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SUMMARY: 28 
The protocol describes a reproducible method designed for use with cell culture supernatants to 29 
detect surface epitopes on small extracellular vesicles (EV). It utilizes specific EV 30 
immunoprecipitation using beads coupled with antibodies that recognize surface antigen CD9, 31 
CD63, and CD81. The method is optimized for downstream flow cytometry analysis. 32 
 33 
ABSTRACT: 34 
Flow cytometry (FC) is the method of choice for semi-quantitative measurement of cell-surface 35 
antigen markers. Recently, this technique has been used for phenotypic analyses of extracellular 36 
vesicles (EV) including exosomes (Exo) in the peripheral blood and other body fluids. The small 37 
size of EV mandates the use of dedicated instruments having a detection threshold around 50-38 
100 nm. Alternatively, EV can be bound to latex microbeads that can be detected by FC. 39 
Microbeads, conjugated with antibodies that recognize EV-associated markers/Cluster of 40 
Differentiation CD63, CD9, and CD81 can be used for EV capture. Exo isolated from CM can be 41 
analyzed with or without pre-enrichment by ultracentrifugation. This approach is suitable for EV 42 
analyses using conventional FC instruments. Our results demonstrate a linear correlation 43 
between Mean Fluorescence Intensity (MFI) values and EV concentration. Disrupting EV through 44 
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sonication dramatically decreased MFI, indicating that the method does not detect membrane 45 
debris. We report an accurate and reliable method for the analysis of EV surface antigens, which 46 
can be easily implemented in any laboratory. 47 
 48 
INTRODUCTION: 49 
Cells secrete extracellular vesicles (EV) of different sizes including microvesicles (MV) and 50 
exosomes (Exo). The latter can be distinguished from MV by both size and the subcellular 51 
compartment of origin. MV (200-1,000 nm in size) are released from parent cells by shedding 52 
from the plasma membrane. Conversely, Exo (30- 150 nm) originate from endosomal membranes 53 
and are released into the extracellular space when the multivesicular bodies (MVB) fuse with the 54 
cell membrane1,2.  55 
 56 
EV are increasingly used as diagnostic biomarkers as well as, potentially, therapeutic tools in 57 
many fields including oncology, neurology, cardiology, and musculoskeletal diseases3-5. A vast 58 
majority of ongoing studies using EV as therapeutic agents exploit the isolation of vesicles from 59 
cell-conditioned medium (CM) of in vitro cultured cells. Mesenchymal stem cells (MSCs) exert 60 
beneficial effects in several contexts, and MSC-derived EV have shown benefits in models of 61 
myocardial ischemia/reperfusion injury6 and brain injury7. MSC-derived EV also exhibit immune 62 
modulatory activities that can be exploited to treat immune rejection, as demonstrated in a 63 
model of therapy-refractory graft-versus-host disease8. Amniotic fluid stem cells (hAFS) actively 64 
enrich CM with MVs and Exo, heterogeneously distributed in size (50–1,000 nm), which mediate 65 
several biological effects, such as proliferation of differentiated cells, angiogenesis, inhibition of 66 
fibrosis, and cardioprotection4. We have recently shown that EV, and particularly Exo, secreted 67 
by human cardiac-derived progenitor cells (Exo-CPC) reduce myocardial infarct size in rats5,9.  68 
 69 
Exo share a common set of proteins on their surface, including tetraspanins (CD63, CD81, CD9) 70 
and major histocompatibility complex class I (MHC-I). In addition to this common set of proteins, 71 
Exo also contain proteins specific for the EV subset of the producer cell type. Exo markers are 72 
gaining paramount importance because they play a crucial role in inter-cellular communication, 73 
thereby regulating many biological processes5,10.  Because of their small size, finding an easy way 74 
to analyze EV using classical flow cytometry (FC) remains a challenging task. 75 
 76 
Here, we present a simplified protocol for EV analysis using FC, which can be applied to pre-77 
enriched samples obtained through ultracentrifugation or directly to CM (Figure 1). The method 78 
uses beads coated with a specific antibody that binds canonical Exo-associated surface epitopes 79 
(CD63, CD9, CD81) without additional washes. FC analyses can be performed using a conventional 80 
cytometer with no need for adjustments prior to measurements. Methods for the 81 
characterization of antigens on individual small particles using flow cytometers have been 82 
described by other groups with respect to various applications11–13. Here, we used functionalized 83 
magnetic beads for the capture of small particles and Exo, followed by phenotyping of captured 84 
particles by FC. Although this method can be used to characterize the antigenic composition of 85 
small vesicles released by any cell type in vitro, here we provided specific cell culture conditions 86 
that apply for the culture of human cardiac progenitor cells (CPC) and the most appropriate 87 
environment for the production of EV by these cells. 88 



