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ABSTRACT
Tumour-derived exosomes (TEX) are a subset of extracellular vesicles (EVs) present in body fluids
of patients with cancer. The role of this exosome subset in melanoma progression has been of
interest ever since ex vivo studies of exosomes produced by melanoma cell lines were shown to
suppress anti-melanoma immune responses. To study the impact of melanoma-derived exosomes
(MTEX) present in patients’ plasma on melanoma progression, isolation of MTEX from total
plasma exosomes is necessary. We have developed an immunoaffinity-based method for MTEX
capture from plasma of melanoma patients. Using mAb 763.74 specific for the CSPG4 epitope
uniquely expressed on melanoma cells, we separated MTEX from non-tumour cell-derived exo-
somes and evaluated the protein cargo of both fractions by quantitative flow cytometry.
Melanoma-associated antigens were carried by MTEX but were not detectable in exosomes
produced by normal cells. Separation of plasma-derived MTEX from non-MTEX provides an
opportunity for future evaluation of MTEX as potential biomarkers of melanoma progression
and as surrogates of melanoma in tumour liquid biopsy studies.
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Introduction

Exosomes are virus-sized vesicles that originate from
the endocytic compartment of parent cells and serve as
an intercellular communication system in all unicellu-
lar and multicellular organisms [1]. They are the smal-
lest subset (30–150 nm) of extracellular vesicles (EVs)
produced by all cells and are present in all body fluids
[2]. EVs represent a heterogeneous population of vesi-
cles derived from various tissue and hematopoietic
parent cells, including tumour cells. Human tumours,
including melanoma, create a microenvironment that
promotes their progression while inhibiting anti-
tumour immune responses mediated by the host [3].
Tumour-derived exosomes (TEX), a subset of EVs
which are actively secreted by tumour cells, have
recently emerged as carriers of numerous receptors,
ligands and factors that modulate functions of recipient
cells [4]. TEX accumulate in body fluids of cancer
patients and are considered to be responsible for deli-
vering suppressive as well as stimulatory signals to

immune cells [5]. Using exosomes isolated from super-
natants of human tumour cell lines, we have previously
shown that the molecular profile of TEX is enriched in
receptors and ligands involved in reprogramming of
immune cells [6]. Because TEX can interfere with
tumour antigen-specific immunity, they might influ-
ence disease activity, therapeutic responses and disease
outcome [7]. TEX are also emerging as potential
tumour surrogates, and their molecular and genetic
contents might be viewed as promising disease
biomarkers.

To date, studies of TEX have been largely performed
with vesicles isolated from supernatants of tumour cell
lines, where all vesicles are tumour-cell derived and
represent “pure” TEX. Much of what we know about
the TEX cargo or functions is based on analyses per-
formed with EVs produced by tumour cell lines.
However, exosomes in body fluids of cancer patients
are mixtures of TEX and normal tissue cell-derived
exosomes [8]. Studies of plasma-derived exosomes
have been challenging, and several limitations have
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been identified, including the lack of an isolation
method for exosomes in body fluids that is rapid,
efficient, cost-effective and applicable to clinical mon-
itoring. Further, no strategies and reagents for separa-
tion of TEX from the bulk of non-tumour-derived
vesicles exist. Current studies of plasma-derived TEX
are performed with total EVs isolated by one of many
available methods [9] and are based on the premise
that TEX represent a substantial, albeit variable, subset
of total plasma EVs in patients with cancer.

We have recently described a method for isolation
of morphologically intact, biologically active exo-
somes from cancer patients’ plasma or other body
fluids by mini-size exclusion chromatography (mini-
SEC) [10]. Capitalizing on the capability to isolate
from patients’ plasma of exosomes that are partially
free of “contaminating” plasma proteins, we have
developed an immunoaffinity-based capture method
to separate melanoma cell-derived exosomes (MTEX)
from the bulk of non-tumour exosomes present in
melanoma patients’ plasma [10]. To capture MTEX
we use the monoclonal antibody (mAb) 763.74 spe-
cific for a peptide epitope of the tumour antigen,
chondroitin sulphate peptidoglycan 4 (CSPG4). This
epitope is selectively expressed on melanoma cells
and not detectable on normal cells, with the excep-
tion of activated pericytes in the tumour microenvir-
onment (TME) [11–13]. As a result, this mAb can
differentiate malignant from normal cells. The
CSPG4 epitope recognized by the 763.74 mAb is
present on >80% of melanomas [11], and it is carried
by exosomes produced by melanoma cells
(Supplementary Figure 1). Using this unique
CSPG4-specific mAb, we have developed a novel
and highly effective method for the isolation of a
subset of CSPG4+ exosomes produced by melanoma
cells (MTEX) from a pool of plasma-derived exo-
somes. The immune based capture and characteriza-
tion of MTEX obtained from plasma of patients with
melanoma offers a unique opportunity for future
molecular profiling of the MTEX cargo in relation
to clinical and clinicopathological data as well as
disease activity in patients with melanoma.

Materials & methods

Patients and plasma specimens

Venous blood samples were obtained from patients with
melanoma seen in the UPMC Hillman Cancer Center
Melanoma Program Outpatient Clinic by one of the co-
authors, JohnM. Kirkwood and his associates. Blood sam-
ples from patients were collected as per the IRB approval

#970186, and all blood donors signed an informed consent
form. The disease status of patients who donated blood for
the study is listed in Supplementary Table 1. Blood samples
were processed to separate plasma, which was then divided
into 2mL aliquots and stored frozen at −80°C until thawed
and used for exosome isolation.

