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Abstract

Tumor-derived exosomes (TEX), a subset of small extracellular vesicles (EVs) which originate 

from the endocytic compartment of tumor cells, are emerging as key players in cancer progression. 

TEX circulate freely in patients’ body fluids and transfer bioactive cargos from tumor to various 

recipient cells. The molecular cargo of melanoma cell-derived exosomes (MTEX) mimics that 

of the tumor, and MTEX serve as a liquid biopsy that provides potentially useful information 

for cancer diagnosis, prognosis or responses to therapy. Plasma of melanoma patients contains 

a mix of MTEX and exosomes produced by non-malignant cells (NMTEX). Isolation of these 

exosome subtypes from the bulk of plasma exosomes is necessary to evaluate contributions of 

each as potential biomarkers of melanoma progression and outcome. Here, methods for separation 

of MTEX from T cell-derived exosomes from a single small volume of plasma and for their 

subsequent molecular and functional characterization are described. Following size exclusion 

chromatography (SEC) to isolate total plasma exosomes, immune affinity-based capture of MTEX 

with anti-CSPG4 antibody and then of exosomes produced by T cells with anti-CD3 antibody is 

used to sequentially isolate the two subsets. This immune capture method enables the recovery of 

MTEX and CD3+ exosomes in quantities sufficient for molecular profiling by flow cytometry or 

western blotting and for functional analyses.
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Introduction:

Extracellular vesicles (EVs) are a heterogeneous population of nanosize lipid membrane 

vesicles shed by all cell types into the extracellular space. Exosomes are a small subset 

(30–150 nm in diameter) of EVs originating from the endocytic compartment and assembled 

in the multivesicular bodies (MVBs). Exosomes are released from a producer cell upon 
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fusion of MVB with the cell membrane [1,2]. The exosome cell membrane and lumen carry 

a wide range of biologically active proteins, lipids, and nucleic acids [3–5]. The content 

and molecular topography of exosomes resemble those of parent cells [6]. These similarities 

with parent cells, e.g., tumor cells, make exosomes a potential candidate for the tumor liquid 

biopsy. Exosomes mediate intracellular communications and regulate many physiological 

and pathophysiological processes, including cancer progression [7–9]. Exosomes can be 

found in all body fluids, and their frequency as well as content reflect general health and 

may change depending on pathophysiological conditions [10–12]. Plasma or other body 

fluid-derived exosomes contain vesicles produced by a broad variety of normal circulating or 

tissue cells and, in disease, by abnormal cells, such as cancer cells [10].

Melanoma is the most fatal among all skin cancers [13]. Melanoma cell-derived exosomes, 

named MTEX, may represent more than 50% of total plasma exosomes [14]. MTEX 

carry a variety of molecular and genetic cargos that modulate functions of recipient cells 

[9]. It has been reported that MTEX carry molecules that reprogram immune cells and 

hinder anti-tumor immune responses, changing patients’ responses to therapy and disease 

outcome [11]. Plasma-derived exosomes are heterogeneous mixtures of different EVs, and 

in melanoma, plasma contains numerous other exosomes in addition to MTEX that are 

of interest, because they carry information about cells of their origin [15]. In melanoma, 

immune cells are activated, and since activated T cells produce numerous exosomes, T 

cell-derived CD3+ exosomes represent a considerable fraction of total plasma exosomes 

[15]. They appear to reflect the immune competence of T cells in disease [15]. We have 

shown that these T cells are re-programmed by MTEX, and their functions are indicative 

of tumor-induced effects on the host immune system [14]. Therefore, both MTEX and 

T cell-derived (CD3+) exosomes in melanoma patients’ plasma are expected to serve as 

biomarkers of disease-induced alterations in the tumor or immune cells, respectively.

To achieve the isolation of vesicles produced by a specific cell type, such as MTEX or CD3+ 

exosomes, special separation approaches are required. As antibodies (Abs) are exquisitely 

specific for cognate antigens, there is a solid rationale for considering immune capture with 

Abs for the isolation of MTEX and NMTEX from total exosomes in melanoma patients’ 

plasma. To immunocapture MTEX, it is necessary to have an Ab that recognizes a protein 

uniquely expressed on the melanoma cell surface and is also present on MTEX. To isolate 

T cell-derived exosomes, an Ab is needed that recognizes the antigen such as CD3 that 

is expressed only on T cells and T cell-derived exosomes. The selection of Abs meeting 

the above criteria is the most critical part of the immunocapture-based methodology for 

exosome isolation from plasma or supernatants of cell lines. With the use of such Abs and 

immune capture methods successively applied to the isolation of MTEX and T cell-derived 

CD3+ exosomes, it is possible to isolate these vesicle subsets from the same specimen of a 

melanoma patient’s plasma.