   

   
 

 89 
PROTOCOL: 90 
 91 
1. Collection and processing of conditioned media 92 

 93 
1.1. Coat 55 cm2 Petri dishes with 0.02% porcine skin gelatin in PBS.  94 

 95 
1.2. Plate CPC (8,000/cm2) in pre-coated dishes with 7 mL of Iscove's Modified Dulbecco's 96 
Medium (IMDM) supplemented with 20% FBS (Fetal Bovine Serum) and 1% 97 
Penicillin/Streptomycin (P/S). 98 

 99 
NOTE: The term “CPC” refers to human explant derived cells that have been described 100 
elsewhere14. CM can be collected from different cell types cultured in specific culture conditions. 101 
Wear gloves and work under a biological hood.  102 
 103 
1.3. Once cells reach about 80% confluence, remove the culture medium, wash cells twice with 104 
Dulbecco's PBS (PBS) Ca- and Mg-free and replace it with 10 mL of serum-free Exo-production 105 
medium (Dulbecco's Modified Eagle's Medium [DMEM] High Glucose, 4.5 g/mL). 106 

 107 
NOTE: Proceed with a progressive decrease of serum concentration in culture medium, to 108 
gradually adapt cells to serum-free condition (SF). For cells that are sensitive to serum-free 109 
medium prepare a medium containing FBS but depleted of EV. Prepare medium supplemented 110 
with all nutrients, plus 10%–20% (v/v) FBS. Centrifuge the medium overnight at 100,000 × g, 4 °C. 111 
Be aware that this procedure does not guarantee 100% removal of FBS-derived EV. 112 

 113 
1.4. After 7 days, collect the CM in a polypropylene centrifuge tubes.  114 

 115 
NOTE: The time for medium conditioning depends on the cell type. For cells that are sensitive to 116 
serum-free medium, increase the initial volume of medium and decrease the time for CM 117 
collection to 24-48 h.  118 

 119 
1.5. Clear CM from cell debris by centrifuge at 3,000 x g for 20 min at 4–10 °C. Collect the 120 
supernatant in a 100 kDa centrifuge filter tube. 121 

 122 
1.6. Concentrate cleared CM by spinning the tube at 2,000 x g for 20 min at 4–10 °C.  123 
 124 
NOTE: This step will reduce the initial volume of CM allowing the use of small-volume tubes for 125 
high speed centrifuge steps and will contribute to eliminate small protein aggregates. 126 

 127 
1.7. Collect the concentrate in a microcentrifuge tube. Centrifuge at 10,000 x g for 15 min at 4–128 
10 °C. 129 

 130 
1.8. Collect the supernatant and proceed to section 2 (EV enrichment). If an ultracentrifuge is not 131 
available proceed directly to section 3 (Nanoparticle Tracking Analysis (NTA) quantification).  132 



   

   
 

 133 
NOTE: Pre-enrichment of EV fraction improves final read-out in fluorescence intensity (see 134 
representative results and Figure 4). Cleared CM (from point 1.10) can be stored at 4 °C for no 135 
longer then 1-2 days or alternatively at −80°C for several months.5 CM should be pre-cleared to 136 
remove any cellular debris before storage at -80°C in order to ensure that exosome-sized debris 137 
is not formed in the freeze-thaw process. 138 
 139 
2. Extracellular vesicles enrichment by ultracentrifuge (optional) 140 

 141 
2.1. Place the supernatant from step 1.8 in a polycarbonate thick wall ultracentrifuge tube. Fill 142 
the tube with 1x phosphate buffer saline (PBS) until it reaches the maximal capacity (3.2 mL). 143 

 144 
2.2. Load samples in a titanium fixed-angle rotor (8 x 3.2 mL, k-Factor 13). Load the rotor in a 145 
tabletop ultracentrifuge. Ultracentrifuge at 100,000 x g for 3 h at 4–10 °C. 146 