Exosome isolation from plasma

Plasma samples were pre-clarified by centrifugation
first at 2000 g for 10 min at 4º C and then at 10,000g
for 30 min. Filtration through 0.22 µm Millipore
filter was then performed, and a 1 mL aliquot of
clarified plasma was used for exosome isolation by
mini-Size-Exclusion Chromatography (SEC) as pre-
viously described [10]. Briefly, 1.5 cm×12 cm mini-
columns (Bio-Rad, Hercules, CA, USA; Econo-Pac
columns) were packed with Sepharose 2B (Sigma-
Aldrich, St. Louis, MO, USA). A porous frit was
placed on top of the gel to minimize disturbance
during exosome isolation. Each column was washed
with 20 mL of PBS and 1.0 mL of clarified plasma
was loaded onto the column and eluted with PBS.
One mL fractions were collected, with the bulk of
exosomes eluting in the fraction #4. The EM mor-
phology, the vesicle size range, numbers of nanopar-
ticles in the fraction #4 and their molecular cargos
were evaluated as previously described [10].

Melanoma cell line

The Mel526 cell line was obtained from Dr. Walter J.
Storkus, U. of Pittsburgh. The cell line was cultured in
RPMI 1640 medium supplemented with 10% (v/v)
exosome-depleted fetal bovine serum (FBS) at 37ºC in
an atmosphere of 5% CO2 in air. The cell line was
tested for Mycoplasma contamination at regular inter-
vals and remained Mycoplasma negative.

Exosome isolation from supernatants of Mel526
cell line

Supernatants were collected from 48-72h cultures of
Mel526 cells and were clarified by centrifugation first
at 2,000xg for 10 min and then at 10,000xg for 30 min.
Both centrifugations were performed at 4ºC.
Supernatants were passed through 0.22µM Millipore
filters. Each clarified supernatant was then concen-
trated on Viva-Spin cartridges (Sartorius, MWCO
100,000). Exosomes were isolated from the concen-
trated supernatant using mini-SEC as described
above. To optimize exosome isolation and capture, at
least 5 separately generated supernatants were used.
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Protein content of exosomes

The protein content of the isolated exosome fractions
was measured using BCA protein assay kit (Pierce
Biotechnology, Rockford, IL).

Antibodies used for exosome capture

Monoclonal antibodies (mAbs) 763.74 and 225.28
which recognize distinct and spatially distant epi-
topes of CSPG4 were generated and characterized
[14,15]. The mAbs were purified from ascitic fluids
by affinity chromatography on Protein G. The pur-
ity and activity of mAbs were assessed by SDS-
PAGE and by binding assays with CSPG4-expres-
sing cells. CD63-specific mAb (clone H5C3) was
purchased from Biolegend (San Diego, CA). For
immunocapture of exosomes, anti-CSPG4 mAbs
and anti-CD63 mAb were biotinylated using a
one-step antibody biotinylation kit purchased from
Miltenyi Biotec (Auburn, CA) as recommended by
the manufacturer.

Antibodies used for antigen detection on exosomes

In addition to anti-CSPG4 mAbs, the following mAbs
specific for melanoma-associated antigens (MAA) were
used for detection: anti-gp100 (clone HI10a), anti-
VLA4 (clone 9F10), anti-TYRP2 (clone 93260) pur-
chased from Biolegend and anti-MelanA (clone A106)
purchased from Santa Cruz Biotechnology (Dallas,
TX). Anti-CSPG4 mAbs were labelled for flow cytome-
try using a Lightning-Link APC Antibody Labelling Kit
purchased from Novus Biologicals (Littleton, CO).

Immune capture of MTEX from plasma-derived
exosomes

Figure 1 illustrates the strategy for immunocapture of
exosomes using anti-CSPG4 mAb 763.74. Following
mAbs biotinylation, the optimal ratios of exosome:
mAbs: beads were established in preliminary experi-
ments (see below). An aliquot of the miniSEC fraction
#4 containing plasma-derived exosomes (10µg protein)
was co-incubated with biotinylated anti-CSPG4 mAb
763.74 (4μg) for 12h at 4°C. Subsequently, MTEX

Figure 1. A schema for isolation of exosomes from plasma by mini-SEC followed by capture of MTEX from fraction #4 which
contains the bulk of non-aggregated exosomes . The recovered exosomes are partly “purified” by removal of protein/high density
lipoproteins (HDL) complexes on the miniSEC column. MTEX are co-incubated with biotinylated, pre-tittered anti-CSPG4 Ab and are
captured on streptavidin-coated magnetic beads, and the bead-bound MTEX-Ab complexes are recovered using a magnet and non-
captured exosomes in the supernatant are recovered. Both fractions are available for analysis (A), although free-floating non-
tumour-derived exosomes have to be re-captured on beads for subsequent profiling by flow cytometry.
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capture was performed using 100μL of streptavidin-
coated magnetic beads from an ExoCap™ Streptavidin
Kit (MBL International Corporation, Woburn, MA) in
a 1.5 mL Eppendorf microfuge tube, which was then
gently agitated on a shaker at 4ºC overnight. Next, the
bead-exosome complexes were collected using a mag-
net, and the supernatant containing non-captured exo-
somes was harvested. MTEX captured on beads were
washed twice with fresh PBS and re-suspended in 250
µL of PBS for analyses of the exosome cargo by flow
cytometry. Supernatant containing non-captured exo-
somes was harvested, and the exosomes were re-cap-
tured on streptavidin beads coated with biotinylated
anti-CD63 Abs in preparation for the detection of
antigens present in the exosome cargo by flow
cytometry.

