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Abstract 

Exosomes are one type of membrane vesicles secreted into extracellular space by most types of 
cells. In addition to performing many biological functions particularly in cell-cell communication, 
cumulative evidence has suggested that several biological entities in exosomes like proteins and 
microRNAs are closely associated with the pathogenesis of most human malignancies and they 
may serve as invaluable biomarkers for disease diagnosis, prognosis, and therapy. This provides a 
commanding impetus and growing demands for simple, efficient, and affordable techniques to 
isolate exosomes. Capitalizing on the physicochemical and biochemical properties of exosomes, a 
number of techniques have been developed for the isolation of exosomes. This article summarizes 
the advances in exosome isolation techniques with an emphasis on their isolation mechanism, 
performance, challenges, and prospects. We hope that this article will provide an overview of 
exosome isolation techniques, opening up new perspectives towards the development more 
innovative strategies and devices for more time saving, cost effective, and efficient isolations of 
exosomes from a wide range of biological matrices. 
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1. Introduction 
The discovery of exosomes dates back to 1983 in 

two independent papers published respectively by 
Harding et al. 1 and Pan et al., 2 and later confirmed by 
Pan et al.3 In these papers, the authors cultured 
immature red blood cells – reticulocytes with labeled 
transferrin receptors to trace the movement of 
transferrin receptors from plasma membranes into the 
reticulocytes. Surprisingly, it was observed that the 
labeled transferrin receptors are internalized within 
the reticulocytes, and then repackaged into small (~50 
nm) vesicles inside them. These vesicles, originally 
thought to be extracellular to be trafficked to 
lysosomes for destruction, are subsequently secreted 
out of the maturing blood reticulocytes into 
extracellular space.4 Later, in the year 1989, Johnstone 
et al. coined these vesicles “exosomes”.5 Exosomes 
belong to a large family of membrane vesicles referred 
to as extracellular vesicles, which generally include 
microvesicles (100–350 nm),6 apoptotic blebs 

(500–1000 nm),7 and exosomes (30–150 nm).8 These 
extracellular vesicles are believed to be involved in 
many biological processes and prominently in 
intercellular communication. Their pathophysio-
logical roles are being decoded in various medical 
conditions and diseases including cancer. When 
examined under an electron microscope, exosomes 
show characteristic cup-shaped morphology, 
appearing as flattened spheres with diameters 
ranging from 30 to 150 nm (Figure 1).8 The 
cup-shaped morphology is most likely originated 
from the sample preparation process of conventional 
electron microscopy during which the exomes are 
extremely dehydrated, thus leading to the collapse of 
the exosomes. In contrast, the exosomes remain fully 
hydrated in cryo-electron microscopic examinations, 
round-shaped morphology is obsrved.9,10 A 
diagrammatic representation of a typical exosome is 
also shown in Figure 1.10  
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Figure 1. (A) An electron microscopic image of exosomes (Reproduced with permission from reference 8) and (B) a diagrammatic representation of a medium size 
exosome (Reproduced with permission from Reference 10).  

 
As seen in Figure 1, exosomes have a 

characteristic lipid bilayer which has an average 
thickness of ∼5 nm.8 The lipid components of 
exosomes include ceramide (sometimes used to 
differentiate exosomes from lysosomes), cholesterol, 
sphingolipids, and phosphoglycerides with long and 
saturated fatty-acyl chains. The outer surface of 
exosomes is rich in saccharide chains, such as 
mannose, polylactosamine, alpha-2,6 sialic acid, and 
N-linked glycans.11 

Of great interest is proteins found on the surface 
and in the core of exosomes. As one of the most 
important cargoes that exosomes carry, the proteins 
can provide invaluable information associated with 
the physiological states of the parental cells of 
exosomes. Many exosomes contain proteins that are 
common among all exosomes regardless of the types 
of cells which secrete them, whilst only a small 
fraction of proteins are cell-specific, reflecting the type 
and pathophysiological conditions of those secreting 
cells.12,13 Proteins typically found in exosomes include 
platelet derived growth factor receptor, lactadherin, 
transmembrane proteins and lysosome associated 
membrane protein-2B,14,15 membrane transport and 
fusion proteins like annexins, flotillins, GTPases, heat 
shock proteins, tetraspanins, proteins involved in 
multivesicular body biogenesis, as well as 
lipid-related proteins and phospholipases.16,17 These 
characteristic proteins therefore serve as good 
biomarkers for the isolation and quantification of 
exosomes. Another key cargo that exosomes carry is 
nucleic acids including deoxynucleic acids (DNA), 
coding and non-coding ribonucleic acid (RNA) like 
messenger RNA (mRNA) and microRNA (miRNA).18 
These nucleic acids are often needed to be accurately 
quantified after exosomes have been isolated since 
their profiles meticulously reflect many kinds of 

medical conditions and diseases.19,20  
Exosomes have received tremendous attention in 

recent years due to the fact that the biological 
fingerprints of exosomes practically mirror those of 
the parental cells they are originated.21 Although the 
exact biological functions of exosomes remain to be 
fully deciphered, increasing evidence has indicated 
that exosomes play a vital role in many cellular 
processes like cell-cell communication, coagulation, 
antigen presentation, waste management, as well as 
transfer of proteins and nucleic acids. Even though 
exosomes were discovered more than three decades 
ago,1,2 researchers are just starting to unravel the 
mystery of these extremely small extracellular 
vesicles. Originally considered as experimental 
artefacts, waste, or remains of deceased cells,2 
exosomes are now believed to be an central part of a 
new form of cell-cell communication.22-24 Cell-cell 
communication is crucial in all multicellular 
organisms and were previously thought only to be 
possible via contact-dependent (direct contact 
between adjacent cells), paracrine (binding of 
short-ranged signaling molecules on receptors of 
nearby cells), endocrine (binding of long-ranged 
hormones on far away cells via bloodstream), or 
neuronal (electrical impulses travelling along 
neurons) signaling. Recent research has highlighted 
possible exosome-mediated cell-cell communication 
in many processes, for example immune signaling,25,26 

angiogenesis,27,28 senescence,29,30 proliferation,31 
differentiation,32 and implicated in many human 
diseases like neurodegenerative disorders, cancer, 
and AIDS.33-37 More importantly, growing evidence 
has also suggested that exosomes play a key role in 
facilitating tumorigenesis by regulating angiogenesis, 
immunity, and metastasis.38 Circulating exosomes in 
body fluids and blood in particular are potentially 
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non-invasive or minimally invasive biomarkers for 
early diagnosis and prognosis of various types of 
cancer.39,40 As such, exosomes not only contribute to a 
greater understanding of cell physiology and 
pathology, but also have a great potential to be 
translated to various clinical applications, ranging 
from diagnosis and prognosis to nucleic acid delivery 
and cancer therapeutics. 