We describe here an immunoaffinity-based capture method for MTEX and CD3+ T cell-

derived exosomes, which has recently been developed in our laboratory [16,15]. Starting 

with the isolation of morphologically intact, biologically active bulk exosomes from plasma 

by mini size exclusion chromatography (mini-SEC) [12], we implemented immune-capture 

of MTEX using a monoclonal Ab developed by Dr. Soldano Ferrone [17] that recognizes 
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an epitope of chondroitin sulfate peptidoglycan 4 (CSPG4), which is selectively expressed 

on melanoma cells of nearly all patients [18–20]. A commercially available anti-CD3 mAb 

was used to capture T cell-derived exosomes. The sequential immune capture of MTEX and 

then CD3+ exosomes on Ab-coated beads was applied to a single batch of total exosomes 

obtained by mini-SEC from a small volume (1mL) of melanoma patient’s plasma. The 

method has been routinely used by us to allow for reproducible recovery and subsequent 

molecular characterization of the two exosome fractions [14,15]. The overall objective of 

the procedure is to make MTEX and CD3+ exosomes available for molecular profiling and 

future biomarker analysis.

2. Materials

2.1. Isolation of exosomes from plasma using mini-SEC

1. Plasma of melanoma patients serves as a source of exosomes. Peripheral venous 

blood samples are collected from melanoma patients after obtaining a signed 

IRB approved consent from all blood donors. Blood samples are collected into 

heparinized (green top) tubes to obtain plasma.

2. 1.5 mL Microcentrifuge Tubes (Thermo Fisher Scientific, catalog number: 05–

408-129).

3. 0.22μm syringe filter units (Millipore Sigma, catalog number: SLGP033RS).

4. 3mL syringe without needle (BD Becton Dickinson, catalog number: 309656).

5. Sepharose CL-2B (GE Healthcare Life Sciences, catalog number: 17–0140-01) 

(See Note 1).

6. Econo-Pac® chromatography columns (1.5 × 12cm, 20mL bed volume, Bio-Rad, 

Catalog number: 7321010).

7. Eisco™ Premium Lab Metalware Set (Thermo Fisher Scientific, catalog number: 

501042880).

8. Phosphate-buffered saline (Lonza, catalog number: BW17–516F).

9. Eppendorf 5415D Centrifuge.

10. Sorvall™ Legend RT Centrifuge (Thermo Fisher Scientific)

2.2. Characterization of exosomes recovered from plasma

1. Pierce™ BCA Protein Assay Kit (Pierce Biotechnology, catalog number: 23225)

2. Peirce™ Lane marker reducing sample buffer, 5X (Thermo Fisher Scientific, 

catalog number: 39000).

3. Immobilon-P PVDF Membranes (EMD Millipore, catalog number: IPVH00010)

1.GE Healthcare Bio-Sciences supplies Sepharose CL-2B gel in ethanol. To remove ethanol, wash Sepharose beads (GE Healthcare 
Bio-Sciences, cat. no. 17-0140-0) with 500mL of PBS x3. Allow Sepharose to settle for 4h between each washing step. Store washed 
Sepharose at 4°C in PBS.
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4. Mini-PROTEAN® TGX™ Gels (Bio-Rad Laboratories, catalog number: 456–

1084)

5. Anti-TSG101 antibody, 1:500 (Abcam, catalog number: ab30871)

6. Anti-CD63 antibody, 1:1000 (Thermo Fisher Scientific, catalog number: 

10628D)

7. Anti-Calnexin antibody (Cell Signaling Technology, catalog number: 2679)

8. Anti-Grp94 antibody, 1:1000 (Cell Signaling Technology, catalog number: 2104)

9. Nanopore membrane (IZON, catalog number: NP150)

10. qNano instrument (IZON)

11. Uranyl acetate (Electron Microscopy Sciences, catalog number: 22400)

12. Transmission electron microscope, JEOL JEM1011 (JEOL)

13. Copper grids, 200 mesh, for TEM (Electron Microscopy Sciences, catalog 

number: G200TT-CU).

