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Abstract 

Circulating extracellular vesicles in biofluids became an interesting approach to analyse 

disease biomarkers. There are multiple methods for isolation of extracellular vesicles, 

differential ultracentrifugation is still considered as the gold-standard isolation technique 

for exosomes. Furthermore, exosomes purified by this method have demonstrated to 

display functional activity in vitro and in vivo and great versatility for subsequent analysis 

including electron microscopy, mass spectrometry or nucleic acid analysis. Here, we 

describe the method for isolation of exosomes from lymphatic exudate (seroma) obtained 

post-lymphadenectomy for liquid biopsy approaches. 

 

 

1 Introduction 

 

Extracellular vesicles (EVs) are cell-secreted vesicles with variable sizes, a recent 

classification based on size divided them in small EVs (sEVs) and large EVs (lEVs) [1]. 

Exosomes, exomeres and other vesicles with a size around 100 nm are considered sEVs.  

Microvesicles (200 nm - 1µm), apoptotic bodies (1-5 µm) and oncosomes (1-10 µm) are 

considered lEVs [1, 2]. Essentially, all EVs are composed by a lipid bilayer containing 

cytosolic and membrane-anchored proteins, glycoproteins, lipids ,nucleic acids and 

metabolites [3]. Large EVs are generated by budding from the plasma membrane and 

exosomes are generated through the endosomal pathway [4]. On the other hand, 

exosomes arise from the formation of the multivesicular bodies (MVBs) that subsequently 

fuse with the plasma membrane releasing exosomes to the extracellular medium [4, 5]. 

EVs are considered as a mechanism of cell-cell communication regulating paracrine and 

distal cell communication. According to this, EVs have been detected in most biological 

fluids [6]. Most of the knowledge about EVs has been focused on exosomes and 



subsequently the methods and applications developed for liquid biopsy are mostly based 

on these vesicles. Exosomes have been involved in numerous physiological and 

pathological processes such as adaptive immune response [7], mother-fetus 

communication [8], neurodegenerative processes [9] and cancer progression [10] 

including the formation of the pre-metastatic niche [11, 12] and metastatic organotropism 

[13]. 

Several methods have been described for the purification of EVs. Differential 

ultracentrifugation is a widely used technique for the isolation of exosomes from cell 

cultures and biological fluids such as serum, plasma, cerebrospinal fluid or urine [14, 15]. 

This method is based on the different densities of bodies under a rotary force. Several 

steps with increasing centrifugation forces allow for the removal of cellular debris and large 

EVs such as microvesicles [14]. Ultracentrifugation at 100.000 x g yields a pellet enriched 

in exosomes. Due to the presence of protein aggregates, apolipoproteins and other 

contaminants in the exosomal fraction, an additional step of centrifugation using an 

iodixanol density-gradient medium could be performed for the recovery of highly purified 

exosomes [16, 17]. 

Although differential ultracentrifugation allows for a high recovery yield of vesicles, it is a 

time-consuming technique and a certain degree of damage can occur to the exosomes 

[14]. Alternative methods have been developed to purify exosomes [15]. Size-exclusion 

chromatography (SEC) employs columns containing heterogenous pours [18, 19]. 

Another size-based isolation method is ultrafiltration that segregates vesicles using 

membranes with specific cut-off molecular weights [20]. These methods have several 

limitations in the in/out volumes and still contaminants with the same size of exosomes 

can be present. Precipitation with hydrophobic polymers such as Polyethylene glycol 

(PEG) precipitates exosomes [21]. Based on this principle, several commercial kits 

propose an easy and fast purification of exosomes, however the concomitant precipitation 



of contaminants can interfere with subsequent analyses. A high-purity isolation of 

exosomes can be performed using immunoaffinity techniques based on the use of 

exosome-specific antibodies attached to magnetic beads or other matrices [22]. Although 

this approach provides isolation of specific subpopulations of exosomes, it is not suitable 

for the purification of large amount of EVs. Recently, new techniques based on microfluidic 

devices are being developed. These platforms apply strategies based on immunoaffinity-

based capture, size-based sorting, or dynamic separation mostly applying electrical or 

acoustical forces to achieve particle separation [23]. 