 147 
2.3. Discard the supernatant and resuspend the pellet in 100 µL of 1x PBS. 148 
 149 
3. Nanoparticle tracking analysis (NTA) quantification 150 

 151 
3.1. Dilute 1 µL of sample (from either step 2.3 or 1.8) in 999 µL of 1x PBS. Load the sample in a 152 
1 mL syringe, avoiding bubble formation. Load the syringe in the inlet port of the examination 153 
chamber. 154 

 155 
3.2. Turn on the laser. Open the camera with the Capture button. Adjust the focus. 156 

 157 
3.3. Record at least 3 different frames of 60 s each. 158 

 159 
3.4. Analyze the 3 different acquisitions using the Batch Process option in the software. 160 

 161 
NOTE: If the NTA technology is not available, perform a protein quantification by the Bradford 162 
assay (1 x 108 particles correspond to 1-2 µg of total protein after ultracentrifugation or to 50-60 163 
µg total protein if quantification is performed directly for CM as it includes proteins contaminants 164 
different from EV; see Table 1)5.  165 
 166 
4. Sample preparation 167 
 168 
4.1. Prepare a pool of the 3 types of capture beads (CD9 beads, CD63 beads, and CD81 beads at 169 
a 1:1:1 ratio; see Table of Materials) and vortex.  170 

 171 
NOTE: The pool has been tested to be stable for 1 month. A single type of capturing bead may be 172 
used, this will allow the detection of EV sub-populations not discriminable with pool of beads. By 173 
using single antigen capturing beads, it will be possible to contemporary demonstrate the 174 
presence of tetraspanin proteins, such as CD9, CD81, or CD63, and the antigen of interest 175 
detected by fluorescent antibody. Alternative aldehyde-sulfate latex beads are also commercially 176 



   

   
 

available. These beads present hydrophobic surface for the adsorption of MV and EV.  177 
 178 
4.2. In a round bottom tube, add the amount of volume corresponding at 1 x 108 particles plus 1 179 
µL of the bead pool, corresponding to 1.2 x 105 beads in total (for each test). 180 

 181 
4.3. Prepare a tube containing 1 µL of beads without EV that will serve as negative control, hereby 182 
referred as “Beads”. 183 

 184 
4.4. Adjust the volume to 100 µL with 1x PBS. Place the tube in a thermo-mixer, and shake at 400 185 
rpm overnight at 4-10 °C. 186 

 187 
4.5. The next day, move the samples to a round bottom 96-well plate (or FC tubes).  188 

 189 
4.6. Add the antibody (10 µg/mL of CD9_FITC, 10 µg/mL of CD63_PE, and 5 µg/mL of CD81_PE).  190 

 191 
4.7. Incubate 1 h at 4–10 °C. 192 

 193 
4.8. Add 100 µL of 1x PBS to each well. 194 
 195 
4.9. Proceed to acquisition. 196 

 197 
5. Acquisition 198 
 199 
5.1. Open the acquisition software and start up the instrument (Cytometer > System Startup 200 
Program). Open a new experiment. 201 

 202 
5.2. Create an experimental template, then select Plate and then Add Plate. Select the position 203 
of the samples on the plate and then press Set As Sample Well.  204 

 205 
5.3. Enter the sample name (i.e. CPC#1_CD9FITC) in the Naming Rules. Open the Channel Tab 206 
and switch on the FITC and PE Channels. 207 
 208 
5.4. Load the plate in the instrument. 209 

 210 
5.5. Press Dot Plot and create a new dot plot (P1). Set Forward Scatter Area (FSC-A) versus Side 211 
Scatter-Area (SSC-A). 212 

 213 
5.6. Select Initialize to start the laser and the fluidics. Press Acquire to start the acquisition. 214 

 215 
5.7. Adjust the scale to show the population in the middle of the P1. In P1 draw the “BEADS” gate 216 
around the whole population (excluding debris) (Figure 2A). Press Stop. 217 

 218 
5.8. Press Dot Plot and create a new dot plot (P2). Set Forward Scatter-Height (FSC-H) versus FSC-219 
A. Gate the new dot plot on “BEADS.” In P2 draw a new gate around the bigger population and 220 



   

   
 

name it “SINGLETS” (Figure 2A). 221 
 222 

NOTE: This strategy is designed in order to avoid as much as possible the inclusion of beads 223 
aggregates in both acquisition and analysis steps. 224 