Titrations of CSPG4-specific mAb 763.74 for MTEX
capture

To determine the optimal protein concentrations of
biotinylated anti-CSPG4 mAb 763.74 for MTEX cap-
ture, titrations were performed using MTEX isolated by
miniSEC from culture supernatants of the Mel526 cell
line. The optimal ratio of the capture mAb: exosome
protein: magnetic bead volume was determined using
different concentrations of the biotinylated anti-CSPG4
mAb 763.74, constant protein levels of exosomes (5 or
10ug) and different bead volumes. Briefly, MTEX were
mixed with biotinylated-763.74 mAb at the concentra-
tion of 1, 2, 4, 10 or 20 μg in 1.5 mL microfuge tubes.
Following an overnight incubation at 4ºC with gentle
agitation on a shaker, streptavidin-coated magnetic
beads (25, 50, 100 or 150 µL) were added, and incuba-
tion on a shaker was continued overnight. Beads were
harvested using a magnet, washed 2X with PBS and re-
suspended in 250 µL of PBS for flow cytometry. The
optimal ratios of the three components (i.e. exosomes,
capture mAb and beads) were established by flow cyto-
metry measuring the percentages and mean fluores-
cence intensities (MFI) of CSPG4+ or CD63+
exosomes bound onto streptavidin-coated magnetic
beads. The lowest mAb concentration that captured
all MTEX in the tested exosome sample was considered
to be the optimal concentration.

To study molecular cargo of non-captured exosomes
(see Figure 1) by flow cytometry, they had to be loaded
onto magnetic beads. Therefore, these exosomes (10ug
protein) were re-captured using 2 μg of biotinylated anti-
CD63 mAb and 100 uL of streptavidin-coated beads.
Anti-CD63 mAb was titrated in preliminary experiments
using exosomes isolated from the Mel526 cell line super-
natants, as described above for anti-CSPG4 mAbs. Once

placed on beads, exosomes were washed 2X with PBS
and re-suspended in 250 μL of PBS in preparation for
antigen profiling by flow cytometry.

Recovery of captured MTEX and non-captured
exosomes

Since protein levels of the total exosome fraction #4
used for immunocapture of MTEX were known, the
recovery of CSPG4+ exosomes after immunocapture
was determined by subtracting protein levels measured
in the non-captured fractions from the total exosome
protein used for capture.

Antigen detection on exosomes by flow cytometry

The staining method used for quantitative flow cyto-
metry analysis of the cargo of exosomes loaded on
beads was modified from that described by Morales-
Kastrana and Jones [16]. Figure 2 is a schematic pre-
sentation of the method used for loading of exosome-
Ab complexes onto streptavidin-labelled beads fol-
lowed by staining with a fluorochrome-labelled detec-
tion Ab of interest (e.g. anti-CSPG4 Ab in Figure 2).
Briefly, for detection of exosome-associated proteins,
exosomes (0.4 μg/100 uL PBS) captured on beads as
described above were first pre-incubated with 10 uL
de-complemented mouse serum in 1.5 mL microfuge
tubes for 30 minutes. This step was included to block
non-specific binding of detection Abs to captured exo-
somes. pre-titered fluorochrome-labelled detection
mAbs or isotype control mAbs were then added to
respective microfuge tubes, which were incubated for
1h at RT with gentle agitation on a shaker. Each detec-
tion Ab was used singly for detection of a specified
exosome component. The tubes were placed on a mag-
net and supernatants were carefully removed without
disturbing the pelleted beads. Preliminary titration
experiments were performed individually for every
detection Ab to determine its optimal concentration
to be used with 5 or 10μg of exosome protein and
with 10μL of streptavidin-labelled beads. The beads
were washed 2X with 100μL aliquots of PBS and the
volume was adjusted to 200μL with PBS for flow cyto-
metry. Flow cytometry exosome profiling was per-
formed using GalliosTM flow cytometer (Beckman
Coulter). This detection method provided relative
fluorescence intensity (RFI) values defined as the ratio
of MFI with detection Ab/MFI with isotype control Ab
(Figure 2). The RFI values for captured MTEX were
normalized to total exosome protein (in µg) in fraction
#4 obtained from 1 mL of each patient’s plasma.
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Reproducibility of the MTEX capture and detection
methods

Reproducibility of MTEX capture by anti-CSPG4 mAb
763.74 and of exosome capture by anti-CD63 mAb was
evaluated by using exosomes of three melanoma
patients and capturing/re-capturing exosomes 3X. The
nine separate capture values for each mAb were used to
calculate the experimental error. Similarly, to evaluate
reproducibility of flow cytometry-based detection, cap-
tured exosomes on beads were obtained from three
donors and tested in three parallel assays for percen-
tages of CSPG4+ or CD63+ exosomes. The data were
used to calculate the experimental error.