Isolation of exosomes allows for the subsequent analysis of their content that is defined 

by the cell of origin of the vesicles. Besides that, the stability of extracellular vesicles in 

body fluids facilitate their analysis in biobanked samples [17]. Thus, exosomes are 

powerful tools to provide information in a non-invasive way about diseases such as cancer 

and neurological syndromes or cardiovascular diseases [24]. Thanks to their complex 

cargo, exosomes can be exploited for the detection of mutations, SNPs and epigenetic 

changes [24-26] as well as RNA, miRNA [27] and other non-coding RNA profiles [28] apart 

from the analysis of protein, lipid and metabolic biomarkers [29-31]. 

Due to the presence of nucleic acids in EVs, detection of mutations located in the coding 

region has been shown in exosomal RNA/DNA derived from cell cultures [32]. In liquid 

biopsies, the use of EV-derived DNA has been first focused on the analysis of EGFR in 

lung cancer and glioblastoma [25, 26] and KRAS and TP53 in pancreatic cancer [33, 34]. 

Concerning protein biomarkers, there are many studies proposing the detection of 

exosome-associated proteins as cancer diagnostic or prognostic tools. For example, the 

levels of PD-L1 in plasma-derived exosomes correlated with the response to 

immunotherapy in melanoma patients [30]. The analysis of prostate-specific antigen (PSA) 

in plasma-derived exosomes from prostate cancer patients has been shown to be a more 

reliable marker than serum PSA [31, 35]. 



Tumor progression into a metastatic phase is the deadliest stage of cancer diseases with 

an estimation of 90% of cancer-related deaths caused by metastatic spread and growth. 

Although not life-threatening, lymph node (LN) metastases are associated with poor 

prognosis in cancer patients and the number of LNs with metastasis is a strong prognostic 

factor [36]. Exudative seroma (lymphatic exudate) is a biofluid obtained post-

lymphadenectomy, a technique frequently performed in cancer patients for the removal of 

regional sentinel lymph nodes after tumor resection [37]. This seroma is a lymph-like fluid 

with some similarities to plasma and a wound exudate [38]. In the clinical setting, this fluid 

has been used to profile disease markers in melanoma showing better discrimination of 

patients with high risk of relapse than an equivalent analysis in blood [39-41]. Remarkably, 

circulation of exosomes through the lymph and the participation of exosomes in the 

formation of the PMN in the sentinel LNs have been described [42-45]. In agreement with 

these reports, seroma is a biofluid highly enriched in exosomes that contain proteins and 

microRNAs associated to melanoma progression [46, 47]. Furthermore, a combined 

approach analysing seroma-derived EVs and circulating nucleic acids estimated that the 

genetic material obtained from seroma is around 650 times more abundant compared to 

plasma. We have recently shown that the analysis of BRAFV600E mutation in this liquid 

biopsy test showed a strong prognostic value in a small cohort of melanoma patients [47]. 

In summary, the purification of exosomes from seroma described here can be a potential 

highly sensitive approach for liquid biopsies aimed to the diagnosis of cancer patients or 

the detection of minimal residual disease. In this chapter we describe in details the 

procedure to analyse exosomes in exudative seroma obtained post-lymphadenectomy in 

melanoma patients. This approach could serve to profile biomarkers in the exudative 

seroma and other biofluids obtained in other pathologies.  

 

 



2 Materials 

1. Surgical drain tubes for post-operative fluid collection.

2. Commercially available red blood cell lysis buffer (see Note 1).

3. Refrigerated ultracentrifuge and swinging-bucket or fixed-angle rotor (see Note 2).

4. Ultracentrifuge-suitable tubes (see Note 3).

5. 15 mL collection Falcon tubes.

6. Phosphate saline buffer (PBS) without Mg+ and Ca2+ (1×): 137 mM NaCl, 10 mM

Na2HPO4, 2.7 mM KCl, 1.8 mM KH2PO4, pH 7.4. 