 225 
5.9. Press Dot Plot and create two different dot plots; one FITC versus SSC-A and one PE versus 226 
SSC-A. Gate the new dot plot on “SINGLETS.” 227 

 228 
5.10. Select the number of Events to record (e.g., 20,000). Select Record and start the 229 
experiment. 230 

 231 
6. Data analysis 232 

 233 
6.1. Load the acquisition files into the analysis software.  234 

 235 
NOTE: The following steps have to be applied to every sample including beads only and every 236 
unknown sample. 237 

 238 
6.2. Open a new protocol and create dot plots following the same strategy described in step 5. 239 

 240 
6.3. Set all scatter axes to linear scale and all the fluorescence axes to log scale. 241 

 242 
6.4. Show the Fluorescence Geometric Mean (X-Gmean-MFI) in FITC and PE channels. 243 

 244 
6.5. Calculate the ratio X-Gmean of the samples / X-Gmean of the beads stained with antibody 245 
without exosome. 246 

 247 
6.6. Compare the fold change MFI of different EV preparations. 248 
 249 
7. Extracellular vesicle number titration 250 
 251 
NOTE: Sections 7 to 10 can be performed to set up the number of particles, antibodies 252 
concentration and specificity, but can be skipped if the cell type, from which EV are derived, and 253 
antibodies remain the same.  254 
 255 
7.1. Dilute particles, obtained from step 2.3, in 1x PBS to obtain a series of suspensions ranging 256 
from 5 x 105 to 2.5 x 108 particles. 257 
 258 
7.2. For each suspension add in a round bottom tube 1 µL of capture bead pool. 259 

 260 
7.3. Follow the protocol from step 4.3. 261 

 262 
8. Antibody titration 263 
 264 



   

   
 

NOTE: Antibody titration is usually performed by adding a single antibody for each tube. 265 
 266 
8.1. Keep the number of EV (total particle or protein content) constant in all samples. 267 
 268 
NOTE: The appropriate number is empirically determined as described above in section 7. 269 
 270 
8.2. Follow the protocol from steps 4.1 to 4.5. 271 
 272 
8.3. Test a range of antibody concentrations above and below the amount recommended by the 273 
supplier. For example, for an antibody with a suggested concentration of 10 µg/mL per test, test 274 
1, 2, 5, 10, 20 and 50 µg/mL. Include a sample with “beads only”, adding the highest 275 
concentration of antibody. 276 

 277 
8.4. Incubate for 1 h at 4–10 °C. 278 

 279 
8.5. Add 100 µL of 1x PBS for each sample. 280 

 281 
8.6. Acquire the samples. 282 

 283 
9.  Incubation time 284 
 285 
9.1. Verify the incubation time performing acquisitions at different time points (e.g., 1 h, 2 h, and 286 
5 h). 287 
 288 
9.2. Follow the protocol starting from section 4. 289 

 290 
9.3. Incubate samples at 4–10 °C for 1 h. 291 

 292 
9.4. Acquire samples. 293 

 294 
9.5. Incubate samples at 4–10 °C for 3 h. 295 

 296 
9.6. Acquire samples. 297 

 298 
10. Protocol validation 299 
 300 
10.1. EV binding 301 
 302 
10.1.1. In a round bottom tube, add the amount of volume corresponding to 1 x 108 particles or 303 
the corresponding amount of total protein. 304 
 305 
10.1.2. Adjust the volume to 100 µL with 1x PBS. 306 

 307 
10.1.3. Disrupt the EV membrane by sonication (alternatively a heat shock step can be applied) 308 



   

   
 

according to manufacturer’s instructions. Set frequency and intensity. The sonication period can 309 
be empirically established setting a time-course experiment (i.e., 0 s, 30 s, 1 min, 5 min, etc.). 310 

 311 
10.1.4. Add 1 µL of the bead pool. 312 

 313 
10.1.5. Follow the protocol starting from step 4.4. 314 

 315 
10.2. Antibody specificity 316 
 317 
10.2.1. Prepare one tube for each fluorochrome-conjugated IgG and add the complex of beads-318 
EV as described in step 4.6. 319 
 320 
NOTE: The fluorochrome-conjugated Isotype must match with the IgG of the used antibody. 321 