Data analysis

The data were summarized by descriptive statistics
(IBM SPSS, version 23) such as means and standard
errors (SE). Statistical analysis was performed using
GraphPad Prism (version 6). Flow cytometry analyses
were performed with VenturiOne version 5.0 or Kaluza
v1.5 (Beckman Coulter). To determine reproducibility
of MTEX immunocapture or Ab-based detection by
flow cytometry, interclass correlation coefficients were
calculated. The standard error measurement was used
to determine the 95%prediction intervals. A p-value of

<0.05 was considered to be statistically significant for
all the presented data.

Results

Titrations of anti-CSPG-4 mAb, exosomes and
beads for immunocapture of MTEX

We first proceeded to establish the optimal ratio of mAb:
exosome: beads for capture of MTEX using exosomes
isolated from supernatants of the Mel526 cell line. This
cell line was selected, because it has high surface CSGP4
expression (Supplementary Figure 1). Furthermore, the
exosomes isolated from its supernatants carry CSPG4, as
determined by flow cytometry analysis of exosomes
stained with CSPG4-specific mAb 763.74 (Supplementary
Figure 1). In the titration experiments with these Mel526
cell-derived exosomes, MTEX immune capture with
763.74 mAb was followed by flow cytometry-based detec-
tion using mAb 225.28 specific for a distinct CSPG4 epi-
tope or the anti-CD63mAb to confirm the exosome origin
of MTEX. The data in Table1 show that with 1 μg of anti-
CSPG4 mAb 763.74, 5 μg MTEX protein and 100 μL of
beads, all of the captured exosomes were CSPG4+ and
nearly all were CD63+. Titrations performed with higher
concentrations (2–20 μg) of biotinylated anti-CSPG4mAb
763.74 gave lowerMTEX recovery (data not shown). As all

Figure 2. Detection of CSPG4+ exosomes immunocaptured on beads by flow cytometry. Exosomes are captured on streptavidin-
labelled beads using pre-titered biotin-labelled anti-CSPG4 mAb (763.74 mAb). The antigen (CSPG4) carried by the bead-bound
exosomes is detected using a fluorochrome-labelled and pre-tittered detection anrti-CSPG4 mAb (225.28 mAb). The flow cytometry-
based detection provides the relative fluorescence intensity (RFI) value for exosomes carrying the antigen. RFI = MFI of detection
Ab/MFI of isotype control Ab.
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exosomes in the supernatant of Mel526 cells are MTEX,
these results indicated that under the experimental condi-
tions defined above, nearly all CSPG4+CD63+MTEX were
being captured. The immunocapture experiment with
anti-CSPG4 mAb 763.74 was repeated 3 times with the
mean capture efficiency for CSPG4+MTEX of 98% and for
CD63+ MTEX of 95%.

Next, to optimize the volume of beads used for
MTEX capture, additional titrations were performed
as shown in Table 2. Anti-CSPG4 mAb 763.74 was
used at the concentration of 1μg with MTEX protein
at 5 μg, as above, while volumes of beads varied from
25 to 150 μL as shown in Table 2. Detection of the
CSPG4 epitope or of CD63 protein by flow cytometry
indicated that 100μL of beads were sufficient for near
complete capture of 5μg of MTEX by 1μg of anti
CSPG4 mAb 763.74 (Table 2).

Selection of the strategy for MTEX immunocapture

Using the experimental conditions defined above, we
next selected the strategy for capture of MTEX from
the total exosome fractions. Two approaches were
compared using exosomes isolated from supernatants
of a Mel526 cell line. In the first, biotinylated anti-
CSPG4 mAb 763.74 was added to exosomes in suspen-
sion to capture MTEX. This was followed by binding of
the MTEX-Ab complexes to streptavidin-charged
beads. In the second approach, exosomes were added
to the suspension of streptavidin-charged beads already
coated with anti-CSPG4 mAb 763.74. Both

immunocapture strategies were followed by detection
of CSPG4+ and CD63+ exosomes by flow cytometry.
We observed no difference in the capture efficiency of
Mel526 cell-derived MTEX with either of the two cap-
ture strategies (data not shown). Therefore, we have
selected to use the capture platform in which the Ab is
added to exosome suspensions prior to capture of the
complex onto beads in all subsequent experiments.

Antibody titrations for capture of plasma-derived
MTEX

Exosomes from plasma of melanoma patients origi-
nate from various cell types and only a fraction is
expected to be tumour cell-derived. MTEX levels are
likely to vary in every sample. When the capture
conditions established for Mel526 cell-derived MTEX
capture were tested using exosomes in the mini-SEC
fraction #4 obtained from plasma of melanoma
patients, minimal or no immunocapture of MTEX
was detected. Therefore, additional titration experi-
ments were performed to define capture conditions
optimal for isolation of MTEX from plasma-derived
exosomes. Plasma specimens obtained from three ran-
domly selected melanoma patients were used as a
source of exosomes. The anti-CSPG4 mAb 763.74
concentration was increased to 4μg and the exosome
protein level to 10ug, keeping the beads volume at
100μL. The data in Table 3 show that patient no.1 had
no CSPG4+ MTEX, patient no. 2 had a moderate level
and patient no.3 had even more, as measured by flow

Table 1. Titration of Mel526 exosomes for use in MTEX capture with anti-CSPG4 mAb 763.74a.

a Exosomes isolated from the supernatant of Mel526 cells by mini-SEC were adjusted to different protein concentrations in 

PBS and co-incubated with a constant concentration (1 µg) of biotinylated anti-CSPG4 mAb and 100 µL of streptavidin-charged 

beads.  Flow cytometry-based detection indicated that the best MTEX capture was obtained when 5 µg of exosomes were co-

incubated with 1 µg of CSPG-4 and 100uL of beads. Nearly all CSPG4+ MTEX captured from supernatants of Mel526 cells 

were CD63+ (right panels). 