7. OptiPrep™ (containing iodixanol) density gradient medium (60% w/v) (see Note 4).

8. Diluent mix: 0.25 M sucrose, 1 mM EDTA, 10 mM Tris-HCl, pH 7.5.

9. Iodixanol gradient solutions: Prepare 40%, 20%, 10%, and 5% w/v iodixanol solutions

by diluting a stock solution of OptiPrep™ in the diluent mix. 

10. QIAamp DNA Mini kit (see Note 5).

11. MilliQ water.

12. Bicinchoninic acid–based assay kit (see Note 6).

13. Standard spectrophotometer or plate reader. 

14. Nanoparticle tracking analysis (NTA) system.

15. Glow-discharged carbon-coated 400 mesh copper electron microscopy (EM) grids.

16. Uranyl acetate (1%).

17. Transmission electron microscope.

18. Freshly prepared solubilization solution: 8 M urea in 100 mM Tris-HCl (pH 8.0).

19. Filter units Microcon-30.

20. 2 M urea in 100 mM Tris-HCl (pH 8.0).

21. 1 M Tris(2-carboxyethyl)phosphine (TCEP).



22. 0.5 M 2-chloroacetamide (CAA).

23. Lys-C and trypsin proteases.

24. Mass spectrometer.

3 Methods. Carry out all procedures at room temperature unless otherwise specified. We 

encourage to carefully read the notes on each step.  

3.1. Purification of exosomes from human exudative seroma. 

Carry out all procedures at room temperature, unless otherwise specified. We 

encourage careful attention to the Notes in each step. 

(A summary of the experimental workflow described here is shown in Fig. 1). 

1. Collect seroma (3–10 mL) from post-operative surgical drains during 24–48 h after

radical lymphadenectomy. 

2. Centrifuge for 10 min at 500 × g at RT.

3. Discard the pellet and incubate the supernatant with red blood cell lysis buffer for 10

min on ice. 

4. Spin samples for 10 min at 1100 × g at RT.

5. Transfer the supernatant fraction into a new collection tube and immediately freeze

at −80 °C for storage (see Note 7, Fig. 1 upper panel). 

6. When ready for analysis (see Note 8), allow samples to thaw at 37 °C for 3–5 min.

7. Spin samples for 10 min at 3000 × g.

8. Place the supernatants into 13.5 mL or 4 mL polycarbonate thick wall tubes (see Note

9). 

9. Place a mark on the upper part of the tube and align it to the exterior part of the rotor 

(see Note 10). 

10. Centrifuge at 12,000 × g for 20 min at 10 °C (see Note 11).

11. Measure particles in the supernatant by any NTA technique (see Subheading 3.4).



12. Transfer the supernatants into new polycarbonate thick wall tubes. Place a mark on 

the upper part of the tube and align it to the exterior part of the rotor (see Note 12). 

Ultracentrifuge at 100,000 × g for 70 min at 10 °C. 

13. Discard the supernatants by carefully swinging the tubes and keep the tube upside 

down for 1–2 min onto a paper towel to dry (see Note 13). 

14. Wash the pellets by slowly adding 20 mL of 1× PBS on the tube side contrary to the 

pellet to avoid disturbing it. Introduce the tube into the rotor, carefully aligning the mark 

again with the exterior part of the rotor (see Note 14, Fig. 1 middle panel). 

15. Centrifuge at 100,000 × g for 70 min at 10 °C.

16. Discard supernatants by carefully swinging the tube. Important: the pellet contains

purified exosomes. Let the tube stand upside down for 2–3 min to remove the remaining 

liquid. 

17. Resuspend the pellet of exosomes in 100 μL of 1× PBS (see Note 15).

18. Measure exosome protein concentration (see Subheading 3.3) and particle number

(see Subheading 3.4). 

3.2. Purification of exosomes by density gradient ultracentrifugation 

1. Generate a discontinuous iodixanol gradient by sequentially layering 2 mL of each of 

the 40%, 20%, 10%, and 5% (w/v) iodixanol solutions (see Note 16).

2. Place the exosome sample obtained in step 17 from Subheading 3.1 on top of the 

iodixanol gradient (Fig. 1, lower panel).