 322 
REPRESENTATIVE RESULTS:  323 
 324 
Total number of particles for single staining 325 
Since a single bead can bind more than one particle, we tested different conditions to set the 326 
smallest amount of total EV (single antibody per tube) to reach the early exponential phase of 327 
MFI curve. A fixed concentration of antibody was used while the total number of particles ranged 328 
from 5 x 105 to 2.5 x 108. As shown in Figure 3A, the number of particles that allows us to ensure 329 
that the antibody performs within an acceptable MFI, avoiding the use of an excess of EV, is 1 x 330 
108 particles/staining.  331 
 332 
Antibody titration 333 
We selected the proper concentration of antibody resulting in the highest signal preventing the 334 
nonspecific antibody binding. This test has been optimized for 1 x 108 particles, as determined in 335 
the previous setting. Anti-CD9_FITC, anti-CD63_PE, and anti-CD81_PE were tested with 336 
concentrations ranging from 1 to 50 µg/mL (Figure 3B). Anti-CD9_FITC and anti-CD63_PE 337 
antibodies gave a good resolution of signal (7.5 and 130-fold change of MFI vs. beads alone, 338 
respectively) when used at concentration of 10 µg/mL while the selected concentration for the 339 
anti-CD81_PE antibody was 5 µg/mL (465.3 Fold Change MFI).  340 
 341 
Method validation 342 
In order to confirm that our method is suitable to analyze only “cup-shaped” extracellular vesicles 343 
and not membrane debris, we applied different sonication steps, at 10% of amplitude, to the 344 
solution containing particles. 100 µL of 1x PBS solution containing 1 x 108 particles underwent 345 
different sonication steps from 30 seconds to 5 minutes and the resulting preparation containing 346 
both broken and well-shaped EV were analyzed as described (experimental protocol from point 347 
3.3). As a result, we found that 30 seconds of sonication decrease MFI that was completely 348 
dumped after 1 minute. At this timepoint, no fluorescence is detectable for any of the EV markers 349 
(Figure 3D). 350 
 351 
Flow cytometry characterization of HEK293- and CPC-derived exosomes 352 



   

   
 

These results were generated following the protocol presented above with the ultracentrifuge 353 
isolation method. The isolated exosomes are quantified by NTA technology and loaded overnight 354 
with 1 µL of mixed beads (1x anti-CD9:1x anti-CD63:1x anti-CD81). The complex beads + Exo were 355 
stained with the proper amount of antibody anti-CD9_FITC, anti-CD63_PE, and anti-CD81_PE 356 
(Figure 3E,F and Table 2).  357 
 358 
Furthermore, by using EV-CPC we compared FC analysis with or without pre-enrichment by 359 
ultracentrifugation. Figure 4 shows that both methods are suitable to profile Exo surface 360 
markers. Pre-enrichment of extracellular vesicles fraction greatly improves fluorescence intensity 361 
especially for CD63_PE and CD81_PE staining (Figure 4 and Table 3). 362 
 363 
FIGURE AND TABLE LEGENDS: 364 
 365 
Figure 1: Protocol and NTA plots. (A) Schematic representation of the experimental protocol. (B) 366 
Representative NTA plots for Conditioned Media, Pre-Ultracentrifuge and Post-Ultracentrifuge 367 
step. 368 
 369 
Figure 2: Acquisition and data analysis. (A) Flow cytometry analysis begins with creating a first 370 
gate to the whole beads population “beads” (excluding debris) and then a second gate to 371 
distinguish “singlets” events. Singlets are gated on a plot set up with FSC-H as x-axis and FSC-A as 372 
y-axis. (B-D) Representative dot plots showing right-shift of fluorescence intensity for the positive 373 
populations of beads-exosomes complexes (green, CD9+; red CD63+; brown CD81+). Isotype 374 
control (violet) overlap negative gray colored beads.  375 
 376 
Figure 3: Titration curves for number of particles (arrows show the selected amount of 377 
particles, 1 x 108). (A) Antibody concentrations (arrows show the selected concentration for each 378 
used antibody). (B) Both number of particles and antibody concentration are plot vs. mean 379 
fluorescence intensity (MFI). (C) Curve showing 3 different acquisition of the preparation with 1 380 
h – 2 h or 5 h of antibody incubation. (D) Curve showing the decrease of fluorescence following 381 
sonication at different time-points. (E-F) Fold change (mean ± SD) of MFI for CD9, CD63 and CD81 382 
vs negative control (beads + antibodies, no EV) are shown for HEK293 EV (n = 3 independent 383 
replicates) and for CPC EV (n = 3 primary cell lines from 3 different patients)  384 
 385 
Figure 4: MFI analysis and comparison between two procedures: direct EV-binding with beads 386 
(Capture Beads Isolation) and pre-enrichment with ultracentrifuge (Ultracentrifuge Isolation). 387 
Data are shown as fold change (mean ± SD) of MFI for (A) CD9, (B) CD63, and (C) CD81 vs. negative 388 
control (beads + antibodies, no EV). N = 3 primary cell lines from 3 different patients. 389 
 390 
Table 1: Comparison between NTA concentration and protein concentration for 3 different 391 
patient derived CPC before and after ultracentrifuge. 392 
 393 
Table 2: Value of fold change (mean ± SD) of MFI for HEK293 EV (n = 3 independent replicates) 394 
and CPC EV (n = 3 primary cell lines from 3 different patients). 395 
 396 