IMMUNE CAPTURE DETECTION 
Exosome Protein

(µg) 
Anti-CSPG4 mAb 

(µg) 
Beads volume 

(µL) 
CSPG4+ 

RFI 
CD63 
RFI 

5 1 100 4.1 4.2 

10 1 100 3.4 3.37 

15 1 100 2.62 2.65 

20 1 100 1.02 1.06 

4.1 4.2 

CSPG4                             CD63
Isotype
An�body

DETECTION
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cytometry. The results suggested that successful cap-
ture of CSPG4+MTEX from melanoma patients’
plasma required higher concentrations of the capture
mAb and of exosomes relative to concentrations used
to capture MTEX from supernatants of Mel526 cells.
To demonstrate that the MTEX capture in these spe-
cimens was complete, we calculated protein levels in
the captured and non-captured fractions. In patient
no.1, the MTEX fraction contained 22% of the input
exosome protein; in patient no.2, 24% and in patient
no. 3, 58% (Supplementary Table 2). The data sug-
gested that the exosome protein distribution between
captured vs non-captured fractions was roughly com-
parable to the RFI values for CSPG4+ MTEX mea-
sured by flow cytometry. Specifically, in patient no.3,
with the highest content of captured CSPG4+MTEX at
an RFI of 2.7, the protein recovery at 58% was also
higher than that for the other two patients (22% and
24%, respectively).

MTEX capture from plasma of melanoma patients
with different disease stages

Levels of MTEX in plasma of patients with melanoma
may vary, depending on the disease stage and activity
[7]. Therefore, it was necessary to test whether the
capture conditions established with exosomes of three
randomly selected melanoma patients are valid for cap-
ture of MTEX in patients with early disease as well as
those with metastatic melanoma. Plasma exosomes were
isolated from two patients with less advanced disease
(pts #4 and #5) and from a patient with disseminated

metastatic melanoma (pt #6; see Supplementary
Table 1). First, we confirmed that the ratio of 4 μg
anti-CSPG4 mAb: 10 μg exosomes: 100 μL beads was
optimal for capture by titrating the mAb concentration
with exosomes at 5 or 10 μg protein levels and measur-
ing MTEX recovery in all three patients (Table 4(a)). No
MTEX were captured using 5 μg exosomes. Utilizing
exosomes at 10μg, mAb titrations confirmed that 4μg
of the mAb was optimal for recovery of nearly all MTEX
present in the input exosomes (i.e. fraction #4). Using an
aliquot of total exosomes, the RFI values for CSPG4+

MTEX were determined for the three patients by detec-
tion flow cytometry performed prior to immunocapture
(Table 4(b)). These pre-capture values for MTEX/total
input exosomes were almost identical to the percentages
of CSPG4+MTEX recovered after immunocapture with
4μg of anti-CSPG4 mAb 763.74/10 μg exosome protein/
100μL beads. The data indicated that under the capture
conditions used, MTEX recovery was nearly complete
even for patient no.6, whose total plasma exosomes were
enriched in MTEX. Based on these results, 4 μg of anti-
CSPG4 mAb 763.74 was used for MTEX capture in all
subsequent experiments with plasma-derived exosomes.

Reproducibility of the methodology to
immunocapture MTEX from melanoma patients’
plasma

Using exosomes from plasma of patients no.4, no. 5, no. 6
and the capture conditions defined above, MTEX capture
with anti-CSPG4 mAb 763.74 as well as re-capture with
anti-CD63 mAb of non-MTEX were repeated three times

Table 2. Titrations of bead volumes for MTEX capture with biotinylated anti-CSPG4 mAba.

NOITCETEDERUTPACENUMMI
Anti-CSPG4mAb 

(µg) 
Beads volume

(µL) 
Exosome protein 

(µg) 
CSPG4+ 

RFI 
CD63+ 

RFI 

1 25 5 3.0 3.1 

1 50 5 2.8 2.6 

1 100 5 4.0 4.1 

1 150 5 1.8 1.6 

a Exosomes (5µg protein) isolated from the supernatant of Mel526 by mini-SEC  
were co-incubated with 1 µg of biotinylated anti-CSPG4 mAb 763.74 and different  
volumes of streptavidin-charged beads (left).  Detection of CSPG4+ and CD63+ MTEX  
was performed by flow cytometry (right). The flow-based detection data are shown as 
relative fluorescence intensity (RFI) values. 

