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Biofluid exosome extraction and analysis tools for 
research, diagnostics, and therapy. 
Executive summary 
Early detection of cancer is associated with better therapy response and improved disease outcomes. Yet, timely 
diagnosis of cancer is often accidental and rare, as the early disease progresses asymptomatically. One way to 
improve cancer screening is to use minimally invasive liquid biopsies to analyse cancer biomarkers in patient 
biofluids. Exosomes found in blood, urine, and other bodily fluids reflect the transcriptional and regulatory state 
of the tissues. An important part of cell-to-cell communication, they present unique opportunities for cancer 
screening and treatment. However, there is no gold standard for exosome extraction and analysis. In this review, 
we discuss the key protocols utilised in major publications, alongside discussing their strengths and drawbacks. 
Firstly, we overview the non-specific yet straightforward centrifugation-based methods, such as differential and 
density gradient ultracentrifugation alongside the precipitation reagent use. Then we dissect the gentler and 
more specific filtration-based approaches, including ultrafiltration, tangential flow filtration and size exclusion 
chromatography. Finally, we will explore immunoaffinity and microfluidics-based approaches, which represent 
some of the most technologically refined exosome isolation protocols. Different features of these techniques, 
such as efficiency in processing high volumes of analyte or purity of the product, suggest that the protocol choice 
should be based on the sample nature, downstream processing, and experimenter’s goals. There is no universal 
soldier when addressing the needs of professionals developing various diagnostic tools or novel therapies. 
However, there are multiple promising specialised solutions, such as microfluidic devices, that address the 
drawbacks of the conventional approaches, bringing exosome diagnostic tools closer to complete integration 
into the point-of-care clinical testing.  

Graphical abstract 
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Introduction 
Cancer is now broadly accepted to be the disease of 
the genome. Mutation and aberrant gene expression 
drive acquisition of “Hallmarks of Cancer” – the 
properties that permit tumour emergence, survival, 
and growth. (1) Early detection of neoplasia is 
associated with improved disease outcomes, as 
patients with an early-stage disease demonstrate 
superior response to therapy compared to those with 
metastatic disease. Unfortunately, timely diagnosis of 
cancer is often accidental and rare, as the early 
disease progresses asymptomatically. New simple and 
quick screening approaches are required to improve 
time-to-diagnosis in the routine clinical practice. (2) 

A tumour does not develop in isolation. It interacts 
with other tissues in the patient’s body. Various 
chemical signals emitted by the cancer cells can halt 
anti-tumour immunity, allow tumour cell 
extravasation, and facilitate the formation of 
metastatic niches. (1) And since such 
communication constitutes an important part of 
cancer pathogenesis, researchers are now 
developing several diagnostic and therapeutic tools 
targeting various cancer-derived signals in patients’ 
biofluids.  

Liquid biopsy is a diagnostic tool for discovery of 
cancer biomarkers in bodily fluids, such as peripheral 
blood, CSF, urine etc. Circulating tumour cells, 
exosomes, cell-free (cf) DNA and RNA found in 
biofluids of cancer patients are now under the scope 

of extensive oncology research. (2) The properties of 
various biofluid biomarkers have been compared 
elsewhere. (3) Instead, this review focuses on 
exosome extraction techniques, as this relatively 
recent player in the diagnostics field offers unique 
opportunities for cancer research, screening and 
therapy.  

Exosomes are extracellular vesicles that allow cell-to-
cell communication via DNA, RNA, and protein 
exchange. Although the wholistic understanding of 
their role in healthy subjects and in cancer patients 
has not yet been established, it is widely accepted that 
the microvesicles found in biofluid samples reflect the 
transcriptional and regulatory state of their cells of 

Box 1. The clinical relevance of cancer biomarkers. 
The biomarkers found in tumour and/or liquid 
biopsies can provide important insights and guide 
therapeutic strategy. Here are the three key 
categories of biomarkers in oncology: 

Diagnostic 
Allow early detection and classification of tumours. 

Prognostic 
Provide tools for risk assessment and outcome 
prognosis.  