The fast advances in the understanding of 
exosomes and their biological functions have been 
providing fundamentally new insights into the 
physiological roles that exosomes play and their 
prominent relevance to human health.41 

Consequently, the isolation and quantification of 
exosomes have become a major initiative in both basic 
research and clinical applications.42,43 As the first step 
towards improving human health, exosomes have to 
be reliably and efficiently isolated from complex 
biological matrices like blood, urine, and 
cerebrospinal fluid since they are currently tested as 
next-generation biomarkers in those body fluids. To 
date, five groups of exosome isolation techniques 
have been developed. They are differential 
ultracentrifugation-based techniques, size-based 
techniques, immunoaffinity capture-based 
techniques, exosome precipitation, and 
microfluidics-based techniques.42 In the following 
sections, we will review all the five groups of 
techniques with typical examples illustrating their 
mechanisms and typical workflows of exosome 
isolation. A critical comparison of exosome isolation 
techniques is attempted and major challenges and 
prospects of the field are discussed before concluding 
remarks. 

2. Exosome Isolation Techniques 
In order to facilitate the study and application of 

these unique extracellular vesicles, it is crucial that 
exosomes are specifically isolated from a wide 
spectrum of cellular debris and interfering 
components. The techniques employed in the 
isolation of exosomes should exhibit high efficiency 
and are capable of isolating exosomes from various 
sample matrices. To examine the quality of isolated 
exosomes, several optical and non-optical techniques 
have been developed to gauge their size, size 
distribution, morphology, quantity, and biochemical 
composition.43 With the fast advances in science and 
technology, many techniques have been developed 
for the isolation of exosomes in appreciable quantity 
and purity. Each technique exploits a particular trait 
of exosomes, such as their density, shape, size, and 
surface proteins to aid their isolation. Variants within 
each group also bring about a unique set of 
advantages and disadvantages to exosome isolation. 

These exosome isolation techniques will be discussed 
in detail in the following sections. 

2.1 Ultracentrifugation-based isolation 
techniques 

When a heterogeneous mixture (suspension) is 
subjected to a centrifugal force – centrifugation, 
particulate constituents in the suspension will be 
sedimented according to their density, size, and 
shape. More dense and/or bigger particles settle out 
first. Centrifugation is usually employed to separate 
and purify particulate materials as well as to analyze 
the hydrodynamic properties of polymeric materials 
including biopolymers like nucleic acids and 
proteins.44 Depending on the centrifugal force 
applied, particles in a suspension can be separated 
sequentially according to their physical properties 
and the density and viscosity of the solvent. 
Ultracentrifugation is a centrifugation process 
optimized for generating exceptionally high 
centrifugal forces up to 1,000,000 × g. There are two 
types of ultracentrifugation – analytical and 
preparative ultracentrifugation. Analytical 
ultracentrifugation is utilized to investigate the 
physicochemical properties of particulate materials 
and molecular interactions of polymeric materials. As 
for exosome isolation, preparative ultracentrifugation 
plays an important part since it is meant to fractionate 
small bioparticles such as viruses, bacteria, 
subcellular organelles, and extracellular vesicles. 
Ultracentrifugation-based exosome isolation is 
considered to be the gold standard and is one of the 
most commonly used and reported techniques in 
exosome isolation. It is estimated that 
ultracentrifugation accounts for 56% of all exosome 
isolation techniques employed by users in exosome 
research.45 This approach is often perceived by many 
as easy to use, requiring very little technical expertise, 
affordability over time (i.e. one ultracentrifuge 
machine for long term use), and moderately 
time-consuming with little or no sample 
pretreatments. For these reasons, ultracentrifugation- 
based techniques have become a rather popular 
option among researchers in exosome research. There 
are two types of preparative ultracentrifugation – 
differential ultracentrifugation and density gradient 
ultracentrifugation.  

The isolation of exosomes by differential 
ultracentrifugation usually consists of a series of 
centrifugation cycles of different centrifugal force and 
duration to isolate exosomes based on their density 
and size differences from other components in a 
sample. For ultracentrifugation, the centrifugal force 
used typically ranges from ∼100,000 to 120,000 × g. 
Before the start of isolation, a cleaning step is usually 
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carried out for human plasma/serum to rid of large 
bioparticles in a sample and the sample is spiked with 
protease inhibitors to prevent the degradation of 
exosomal proteins.46 Between runs during exosome 
isolation, the supernatant is aspired and depending 
on the centrifugal force used, either the supernatant or 
the pellet is re-suspended in an appropriate medium 
such as phosphate buffered saline (PBS) and subjected 
to subsequent runs of centrifugation with increasing 
centrifugal force. Finally, the isolated exosomes are 
once again re-suspended and stored at -80⁰C until 
further analysis. This method of isolating exosomes is 
also known as the pelleting method or simple 
ultracentrifugation method.47 A schematic illustration 
of the workflow of differential ultracentrifugation is 
presented in Figure 2.48 

Variations of ultracentrifugation also exist, such 
as density gradient ultracentrifugation. There are two 
types of density gradient ultracentrifugation, namely 
isopycnic ultracentrifugation and moving-zone 
ultracentrifugation. The use of density gradient 
ultracentrifugation has become increasingly popular 
in the isolation of extracellular vesicles like exosomes. 
In density gradient ultracentrifugation, separation of 
exosomes is accomplished based on their in size, 
mass, and density in a pre-constructed density 
gradient medium in a centrifuge tube with 
progressively decreased density from bottom to top. 
A sample is layered as a narrow band onto the top of 
the density gradient medium and subjected to an 
extended round of ultracentrifugation. Upon 
applying a centrifugal force, solutes including 
exosomes in the sample move as individual zones 
through the density gradient medium towards the 
bottom each at its specific sedimentation rate, thus 
leading to discrete solute zones. The separated 
exosomes can then be conveniently recovered by 
simple fraction collection. While a continuous 

gradient is used for analytical applications, a 
discontinuous gradient (stepped gradient) is more 
suited for preparative purposes in which the 
separated exosomes are located at the interface of the 
density gradient layers, thus greatly facilitating their 
harvesting. Unlike differential ultracentrifugation, a 
downside of density gradient ultracentrifugation is 
that its capacity is largely limited by the narrow load 
zone. 