14. Eppendorf 5415D Centrifuge.

15. 0.5mL 100 kDa Amicon Ultra Centrifugal Filter Units (EMD Millipore, catalog 

number: UFC510096)

2.3. Immunoaffinity-based MTEX or CD3+ exosome capture

1. ExoCap™ Streptavidin Kit (MBL International Corporation, catalog number: 

MEX-SA).

2. Biotin-labeled anti-human CD3 antibody (Hit3a clone, Biolegend, catalog 

number: 300303).

3. Biotin-labeled anti-human CD63 antibody (H5C6 clone, Biolegend, catalog 

number: 353018).

4. Monoclonal antibodies (mAbs) specific for CSPG4. We used two mAb clones: 

763.74 for capture and 225.28 for detection. The clones recognize distinct 

and spatially-distant epitopes of CSPG4 and were generated, purified and 

characterized by Dr. Soldano Ferrone[17,21] (see Note 2).

5. Lightning-Link® Rapid Biotinylation Kit – Type B (Expedeon, Catalog number: 

371–0010).

6. Eppendorf 5415D Centrifuge.

7. MagRack™ 6 (GE Healthcare Life Sciences, catalog number: 28948964)

2.We use mAbCSPG4 clone 763.74 to capture MTEX and clone 225.28 to detect CSPG4 on the captured MTEX. These Ab clones 
are not commercially available and can be obtained on request from Dr. Soldano Ferrone, Harvard U. Biotinylate CSPG4 mAb clone 
763.74 using the Lightning-Link® Rapid Biotinylation Kit – Type B (Expedeon, Catalog number: 371-0010) and conjugate CSSPG4 
mAb clone 225.28 with APC using Lightning-Link® Allophycocyanin antibody labeling kit (Expedeon, catalog number: 705-0010) 
following the manufacturer’s recommendations. For APC conjugation of mouse IgG2a isotype control, maintain the same weight ratio 
of IgG to APC as that used during labeling of CSPG4 with APC, following the manufacturer’s recommendations. Store conjugated 
antibodies and IgG at 4 °C.
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2.4. Detection of MTEX or CD3+ exosomes

1. Monoclonal antibodies (mAbs) for CSPG4 clones 225.28 (see Note 2).

2. Expedeon Lightning-Link® Allophycocyanin antibody labeling kit (Expedeon, 

catalog number: 705–0010)

3. Mouse IgG2a isotype control (R&D Systems, catalog number: MAB0031) (see 
Note 2)

4. Mouse serum (Millipore Sigma, catalog number: M5905–5ml)

5. BD LSR Fortessa™ flow cytometer, BD Biosciences.

6. Eppendorf 5415D Centrifuge.

7. MagRack™ 6 (GE Healthcare Life Sciences, catalog number: 28948964).

3. Methods

3.1. Isolation of Exosome from plasma

3.1.1. Pre-clearing of blood samples

1. Centrifuge heparinized blood samples at 1000xg at room temperature (RT) 

for10min to separate cells from plasma.

2. Transfer the plasma layer into a new tube and centrifuge at 2000xg for 10min at 

RT to sediment cell debris and aggregates.

3. Carefully collect the upper layer in a fresh tube and divide into 1mL aliquots. 

The plasma can be used fresh or stored at −80°C for later use.

4. Thaw a stored plasma vial at RT or continue with freshly collected plasma. 

Centrifuge the plasma at 10,000×g for 30min at 4°C (see Note 3).

5. Collect centrifuged plasma and filter it using a 0.22µm syringe filter unit to 

remove the larger vesicles, bacteria, mitochondria, other organelles or aggregated 

materials.

3.1.2. Mini-size exclusion chromatography (Mini-SEC)—An illustration of the 

principle for size exclusion chromatography is presented in Fig. 1.

1. Add Sepharose beads to the Econo-Pac® chromatography column until 

Sepharose bed volume reaches a 10mL mark on the column wall. Once the 

column is packed, place a porous frit at the top of the Sepharose bed using 

tweezers (see Note 4).