Predictive 
Help clinicians to select the treatment with highest 
chances of success.  
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origin. Furthermore, exosomes’ lipid bilayer protects 
their contents from the enzymes that degrade cfRNA 
and cfDNA in the blood. Thus, the more precise 
diagnostic tools targeting biofluid RNA as a cancer 
biomarker can be developed. 

Yet, authors could only discover one commercially 
available biofluid exoRNA testing kit (ExoDx™ 
Prostate) (4). Such slow pace can be partially 
explained by the variety and complexity of different 
exosome extraction and analysis protocols used by the 
researchers. This review aims to provide an overview 
of the main exosome isolation methods, outlining the 
benefits and drawbacks of each approach. Such 
comparison should help the newcomers to orient in 
the extracellular vesicles field, as well as identify the 
gaps that are being addressed by novel engineering 
solutions.   

 Methodology  
This narrative review originates from a PubMed 
database search utilising keywords ‘comparison’, 
‘exosome’, ‘isolation’, ’purification’, ‘extraction’. The 
identified review and research articles were then used 
to form a selection of “key publications” outlined in 
bold among other citations. The reader is encouraged 
to consult these references for more technical detail 
on described protocols. This review should not be 
considered exhaustive, as the systematic data base 
search and article selection criteria were not applied. 
Instead, the author provides a subjective overview of 
the common experimental methods, offering a 
starting point for colleagues starting their journey in 
the exosome analysis field. The diagrams were created 
with BioRender.com.  

Centrifugation-based isolation protocols 

Differential ultracentrifugation 

A differential centrifugation-based approach led to 
the discovery of fully functional mRNA and miRNA in 
exosomes in 2007. This pioneering exosome isolation 
technique requires minimal consumables but has a 
lengthy protocol reliant on ultracentrifugation (UC). 
The authors completed the process in 3 centrifugation 
cycles with an intermediate filtration step, the whole 
routine lasting for several hours. The protocol is 
summarised by the Table 1. (5) 

Exosome isolation by differential ultracentrifugation is 
indeed a time-consuming approach. Recent 
publications comparing exosome isolation methods 
report ultracentrifugation protocols with cumulative 
runtime up to 18 hours (6). The duration and reliance 
on complex laboratory equipment make 
ultracentrifugation a suboptimal candidate for point-
of-care diagnostic tools, leaving it for small-scale 
patient sample or cell culture studies.  

Furthermore, this technique is limited by low exosome 
yield and homogeneity. Both weaknesses can be 
explained by low specificity – a drawback common to 
all centrifugation-based approaches. The UC approach 
is also considered be quite rough, as it may damage 
the exosomes and ruining their integrity, thus further 
reducing the total yield.  

Density gradient centrifugation  

The ultracentrifugation protocol can be improved by 
adding an inert gradient medium that creates density 
zones inside the centrifugation substrate. A linear 
sucrose gradient is a common choice for different 
centrifugation techniques. When ultracentrifuged on 
a sucrose gradient, the exosomes are found in a 
separate band corresponding to the buoyant 
floatation density of 1.08–1.22 g/mL. (7) 

The use of density gradient allows researchers to yield 
exosomes of higher purity. Contrasted with 
differential UC, it prevents non-specific co-
sedimentation of biofluid proteins clustering on 
exosome surface. (7) Alongside higher purity, density 
gradient centrifugation is generally considered to be a 
“softer” approach, meaning that there is less potential 
exosome damage and rupture. Finally, the separated 
layers are more stable and do not mix as easily, making 
product manipulation a bit easier.  