In isopycnic ultracentrifugation, a density 
gradient medium embracing the entire range of 
densities of solutes in a sample is loaded to a 
centrifuge tube. The separation of exosomes from 
other solutes into a discrete zone exclusively depends 
on their density difference from those of all other 
solutes provided that a sufficient period of 
centrifugation is engaged. During centrifugation, 
exosomes sediment along the density gradient 
medium to where they have the same density as the 
medium – isopycnic position. After the exosomes 
have reached their isopycnic position, the centrifugal 
force further focuses the exosomes into a sharp zone 
and upholds them there, implying that isopycnic 
ultracentrifugation is static. Alternatively, a sample 
containing exosomes can be uniformly mixed with a 
gradient medium in the case of self-generating 
gradient materials such as cesium chloride. During 
centrifugation, the exosomes move to their isopycnic 
position while a density gradient of cesium chloride is 
generated. Exosomes can then be extricated from the 
density region of interest between 1.10 and 1.21 g/ml, 
where they are concentrated.49 The aliquot obtained 
from the density region of interest is then subjected to 
a brief ultracentrifugation at ∼100,000 × g to afford 
pure exosome pellets which are re-suspended in PBS 
for further study. 

 

 
Figure 2. Schematic representation of isolating exosomes by differential ultracentrifugation. All centrifugations are carried out at 4⁰C.  
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In moving-zone ultracentrifugation, a sample 
containing exosomes is loaded as a thin zone on top of 
a gradient density medium of having a lower density 
than that of any of the solutes. Unlike isopycnic 
ultracentrifugation where separation of exosomes is 
solely dependent on their density difference from all 
other solutes, the exosomes in the sample are 
separated based on their size and mass instead of 
density. This allows the separation of extracellular 
vesicles with similar densities but different sizes. 
Because the densities of the solutes including 
exosomes are greater than the density of the gradient 
medium, moving-zone ultracentrifugation is dynamic 
rather than static. In other words, all solutes will 
eventually pellet at the bottom of the centrifuge tube 
when a prolonged period of centrifugation is 
executed. Therefore, the duration of centrifugation 
must be carefully optimized. In addition, to prevent 
exosomes from pelleting out, a high-density cushion 
is often layered at the bottom of the centrifuge tube. In 
contrast, exosomes will never sediment to the bottom 
of the centrifuge tube in isopycnic ultracentrifugation 
irrespective of the duration of centrifugation.  

Due to the heterogeneity of exosomes and 
considerable overlap in size of extracellular vesicles, 
differential ultracentrifugation often suffers from 
contamination and exosome losses. 
Ultracentrifugation is often coupled to isopycnic or 
moving-zone techniques to allow the exosomes of 
relatively low densities to float and to further purify 
the exosomes. This technique has been known to be 
able to improve the quantity of exosomes isolated.50,51 
After characterization, the fraction of interest 
containing the exosomes is diluted in PBS and 
subjected to another round of ultracentrifugation at 
∼100,000 × g to yield pure exosomes for further 
analysis. 

2.2 Size-based isolation techniques  
One of the popular size-based exosome isolation 

techniques is ultrafiltration. The fundamentals of 
ultrafiltration are no different from conventional 
membrane filtration in which the separation of 
suspended particles or polymers is primarily 
dependent on their size or molecular weight. 
Therefore, based on their size, exosomes can be 
isolated using membrane filters with defined 
molecular weight or size exclusion limits.52 
Ultrafiltration is faster than ultracentrifugation and 
does not require special equipment.53 However, the 
use of force may result in the deformation and 
breaking up of large vesicles which may potentially 
skew the results of downstream analysis.54 

Nanomembrane concentrators with short 
periods of centrifugations have been shown to be able 

to rapidly enrich urinary exosomes as effective as 
ultracentrifugation.55 It was shown that as little as 0.5 
mL urine is sufficient for a successful isolation. To 
confirm the success of exosome isolation, Western blot 
was engaged to detect exosomal biomarkers and 
electron microscopy employed to examine the typical 
features of exosomes. The nanomembrane 
concentrators have the potential to aid the diagnosis 
of renal diseases. 55 

For cell-free samples like urine, serum, 
cerebrospinal fluid, and cell culture medium, a 
commercial exosome isolation kit for exosome 
isolation and RNA extraction from isolated exosomes 
has been developed.56 The kit leverages on a syringe 
filter-based rapid fractionation process during which 
exosomes and other extracellular vesicles are 
captured. Two membranes are tandemly configured 
in the syringe filter so that exosomes are captured on 
the lower membrane whereas larger extracellular 
vesicles such as apoptotic bodies and microvesicles 
are retained on the upper membrane when a sample is 
passed through the two membranes. RNAs carried by 
the exosomes are then released when the captured 
exosomes are lysed by passing an RNA extraction 
cocktail through the lower membrane. Subsequently, 
miRNA detection and expression profiling are 
accomplished by quantitative real-time reverse 
transcriptase-polymerase chain reaction (qRT-PCR).57 

Compared to ultracentrifugation and exosome 
precipitation, ultrafiltration has the highest exosomal 
RNA yield from urine as quantified by fluorescent 
staining.  

Sequential filtration is applied to isolate 
exosomes from cell culture supernatants, as 
summarized in Figure 3. Firstly, dead-end (normal) 
filtration depletes floating cells and large cell debris 
using a 100-nm membrane filter. Large and rigid 
components are eliminated, but large flexible 
components are able to pass through the filter, even if 
their diameter is larger than 100 nm. Secondly, the 
filtrate is subjected to tangential flow filtration with 
500 kDa molecular weight cut-off (MWCO) hollow 
fibers. The concentrated retentate is then diafiltered to 
further deplete contaminants. Thirdly, the sample is 
filtered with a 100 nm track-etch filter. To maximize 
exosome recovery, the filters are washed at the end of 
each step and transmembrane pressure is monitored 
and maintained during the second and third steps. 
Finally, electron microscopy verifies the morphology 
and mass spectrometry confirms the presence of 
exosome-associated proteins. Sequential filtration 
allows the isolation of exosomes with high purity and 
functional integrity as a result of low manipulation 
forces. For example, tangential flow filtration 
combined with deuterium/sucrose-based density 
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gradient ultracentrifugation was employed to isolate 
therapeutic exosomes for clinical trials.58,59 Its speed, 
automation, and scalability likely facilitate the 
translation of exosome research and applications from 
bench to bedside.60 In a phase I clinical trial, it was 
observed that exosomes from dendritic cell cultures 
promoted T-Cell response for tumor rejection.44 