2.8 2.6 

50
μL

 b
ea

ds

CD63+CSPG4+

3.13.0

25
μL

 b
ea

ds
10

0μ
L 

be
ad

s

1.61.8

4.0 4.1

15
0μ

L 
be

ad
s

Isotype
An�body+
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in three separate experiments. The antigen detection (for
CSPG4 or CD63) by flow cytometry with captured/non-
captured exosomes was then performed. The recoveries in
percentages of captured CSPG4+MTEX and CSPG4+ or
CD63+ non-MTEX captured in each of the 3 patients in 3
independent experiments are listed in the Supplementary
Table 3. The data show that MTEX capture with anti-
CSPG4 mAb followed by detection with anti-CSPG4
mAb (using either the mAb 763.74 or mAb 225.28) had
the intra-class correlation coefficient of 0.98 with the 95%
prediction interval at ± 5.8. For the MTEX detection with
anti-CD63 mAb (data not shown) the values were
0.97 ± 6.8. Also, the re-capture of MTEX from the same
total exosomes with additional aliquots of anti-CSPG4
mAb consistently gave negative results. These data indi-
cated that MTEX capture with anti-CSPG4 mAb was
highly reproducible and reliably captured all CSPG4+ exo-
somes present in the total input exosome fractions. The
RFI values for captured CSPG4+ and CD63+ exosomes
usually correspond to each other, suggesting that captured
CSPG4+MTEX are largely CD63+ (Figure 3). We com-
pared efficiency of exosome immunocapture using anti-
CSPG4 mAb vs. anti-CD63 mAb and found the results
were similar (data not shown). Additionally, using exo-
somes captured with anti-CD63 Ab, we performed detec-
tion with labelled 763.74 Ab in the presence of unlabelled
225.28 Ab and vice versa to show that these Abs do not
interfere with one another in detection of exosomes cap-
tured on beads

Phenotypic analysis of captured MTEX and non-
captured exosomes

A representative antigen detection experiment using
plasma exosomes of a patient #6 with metastatic

melanoma is shown in Figure 4. In this patient,
nearly all of captured MTEX were CSPG4+ and a
comparable fraction was CD63+ (RFI values 4.1 vs.
4.4). The non-captured exosomes after re-capture
with anti-CD63 Ab were not stained with labelled
CSPG4-specific mAb 763.74; and most were stained
by anti-CD63 mAb. Staining of these captured
MTEX for selected melanoma-associated antigens
(MAA) provided a limited cargo profile, showing
enrichment in TYRP2 and MelanA, but low con-
tents of gp100 and VLA4 in the MTEX of patient
no.6. Table 5 summarizes the antigen detection data
for the CSPG4+MTEX captured from plasma-
derived exosomes of five melanoma patients. The
content of different MAAs is highly variable among
these patients. In contrast to the MAA profile of
MTEX in patients no.6 and no.8 with advanced
metastatic disease, the MTEX of patient no. 4 with
early disease carry few MAAs. Further, plasma-
derived exosomes of this patient contained few
MTEX relative to a high proportion of MTEX in
patients no.6 and no.8.

The non-captured exosomes were negative for the
CSPG4 epitope and either did not carry or carried a
low cargo of the other MAAs tested (Table 5). The
exception was patient no.6, whose non-captured exo-
somes carried MelanA.

Discussion

Recent studies of EVs in patients with cancer indicate
that these vesicles are heterogeneous, encompassing a
mixture of EVs derived from normal and tumour cells
[8,17]. Only some of EVs populating all body fluids in
these patients are tumour-derived and it is likely that

Table 3. Immunocapture of MTEX from plasma of 3 patients with melanomaa.

IMMUNOCAPTURE DETECTION

Patients Anti-CSPG4 
mAb (µg) 

Exosome protein 
(µg) 

Beads volume
(µL) 

CSPG4+ CD63+ 
RFI RFI 

Patient 1 4 10 100 
1.0 1.0 

Patient 2 4 10 100 
1.4 1.2 

Patient 3 4 10 100 
2.7 2.3 

1.2

2.3

1.01.0

1.4

2.7

CSPG4+                       CD63+

Isotype

Antibody

P
T 

#1
 

P
T 

#3
 

P
T 

#2
 

a Exosomes isolated from plasma of melanoma patients by miniSEC were captured using 

anti-CSPG4 mAb 763.74 at the predetermined ratio of mAb (4 µg): exosome protein (10 

µg):  beads (100 µg) (left).  Flow cytometry-based detection shows relative fluorescence 

intensities (RFIs) of CSPG4+ and CD63+ MTEX captured from each patient’s plasma 

(right panels).
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the ratios of tumour cell-derived vs normal cell-derived
EVs vary from patient to patient. Human tumours
produce and release a variety of EV subtypes which
originate from different cell compartments and differ
in molecular and genetic composition, size and, poten-
tially, in biological effects they mediate [18]. Among
these various EV subtypes, exosomes, and especially
TEX, have been the focus of intense scientific inquiry
[19,20]. TEX have been reported to mediate immune
suppression and to carry a variety of immunosuppres-
sive molecules and factors known to interfere with
immune cell functions [4,21]. TEX are also involved
in tumour growth and progression via autocrine or
juxtacrine interactions [20] and in immune regulation
via the cross-talk with immune cells in the tumour
microenvironment (TME) [22]. Of special interest is

the potential role of TEX as biomarkers of tumour
progression and as liquid tumour biopsies [23]. To
date, however, TEX have largely been studied as by-
products of tumour cell lines maintained in cultures or
as an undefined component of total exosomes in
plasma of patients with cancer. In the absence of
methodology to isolate TEX and separate them from
non-tumour-derived vesicles, the concept of a “liquid
biopsy” as a surrogate of the tumour is currently being
tested with total EV fractions isolated from patients’
plasma. Several methods for EV isolation have been
introduced, but as yet none are validated technologies
[9] . Given the existing phenotypic and functional
heterogeneity of EVs in patients’ plasma, further pro-
gress in establishing the liquid biopsy paradigm is
dependent upon the development of methods for

Table 4. MTEX capture from plasma-derived exosomes and MTEX recovery in melanoma patients with different
disease stagesa.

a In A, titration of anti-CSPG4 mAb 763.74 for immunocapture of MTEX using total exosomes 

(10 µg) isolated from plasma of 3 melanoma patients.  Patients #3 and #4 had early disease, 

while patient #4 had advanced metastatic disease.  Flow-cytometry was used to determine the 

frequency of CSPG4+ exosomes in the captured MTEX after immunocapture with anti-CSPG4 

mAb. 

