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from artifact to clinical act
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“cell-free plasma contains a subcellular 
factor that promotes clotting of blood”
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“small vesicles promote 
clotting of blood”
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“Cells release extracellular 
vesicles (EVs) in body fluids”
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Outline lunchlezing

Extracellular vesicles
From artifact… (2012)
…to artifact... (2022)
…to clinical act
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Extracellular vesicles (EVs)

200 nm



Extracellular vesicles (EVs)

cells release vesicles:
biological nanoparticles with receptors, DNA, RNA
specialized functions
clinically relevant

van der Pol et al. Pharmacol  Rev 2012 11



Extracellular vesicles from yeast in unfiltered beer

Stensballe et al. JEV (2014) 12



Functions of extracellular vesicles

van der Pol et al. Pharmacol Rev (2012) 13

Communication

Protection



Communication between prokaryotes

Mashburn & Whiteley Nature (2005) 14



Communication between cells in mice and humans

Valadi et al. Nat Cell Biol (2007) 15



Functions of extracellular vesicles

van der Pol et al. Pharmacol Rev (2012) 16

Communication

Protection



File:Bleeding finger.jpg

Protection

http://upload.wikimedia.org/wikipedia/commons/e/e6/Bleeding_finger.jpg
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Tissue factor on extracellular vesicles in saliva 
can cause blood to clot

Gross Blood (2011)
Berckmans et al. Blood (2011)
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Saliva versus reptilase

Gross Blood (2011)
Berckmans et al. Blood (2011)
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Saliva extracellular vesicles contain tissue factor

Gross Blood (2011)
Berckmans et al. Blood (2011)
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Extracellular vesicles in body fluids

during disease, EVs change in
concentration
cellular origin
biochemical composition
function

novel biomarkers for disease

e.g. Hoshino et al. Nature (2015) 22

healthy disease



Personal ambition:
EV-based liquid biopsy

Fictive values, PhD thesis van der Pol UvA 2015 23



Outline lunchlezing

Extracellular vesicles
From artifact… (2012)
…to artifact... (2022)
…to clinical act
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Flow cytometry

Figure adapted from semrock.com 25

laser Electronics

Fluorescence

Side scattered light

Forward scattered light

5,000 particles/s



How do we know that we are counting EVs?

26
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EV size gate based on polystyrene beads

image adopted: Robert et al. J Thromb Haemost 2008 27
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“EV size gate”
900 nm 
beads500 nm 

beads

Introduced in 2008
Common practice
Bad practice

1 µm



Relate scatter to diameter of beads

Flow cytometer: BD FACSCalibur 28



Relate scatter to diameter of beads

Model: de Rond et al. Curr Protoc Cytom 2018 29



Relate scatter to diameter of beads

Model: de Rond et al. Curr Protoc Cytom 2018 30



10 nm

Relate scatter to diameter of EVs

van der Pol et al. J Thromb Haemost 2012 31



Particles below detection limit are detected

van der Pol et al. J Thromb Haemost 2012 32

89 nm silica beads
(1010 ml-1)

220 nm filtered urine
(1010 EVs ml-1)



illumination 
volume ≈ 50 pl 

At a concentration 
of 1010 EVs ml-1, 
>500 EVs are 
simultaneously 
illuminated



Invisible vesicles swarm within the iceberg
Harrison & Gardiner J Thromb Haemost (2012)

Swarm detection



Outline lunchlezing

Extracellular vesicles
From artifact… (2012)
…to artifact... (2022)
…to clinical act
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Experiment EVs in human blood anno 2022

36



Plasma preparation

Remove cells and platelets by using 2 subsequent 
centrifugations steps of 2,500 g for 15 minutes

Lacroix et al. J Thromb Haemost 2013
Coumans et al. Circ Res 2017
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Are all cells and platelets removed?

Hematology analyzer
0 cells
0 platelets

Concentration detection limit
3.0 · 106 platelets mL-1

Personal communication Bert Dhondt 38



Serendipity: study with a broken centrifuge

Left image: upenn.edu 39



Residual platelets in plasma identified

Right data: Gasecka et al. J Thromb Haemost 2020 40

Normal Unmaintained centrifuge



Blood plasma contains residual platelets

41

Problem for:
EV flow 
cytometry?
Other down-
stream analyses?



Residual platelets affect EV flow cytometry results

42

After freeze thawing:
16 CD61+ EVs per mL 
per platelet

Diameter >160 nm
CD61-APC >150 
MESF



Residual platelets likely affect –omics results

43

ISEV 2022 late 
breaking

Jillian Bracht et al.
Residual platelets 
affect EV-associated 
miRNA results



Solution: track-edged polycarbonate 800-nm filters 

Image: fishersci.com, showing 10-µm pores 44
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ISEV 2022
Britta Bettin et al.
Remove all residual 
platelets from blood 
plasma

Solution: track-edged polycarbonate 800-nm filters 



Outline lunchlezing

Extracellular vesicles
From artifact… (2012)
…to artifact... (2022)
…to clinical act
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Flow cytometry

Figure adapted from semrock.com 47

laser Electronics

Fluorescence

Side scattered light

Forward scattered light

100 clinical samples per day
500,000 particles per measurement
• Diameter (nm)
• Refractive index
• Cellular origin and state
• Concentration (mL-1)
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Outlook

Hematology reference values of EV concentrations
Early recognition of cause of stroke (Naomi Buntsma)

Standardization of EV measurements 
(Martine Kuiper, Britta Bettin, De Qing Görtzen)
Quantifying quality of EV isolation methods 
(Heleen ter Kuile)
Detect EVs 1,000-fold faster (Biomedical Engineering)

49



Take home messages

Body fluids contain extracellular vesicles (EVs): 
potential disease biomarkers
Before applying assay in clinic:
understand measured signals!

Calibrate: avoid arbitrary units
Standardize
Use controls
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More information
edwinvanderpol.com
exometry.com
metves.eu
isev.org
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