Another size-based separation technique applied 
to exosome isolation is size exclusion chromatography 
(SEC). In SEC, a porous stationary phase is utilized to 
sort macromolecules and particulate matters out 
according to their size. Components in a sample with 
small hydrodynamic radii are able to pass through the 
pores, thus resulting in late elution. Components with 
large hydrodynamic radii including exosomes, are 
excluded from entering the pores.61 For example, 
exosomes in mesenchymal stem cell-conditioned 
medium were isolated by size exclusion fractionation. 
Mesenchymal stem cell mediates cardioprotection 
during myocardial ischemia/reperfusion injury by 
secreting exosomes.62 It was observed that the isolated 
exosomes are structurally intact as examined by 
transmission electron microscopy. The size 
distribution of the isolated exosomes was measured 
by dynamic light scattering and nanoparticle tracking 
analysis where a laser illuminates the exosomes as 
individual point-scatters under Brownian motion and 
their size is computed from their velocity. Western 
blot was also employed to evaluate the quantity and 
purity of the isolated exosomes. In another report, 
using ascetic fluids from ovarian cancer patients, 
exosomes were isolated by SEC. Western blot was 
again performed to confirm the biomarkers associated 
with the isolated exosomes.63 SEC has also been used 
in combination with other techniques. For instance, 
ultracentrifugation followed by SEC greatly enriches 
urinary exosomes in comparison with the yields 
obtained solely by ultrafiltration or 
ultracentrifugation, thereby favorably impacting on 
the progress of the quest for biomarkers for renal 
diseases.64 

A relatively new member of the size-based 

exosome isolation techniques is flow field-flow 
fractionation (F4). As illustrated in Figure 4, F4 uses a 
porous rectangular channel. While a parabolic flow 
runs along the channel axis carries a sample towards 
the end of the channel, a crossflow across the channel 
controls the retention of the sample.65 The crossflow 
distributes particulate components against the 
channel wall based on the diffusivity of the 
components. Smaller particles diffuse further from the 
accumulation wall and are eluted earlier than larger 
ones. Successful attempts have been made using F4 to 
isolate exosomes from human neural stem cell culture. 
The fraction containing exosomes was confirmed by 
transmission electron microscopy and liquid 
chromatography-mass spectrometry.65 In another 
report, substantial improvement in the scalability of 
microfluidic F4 devices was achieved with an 
asymmetrical field-flow fraction system coupled with 
in-line ultraviolet and dynamic light scattering 
detectors.66 This integrated system is able to rapidly 
isolate and characterize exosomes, thus having the 
potential to greatly facilitate exosome research and 
application. 

To provide a viable alternative to 
differential/gradient ultracentrifugation for 
processing large sample volumes, a simple and 
effective separation technique termed hydrostatic 
filtration dialysis (HFD) for enriching and isolating 
extracellular vesicles from urine was recently 
developed by Musante et al.67 Unlike conventional 
dialysis where the separation of solutes is achieved by 
diffusion across a dialysis membrane with a definite 
value of MWCO, a samples is forced through a 
dialysis tube by a low hydrostatic pressure. Solvent 
and small solutes pass through the dialysis tube freely 
while extracellular vesicles including exosomes are 
retained in the dialysis tube. It was demonstrated that 
exosomes in urine can be enriched by 100 times and 
further enrichment and purification can be realized by 
differential centrifugation. It was also demonstrated 
that HFD outperforms ultracentrifugation-based 
techniques with much reduced labor and cost.67  

 

 
Figure 3. Schematic illustration of sequential filtration. Firstly, cells and cell debris are removed. Secondly, free protein is filtered out and the sample is concentrated. 
Finally, extracellular vesicles larger than 100 nm is removed. (Reproduced with permission from reference 60)  
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Figure 4. Schematic representation of F4. Sample components experience two opposite forces: crossflow field and diffusion. Parabolic flow and equilibrium positions 
of sample components are illustrated. (Reproduced with permission from reference 65)  

 

2.3 Immunoaffinity capture-based techniques  
The presence of plenty of proteins and receptors 

in the membrane of exosomes offers an excellent 
opportunity to develop highly specific techniques for 
the isolation of exosomes by tapping on 
immunoaffinitive interactions between those proteins 
(antigens) and their antibodies, and specific 
interactions between the receptors and ligands. 
Consequently, immunoaffinity capture-based 
techniques have been developed for the isolation of 
exosomes. Ideally, exosome biomarkers for 
immunoisolation are membrane-bound, lacking 
soluble counterparts, and solely expressed or highly 
concentrated on the surface of exosomes from specific 
biological sources. 

For example, a microplate-based enzyme-linked 
immunosorbent assay (ELISA) was developed for 
capturing and quantifying exosomes from plasma, 
serum, and urine. ELISA results were expressed as 
absorbance values to quickly compare the expression 
of known surface biomarkers and as a form of 
instantaneous readouts of the yield and specificity of 
exosomes. The absorbance values can also be 
extrapolated to quantify the captured exosomes 
through calibration using standards with known 
exosome counts. The specificity and yield of exosomes 
by means of the microplate-based immunoaffinity 
approach were assessed with respect to 
ultracentrifugation. Plasma samples were pre-cleaned 
by a brief round of low-speed centrifugation to 

eliminate cellular debris and large bioparticles and to 
concentrate extracellular vesicles. This microplate- 
based immunoaffinity capture approach produced 
comparable results to those obtained by 
ultracentrifugation with much less sample volumes, 
demonstrating the superiority of immunoaffinity 
capture over ultracentrifugation. Moreover, the RNA 
yield achieved from the captured exosomes using the 
microplate was higher than that obtained by 
ultracentrifugation. Exosomal RNA was extracted 
from as little as 100 μL of plasma. The amount of RNA 
extracted from 400 μL of plasma by the microplate 
was comparable to that obtained by 
ultracentrifugation of 2.5 mL of the same sample.45  