If the laboratory aims for the Good Manufacturing 
Practice (GMP) grade exosome isolates, they may opt 
for a more efficient 5-40% iodixanol gradient. Use of a 
more sophisticated gradient medium can improve the 
separation of exosomes from other small bodies, 
including viral particles, ultimately yielding more pure 
exosome isolates. It also results in samples of higher 
homogeneity; albeit, the total exosome yield can be 
low, and the protocols still rely on prolonged 
ultracentrifugation. (7) 

Step Procedure Details Goal 

1 Biofluid centrifugation 500g for 10 minutes Gently remove cells and debris 

2 Supernatant centrifugation 16,500g for 20 minutes Further prepare the supernatant for filtration 

3 Supernatant filtration Via a 0.22 μm filter Eliminate any remaining ‘macro’ structures  

4 Ultracentrifugation  120,000g for 70 minutes  Pellet the exosomes 

Table 1. Ultracentrifugation protocol leading to the discovery of RNA in biofluid exosomes. 
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Precipitation reagents 

Density gradient allowed researchers to improve the 
purity of the exosome isolates. The use of 
precipitation agents, chemicals that force exosomes 
out of the solution, offers a way to further simplify and 
shorten the procedure. Some polymers, such as 
polyethylene glycol (PEG), can interact with water 
molecules, reducing the solvent’s ability to retain 
larger compounds in the solution. Several commercial 
kits utilise this method and do not require an 
ultracentrifuge; we will consider two commonly used 
reagents. 

ExoQuick (EQ) is a PEG-based exosome extraction 
solution containing a polymer that induces 
precipitation of exosomes and microvesicles between 
30 and 200 nm. Different EQ kits are available for a 
range of sample types, such as blood, urine or tissue 
culture media. The protocol relies on simple 
centrifugation at lower speeds and for shorter periods 
than UC. (8) Furthermore, the method demonstrates 
exosome material yield superior to various 
conventional approaches, including UC. (6,8,9) 

The EQ protocol requires centrifugation pre-
treatment to remove cells and debris, which must be 
followed by the sample incubation at 4˚C. The 
duration of the incubation depends on the biofluid 
type and can take between 30 minutes for serum and 
over 12 hours for ascites. (8) While incubation is a less 
demanding procedure compared to 
ultracentrifugation, the overall protocol can take 
more than a day and requires some laboratory 
equipment.  

Total Exosomes Isolation reagents (TEI) is another 
easy-to-use precipitation solution developed for 
exosome extraction from key body fluids and cell 
culture reagent. According to the inventors, the TEI 
polymer also works by “tying up water molecules”, 
which promotes precipitation of the less soluble 
components. (10) TEI provides better recovery of 
particles compared to the UC, and when combined 
with Total Exosome RNA Isolation (TER) results in high 
extraction efficiency and purity of small RNA extracted 
from the cell culture medium. (9) 

Despite providing a simpler routine with a better 
exosome yield compared to other centrifugation-
based methods, these 'salting out' approaches are 
unable to resolve particle heterogeneity. They are not 
specific for exosomes, meaning that viral particles and 
other small debris may contaminate the sample. 
Furthermore, some authors highlight that 
precipitating agents may influence biological activity 
of the isolated exosomes, such as cell membrane 
interaction. Thus, they may not be the best choice for 
researchers exploring properties of biofluid 
exosomes. (11) 

Filtration-based protocols 

Ultrafiltration 

Filters offer another way to replace the 
ultracentrifuge. Exosome isolation by ultrafiltration 
(UF) relies on three consecutive steps. First, the 
substrate is centrifuged at 3.000 g for 5 min and 
passed through a simple 0.2 µm filter to remove any 
cells and debris. Once the preparation is complete, the 
filtrate is subjected to the UF routine. Ultrafiltration is 

Figure 1. Tangential Flow Filtration (TFF) setup. The pump and the valve generate the 
pressure inside the filtration chamber. The molecules smaller than the membrane 
pore size are washed away as filtrate. The more concentrated retentate containing 
exosomes is then released back into the sample reservoir.  