2. Wash the Sepharose column by passing 20mL PBS through the column.

3.Microvesicles (MVs) sediment at 10,000×g centrifugation, while small exosomes stay in solution. Pellet could be harvested for 
studies of MVs)
4.Caution needs to be taken to avoid air bubble formation inside the Sepharose bed while placing Sepharose beads into the column. If 
the air bubble is formed, add more PBS into the column and dislodge the Sepharose bed by pipetting, and then allow the Sepharose 
beads to settle down slowly. Carefully insert the frit in the column from top and orient frit horizontally using a tweezer, and then 
slowly lower the frit onto the Sepharose bed.
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3. Once PBS enters the Sepharose bed, place 1mL of clarified plasma onto the frit 

sitting on top of the column bed and wait until plasma enters the column (see 
Note 5).

4. Add 1mL PBS on the top of the column and collect the eluted fraction as fraction 

#1. Repeat this process two times and collect the eluent as fractions #2 and #3. 

Fractions #1 to #3 are waste fractions (see Note 6)

5. Add another 1mL of PBS and collect the corresponding eluent as the fraction # 4 

in a 1.5 mL microcentrifuge tube. Fraction #4 contains the bulk of exosomes. It 

can be used immediately or stored at 4°C for no more than a week. Fraction #5 

contains aggregated exosomes and is not collected.

3.2. Exosome characterization

It is necessary to check whether vesicles collected in the mini-SEC fraction #4 satisfy the 

criteria set for exosomes by the International Society for Extracellular Vesicles (ISEV) [22]. 

The following assays can be used for characterization of the isolated vesicles: protein levels, 

transmission electron microscopy (TEM), size distribution and particle concentration, and 

the presence of vesicle-specific protein makers (both positive and negative) by immunoblots 

and/or flow cytometry (Fig. 2). To avoid exosome aggregation, perform the TEM and qNano 

analysis immediately or within two days of exosome isolation.

3.2.1. Protein measurements—Measure the protein concentration of exosomes using 

the BCA method following the manufacturer’s recommendation (see Note 7).

3.2.2. Transmission electron microscopy

1. Add a 3µL aliquot of exosomes on the grid and soak up the excess of exosomes 

using filter paper. Allow the grid to air dry for 3min (see Note 8).

2. Stain exosomes with 10µL of 1% (v/v) uranyl acetate solution in distilled water 

and remove excess uranyl acetate using filter paper. Allow the grid to air dry for 

3min.

3. Observe exosome images from the TEM; note their morphology and diameter. 

Fig. 2A shows a TEM image of exosomes isolated by mini-SEC from melanoma 

patients’ plasma.

3.2.3. Measurements of exosome size and concentration by tunable resistive 
pulse sensing (TRPS)—Analyze the size and number of exosomes collected in fraction 

5.This method is standardized for 1mL plasma or other samples. To separate samples larger than 1mL in volume separation, a larger 
column can be used, but this will require prior standardization of the procedure to be able to recover “protein-contaminant free” 
exosomes. Alternatively, a series of several small column can be set up in parallel, each charged with 1mL of plasma as illustrated in 
ref [23].
6.The fractions #3 collected from mini-SEC contains microvesicles (MVs) and a few larger exosomes.
7.We use 25µL of fraction #4 for the protein measurement to make sure that it falls within the detection range of the BCA-based 
method. Most of the time, levels of protein recovered in fraction #4 are relatively low compared to cell lysates, for example. Thus, it 
is necessary to use exosome volumes large enough to allow for accurate protein measurements while using the BCA method (Pierce 
Biotechnology, catalog number: 23225).
8.Dilute exosomes prior to loading them onto the grid. Loading of highly concentrated exosomes will give crowded TEM images and 
prevent reliable estimations of exosome diameters and morphology.
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#4 using NP150 nanopore in a qNano instrument following the manufacturer’s instructions. 

(see Note 9).

3.2.4. Western blot analysis

1. Concentrate 0.5mL of fraction #4 to 250µg protein per mL using 100 kDa 

Amicon Ultra centrifugal filters and spinning the sample at 2000×g for 5min at 

RT.

2. Use 10µg exosomes for each western blot run. Add the Lane marker reducing 

buffer to each exosome sample. Denature proteins by heating the samples at 

95°C for 5min.

3. Load 10µg protein equivalent of reduced exosomes in the gel sample wells and 

perform standard gel electrophoresis for western blot.

4. Transfer separated proteins into the PVDF membrane.

5. Examine the membrane for exosome protein markers such as CD9, TSG101, 

CD63 or other proteins of interest following the standard western blot protocols.