To add value to immunoaffinity capture, 
Zarovni et al. developed submicron-size magnetic 
particles for uses in immunoaffinity capture – 
magneto-immunocapture.45 With as little as 1.0 mL of 
cell culture supernatant, it was found that the capture 
efficiency of antibody-coated magnetic particles is 
close to that of ultracentrifugation. Even though with 
a comparable yield to that of ultracentrifugation, 
immunoaffinity capture still has the edges of being 
rapid, easy to use, and compatible with routine bench 
equipment. When applied to plasma samples, the 
yield achieved by the magneto-immunocapture 
capture was 10 to 15 times higher than that obtained 
by ultracentrifugation, evidenced by Western blot and 
fluorescence-activated cell sorting.45 Being the first 
characterized member of the tetraspanin family, CD63 
membrane protein are abundantly expressed on most 
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human exosomes.68,69, As such, CD63 on exosome 
surface presents an attractive strategy for selective 
isolation of exosomes from complex sample matrices. 
For example, a commercial exosome isolation kit has 
been developed based on the concept of 
magneto-immunocapture.70 Exosomes of high purity 
have been successfully isolated from pre-enrich 
exosomes. On the other hand, this kit cannot be used 
to directly fish out exosomes from pristine samples 
and the success of exosome isolation largely depends 
on the quality the pre-enriched exosomes. In a similar 
attempt, exosome isolation from plasma of acute 
myeloid leukemia (AML) patients was achieved by 
using magnetic microbeads coated with antibody for 
CD34 which is a unique biomarker of AML blasts. The 
isolated exosomes had the typical exosomal 
morphology when examined by transmission electron 
microscopy and their molecular profiles were 
comparable to their parental blasts as inspected by 
Western blot. The isolated exosomes also retained 
their biological activity to mediate immune 
suppression. These findings suggested that the 
blast-derived exosomes might be useful in diagnosis 
and prognosis of AML in future.71 In a most recent 
report, Nakai are co-workers described an 
immunoaffinity capture procedure for isolating 
extracellular vesicles and exosomes in particular by 
leveraging on an exosome binding molecule – Tim4 
protein.72 It has been demonstrated that Tim4 exhibits 
Ca2+-dependent binding to phosphatidylserine. The 
specific interaction between Tim4 protein molecules 
immobilized on magnetic beads and 
phosphatidylserine molecules on the surface of 
exosomes efficiently isolates the exosomes from 
sample matrices. Moreover, the release of the 
captured exosomes from the magnetic beads can be 
conveniently accomplished by removing Ca2+ with 
the addition of a complexing agent. It was reported 
that better quality and purity of exosomes are 
successfully isolated from cell culture media and 
biofluids than those obtained using other 
techniques.72 Furthermore, a detailed investigation 
suggested that immunoaffinity capture is the superior 
strategy to isolate exosomes from colon cancer cell 
culture media as compared to ultracentrifugation and 
density gradient ultracentrifugation.73 Again, 
magnetic beads coated with antibodies targeting the 
epithelial cell adhesion molecule (CD326), which is 
over expressed on tumor exosomes, were utilized. 
Electron microscopic and Western blot examinations 
were positive for exosomal morphology and 
biomarkers, and mass spectrometry was employed to 
reaffirm the success of the isolation of exosomes.65 

Moreover, the application of immunoaffinity capture 
in cancer diagnosis was attempted with magnetically 

activated cell sorting.56 Serum samples from normal 
controls, patients with benign diseases, and patients 
with ovarian cancer were incubated with magnetic 
beads coated with anti-epithelial cell adhesion 
molecules, previously shown to be expressed by 
exosomes from epithelial tumors. Transmission 
electron microscopic tests revealed vesicular 
structures characteristic of exosomes. The exosomal 
nature was further confirmed by Western blot. More 
importantly, exosomal miRNAs from ovarian cancer 
patients exhibited distinctly different profiles from 
those observed in patients with benign diseases, while 
exosomal miRNAs could not be detected in the 
normal controls. These data suggested that exosomal 
miRNA profiles could potentially be used as 
diagnostic biomarkers for ovarian cancer.56 Compared 
to the microplate-based approach, immunoaffinity 
capture using magnetic beads has a higher capture 
efficiency and better sensitivity by virtue of the larger 
surface area and a near homogeneous capturing 
process. Additionally, the magnetic bead-based 
approaches do not impose the upper limit to the 
starting sample volume and can be scaled up or down 
without any difficulty. 

To significantly enhance its capacity, 
immunoaffinity capture was hyphenated to mass 
spectrometry – mass spectrometric immunoassay.74 

To capture exosomes, antibodies were immobilized 
onto highly porous monolithic silica micropipette 
tips. CD9 was chosen as antigen because it is 
abundantly expressed on the surface of exosomes 
derived from diverse origins. An automated 
multichannel pipette system allowed the isolation of 
exosomes from 12 serum samples simultaneously 
within 10 min. This technique was applied to 
proteome-wide mass spectrometric profiling of lung 
cancer and identified CD91 as a biomarker. 

To maximize its high specificity, exosomes 
isolated by other techniques can be further purified by 
immunoaffinity capture. For example, magnetically 
activated cell sorting using anti–epithelial cell 
adhesion molecules was employed to purify tumor 
exosomes isolated from plasma samples of lung 
cancer patients by SEC. RNA was extracted from the 
isolated exosomes and used for miRNA profiling by 
microarrays. The results indicated that exosomal 
miRNAs might be useful for screening lung cancer.75 

Another example combined differential 
ultracentrifugation, ultrafiltration, and 
immunoaffinity capture to isolate exosomes from 
colorectal cancer cell culture media.76 After 
differential ultracentrifugation and ultrafiltration 
isolation, immuno-electron microscopy and Western 
blot confirmed the identity of the isolated exosomes. 
Then, the exosomes were purified by immunoaffinity 
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capture using colon epithelial cell-specific A33 
antibody-coated magnetic beads. Proteomic analysis 
identified various proteins in colon cancer as potential 
diagnostic biomarkers. Likewise, exosomes from 
human B cell culture media were first purified by 
differential ultracentrifugation and sucrose density 
gradient ultracentrifugation. As the final purification 
step, exosomes were captured onto magnetic beads 
coated with anti-major histocompatibility complex 
class II antibody.77 

2.4 Exosome precipitation  
By altering their solubility or dispersibility, 

exosomes can be settled out of biological fluids. For 
this purpose, water-excluding polymers such as 
polyethylene glycol (PEG) is engaged.53 The 
water-excluding polymers tie up water molecules and 
force less soluble components out of solution.53,68 
Generally, samples are incubated with a precipitation 
solution containing PEG with a molecular weight of 
8000 Da.54 After incubation at 4 °C overnight, the 
precipitate containing exosomes is isolated by means 
of either low speed centrifugation or filtration.53 
Exosome precipitation is easy to use and does not 
require any specialized equipment.54 This allows easy 
integration into clinical usage by exploiting existing 
technologies, and is scalable for large sample sizes.  

Currently, several exosome precipitation kits are 
commercially available and some of the kits are 
compatible with body fluids including serum, plasma, 
ascites, urine, cerebrospinal fluid, and culture 
medium.78 Before carrying out precipitation, samples 
need to be first pre-cleaned from cells and cellular 
debris. It was shown that urinary exosome 
precipitation with those kits achieves the highest yield 
compared to differential ultracentrifugation and the 
nanomembrane concentrators. And the highest 
quantities of miRNAs and mRNAs were extracted for 
their subsequent profiling analysis.79 The polymeric 
networks formed by Tamm–Horsfall protein in urine 
are first reduced by dithiothreitol to alleviate possible 
trapping of exosomes during the initial urine 
pre-processing by low speed centrifugation, 
Afterwards, the exosomes can be quantified by CD9 
ELISA. The purity of exosomal proteins can be 
evaluated by Western blot and RNA quantified by 
qRT-PCR.80,81 Some total exosome isolation kits 
developed offer reagents for cell culture medium, 
urine, serum, and other body fluids like cerebrospinal 
fluid, ascitic fluid, amniotic fluid, milk, and saliva, as 
well as a kit for plasma.82 Total RNA and protein can 
then be purified using a total exosomal RNA and 
protein isolation kit. The total exosomal RNA and 
protein isolation kit has enabled the identification of 
three potential exosomal miRNA biomarkers for 

prostate cancer.83 Exosomes were sized and quantified 
by means of nanoparticle tracking analysis. The 
isolated exosomal miRNA was further analyzed by 
qRT-PCR. A big disadvantage of the polymer-based 
exosome precipitation is the co-precipitation of other 
non-exosome contaminants, such as proteins and 
polymeric materials.45 These issues bring about pre- 
and post-isolation steps. The pre-isolation step 
removes subcellular particles such as lipoproteins, 
while the post-isolation step removes the polymeric 
materials using a Sephadex G-25 column. 