In B, flow cytometry-based detection of CSPG4+ MTEX performed prior to immunocapture 

using total exosome fractions #4 of the patients. Detection was performed with CD63+ 

exosomes bound to beads and the RFI values for CSPG4+ MTEX were determined. 

NOITCETEDERUTPACONUMMI

Anti-CSPG4 
mAb (µg) 

Beads volume 
(µL) 

Exosome protein
(µg) 

Patient #4 Patient #5 Patient #6 

CSPG4+ exosomes (RFI) 

20 100 10 1.0 1.0 3.4 

10 100 10 ND ND 3.6 

4 100 10 1.6 2.6 3.7 

2 100 10 1.6 2.4 2.8 

1 100 10 1.6 1.6 2.6 

0.75 100 10 1.2 1.2 ND 

Patient # 4 Patient # 5

3.8

Patient # 6

2.92.3

B

A
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isolation and separation of TEX from the bulk of EVs
present in body fluids of cancer patients. Only by
confirming the tumour origin, nature and molecular/
genetic content of TEX will it become possible to
reliably define their role as circulating surrogates of
tumour cells.

Exosomes circulating in cancer patients’ plasma are
expected to carry a unique set of membrane-embedded
molecules, which mimic those present in the parent
tumour cells. Thus, TEX could be separated from

non-tumour-derived vesicles using antibodies specific
for these tumour-associated antigens (TAAs). Indeed,
many attempts have been made to use mAbs specific
for various human TAAs such as CD34 [24], EPCAM
[25], HER2 [25], Survivin [26], PSA [27], tetraspanin
[28] or glipican-1 [19] for isolation of TEX from cancer
plasma. The technologies using mAbs for immune
capture of exosomes depend on flow cytometry, bead-
based captures, microfluidic chips or immunocapture-
based ELISA as reviewed by Chiesi and collaborators

Figure 3. Flow cytometry-based detection of CSPG4 antigen or CD63 antigen carried on exosomes which were immunocaptured
with anti-CSPG4 mAb from plasma of five melanoma patients. Note that the RFI values for CSPG4+MTEX captured from plasma of
these patients varied, and that the frequency of CSPG4+ exosomes corresponds to that of CD63+ exosomes, suggesting that most
of captured MTEX are CD63 +. The asterisks (patients #6 and #8) indicate patients with the highest RFIs and highly advanced
metastatic disease (see Supplementary Table 1).
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[29]. Conceptually, all of these methods have the same
limitation; namely, they target antigens which are
tumour-associated and are not tumour-specific. While
these antigens may be overexpressed in tumour cells,
their concomitant expression on normal cells results in
immune capture from patients’ plasma of exosomes
that cannot be said to be tumour-derived. Hence, the
above strategies provide an enrichment in TEX but do
not separate tumour-derived from non-tumour-
derived exosomes.

We have developed and describe here a new immu-
noaffinity-based method for separation of melanoma-
derived exosomes (dubbed MTEX) from normal cell-
derived exosomes in plasma of patients with mela-
noma. MTEX isolation from patients’ plasma depends

on recognition by mAbs specific for antigenic epitopes
of melanoma-associated antigens (MAAs) that are
expressed only on melanoma cells and are absent
from normal tissue cells. Few mAbs with such
restricted specificity exist. We have generated and
extensively characterized mAbs recognizing unique
epitopes of CSPG4 on melanoma cells [11–15] that
are also carried by exosomes produced by these cells.
One of the mAbs (clone 763.74) with high binding
avidity to the defined CSPG-4 epitope was selected
for MTEX isolation and their separation from normal
cell-derived exosomes in plasma.

In addition to a requirement for an Ab with unique
specificity for an epitope expressed exclusively on mel-
anoma cells, MTEX capture and isolation from plasma

Captured MTEX CSPG4+

CSPG4 CD63

TYRP2

MelanA

GP100

VLA4

Isotype

Antibody+

Non-captured MTEX CD63+

C
o
u
n
t

CSPG4 CD63

TYRP2

MelanA

GP100

VLA4

C
o
u
n
t

4.1 4.4
3.3

3.1
1.3

2.1

1.6

1.4
1.0

1.5 1.0

1.0

Figure 4. A representative flow cytometry for detection of melanoma-associated antigens (MAAs) on the immunocaptured MTEX
fraction and on non-captured exosomes of patient no.6. Note that MAAs are carried by CSPG4+ MTEX but not by non-captured
exosomes.
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is strictly dependent on the availability of “contami-
nant”-depleted, morphologically intact, non-aggregated
exosomes, which carry the antigenic epitope recognized
by the mAb selected for capture. However, when iso-
lated from plasma, all EVs are coated by plasma pro-
teins or protein/nucleic acid aggregates, which limit
access and recognition of antigens. To overcome this
limitation, we aimed first at the removal of the bulk of
plasma “contaminants” by passing pre-cleared plasma
through a mini-SEC column [10]. The vesicles recov-
ered in the column void volume are non-aggregated,
partly “purified” CD63+TSG101+ exosomes that are
morphologically intact, functional and sized at
30-150nm [10]. The mini-SEC-based exosome isolation
is simple, reliable, high throughput and inexpensive,
and thus is applicable to serial exosome isolations on a
clinical scale [10]. The plasma-derived exosomes iso-
lated by mini-SEC are incubated with a selected cap-
ture mAb, which is biotinylated to allow for its binding
to streptavidin-coated beads 3 µm in diameter that are
large enough to accommodate mAb-MTEX complexes
at the density necessary for subsequent detection by
flow cytometry [16].