Page 6 of 10 
 

not possible without applying sufficient force. The 
substrate and the filter must be centrifuged at 2.700 g. 
Once the filtrate volume is sufficiently reduced, 
typically to around 100–200 μl, the phosphate buffer 
solution (PBS) is added. The solution is then 
centrifuged again, repeating the washing step for 
three times to ensure sufficient purity. (12) 

 When contrasted with UC, ultrafiltration offers a 
higher exosome yield, presumably due to a gentler 
isolation process.  Furthermore, UF offers slightly 
improved particle heterogeneity alongside the benefit 
of sample concentration, making the product analysis 
simpler. The pioneering UF authors also claim that the 
protocol is quicker than UC; however, this point can 
be disputed. (12)  

While UF time-efficiency likely stands true for small 
samples, increasing substrate volume is likely to 
hinder the process due to the “filter cake formation”. 
The retained particles will cluster the membrane 
pores, reducing ultrafiltration speed, eventually 
halting the process. Thus, more filters may be 
necessary for processing larger biofluid samples.  

Tangential flow filtration  

Tangential flow filtration (TFF) improves 
the conventional membrane filtration 
process by introducing a continuous 
substrate flow. TFF setup is theoretically 
and practically simple. The pressure 
generated by the rotating pump and the 
exit valve facilitates the filtration process, 
while the tangential substrate flow 
prevents the “filter cake“ formation. 
Figure 1 demonstrates a TFF setup 
designed to retain and concentrate 
molecules larger than the membrane pore 
size. 

The method requires some substrate pre-
processing to prevent membrane clogging. 
Conventional dead-end filtration using a 
filter with large pore size (e.g. 0.65 µm) 
offers adequate removal of cells and 
debris. The process can be further 
accelerated by a quick low-speed 
centrifugation to remove suspended cells 
before filtration. (13) 

One of the key benefits of TFF is its ability 
to efficiently concentrate the high volumes 
of the substrate. When compared with a 
standard ultracentrifugation protocol, TFF 
offers the simplest and quickest large 
batch filtration protocol. TFF also 
outperforms UC in exosome yield, batch-
to-batch consistency and its ability to 

remove macromolecules and large aggregates. (13)  

Due to its concentration efficiency, TFF can be 
exceptionally helpful when gathering extracellular 
vesicles from various cell cultures. In theory, this is one 
of the quickest protocols for large volume substrate 
processing. However, it requires continuous 
supervision: filtration speed is not constant and 
reduces as the substrate becomes more concentrated. 
Furthermore, it is necessary to control the input and 
output pressure to avoid membrane damage. (13) 
Thus, this method may be more suited for large-scale 
exosome production for research and/or therapy 
rather than clinical biofluid analysis. 

Clustering and scattering 

Unlike the abovementioned approaches, this recent 
exosome isolation protocol does not require a 
complex setup or expensive materials. It offers a quick 
and cheap extraction method utilising just a syringe 
with a syringe filter. Designed for blood  plasma, this 
technique relies on the attraction between the 
negatively charged exosomes and a positively charged 

Figure 2. The principle behind the Clustering and Scattering 
exosome isolation method. (A) Charge-based interaction between 
exosomes and the cationic polymer, reversible by chaotropic salt 
addition. (B) The three steps of the exosome isolation protocol. 
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cationic polymer. The plasma 
with polymer-exosome 
complexes is filtered via simple 
syringe with a 220 nm filter to 
remove most of the protein. 
The process is repeated with a 
washing buffer to remove any 
residual protein before addition 
of the highly chaotropic salt, 
which leads to exosome-
polymer complexes 
dissociation. The process is 
summarised by the Figure 2. 
(14) 

The authors report high 
exosome yield and product 
purity compared to the UC and 
EQ centrifugation-based 
methods. Given that the whole 
process can be completed in 
just 20 minutes, insofar this 
method may be the simplest 
and least time-consuming. (14) Nevertheless, it would 
be interesting to see further validation against more 
sophisticated exosome extraction routines outlined 
above, as well as a version that allows processing large 
sample volumes without the “filter cake“ formation. 
This method also suffers from the same limitation as 
other filtration and centrifugation approaches – lack 
of specificity – and may separate small viral particles 
together with exosomes. Finally, the authors did not 
explore the biological properties of the exosome 
isolates, which can be altered by interaction with a 
polymer. (11) 

Size exclusion chromatography  

Size exclusion chromatography (SEC) is an 
experimental technique allowing to separate 
molecules based on their size. SEC is commonly used 
to achieve high purity concentrate of a target 
molecule, as the separation by molecular weight/size 
offers high compound specificity. Contrasted the 
protocols described above, it has a slightly more 
sophisticated principle of action.  