Lectins are sugar-binding and cell-agglutinating 
proteins. Several lectins with high affinity towards 
saccharide residues on the surface of urinary 
exosomes have been identified. Hence, 
Lectin-induced exosome agglutination was explored 
for urinary exosome isolation.84 Atomic force 
microscopic examinations successfully identified 
surface-attached conglomerates of exosomes. The size 
distribution of the isolated exosomes was analyzed by 
dynamic light scattering. Proteins released from the 
isolated exosomes were evaluated by Western blot. 
Exosomal RNAs were extracted and miRNAs in the 
extract were quantified by means of qRT-PCR. It was 
found that several miRNAs are significantly 
expressed in patients with prostate cancer, thus 
suggesting that miRNA profiles of urinary exosomes 
isolated by the lectin induced agglutination may be 
potentially valuable for prostate cancer diagnosis.50 

2.5 Microfluidics-based isolation techniques 
The fast advances of microfabrication technology 

have offered a rare opportunity for the fabrication of 
microfluidics-based devices to rapidly and efficiently 
isolate exosomes, tapping on both the physical and 
biochemical properties of exosomes at microscales. In 
addition to the usual approaches like size, density, 
and immunoaffinity, innovative sorting mechanisms 
such as acoustic,85 electrophoretic and 
electromagnetic manipulations86 can be implemented. 
With the use of such devices, significant reductions in 
sample volume, reagent consumption, and isolation 
time are expected. 

One such example was reported by Lee et al.85 
As depicted in Figure 5, an acoustic nanofilter uses 
ultrasound standing waves to separate particulate 
constituents in a sample according to their size and 
density. Larger particles experience stronger radiation 
forces and migrate faster towards the pressure nodes. 
This in-flow size-fractionation technique was applied 
to cell culture media and red blood cell products.85 

To effectively utilize the size difference between 
exosomes and all other extracellular vesicles and 
cellular debris, Wang and colleagues fabricated a 
porous silicon nanowire-on-micropillar structure 
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which is made up of ciliated micropillars (Figure 6).87 
This fabricated microfluidic device preferentially 
traps exosomes with diameters between 40 and 100 
nm, while filters out proteins, other extracellular 
vesicles, and cellular debris. A retention rate of 60% 
was obtained when tested with 83-nm lipid vesicles in 
a sample volume up to 30 μL, whereas the retention 
rate of larger vesicles (500 nm) was only 10%. In 
addition, the trapped exosomes were recovered intact 
by dissolving the porous silicon nanowires in PBS 

buffer.87 To work directly with whole blood, Davies 
and co-workers tried to collect exosomes by sieving 
all other constituents in a whole blood sample 
through a nanoporous membrane in a microfluidic 
device. The whole blood sample is driven through the 
membrane by pressure or electrophoresis.86 Although 
the collection time was relatively short, its low 
collection efficiency of ~2% demands substantially 
more efforts. 

 

 
Figure 5. Schematic depiction of the acoustic nanofilter (left). Acoustic radiation transported microvesicles to nodes. Larger ones move faster and are removed by 
sheath flow at the node region, while smaller ones are retained by the center flow. Smaller (green) and larger (red) fluorescent particles exit to the center and the side 
outlets, respectively (Right). (Reproduced with permission from reference 85)  

 

 
Figure 6. Ciliated nanowire-on-micropillar. Before getting into the micropillars, cells are removed. The nanowires trap exosomes. (a) ciliated nanowires + (b) 
micropillars = (c) ciliated nanowire-on-micropillars. (Reproduced with permission from reference 87).  
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To substantially enhance the specificity and 
introduce exosome subtyping capability, Chen and 
co-workers first attempted to integrate 
immunoaffinity capture with a microfluidic chip for 
the isolation of specific exosomes.88 Similar to the 
conventional immunoaffinity capture approaches 
discussed earlier, at the heart of the exosome isolation 
lies the specific interaction between membrane-bound 
proteins (antigens) and their antibodies immobilized 
on the chip, thus allowing the isolation of specific 
exosomes from all other extracellular vesicles and 
constituents of a sample. Additional functionalities 
built on the chip enabled in situ characterization and 
nucleic acid extraction. As little as 400 μL of serum 
was needed with a run time of 60 min to complete one 
test. Along this direction, a commercial product – 
ExoChip is now available. ExoChip is an immunochip 
functionalized with anti-CD63, a commonly 
overexpressed antigen in exosomes. A fluorescent 
carbocyanine dye (DiO) specifically stains exosomes. 
Quantification was performed using a plate reader. 
ExoChip isolates exosomes with intact RNA for 
exosomal miRNA profiling. The experimental 
strategy using ExoChip is summarized in Figure 7.89 It 
was observed that significantly more exosomes from 
serum of pancreatic cancer patients are captured.89 
Previous reports also showed increased secretion of 
exosomes in cancer patients. The exosomal identity 
was confirmed by means of Western blot. 

Another immunochip has integrated exosome 
isolation with enrichment, chemical lysis, protein 
immunoprecipitation, and chemiluminescent 
sandwich immunoassay with a much reduced sample 

volume of 30 μL of plasma and a run time under 100 
min.90 As illustrated in Figure 8, in the first chamber, a 
plasma sample is mixed with antibody-labeled 
magnetic beads. Afterwards, a lysis buffer is added. In 
the second chamber, antibody-labeled magnetic beads 
are added to the lysate to capture intravesicular 
proteins. Detection antibodies and chemiluminescent 
reagents are then introduced.90 

3. Comparison and Challenges of 
Exosome Isolation Techniques 

Over the past decade, impressive progress has 
been made in the development of exosome isolation 
techniques and encouraging results have been 
obtained in decoding the mystery of exosomes. 
Meanwhile, it has also been proven that it is 
challenging to rapidly and efficiently isolate exosomes 
owing largely to the complexity of biological samples, 
complications from other extracellular vesicles due to 
considerable overlap of their physicochemical and 
biochemical properties, and the heterogeneity of 
exosome themselves. For example, although 
differential ultracentrifugation is currently considered 
as the gold standard of exosome isolation, in addition 
to its high workloads, exosomes isolated by using 
differential ultracentrifugation often contain proteins 
and lipoproteins. While improvements are achievable 
by hyphenating different isolation techniques like the 
hyphenation of ultracentrifugation and 
immunoaffinity capture tapping on the assets offered 
by both physical and biochemical worlds, one has to 
takes into account the additional workloads and cost.