3.3. Separation of MTEX from -NMTEX

The exosomes isolated from patients’ plasma specimens by mini-SEC are a mixture 

of vesicles originating from many different cell types, including immune cells. EVs in 

melanoma patients’ plasma are enriched in exosomes derived from melanoma cells (i.e., 

MTEX). Immune capture of MTEX is performed first and it follows the established 

immune-affinity based method [16], which utilizes anti-CSPG4 mAb clone763.74 specific 

for a peptide epitope of the melanoma tumor antigen, chondroitin sulfate peptidoglycan 4 

(CSPG4). This epitope is expressed on the surface of melanoma cells and on exosomes 

produced by these cells but is lacking from the surface of non-malignant cells or exosomes 

produced by these cells [20,19,18]. The success of immunocapture is strictly dependent on 

specificity of the capture Ab for the targeted antigen present on melanoma cells and on 

MTEX and on its absence from non-malignant cells and their exosomes (NMTEX). Thus, 

extensive testing for specificity and careful selection of mAbs to be used for immune capture 

is necessary. In addition, titrations of the selected mAb to determine the optimal ratios 

of mAb to MTEX and to beads used for their capture are critically important. Extensive 

preliminary titration steps are necessary to optimize the immune capture, and melanoma 

cell line-derived exosomes can be used in lieu of plasma-derived exosomes to establish and 

calibrate the conditions for immune capture. The MTEX capture procedure is illustrated in 

Fig. 3.

The non-captured exosomes, presumably the CSPG4(−) NMETX, are harvested and 

are used for the second immune capture to isolate T cell-derived CD3+ exosomes. A 

commercially available anti-CD3 mAb can be used. Thus, for each batch of total plasma 

exosomes isolated by SEC, two successive immune captures are performed, first to capture 

9.Other methods, such as NanoSight or Zetasizer can be used to determine the size of exosomes but each method will give somewhat 
different values.
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MTEX with biotinylated anti-CSPG4 mAbs and then to capture CD3+ T cell-derived 

exosomes with biotinylated anti- CD3 mAbs, In both successive captures, streptavidin-

labeled beads are used for capture of biotin-labeled anti-CSPG4 or anti-CD3 mAbs 

complexed with the relevant exosomes (Fig. 3).

3.3.1. Immunoaffinity-based capture of MTEX on magnetic beads:

1. Measure the protein concentration of the fraction #4 collected from mini-SEC by 

BCA method following the manufacturer’s protocol (See Note 7).

2. Using 0.5mL of fraction #4, adjust protein concentration to 10µg/100µL either 

by using 100 kDa Amicon Ultra centrifugal filters at 2000×g or by diluting with 

PBS.

3. Place 10µg of exosome protein in a microcentrifuge tube and add 4µg of biotin-

labeled anti-CSPG4 mAb clone 763.74. Incubate the mixture for 16–18h at 4°C 

with gentle agitation on a shaker (see Note 10 and 11).

4. Next day, combine the exosome/mAb mixture with 100µL of streptavidin-labeled 

beads and incubate for 2h at RT with gentle agitation (See Note 12).

5. Use a magnet to separate the magnetic beads from the supernatant. Beads 

contain the captured MTEX and the supernatant contains non-captured CSPG4 

(−) NMTEX. Utilize the NMTEX fraction for the subsequent isolation of T 

cell-derived exosomes.

6. Captured MTEX are washed x3 with 100µL PBS using a magnet. Captured 

beads can be stored at 4°C for up to one week (See Note 11).

3.3.2. Immunoaffinity-based Capture of CD3+ exosomes from NMTEX—The 

NMTEX fraction contains non-captured exosomes in suspension, including CD3+ exosomes 

produced by T cells. Isolation of CD3+ exosomes from NMETX is illustrated in Fig. 3. To 

measure the protein concentration in the NMTEX fraction use the BCA method (See Note 

7).

1. Concentrate the NMTEX fraction to 10µg/100µL, using 100kDa Amicon Ultra 

centrifugal filters at 2000×g.

2. Co-incubate 1µg of biotin-labeled anti-CD3 mAb and 10µg of concentrated 

NMTEX in 100µL PBS for 2h under gentle agitation at RT.