   

   
 

Table 3: Value of fold change of MFI (mean ± SD) for CPC EV (n = 3 primary cell lines from 3 397 
different patients) isolated by capture beads or ultracentrifuge. 398 
 399 
Table 4: Single product specification. 400 
 401 
DISCUSSION:  402 
Conventional FC technique remains the most straightforward analytic method to characterize 403 
markers expressed onto the surface of EV. In this regard, selecting the most appropriate protocol 404 
is crucial to obtain useful information on individual particle fractions of interest by avoiding 405 
limitations due to instrument sensitivity. We described a method using magnetic particles 406 
coupled with antibodies that recognize Exo and small EV surface antigens which are suitable for 407 
downstream FC application. We validated the method using two different cell types: primary 408 
human CPC that are emerging as a major cell source for Exo-based therapeutic approaches for 409 
heart disease; and HEK293 cells, an immortalized cell line widely used in cell biology research 410 
because of reliable cell growth and plasticity. 411 
 412 
The method can be applied to ultracentrifuge-enriched EV and, for faster analysis, also directly 413 
on in vitro cell–derived CM with no pre-enrichment by ultracentrifugation. The starting material 414 
is critical when comparing samples. Adding capturing beads directly to the CM will speed up the 415 
procedure but at the same time decrease fluorescence intensity, as shown in Figure 4A. It is also 416 
critical to use an appropriate amount of PBS to mix beads and EV during the “capturing” step 4.4. 417 
When using a constant incubation time, an increased volume will decrease fluorescence intensity 418 
due to inefficient EV coupling.  419 
 420 
A limitation of the protocol is that a single capture bead can bind multiple EV/Exo particles on its 421 
surface. This will limit the possibility of identifying subsets of EV expressing peculiar combination 422 
of antigens using a multiple staining. The bead-based method therefore yields semi-quantitative 423 
data. Using beads carrying a single capturing Ab (CD9, CD63 or CD81) will allow at maximum the 424 
characterization of particles that express two epitopes: the one present on the bead and 425 
recognized by the capturing antibody and the one detected by the antibody that is subsequently 426 
added.  427 
 428 
The current gold standard for Exo analyses using FC is a protocol developed by van der Vlist et al. 429 
in 201215. It allows for a high-resolution analysis of EV using an optimized configuration of the 430 
commercially available high-end FC (e.g., BD Influx). This protocol is extremely detailed and useful 431 
but still needs a complex hardware setting with specific FC calibration before use. Three years 432 
later, Pospichalova et al.16 proposed a simplified protocol for FC analysis of Exo using a dedicated 433 
cytometer specifically developed for analysis of small particles (e.g., Apogee A50 Micro)17. With 434 
respect to this protocol and others that have used special threshold setting11, here we propose a 435 
basic protocol to perform small EV phenotyping using magnetic binding beads that is suitable for 436 
conventional FC instruments and does not require any special setting. Different protocols have 437 
described bead-based methods to characterize small EV found in bodily fluids by FC12. Here, we 438 
show the immunocapture of discrete sub-populations of vesicles positive for CD9, CD63, and 439 
CD81 that are commonly used as Exo markers18. Aldehyde-sulfate latex19,20 and polystyrene12 440 



   