The substrate is passed through a gel that consists of 
spherical beads. The beads include pores with a 
specific range of sizes. Small molecules stochastically 
diffuse into these pores, while the larger complexes do 
not enter the apertures and are quickly eluted. 
Consequently, the larger molecules take less time to 
travel through the SEC column, while the smallest 
compounds are eluted last. Figure 3 shows a simple 
diagram summarising the SEC mode of action. (11) 

SEC was shown to yield exosome solutions of high 
purity and size homogeneity. However, the 
chromatography column has limited substrate  

processing speed, requires concentrated samples, and 
yielding low final volumes. Furthermore, the standard 
SEC setup is both large and expensive, it requires 
trained staff and thus is not easy to widely implement 
in the clinical settings. (11)  

Nevertheless, chromatography offers a way to isolate 
chromosomes that were not damaged by the harsh 
centrifugation or surface interaction with 
precipitating polymers. Thus, it could be the preferred 
approach for exploring biological properties of 
exosomes, such as their interaction with and impact 
on various cell types and tissues. Furthermore, 
different authors comparing SEC with UC and EQ 
concluded that the choice of the method should also 
depend on the biofluid sample volumes, alongside the 
downstream application goals. (15) 

Alternative solutions 

Immunoaffinity capture 

The exosome isolation methods described above rely 
on the vesicle size, weight, and density to separate 
them from other components in a biofluid sample. 
However, such protocols always show  some 
contamination with protein and lipoprotein particles. 
Even with SEC some apolipoproteins can be found in 
the filtration product. (15) Immunoaffinity capture 
offers a way to further improve the specificity with 
which exosomes are selected from the sample. 
Furthermore, it allows the researchers to select an 
exosome subtype to isolate – all by relying on their 
surface markers. 

Typically, exosomes show a variety of surface protein 
biomarkers. This “molecular signature” depends on 

Figure 3. Size exclusion chromatography (SEC) schematic. The 
chromatography column consists of a gel with beads. Apertures in the beads 
allow random diffusion of the smaller molecules, while the larger compounds 
are more likely to be eluted without diffusion. Thus, larger molecules travel 
quicker through the column, leaving it while the filtrate volume is still low  
(a representative graph on the right). 
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the exosome source and can differ between healthy 
and cancerous tissue. Typical exosome marker 
proteins include HSP70, CD9 and TSG101. Cancer-
derived exosomes also often present with disease 
progression-associated surface proteins, such as 
L1CAM, EGFR and CD24. These surface biomarkers 
have been routinely used to identify and characterise 
exosomes; however, they can also be used for 
exosome extraction. (7) 

After selecting a particular exosome surface marker, 
such as EpCAM for colorectal carcinoma cells, it is 
possible to generate magnetic beads coupled with the 
marker-specific antibody. If a cell-free biofluid sample 
is then incubated with the beads, antibodies will bind 
their target protein with high specificity, capturing the 
target exosomes. Then, a wash with a Rinsing Solution 
removes any non-specific binding products. (7) The 
final step is the exosome elution from the beads, 
which can be performed by a slightly acidic elution 
agent, such as 1% formic acid in PBS (16) or 
trisaminomethane in 0.2 M glycine (7). 

When contrasted with density-gradient and 
differential ultracentrifugation, EpCAM 
immunoaffinity capture shows at least twofold higher 
exosome marker and exosome-associated protein 
presence of the isolates. (7) Although not yet 
compared to SEC directly, theoretically 
immunoaffinity offers a way to process larger sample 
volumes and offers additional specificity. Alas, this 
method is based on a rather complex technology and 
relies on expensive reagents. Furthermore, it is harder 
to achieve batch-to-batch consistency and develop an 
all-size-fits-all approach for isolating total 
microvesicles from a sample.  