3. Centrifuge at 100,000 × g for 16 h at 10 °C.

4. Collect fractions of 1 mL starting from the top of the gradient and measure particles by 

NTA analysis (see Subheading 3.4).



5. Dilute exosome positive fractions (usually fractions 5, 6, and 7) in 20 mL of 1× PBS and 

centrifuge at 100,000 × g for 70 min at 10 °C (see Note 17).

6. Resuspend the pellets in 100 μL of 1× PBS (see Note 18).

7. Store (see Note 19) or proceed with analysis.

3.3 Exosome Protein Measurement 

1. Determine exosome protein concentration with a BCA assay, using 5–10 μL of the 

exosome sample (see Note 20).

2. Measure absorbance in a standard spectrophotometer or plate reader at 562 nm (see 

Note 21).

3.4 Exosome Particle Measurement 

1. Dilute 1-2 μL of sEV sample in 1 mL of 1× PBS.

2. Determine the number and average size of particles by NTA (see Note 22).

3.5 Analysis by Electron Microscopy. 

1. Apply purified exosomes onto freshly glow-discharged carbon-coated 400 mesh copper 

electron microscopy (EM) grids at a concentration of 4 × 107 particles/mL and incubate for 

5 min at RT.

2. Place the grids consecutively on top of three distinct 50 μL drops of MilliQ water, rinse 

gently for 2 s, and lay on the top of two different 50 μL drops of 1% uranyl acetate.

3. Stain sample for 1 min.

4. Rinse the grids gently for 5 s and air dry.
5. Visualize grids with a transmission electron microscope (see Note 23). Images can be 

recorded at 21,900 nominal magnification with a 4k × 4k TemCam-F416 CMOS camera.

(Fig. 2).



3.6 Proteomic analysis 

1. Solubilize samples using 8 M urea in 100 mM Tris-HCl (pH 8.0). Samples (7.5 μg 

of protein amount) are digested using filter units (see Note 24).

2. Reduce the proteins with 15 mM TCEP and alkylate with 30 mM CAA for 30 min 

in the dark.

3. Centrifuge the filter units at 12,000 × g for 15 min and discard flow-through.

4. Remove the excess of reagents adding 2 M urea in 100 mM Tris-HCl.
5. Centrifuge the filter units at 12,000 × g for 15 min and discard the flow-through. 

Repeat steps 4-5 twice.

6. Sequentially digest the samples with Lys-C (protein–enzyme ratio 1:50) overnight 

and with trypsin (protein–enzyme ratio 1:100) 6 h at 37 °C.

7. Centrifuge the filter units at 12,000 × g for 8 min and keep the flow-through.

8. Desalt the resulting peptides using stage-tips.

9. Perform mass spectrometry analysis (see Note 25).
10. Assess the purity of sEV preparations by performing GO-based analysis using the 

Cellular Component (CC) annotation (see Note 26).

11. Probe the identified proteins against sEV repositories such as ExoCarta 

(www.exocarta.org), and check for the presence of well-known sEV markers such 

as CD9, CD63, and CD81.

3.7 DNA extraction. DNA extracted from the exosome pellet can be analyzed for 
quantity, quality, or further characterization (see Note 27).

1. Dilute sample up to 200 μL with 1× PBS.

2. Extract DNA using the QiaAMP DNA Mini kit.

3. Elute DNA from the column in 50 μL of MilliQ H2O.

4. Measure DNA concentration (see Note 28) and test DNA quality (see Note 29).

3.8 Analysis of DNA mutations (e.g. BRAF V600E/K). 

For analysis of mutations, a combination of filtration and PCR analysis could be 

performed [47]. 



1. Use 0.5–1 mL of fluid from each seroma sample for coisolation of exosomal RNA 

and DNA along with any cfDNA (see Note 30).

2. Perform a reverse transcription reaction with the total nucleic acid purified sample.

3. Analyze by allele-specific qPCR both wild-type BRAF as well as V600E mutant 

BRAF [48].