One could argue that immune capture of exosomes
directly from plasma, without initial mini-SEC-based
isolation, would simplify MTEX recovery. We have
attempted to add the capture mAbs directly to pre-
cleared plasma. However, binding of the capture mAb
to exosomes was in a large part blocked in the presence
of plasma proteins, compromising the reproducibility
of immune capture (data not shown). In contrast, the
addition of appropriately titrated capture mAbs to iso-
lated and partly “purified” exosomes was effective in
selective capture of CSPG4+ MTEX with highly repro-
ducible results (Supplementary Table 3).

Admittedly, the requirement for optimizing the
ratios of exosomes: capture Abs: beads that is necessary
for anchoring the exosome-Ab complexes to beads is
labour-intensive. However, once this ratio was estab-
lished for anti-CSPG4 mAb 763.74, MTEX capture
reliably segregated total exosomes into melanoma-
derived MTEX decorated by melanoma-associated
antigens (MAAs) and non-captured exosomes with
the molecular profile largely devoid of MAAs. It is
notable that the molecular profiles of isolated MTEX
were qualitatively and quantitatively distinct for every
melanoma patient.

Once separated from each other, both MTEX and
non-captured exosomes were phenotyped to deter-
mine their respective protein profiles, using an on-
bead flow cytometry-based detection method
(Figure 2). As this method is dependent on coupling
exosomes to beads, the non-captured exosomes had
to be re-captured using biotinylated anti-CD63 Abs
and streptavidin-coated beads prior to detection.
Using carefully pre-tittered fluorochrome-labelled
detection Abs, we obtained semi-quantitative indi-
vidual assessments based on relative flow intensity
(RFI) values for each targeted protein carried by
exosomes. This provided a molecular profile limited
to the few proteins that we tested for. The advan-
tages of this detection method are that it is econom-
ical, as small numbers of exosomes coupled to beads
are needed, and that Ab-based amplification
increases its sensitivity to enable detection of exo-
some antigens present in femtomolar quantities,
which are not detectable even by mass spectrometry
in our hands. It is possible to measure double posi-
tive exosomes in one tube (instead of separate single
staining) and to evaluate intraluminal content of
exosomes after permeabilization by this method.
This exosome detection method has replaced the
western blots in our laboratory, allowing for evalua-
tion of the capture efficiency as well as the mole-
cular cargo in both captured and non-captured
exosomes.

The rationale for MTEX capture was to probe their
molecular content for the presence of antigens that could
potentially serve as biomarkers of melanoma progression
and outcome. The ability to isolate MTEX, to separate
them from non-tumour-derived vesicles and to probe
their cargo forMAAor othermolecular or geneticmarkers
of the tumour will facilitate testing of the role of MTEX as
liquid biopsies in melanoma. When applied to serial mon-
itoring of MTEX in plasma of melanoma patients, the
capture strategy we have introduced is likely to be instru-
mental in evaluating biological and clinical significance of
MTEX as potential melanoma biomarkers. However, it is

Table 5. Detection of melanoma-associated antigens (MAAs)
carried by captured MTEX or non-captured exosomesa.
Patient CSPG4 TYRP2 Melan A Gp100 VLA4

Captured MTEX
Patient 4 1.6 1.6 1.4 1.2 1.2
Patient 5 2.3 2.3 2.0 3.2 2.9
*Patient 6 4.1 3.1 2.1 1.4 1.5
Patient 7 2.8 2.6 1.0 1.0 1.1
*Patient 8 3.6 2.4 2.9 1.1 1.0

Non-captured exosomes
Patient 4 1.0 1.1 1.0 1.0 1.0
Patient 5 1.0 1.0 1.0 1.3 1.0
Patient 6 1.0 1.1 1.8 1.0 1.0
Patient 7 1.0 1.0 1.0 1.0 1.0
Patient 8 1.0 1.0 1.0 1.2 1.0

aFollowing immunocapture with anti-CSPG4 mAb 763.74, captured MTEX
and non-captured exosomes were analyzed for the MAA content of their
cargos by on-bead flow cytometry. The data are presented as Relative
Fluorescence Intensity (RFI) values. Asterisks indicate patients with the
highest RFI values (patients #6 and #8) for CSPG4+ exosomes. These two
patients had advanced metastatic disease (see Supplementary Table 1).
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likely that the profile of MTEX rather than any single
MAA will serve as a biomarker of disease activity, progres-
sion and outcome. In the ongoing studies, we are currently
correlating MTEX levels in melanoma patients’ plasma,
their molecular profiles and their functional properties
with the clinical endpoints, including stage, clinical course
of the disease, response to therapy and outcome.
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