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Cells are complex

ά¢ƻ build the most basic yeast cell, you would have 
to miniaturize about the same number of 
components as are found in a Boeing 777 and fit  
them into a sphere just five microns across.έ

Bill Bryson A Short History of Nearly Everything 2003 15



Kalra et al. Int.J.Mol.Sci. 2016 16



How do we study EV?

Van Deun et al. Nature Methods (under consideration) 17



Motivation to detect single EV

EV are heterogeneous
study the contribution of all EV, 
including rare EV
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Grand Summit of EV characterization

know the origin and function of each EV

image: sundayriver.com 19



The pathway to single vesicle detection

know physical properties of EV
formulate requirements
select principle of operation
develop detection technique
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Physical properties of EV: dimensions

van der Pol et al. JTH 2013 & 2014 & 2015
Fraikin, Nat.Biotechnol. 2011
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9± Ғ рр mm2

ƳƻƴƻŎȅǘŜǎ Ғ 
40-400 mm2

9± Ғ 5 nL
ƳƻƴƻŎȅǘŜǎ Ғ 
600-6000 nL



Physical properties: morphology and scattering

image: Issman et al. PLoS ONE 2013
van der Pol et al. Nano Lett. 2014
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core, n = 1.35

5 nm thick shell, n = 1.46



Physical properties: morphology and scattering

image: Issman et al. PLoS ONE 2013
van der Pol et al. Nano Lett. 2014
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5 nm thick shell, n = 1.46

core, n = 1.35



The pathway to single vesicle detection

know physical properties of EV
formulate requirements
select principle of operation
develop detection technique
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Requirements for single EV detection

άƪƴƻǿ the origin and function of each 9±έ

count rate
blood tube volume = 3 mL
EV concentration1 = 4·107 mL-1

number of EV = 108

measurement time = minutes
count rate = 105 s-1

1. Arraud JTH 2014 25



Requirements for single EV detection

άƪƴƻǿ the origin and function of each 9±έ

count rate = 105 s-1

sensitivity = 30 nm EV
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Requirements for single EV detection

άƪƴƻǿ the origin and function of each 9±έ

count rate = 105 s-1

sensitivity = 30 nm EV
identify EV

27image: L. Rikkert
Vesicle Observation Center, Academic Medical Center, Amsterdam



Requirements for single EV detection

άƪƴƻǿ the origin and function of each 9±έ

count rate = 105 s-1

sensitivity = 30 nm EV
identify EV
origin

proteins / genetic content

28image: L. Rikkert & A.N. Grootemaat
Vesicle Observation Center, Academic Medical Center, Amsterdam



Requirements for single EV detection

άƪƴƻǿ the origin and function of each 9±έ

count rate = 105 s-1

sensitivity = 30 nm EV
identify EV
origin

proteins / genetic content

function
proteins / genetic content
sorting + functional test / proteins / genetic content

29image: L. Rikkert & A.N. Grootemaat
Vesicle Observation Center, Academic Medical Center, Amsterdam



The pathway to single vesicle detection

know physical properties of EV
formulate requirements
select principle of operation
develop detection technique
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1. Zhu et al. ACS Nano 2014
2. Ignatovich et al. PRL 2006
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The pathway to single vesicle detection

know physical properties of EV
formulate requirements
select principle of operation

flow-based technique

develop detection technique
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The pathway to single vesicle detection

know physical properties of EV
formulate requirements
select principle of operation

flow-based technique

develop detection technique
standardization
EV identification
sensitivity
sorting
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Flow cytometry
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laser electronics and 
computer

fluorescence channels

side 
scatter 

detector

forward scatter detector
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Problem 1: how to interpret data in a.u.?

a.u.: arbitrary units
van der Pol et al. JTH (2012,2014)
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S
id

e
 s

ca
tt
e

r 
(a
.u

.)

BD FACSCalibur transmission electron microscopy

same population of urine EV



Problem 2: how to compare data in a.u.?
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BD FACSCanto II

same population of erythrocyte EV

Apogee A50-micro



Light scattering depends on 
the size and refractive index of a particle
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particle
Åsize
Årefractive index

laser



Goal: derive size and refractive index by 
combining forward and side scatter
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side scatterforward scatter



Flow-SR (Flow Size & Refractive index)

manuscript submitted
data by unmodified Apogee A50-Micro flow cytometer
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Flow-SR



Validate Flow-SR with a beads mixture

46

measurement error < 7%



Validate Flow-SR with oil emulsions

47



Supernatant of outdated platelet concentrate

centrifuged 3-fold, 1550 × g, 20 min 48

Flow-SR

No gate

lipoprotein
particles?

EV? 77%

23%



Supernatant of outdated platelet concentrate
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No gateCD61+ gate

97%

3%

77%

23%



Generic marker to identify EV

EV fingerprint
membrane stain      (e.g. PKH26, Di-8-ANEPPS)
refractive index < 1.42  (e.g. by Flow-SR)
diameter < 1 µm      (e.g. by Flow-SR)

50



The pathway to single vesicle detection

know physical properties of EV
formulate requirements
select principle of operation

flow-based technique

develop detection technique
standardization
EV identification
sensitivity
sorting
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Sensitivity of 46 flow cytometers in the field 

52Sponsor: International Society on Thrombosis and Haemostasis
manuscript in preparation

= unable to detect 400 nm
 polystyrene beads



Physical properties: morphology and scattering

image: Issman et al. PLoS ONE 2013
van der Pol et al. Nano Lett. 2014
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5 nm thick shell, n = 1.46

core, n = 1.35



Sensitivity of 46 flow cytometers in the field 

54Sponsor: International Society on Thrombosis and Haemostasis
manuscript in preparation

= unable to detect EV < 1000 nm



Nanofluidic
optical fiber

Faez et al. ACS Nano (2015) 55
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Urinary EV with nanofluidic optical fiber
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The pathway to single vesicle detection

know physical properties of EV
formulate requirements
select principle of operation

flow-based technique

develop detection technique
standardization
EV identification
sensitivity
sorting
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The key of EV sorting are small (~fL) droplets

60

Particle 
concentration 

(mL-1)

Mean space 
per particle 

(fL)

Droplet 
diameter 

(µm)

1011 10 2.7



The key of EV sorting are small (~fL) droplets

61

Particle 
concentration 

(mL-1)

Mean space 
per particle 

(fL)

Droplet 
diameter 

(µm)

1011 10 2.7

1010 100 5.8

109 1,000 12.4



Summary

problem: EV are heterogeneous
goal: detect origin and function of each EV
flow-based techniques are either sufficiently

fast (105 s-1)
or sensitive (30 nm EV)
or specific (identify EV and cellular origin)

novel generic EV marker
membrane stain
refractive index < 1.42 (Flow-SR)
diameter < 1 µm

flow-based sorting requires novel technology
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Outlook
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