10.The immune capture of MTEX or CD3+ exosomes requires prior optimization, where various exosome protein concentrations 
ranging from 5 to 20µg are co-incubated with 0.5 to 4 µg of biotinylated anti-CSPG4 or anti-CD3 mAbs in the presence of 10 to 
100µL of streptavidin-labeled beads per 100µL of reaction volume [15,16]. For MTEX capture,10µg exosome protein, 4µg CSPG4 
antibody and 100µL MBL beads were found to be optimal [16], while 10µg exosome protein, 1µg anti-CD3 mAb and 50µL MBL 
streptavidin-labeled beads worked best for capture of T cell-derived exosomes [15]. Clearly, these parameters for immune capture have 
to be re-defined as new batches of mAbs are used for immune capture.
11.Make sure this is done with gentle agitation, just enough to make sure that beads are homogeneously distributed in the solution 
during the incubation time. High-speed vortex mixing or agitation of exosomes with magnetic beads may damage the exosomes. Thus, 
during washing steps, avoid vortex and instead, use the pipetting method to mix the exosome solution.
12.Wash streptavidin-coated beads once with PBS before use. Remove PBS completely from the beads and then add exosome/
antibody mixture to the solid streptavidin-coated beads. To ensure that beads are homogeneously mixed, it is necessary to maintain the 
reaction volume at no less than 100µL in a 1.5mL microcentrifuge tube.
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3. Add the above mixture into 50µL equivalent of streptavidin-labeled beads and 

incubate for 2h at RT with gentle agitation.

4. Remove the non-captured fraction using a magnet and store it in a fresh tube.

5. Wash the captured fraction x3 with 100µL PBS using a magnet.

3.3.3. Immunoaffinity-based capture of CD63+exosomes from the non-
captured fractions—The success of immunocapture-based method relies on the complete 

capture of both CSPG4(+) and CD3+exosomes. Thus, the non-captured exosomes should 

be negative for CSPG4 and for CD3, respectively. Non-captured exosomes are incubated 

with biotinylated anti-CD63mAb specific for a tetraspanin carried by most exosomes. The 

immunocaptured CD63+ exosomes are tested by flow cytometry for the presence of CSPG4 

or CD3 proteins.

1. Concentrate the non-captured fraction to 10µg/100µL using a 100kDa cutoff spin 

filter by centrifuging at 2000 × g at RT.

2. Add 1µg of biotin-labeled anti-CD63 mAb to 10µg of the concentrated non-

captured fraction and incubate for 2h at RT with gentle agitation.

3. Combine the exosome/antibody mixture with a 50µL equivalent of streptavidin-

coated beads and incubate for 2h at RT with gentle agitation.

4. Collect the captured fraction using a magnet and wash it x3 with 100µL of PBS.

3.4. Detection of antigens on the immunocaptured MTEX or CD3+ exosomes

By definition, the immunocaptured MTEX should be CSPG4+ and carry melanoma-

associated antigens (MAA). Similarly, immunocaptured T cell-derived exosomes should be 

CD3+ and carry T cell-associated antigens such as PD-1 or CTLA4. The antigenic profiles 

of immunocaptured exosomes can be detected by on bead flow cytometry [15,16]. MTEX, 

CD3+ exosomes and CD63+ exosomes recovered from plasma exosomes using the isolation 

protocol described above are coupled to beads, as illustrated in Figs. 3 and 4. By using 

fluorochrome-labeled mAbs specific for antigens carried by these exosomes, it is possible 

to detect and quantitate relative levels of expression for various antigens on exosomes. 

The strategy of on-bead flow cytometry for exosome profiling is illustrated in Fig. 5 

and is described elsewhere [15,16]. Relative mean fluorescence intensity values for each 

antigen present on MTEX, CD3+ or CD63+ exosomes can be determined as can ratios of 

costimulatory to immunosuppressive proteins on the exosome surface. The flow-cytometry 

based antigen detection on isolated MTEX and NMTEX is used for molecular profiling 

of the captured exosomes. An example of this detection strategy involves a search for the 

CSPG4 antigen on MTEX or NMTEX using fluorochrome-labeled anti-CSPG4 mAb clone 

225.28.

1. Place 4µL of MTEX captured on beads (see section 3.3.1) in a fresh microfuge 

tube. Adjust the volume to 98µL using PBS (see Note 13 and 14).