 

 
Figure 7. Experimental strategy using ExoChip. (A) Serum is flowed through a CD63-Ab coated ExoChip. The captured exosomes are stained with membrane 
specific dye (DiO). (B) Fluorescently stained exosomes are measured using a microplate reader and exosomal contents are analyzed using Western blot for protein 
and RT-PCR or a microarray for RNA. (Reproduced with permission from reference 89)  
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Figure 8. Integrated microfluidic exosome analysis. (A) Chip with microchannel and (B) workflow: immunomagnetic isolation, chemical lysis and intravesicular 
protein analysis. #1–4 are the inlets for exosome capture beads, washing/lysis buffer, protein capture beads, and ELISA reagents, respectively. (Reproduced with 
permission from reference 90)  

 
 Likewise, ultrafiltration is not without its 

limitations despite the fact that it is a rather popular 
exosome isolation technique. For instance, 
ultrafiltration can suffer from clogging and vesicle 
trapping,91 thus leading to reduce lifetime of the 
membranes and low isolation efficiency. Exosomes 
can also attach themselves onto the membranes and 
become unavailable for downstream analyses,92 

thereby resulting in low yields and sometimes 
erroneous interpretations of testing results. In 
addition, the complexity shared by size-based 
isolation of exosomes is the presence of a large 
number of nanoparticles (some non-vesicular) with 
the same size as exosomes.53 SEC could potentially 
yield highly purified exosomes, but dedicated 
equipment is required and it is not trivial to scale up. 
Because SEC is typically performed using gravity 
flow, vesicle structure and integrity largely remain 
intact and the biological activity of exosomes is 
preserved. Moreover, SEC has excellent 
reproducibility. However, its long run time limits its 
scalability for high throughput applications.53  

Immunoaffinity capture is an excellent platform 
for selectively isolating exosomes of a specific origin 
or even subpopulations of exosomes. However, as a 
young field, the best exosomal tags are still to be 
established.53 Because only a subset of exosomes 
expressing the antibody-recognized protein is 
captured, lower yields are usually obtained but with 
much higher purity than those isolated based on the 

physical properties of exosomes.54 Additionally, 
underestimations and false negatives may arise from 
tumor heterogeneity in antigen expression and 
antigen modulations as tumor progresses. 
Furthermore, the antigenic epitope may be blocked or 
masked.52 

Although exosome precipitation is 
straightforward and the isolation of exosomes can be 
accomplished in one step, apart from varied yields, 
tedious sample preparation and cleanup procedures 
and the lack of a proper selective isolation mechanism 
inevitably compromise the purity of the isolated 
exosomes, thereby impairing downstream analysis. 
For instance, co-precipitations of exosomes with other 
cell constituents, particularly other extracellular 
vesicles, protein aggregates, or even highly abundant 
proteins have been observed in several biofluids like 
plasma and serum.93,94 Moreover, the varied viscosity 
and sample matrix demand different stringency 
criteria of exosome precipitation, thus seriously 
jeopardizing the standardization of the precipitation 
protocols.  

Despite the impressive progress made, none of 
the first generation microfluidic devices is ready to be 
translated to clinical trials since they are obstructed by 
issues such as scalability, validation, and 
standardization. Additionally, some of the devices 
require time-consuming sample pretreatments and 
others designed to work with pristine samples have 
very low isolation efficiency. So far, all microfluidic 
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devices developed employ a single exosome sorting 
mechanism, thereby causing low yield or specificity. 
Also, their low processing capacity may impede 
downstream analysis because of insufficient amounts 
of proteins and nucleic acids in the isolated exosomes. 

As such, existing exosome isolation techniques, 
albeit with many improvements from the past decade, 
have presented a new set of challenges to researchers 
in this field. A list of advantages and disadvantages of 
the exosome isolation techniques is summarized in 
Table 1. 

Existing techniques to isolate exosomes do not 
have a one-size-fits-all model. Hyphenation of 
different isolation techniques has been raised in 2012, 
but a common consensus has not yet achieved.96 Since 
each isolate technique is based on a unique 
property/characteristic of exosome themselves like 
density, size, or immunoaffinity, low to moderate 
purities of the isolated exosomes are often observed. 
On the other hand, hyphenation of these techniques 
alludes to higher costs, more man hours spent on 
technical training for complicated techniques, and 
more separation steps, thus potentially resulting in 
greater error rates and lower recoveries in both pre- 
and post-analysis. The lower recoveries may 
adversely affect down-stream proteomic and genomic 
analysis and more seriously lead to erroneous 
diagnosis in clinical applications. Similarly, this is also 
the case if there is a need to isolate a unique fraction 
from a crude exosome extract for research/clinical 
treatment of specific diseases. Heterogeneity among 

exosomes isolated from the same parental cell type 
has been reported.97,98 This demands for a multiplex 
system for screening multiple exosome types isolated 
from the same origin/parent cell type, which could be 
a plausible direction in identifying subpopulations 
within the isolated exosome pool. 

Another crucial challenge that should be tackled 
is to integrate the exosome isolation techniques to 
downstream analysis to alleviate the need to deal with 
exosome isolation and analysis separately. With 
integration, less time and fewer steps are required to 
run exosome assays, hence greatly improving the 
efficiency and the reliability of exosome isolation and 
analysis. 

Researchers also face additional resistance to 
changes which stem from increasing complexity due 
to a lack of knowledge in handling new exosome 
isolation techniques. One example of existing 
techniques is the immunoaffinity capture-based 
isolation technique, which requires multiple and 
elaborate steps in sample preparation. This incurs 
time-consuming and tedious procedures, making the 
isolation process more prone to errors – both human 
and technical in nature. Additional barriers include 
proprietary rights of new exosome isolation 
techniques, which imply that the knowledge behind 
the techniques is not fully disclosed to the general 
scientific community. This may prevent the growth of 
knowledge and the understanding of existing and 
future exosome isolation techniques. 

 
 

Table 1. Comparison of exosome isolation techniques. 

Isolation  
Technique 

Isolation principle Potential Advantage Potential Disadvantage 

Ultracentrifugation- 
based techniques 

Density, size, and shape based 
sequential separations of particulate 
constituents and solutes 

Reduced cost and contamination risks 
with separation reagents, Large sample 
capacity and yields large amounts of 
exosomes  

High equipment cost, cumbersome,, long run time, 
and labor intensive low portability – not available at 
point-of-care, high speed centrifugation may damage 
exosomes thus impeding downstream analysis.95 

Size-based  
techniques 

Exosome isolation is exclusively based 
on the size difference between 
exosomes and other particulate 
constituents 

Ultrafiltration: Fast, does not require 
special equipment, good portability, direct 
RNA extraction possible. 
SEC: high-purity exosomes, gravity flow 
preserves the integrity and biological 
activity; superior reproducibility, 
moderate sample capacity. 