8. Notes

1. For example, ACK lysing buffer can be purchased from many suppliers.

2.Some recommendations are:

(a) Ultracentrifuge OPTIMA XPN 100-IVD (Beckman-Coulter).

(b) Rotor 50.4 Ti (Beckman-Coulter), for 4 mL polycarbonate thick wall tubes.

(c) Rotor 70.1 Ti (Beckman-Coulter), for 13.5 mL polycarbonate thick wall tubes.

3. Some recommendations are:

(a) For volumes up to 3.5 mL of seroma samples: 4 mL polycarbonate thick wall

tubes. 

(b) For volumes up to 10 mL of seroma samples: 13.5 mL polycarbonate thick wall

tubes. 

4. This material is required for an optional subsequent purification step. Including a further

density gradient-based procedure in the isolation protocol increases the purity of

exosomes but substantially decreases the yield.

5. This kit yields more DNA than others tested.

6. We recommend the Pierce BCA Protein assay kit.

7. After collecting the seroma from the drainage, centrifugation and freezing of the seroma

sample should be performed within 1 h to preserve the sample quality and avoid

variability. Caution: Work with human samples carries a risk of infection if the material

is not handled with care. Make sure you have the proper training and authorization to



work with human samples, and wear required personal protection material. It is 

compulsory to have an approved ethical protocol before the use of any sample involving 

patient-derived material. 

8. We recommend to collect all samples and to keep them frozen until further analysis. 

The exosome isolation procedure should be performed ideally by batches to reduce 

experimental variability. 

9. Do not include more than 10 mL of sample in 13.5 mL tubes and more than 3.5 mL of 

sample in 4 mL tubes to avoid spilling during the centrifugation proccess. It is also 

important to fill at least three-quarters of the tube with the sample. If necessary, 

complete the volume with 1× PBS. 

10. This mark will help to identify the pellet of microvesicles (usually with a yellowish color). 

Try not to disturb the pellet when collecting the supernatant. 

11. Depending on the rotor, the equivalence between rpm and × g varies but can be 

calculated. Some specific calculations have been published [14]. 

12. If the amount of exosomes is low, the pellet may not be visible. The mark and 

orientation in the rotor help to identify the position of the pellet in the tube. For swinging-

bucket rotors, the pellet is at the bottom of the tube. For fixed-angle rotors, the pellet is 

on the facing up side of the tube near the bottom of the tube. 

13. Do not put the tube back in vertical position before it dries for 1 min because the 

remaining fluid could disturb the pellet. Important: the pellet contains exosomes. It has 

a yellowish color. 

14. It is very important to keep orienting the tube within the rotor since this additional 

washing step yields a more transparent pellet difficult to see if not trained. 

15. For resuspension, pipet up and down for at least 20 times with the pipette ejecting the 

liquid directly to the pellet. Try to avoid foam formation. Sometimes the pellet displays 

a mucinous consistence or is hard to resuspend. In these cases, increase the PBS 



volume 2–5 times. Samples can be stored at 4 °C for 48 h. For longer times, samples 

can be stored at −80 °C for at least 1 year. 

16. On the bottom of the tube add the 40% iodixanol solution and continue layering the

more diluted solutions on top of it by carefully placing the pipette where the liquid

surface and the wall of the tube meet and slowly adding the solution. This will help not

to disturb the solution gradient.

17. This step will help to remove the iodixanol and sucrose and concentrate the exosome

content. Remember again to mark the tube for identifying the position of the pellet since

it could be totally transparent after this step.

18. This sample can also be characterized for protein and particle number and visualized

by EM.

19. Samples can be stored at 4 °C for 48 h. For longer times, samples can be stored at

−80 °C for at least 1 year.

20. Do not forget to include a standard BSA curve. 

21. The expected total amount of protein is highly variable depending on the source of

sEVs. For plasma and seroma, an expected yield is 50–150 μg.

22. Average size of particles should be between 90 and 150 nm. You may compare

particles obtained in step 17 of Subheading 3.1 with particles obtained in step 11 of the

same section to calculate the isolation yield.