13.Flow cytometry-based detection can also be performed with CD63+ exosomes captured on beads (Fig. 4 and 5) or with CD3+ 
exosomes captured on beads (Fig. 4) using fluorochrome-labeled Abs specific for any protein of interest. The procedure can be 
used for ascertaining that immune capture was complete (i.e., MTEX are positive for CSPG4. while NMTEX are negative; or CD3+ 
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2. Add 2µL of mouse serum and incubate for 30min at RT.

3. Remove the supernatant using a magnet and disperse MTEX on beads in 100µL 

of 0.5% (v/v) mouse serum in PBS.

4. Add 4µg of APC-labeled anti-CSPG4 mAb clone 225.28, mix and incubate at 

RT for 1h with gentle agitation, protecting the microfuge tube from light. (for 

isotype control, use an equivalent level of APC-conjugated mouse IgG2a in place 

of anti-CSPG4 mAb in a separate microfuge tube)

5. Wash the beads x3 with 100µL of PBS using a magnet. Finally, disperse the 

beads in 300µL PBS for flow cytometry.

6. On-bead flow cytometry is performed with the gate set on MTEX/mAb/bead 

complexes. Relative fluorescence intensity (RFI) of the complexes is calculated 

by dividing the intensity value of mAb- stained MTEX by the intensity value of 

IgG isotype control.
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Fig. 1: 
Illustration of the principle of size exclusion chromatography (SEC). (A) Sepharose beads 

(gold), large size EVs (green), medium-size EVs (red), and small size EVs (purple). (B1) 

The column is loaded with Sepharose beads and EVs are placed in the column. (B2) Larger 

EVs enter first into few pores of the Sepharose column, move down with the elution buffer 

and elute first. (B3) Medium EVs enter the pores later and thus elute after larger EVs (B4) 

Smaller EVs enter into many pores, move slowly through the column and elute later. (C) A 

histogram plot illustrating EV elution from the column; the elution time of EVs depends on 

their size. The vesicles elute in early fractions, while smaller protein aggregates or individual 

proteins are retained in the column and are eluted in later fractions.
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Fig. 2: 
Characterization of exosomes isolated using mini-SEC from the plasma of melanoma cancer 

patients. (A) TEM images of exosomes recovered in the SEC fraction #4; (B) A bar graph 

presentation of the number of exosome particles per µg of protein in the SEC fraction 

#4 isolated from plasma of three different melanoma patients. (C) A representative size 

distribution profile for exosomes from plasma of a melanoma patient isolated by SEC and 

measured using qNano. (D) Western blot analysis of melanoma exosomes.
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Fig. 3: 
A schema of the immunoaffinity based capture method to sequentially capture MTEX and T 

cell-derived exosomes from total plasma exosomes. Exosomes were first co-incubated with 

biotin-labeled anti-CSPG4 mAb clone 763.74 and immune-captured on streptavidin-coated 

magnetic beads. The captured MTEX were recovered using a magnet. The non-captured 

exosomes (NMTEX) were then used to capture CD3+ exosomes using. biotin-labeled 

anti-CD3 mAb and streptavidin-coated magnetic beads. Finally, the exosome-antibody-bead 

complex was recovered using a magnet.
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Fig. 4: 
Immune capture of CD3+ exosomes and detection of the exosome cargo by on-bead 

flow cytometry. After exosome isolation from plasma by mini-SEC, immune capture with 

biotinylated anti-CD3 mAb antibody on beads separated CD3+ from uncaptured CD3neg 

exosomes. Proteins carried by CD3+ exosomes on beads are detected by using labeled mAbs 

specific for these proteins and on-bead flow cytometry. Non-captured CD3neg exosomes 

can be captured on beads using biotinylated ant-CD63 antibody for detection. The figure is 

adapted from Theodoraki et al. [15] and reproduced with permission of the Wiley Publishing 

Company.
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Fig. 5: 
Representative on bead flow cytometry for detection of melanoma-associated antigens 

(MAAs) on the immunocaptured MTEX and NMTEX from plasma of a melanoma patient. 

NMTEX were re-captured on beads with biotinylated anti-CD63 mAb. The values within the 

histogram represent relative fluorescence values (RFI). RFI = MFI of detection Ab/MFI of 

isotype control Ab. Note that MAAs are carried exclusively by CSPG4(+) MTEX and are 

absent from non-captured exosomes (NMTEX). The figure is adapted from Sharma et al. 

[16] and reproduced with permission of the Taylor & Francis Group.
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