Microfluidic solutions   

Microfluidic chips offer a unique opportunity to 
minimise complex experimental setups by exploiting 
the behaviour of liquids in fine channels. While less 
applicable for production purposes due to the low 
volumes of processed samples, microfluidics can help 
the researchers to scale-down some of the more 
complex conventional experiments. A setup fit on a 
single chip simplifies the diagnostic device use, 
ultimately adapting them for diagnostic use in clinical 
laboratories regardless of the staff training level and 
sophisticated equipment availability.  

Multiple research groups have developed various 
microfluidic device designs for exosome isolation and 
analysis. The current literature contains examples 
with various modes of action. The setups can be both 
as simple as a single PDMS chip (17) or a chip with a 
syringe (18), or require an external device to maintain 
the substrate flow (19). Even a brief overview of 
different chip designs may be sufficient for a 
standalone manuscript, which is why we will limit our 
exploration to a single example: a size-exclusion 
microfluidic device for exosome isolation. 

Figure 4 briefly summarises the principle of work of an 
integrated double-filtration microfluidic device. The 
first filtration membrane prevents entry of particles 
larger than 200 nm into isolation chamber, while the  
second membrane retains everything larger than 30 
nm inside the chamber. The extracellular vesicles 
isolated with this method were then assessed with a 
direct ELISA detecting CD63 protein – another typical 
exosome marker. Authors offered an ELISA imaging 
approach utilizing a smartphone camera, simplifying 
the interpretation of the results. (19) 

Figure 4. A schematic representation of A) the integrated double-filtration microfluidic device principle of action 
and B) the direct ELISA detecting CD63+ exosomes. 
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The authors characterise and thoroughly validate the 
functionality of their microfluidic chip. Alongside 
experiments testing different components of the chip, 
they utilised it to analyse urine samples from bladder 
cancer patients and healthy controls. Despite the 
relatively small sample sizes, the researchers 
demonstrated significant increase in exosome 
concentration in urine of the cancer patients. Thus, 
the double-filtration microfluidic chip shows promise 
for clinical diagnostic solutions based on biofluid 
exosome content.  

Concluding remarks 
In the recent years, exosomes have received 
increasing attention for their potential utility in cancer 
diagnostics and therapy. Nevertheless, there is no 
single “gold standard” method to isolate exosomes 
from a patient’s biofluid sample or cancer cell culture 
medium. Different protocols offer their own 
strengths, but there is always a drawback to utilising 
one method over another.  

While there is no ultimate approach to exosome 
extraction, one could select an optimal solution based 
on their needs. For instance, tangential flow filtration 
(TFF) offers an efficient protocol for isolating 
exosomes from high volumes of cell culture, thus 
making it a perfect match for exosome generation. 
Ultracentrifugation (UC) relies on minimal 
consumables, but takes a long time, making it more 
suitable for research laboratories. 

Precipitation agents can simplify and accelerate the 
process of exosome extraction, offering an easy-to-
implement option for clinical testing. Ultrafiltration 
offers a similar shortened protocol, but with less 
impact on biological properties of exosomes for more 
sophisticated interaction tests. Meanwhile, the 
common derivative – clustering and scattering syringe 
filtration – offers an outstandingly cheap and quick 
solution for small sample volumes; albeit not quite 
possible to scale up.  

Finally, the size exclusion chromatography (SEC) and 
immunoaffinity capture allow researchers to extract 
exosomes with the best specificity, homogeneity, and 
integrity possible. Nevertheless, these methods are 
rather complex, costly, and slow, which limits their use 
to the basic research of the exosome properties.  

Thus, one should select their method based on the 
biofluid sample volume, exosome concentration, 
downstream processing, and the final goal of the 
analysis. The experiments that do not require 
exceptional isolate purity can benefit from cheaper 
and quicker protocols. Certain approaches can even 
be realised in the form of a microfluidic device 
simplifying a sophisticated protocol, potentially 
expanding our point-of-care cancer screening arsenal.  
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