, the field of exosome research has made 

significant strides, progressing from a basic understand-

ing of exosomes to exploring their potential applications 

in human health. The use of exosomes in medicine and 

biology continues to expand, with an increasing number 

of studies focused on improving exosome isolation effi-

ciency. The ultimate goal is to achieve exosome separa-

tion and enrichment methods that are simple, cost-effec-

tive, and capable of yielding high purity. To achieve 

this, there has been a growing trend toward integrating, 

automating, and miniaturizing techniques for isolating 

exosomes from small-volume samples. For larger-vol-

ume samples, two key areas need further advancement: 

first, enhancing exosome recovery rates by optimizing 

existing separation systems, and second, developing in-

dependent enrichment methods that are easier to oper-

ate, more sensitive, and capable of establishing efficient 

exosome extraction platforms. Despite these advance-

ments, our current understanding of exosomes, particu-

larly at the microscale level, remains incomplete, which 

limits the widespread application of sophisticated bio-

technologies such as immunoaffinity and immunomag-

netic bead methods. As such, future efforts should focus 

on two main objectives: deepening our understanding of 

the complex nature of exosomes and developing sepa-

ration and enrichment techniques that are tailored to the 

heterogeneity of exosomes derived from different 

sources. 

These advancements will be pivotal in unlocking the 

full potential of exosomes in medicine and biology. 

They will provide critical technical support for the fu-

ture of precision medicine and biological research, en-

abling more efficient and targeted applications of exo-

somes for diagnostic, therapeutic, and research pur-

poses. 
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