23. A Tecnai 12 transmission electron microscope with a lanthanum hexaboride cathode

operated at 120 keV can be used here.

24. We recommend collaboration with a Mass Spectrometry facility for this step and the

following ones. Our analysis is normally accomplished in collaboration with the CNIO

Proteomics Unit. See additional technical details if needed in: https://epic-



xs.eu/download/purification-of-small-extracellular-vesicles-by-ultracentrifugation-and-

their-mass-spectrometric-analysis/ 

25. Exosome samples have medium/low complexity in terms of number of proteins. 

Hence, it is advisable a 60–90 min effective gradient when injecting 1–1.5 μg of total 

protein in a Q Exactive Mass Spectrometer (or similar) instrument. The number of 

peptides and proteins identified is highly variable and mostly depends onof the 

biological source of the exosomes. For exosomes purified from seroma, 300–400 

proteins are often identified using this procedure.

26. An over-representation of terms related to “extracellular vesicles” is expected.

27. Several studies have demonstrated the presence of genomic DNA (gDNA) and 

nuclear proteins within exosomes and sEVs [32,49, 50]. The mechanisms by which 

nuclear components are present in exosomes remain poorly understood and have been 

related to biological functions such as maintenance of cell homeostasis or 

micronuclei secretion, for example [51, 52]. Still today there is controversy about 

the origin and source of DNA in exosomes. Interestingly, It has also been proposed 

that extracellular DNA is secreted through an autophagy- and multivesicular-

endosome-dependent but exosome-independent mechanism [53]. Regardless of the 

origin and the molecular mechanism involved, tumor-derived DNA is found in the 

exosomal fraction and can be used as a biomarker to detect mutations and other 

modifications found in tumors by liquid biopsy approaches in real time with good 

sensibility [25,26,33,34,47].

28. DNA concentration can be measured with a fluorometer such as Qubit® 2.0.

29. DNA quality can be checked on a Bioanalyzer or on a 1% agarose gel. High quality 

genomic DNA shows a major band of 10–20 Kb on the gel. Circulating free DNA is 

characterized by bands at 150, 300, and 450 bp, corresponding to DNA fragmented 

into nucleosome units.



30. We have collaborated with Exosome Diagnostics Inc. for these assays, using the

ExoLution™ Plus extraction technology followed by nucleic acid purification.
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Figure Legends 
 

Figure 1. Workflow of the isolation of exosomes by differential ultracentrifugation and 

additional purification by density gradient-based ultracentrifugation. Exudative seroma is 

collected through surgical drains located at the site of the lymphadenectomy wound. After 

24–48 h lymphatic drainage is removed for sample processing. Red blood cell lysis and 

cell removal through centrifugation prepare the sample for subsequent ultracentrifugation 



steps. These steps will remove large vesicles, protein aggregates, etc. Additional density 

gradient-based ultracentrifugation allows a further purification of vesicles. 

 

Figure 2. Electron microscopy images of exosomes purified from exudative seroma by 

differential ultracentrifugation (a) and by differential ultracentrifugation plus iodixanol 

gradient ultracentrifugation (b). 

 



Lymphatic exudate 
(seroma)

Seroma collection 
using surgical drains

24-48h

Red blood 
cell lysis

Sequential centrifugation

Iodixanol
gradient

Purified 
Exosomes

Measurement of protein 
and particles
Proteomics

Analysis of DNA
EM

Measurement 
of particles

10 min 
1,100 x g

Cell removal 

Free-cell 
Seroma

Storage -80ºC

Free-cell 
Seroma

Thaw 37ºC
3-5 min

10 min 
3000 x g

Big debris 
removal 

20 min 
12000 x g

Microvesicle
removal 

70 min 
100000 x g

Exosome
pellet

70 min 
100000 x g

Exosome
isolation

Wash
PBS 20ml

Measurement of protein 
and particles

EM

Exosome purification

Seroma sample collection

Density gradient ultracentrifugation

Figure 1



A B

Figure 2

500 nm


	Garcia et al_2020_Accepted.pdf
	Binder1.pdf
	Figures_Garcia et al 2020_Methods_




