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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.

Exosome Precipitation

Altering the solubility or
dispersibility or exosomes
by the use of waterexcluding polymers

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

Co-precipitation of other nonexosomal contaminants like
proteins and polymeric
materials. Long run time,
Requires pre-and postcleanup.

Immunoaffinity capturebased

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.

RESULTS
Exosome Isolation
We chose to use the immunoprecipitation technique. This allowed
us to precipitate all exosomes in the plasma and characterize the
presence of selected markers and their relative abundance.
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Data Analysis
In addition to the numbers of exosomes present in a sample, top
ﬁgure below, several conclusions related to the relative expression
levels of markers of interest can be made. In the second ﬁgure
below, there are marked diﬀerences in the number of CD59 positive
exosomes following treatment, an increase, followed by a dramatic
reduction in exosomes prior to the second dose.
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Exosome Identiﬁcation
Exosomes are quite small compared to
the typical particle/cell analyzed by
ﬂow cytometry; therefore, we used
beads of various sizes to approximate
settings needed to detect exosomes.
Calibration beads for the cytometer
are approximately 8 microns and
ﬂuorescent which allows multiple
variables to conﬁrm settings (shown in
the lower panel right). Polystyrene
beads of 1 micron and 300
nanometers were also run; ﬁrst
separately and then combined (shown
in the upper ﬁgure right).
The exosome preps were run and
found to be in the range of the
300-1000 nM beads (lower panel) and
above the background of the buﬀer
alone, data not shown.
Exosome Enumeration:
To enumerate the number of
exosomes in the plasma, we added an
equal volume of Flow-Count beads to
the plasma samples. Flow-Count
beads have a known bead
concentration and can be used to
extrapolate the number of exosomes.
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Clinical Applications
• Strategies are being developed to use exosomes in clinical
research including as a biomarker and as a therapy.
• Exosomes are often shed by dying cells so exosomes can be used
as potential biomarkers for treatment.
• Exosomes can potentially be modiﬁed as targeted therapy to
deliver treatments such as siRNA or miRNA.
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Proteinase K Treatment
One potential drawback for the precipitation method is the
co-precipitation of non-exosomal protein and polymers. To address
this, we treated the samples with Proteinase K and found that it did
provide a more pure population of exosomes as determined by
ﬂow cytometry scatter proﬁles.
Without proteinase

Extracellular Vesicles and Exosomes
• Extracellular Vesicles were originally observed in plasma over 50
years ago.
• Exosomes in particular were thought to be cellular waste.
• Further analysis provided evidence of exosome surfaces
containing proteins for fusion with cell surface and/or ligands to
bind to speciﬁc receptors
• Exosomes have been shown to play a role in extracellular
communication.
• Exosomes can contain mRNA, siRNA, miRNA and proteins that
inﬂuence other cells surrounding it.
• Exosomes from cancer cells have been shown to promote
angiogenesis, modulate immune system and other ways to support
tumor progression.
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Sample Analysis
Using the six color panel and Flow count beads, we analyzed the
proﬁle of patients with cancer, before and after treatment. Below is
representative Flow Cytometry data.
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METHOD

Samples were acquired on a Beckman Coulter Navios ﬂow
cytometer and subsequent data analysis was done with Beckman
Coulter Kaluza 2.1.

Potential Disadvantages

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

Transfer
supernatant to
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KCAS, LLC isolated exosomes using Sigma-Aldrich Total Exosome
isolation kit and optimized a 6 color immunophenotyping panel
based on spectral and clone performance in single color staining and
by using ﬂuorescence minus one staining, FMO.

Potential Advantages
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To develop a method to isolate exosomes and characterize their
immunophenotype by Flow Cytometry.
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Exosomes are small vesicles comprised of a lipid bilayer containing
various proteins, RNAs, and bioactive lipids. Recently, the
importance of exosomes in disease has become more appreciated
as research demonstrates the ability of exosomes to act as
intercellular messengers, serve as biomarkers, and be used as
therapeutic delivery method. Puriﬁcation and enumeration of small
vesicles from biological ﬂuids often requires specialized equipment,
an ultra-centrifuge and particle counter for example, which are not
readily available to most clinical labs. KCAS, LLC optimized a protocol
to isolate exosomes from human plasma using precipitation and
characterize their phenotype using ﬂow cytometry. We were able to
characterize and enumerate exosomes from diseased patients;
immunophenotype was determined by the following panel: CA125,
CD59, CD9, CD63, Annexin V (phosphatidylserine), human leukocyte
antigen(HLA-) A, B, & C cocktail. We demonstrate that we can
successfully isolate exosomes and analyze them using ﬂow
cytometry. The data provides support for clinical puriﬁcation and
enumeration of exosomes using common laboratory equipment as
well as phenotypic analysis by ﬂow cytometry.

Common Exosome and Cancer-Speciﬁc Markers
A lymphocyte averages 8-10 microns; the surface area is
approximately 200 microns squared (4 x π x r2). The surface area of
an exosome would be approximately 0.02 microns squared. The
question arises: How many antibodies can be used to
immunophenotype such a small particle without stearic
interference or FRET?
After isolation, we determined the expression of common exosome
surface markers to conﬁrm our exosome isolation: CD9, CD63,
Phosphotidylserine, and HLA-ABC, ﬁrst used individually and then in
combinations to ensure no loss in signal resulted from multiplexing.
(Data not shown.)
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Lastly, the median ﬂuorescence intensity (MFI) of markers of
interest correlates with expression of the marker. Analyzing only the
CD59 positive exosomes, the MFI, or expression level, of CA125 is
consistent in 3 of 4 sample time points but is increased at Pre-dose
2.
Median Fluorescence of CA125 Staining on CD59 Positive Exosomes

Median Fluorescence
Intensity

ABSTRACT

Exosome Isolation Methods3

Patient
A

Pre-Dose 1

Post-Dose 1

Pre-Dose 2

Post-Dose 2

CONCLUSIONS
We successfully developed a method to isolate exosomes from
human plasma and are able to analyze the immunophenotype of
the exosome to show trends in the proﬁles of cancer patients before
and after treatment.
KCAS was able to:
• Successfully isolate and purify exosome using the precipitation
method.
• Determined that proteinase treatment is necessary for a more
pure population of exosome isolation.
• Stain six diﬀerent markers on the surface of the exosomes.
• Analyze human plasma samples and detect changes in exosome
immunophenotype and total cell number.
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