Ultrafiltration: low equipment cost, moderate purity 
of isolated exosomes, shear stress induced 
deterioration, possibility of clogging and vesicle 
trapping, exosomes loss due to attaching to the 
membranes. 
SEC: Moderate equipment cost, requires dedicated 
equipment, not trivial to scale up, long run time. 

Exosome  
Precipitation 

Altering the solubility or dispersibility 
or exosomes by the use of 
water-excluding polymers 

Easy to use, does not require specialized 
equipment, large and scalable sample 
capacity 

Co-precipitation of other non-exosomal contaminants 
like proteins and polymeric materials. Long run time, 
Requires pre-and post-cleanup. 

Immunoaffinity 
capture-based  
techniques 

Exosome fishing based on specific 
interaction between membrane-bound 
antigens (receptors) of exosomes and 
immobilized antibodies (ligands)  

Excellent for the isolation of specific 
exosomes, Highly purified exosomes – 
much better than those isolated by other 
techniques, high possibility of subtyping. 

High reagent cost, exosome tags need to be 
established, low capacity and low yields, only works 
with cell-free samples, tumor heterogeneity hampers 
immune recognition, antigenic epitope may be 
blocked or masked.54 

Microfluidics- 
based techniques 

Microscale isolation based on a variety 
of properties of exosomes like 
immunoaffinity, size, and density. 

Fast, low cost, portable, easy automation 
and integration, high portability. 

Lack of standardization and large scale tests on 
clinical samples, lack of method validation, moderate 
to low sample capacity. 
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Recent technological progress in exosome 
isolation techniques has increased the efficiency of 
exosome isolation, but users should be reminded of 
inherent advantages and disadvantages of each 
technique. Co-isolation of contaminating extracellular 
vesicles along with exosomes can result in false 
conclusions on proteomic or genomic interpretation of 
isolated exosomes. A selective, reproducible, robust, 
and high-throughput isolation technique is critical to 
meet the demands of the explosive activities in 
exosome research. The choice of eventual technique 
largely depends on biological samples to be tested, 
purity required, speed and cost, as well as integration 
with downstream proteomic or sequencing analysis. 
With existing exosome isolation techniques, a large 
percentage is deployed for the purpose of basic 
research. This is because translational technology 
from bench to bedside usually requires reasonable 
scalability, throughput and thorough validation in 
screening a large number of clinical samples. Future 
direction of exosome research should also take a more 
translational approach towards applications from 
bench to bedside and home diagnostics and the 
success of which will definitely be a great leap 
towards improving human health. 

4. Conclusions and Outlooks 
The explosive activities in exosome research 

have slowly evolved to meet the rapid developments 
in molecular medicine. For instance, the discovery of 
genetic materials such as miRNAs in exosomes has 
helped to shape the techniques for miRNA analysis. It 
has also helped to shape the field of therapeutics 
where exosomes are not only themselves therapeutic 
agents, but are also vehicles for targeted drug delivery 
and therapy. Nonetheless, significant and impactful 
discovery in the field of exosome research will only be 
possible with the development of highly efficient 
exosome isolation techniques. A careful selection of 
isolation techniques catered to specific biological 
samples and types of cargoes to be screened will 
improve the quality of the exosomes isolated and the 
validity of the results. Moreover, by hyphenating the 
developed exosome isolation techniques, exosome 
isolation techniques have the potential of going wide, 
allowing for the isolation of exosomes from many 
types of matrices by a single technique. By coupling to 
various exosome quantification techniques, they also 
have the potential of going deep, allowing for a 
multiplexed system that is capable of selective 
isolation of a specific exosome subtype from a 
heterogeneous exosome pool and performing 
exosome characterization and analysis.  

To meaningfully assist the understanding 
exosomes and their functionalities, research efforts 

should be focused on the development of exosome 
isolation and detection techniques and devices that 
are capable of not only isolating, subtyping, and 
quantifying the total population of exosomes, but also 
analyzing the contents of exosomes to facilitate both 
basic research and clinical applications. The 
developed techniques and devices should also be 
thoroughly evaluated with a sufficiently large 
population of clinical samples for their robustness, 
sensitivity, and selectivity in order to be clinical 
relevant. In addition, a critical role that exosomes play 
is in cell-cell communication. Knowledge of the 
molecular specificity of exosomes will be instrumental 
in study of their pathogenic roles and to their 
potential use as biomarkers for early detection of 
cancer since early detection is vital in improving the 
survival rate of cancer patients. Usually, diagnosis 
and monitoring of solid tumors require biopsies. In 
addition to their invasive and cumbersome 
procedures, biopsies have potentially detrimental 
effect on stimulating cancer progression/metastases.99 
It has been concurred that direct isolation of 
circulating nucleic acids (miRNA and DNA) and 
circulating tumor cells from blood or serum for cancer 
diagnosis may not be as feasible as sought owning to 
their low abundance.60 Therefore, exosomes signify an 
exciting new avenue of diagnosis and treatment. 
Abnormal levels of exosomal biomarkers likely 
indicate the presence of cancer or even cancer of a 
more advanced stage.100 As a group of promising 
biomarkers, the analysis of exosomes in blood may 
eventually offer a minimally invasive route for cancer 
diagnosis, prognosis, and therapy. However, much 
work needs to be done to identify and validate 
exosomal biomarkers to be utilized in cancer 
diagnosis and therapy. 

The demands of clinical applications involving 
diagnostics and therapeutics such as low cost, 
reliability, and speed can eventually be met with 
modifications to existing technologies for improved 
scalability. Adaptations can be accomplished with 
necessary modifications of current exosome isolation 
techniques, such as ultrafiltration, which has 
exhibited great potential among the exosome isolation 
techniques for handling and analyzing large batches 
of exosome isolation from human blood and plasma. 
More importantly, the occurrence of exosomes in 
easily available body fluids such as urine and saliva 
will pave the way for non-invasive modes of exosome 
isolation and analysis in clinical settings. With 
adequate research, exosome isolation and analysis 
may be promising in replacing conventional invasive 
modes of body fluid collection such as blood and 
cerebrospinal fluid. The discovery of exosomes has 
opened a huge and untapped market for home-based 
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diagnostics using exosomes. Along with the complete 
decoding of exosomes and their functionalities, more 
exciting applications of exosomes especially in clinical 
practice are expected in the near future.  
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