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Introduction to extracellular vesicles

van der Pol et al. Pharmacol  Rev (2012)

cells release extracellular vesicles
vesicles contain receptors, DNA, RNA



Extracellular bacterial vesicles in ocean water

Scanlan et al. Science (2014)



Extracellular yeast vesicles in unfiltered beer

Stensballe et al. JEV (2014)



Nomenclature

van der Pol et al. JTH (2015)
*International Union of Pure and Applied Chemistry
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IUPAC* definition of 
“microparticles”

Particles with 
dimensions between 

0.1 and 100 µm

Daily life examples:
pollen, sand, 

dust, flour, and 
vesicles
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Functions of extracellular vesicles

van der Pol et al. Pharmacol Rev (2012) 9

Communication

Protection



Communication between prokaryotes

Mashburn & Whiteley Nature (2005) 10



Communication in eukaryotes

Valadi et al. Nat Cell Biol (2007) 11



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

14Gross Blood (2011)
Berckmans et al. Blood (2011)
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blood + saliva + reptilase

Saliva versusreptilase



Haemostasis versus thrombosis



Learned so far

body fluids, ocean water, and beverages contain 
cell-derived extracellular vesicles

extracellular vesicles play a role in 
communication and protection

extracellular vesicles can be good (haemostasis) 
or bad (thrombosis)
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Extracellular vesicles in body fluids

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

vesicles contribute to physiology 
and pathology
potential novel biomarkers for 
disease (states)
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healthy disease



Clinical relevance

therapy
autologous anti-cancer immune therapy
autologous drug carriers 
(passing the blood-brain barrier)

diagnosis and monitoring of therapy
cancer (tumour-derived vesicles)
preeclampsia (placenta-derived vesicles)

prognosis
venous thromboembolism (VTE) in cancer patients
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Predict VTE by measuring coagulant activity of 
extracellular vesicles with tissue factor 

Pancreatic cancer Lung cancer

van Es et al. ASH abstract 4250 (2014) 21



Interest in extracellular vesicles

PhD thesis E. van der Pol 22
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What clinicians need

24

A doctor needs to 
know whether a 
patient is ill



“Liquid biopsy”

need: tool to determine the concentration of 
a vesicle subpopulation

25

rare
vesicles

all
vesicles
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Vesicle detection by flow cytometry
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488-nm laser electronics and 
computer

fluorescence channels

side 
scatter 

detector 
(SSC)

forward scatter detector (FSC)



Vesicle detection by flow cytometry
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Finding a needle in a haystack
http://www.dvdizzy.com/images/q-s/shaunthesheep-10.jpg

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://findinganeedleinahaystack.tumblr.com/&ei=18qCVbzcNYersgGR94OgBQ&bvm=bv.96041959,d.bGg&psig=AFQjCNFdNfceujPgSRND40eT3KHP7CFTIA&ust=1434721239356795




beam volume ≈ 
54 pl 

At a concentration of 
1010 vesicles ml-1, 
>800 vesicles are 
simultaneously 
present in the beam.



Invisible vesicles swarm within the iceberg
Harrison & Gardiner JTH (2012)



Why is this “liquid biopsy” so difficult?

need: tool to determine the concentration of 
a vesicle subpopulation

35

rare
vesicles

all
vesicles
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Vesicle concentration determination factsheet

Å reported concentration in plasma:

104 ï 1012 vesicles mL - 1

----------------------------------------

Å diameter <100 nm for >80% of vesicles

Å vesicles differ

Å25- fold in diameter

Å20,000 - fold in volume

Å300,000 - fold in concentration

Å10,000,000 - fold in scattered light

Å vesicles originate from complex fluids

----------------------------------------

Å instruments differ >1 order 

of magnitude in sensitivity



size distribution

Concentration and size of urinary vesicles
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size distribution fitted total concentration

Concentration and size of urinary vesicles

39

size distribution: power-law function
smallest detectable size affects concentration
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Problem 1: flow cytometry data have 
arbitrary units

41

Apogee A50-micro Becton Dickinson FACSCanto II

same population of erythrocyte vesicles



Problem 2: plastic calibration particles (beads) 
scatter more light than similar-sized vesicles

42

Polystyrene 

n = 1.61

Silica

n = 1.45

Vesicle

n = 1.40

200 nm



Goal of standardisation study

reproducible concentration of 
erythrocyte vesicles
Álactadherin-FITC, CD235a-PE labeled

using different flow cytometers

43



Study comprises 30 sites (50 instruments) worldwide

44



Approach

determine flow rate
determine size gates

measure well-characterized beads
obtain scatter to diameter relation

measure vesicles samples and controls

derive vesicle concentrations

45
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Results – sensitivity of 41 systems

52Results will be submitted soon
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Problem: flow cytometry data have 
arbitrary units
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Our solution: quantitative flow cytometry

55

+



Quantitative flow cytometry accuracy
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Quantitative flow cytometry accuracy
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Why is the refractive index interesting?

Graph adopted from Dragovic et al. Nanomed. (2011) 58

Problem: plasma contains vesicles and similar-sized lipoproteins

Lipoprotein particles

Extracellular vesicles



Vesicles and lipoproteins differ in refractive index!

59

Lipoproteins

n > 1.45

Vesicle

n < 1.40

200 nm



Quantitative flow cytometry application

60

Vesicles and lipoproteins from a platelet concentrate



Label-free distinction of vesicles and lipoproteins

61

CD41+ vesicles and lipoproteins from a platelet concentrate
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Current state of the art
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Nano-EPics

contact: Sanli Faez 
s.faez@uu.nl
fiber: Heraeus Quartz Glass

hollow fiber
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..    …
  . ..  . . .. . . . ..  . .  .  . . . .   . 

vesicles

~600 nm

laser
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“World record!”

scattering of single…
35-70 nm urinary vesicles (this video)
19 nm polystyrene beads (submitted paper)
contact: Sanli Faez (s.faez@uu.nl)



Summary

extracellular vesicles
clinically relevant

detection
need: tool to determine the concentration of a vesicle 
sub population
understand the technology (prevent swarm detection)
vesicles are small (>80% <100 nm) and abundant

we are working on
flow cytometry standardisation
quantitative flow cytometry
developing hardware to detect smaller particles
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