   
 

beads remain valid alternatives for binding of EV present in CM and blood plasma fluid; however, 441 
aldehyde groups exposed on the surface of the polymer particle enable coupling of unspecific 442 
proteins and other materials to the latex particles, thus increasing the risk of contamination by 443 
lipoprotein or apoptotic bodies during isolation and detection process21,22.  444 
 445 
Beads used in the protocol bind only entire, well-shaped EV. We proposed to disrupt EV structure 446 
by sonication to quench the signal (section 4, “protocol validation”). Indeed, one minute of 447 
sonication results in diminished fluorescence intensity, thus showing that a positive signal cannot 448 
be affected by membrane debris adsorbed on beads. 449 
 450 
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CPC CONC NTA (part/µL) CONC (µg/µL)

CPC#1 Pre-Ultracentrifuge 5.02E+06 2.01

CPC#1 Post-Ultracentrifuge 6.10E+07 1.04

CPC#2 Pre-Ultracentrifuge 5.74E+06 2.30

CPC#2 Post-Ultracentrifuge 7.43E+07 0.79

CPC#3 Pre-Ultracentrifuge 2.02E+06 1.90

CPC#3 Post-Ultracentrifuge 2.91E+07 0.42
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FOLD CHANGE OF MFI ± SD CD9 CD63 CD81

HEK293 24.44 ± 19.17 430.7 ± 344.9 535.2 ± 410.3

CPC#1 14.15 ± 3.72 236.05 ± 43.40 353.30 ± 452.43

CPC#2 15.76 ± 1.87 983.06 ± 195.63 374.45 ± 108.05

CPC#3 8.94 ± 7.19 830.50 ± 184.73 60.05 ± 23.18
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FOLD CHANGE OF MFI ± SD CD9 CD63 CD81

Capture Beads Isolation 2.96 ± 1.45 65.65 ± 18.87 21.85 ± 6.12

Ultracentrifuge Isolation 7.47 ± 2.71 236.00 ± 25.06 65.05 ± 13.38
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NAME OF MATERIAL / EQUIPMENT COMPANY

IMDM Gibco

Amicon Ultra-15, PLHK Ultracel-PL Membran, 100 kDa Millipore

CytoFlex, Flow Cytometer Platform Beckman Coulter

DMEM, high glucose, HEPES, no phenol red Gibco

Dulbecco's PBS (PBS) Ca- and Mg-free Lonza

ExoCap CD63 Capture Kit JSR Life Sciences

ExoCap CD81 Capture Kit JSR Life Sciences

ExoCap CD9 Capture Kit JSR Life Sciences

Exosome-Depleted FBS Thermofisher

Exosome-depleted FBS Media Supplement SBI

FBS-Fetal Bovine Serum Gibco

FITC anti-human CD9 Antibody Biolegend

Flow Cytometer analysis software Beckman Coulter

NanoSight LM10 Malvern

NanoSight Software Malvern

Optima Max-XP Beckman Coulter

PE anti-human CD63 Antibody Biolegend

PE anti-human CD81 (TAPA-1) Antibody Biolegend

Penicillin-Streptomycin Gibco

Thermomixer C Eppendorf
TLA-110 Beckman Coulter
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and/or misappropriate the patent, trademark, intellectual
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comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
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Reply to Reviewers and Editorial comments: 

Changes to be made by the author(s) regarding the manuscript: 

1. What is the ‘SETUP METHOD’ section for? It is not referenced anywhere else. Please either continue the 

protocol with these steps or provide as a separate supplemental section (in a different file). 

The “setup method” is thought to be performed to find the best working condition. It is not necessary to repeat 

these steps if EV type and antibodies do not change. However we think that are important before to start 

analysis, so we changed the numeration and included this part in the main protocol. 

 

2. It is unclear which samples NTA quantification are done for. Right now, you direct users to possibly skip 

to sample prep (the current step 4) if an ultracentrifuge is not available. 

It is expected to skip the ultracentrifuge step but not the total number quantification by NTA (or alternatively 

by protein quantification). This was not clear enough before, now we edited the text accordingly. 

 

3. Figure 2A: You show gating for both beads and singlets here, but only mention gating for singlets in the 

legend; please clarify. 

Legend has been now revised accordingly. 

 

4. Figures 3E,F and 4: Please define the error bars in the legends. Also, what is N in Figure 4? 

Legend has been now revised accordingly. 

 

5. Tables 2-3: Please use US standards for decimals here (periods, not commas). Also, what are the errors? 

Tables has been now revised accordingly. 
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