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Goal: EV-based liquid biopsy

Fictive values, PhD thesis van der Pol UvA 2015 3



EV-based liquid biopsy: difficulties

Single EV characterization
Data interpretation
Data comparison
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Outline

EV detection: size does matter
Flow cytometry

Magic of calibration: scatter-based sizing
Relevance of calibration: 2 examples
Data reporting

Outlook
Dos and don’ts
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Extracellular vesicles (EVs)

200 nm



Extracellular vesicle samples and size distribution

LoD: limit of detection, LPs: lipoprotein particles
Confidential: manuscript in preparation
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Hurray: we measured EVs!

Example: MCF7 EVs by nanoparticle tracking analysis 8

No, you measured too little particles



Hurray: we measured EVs?

Example: Urine EVs by nanoparticle tracking analysis
1. van der Pol et al. J Thromb Haemost 2014
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Almost. You measured sub-µm particles. And now?

Mean diameter = 132.2 nm
Bad idea, because
1. size distribution is skewed
2. size distribution is biased by lower limit of      
2. detection1 (LoD)

LoD1



Reporting mean diameters: example

Data and figure by Michael Cimorelli, manuscript in prep.
Filipe et al. Pharm Res 2010 | Gross et al. Eur J Pharm Biopharm 2016
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Bad practice for biofluids:
report mean diameters
report concentration 
without size range

Mean diameter 
(nm)

Concentration 
(mL-1)

NTA 169 4.8∙108

RPS 104 7.5∙109

Flow 
cytometry

191 1.4∙109

Particles in human urine



Analyzing size distributions and concentrations

Data and figure by Michael Cimorelli, manuscript in prep. 11

Better practice:
describe size distribution with 
mathematical function
quantify detection limits
report concentration 
within size detection range

Particles in human urine



Analyzing size distributions and concentrations

Data and figure by Michael Cimorelli, manuscript in prep. 12

NTA 
(Nanosight NS500)

RPS
(Spectradyne nCS1)

Flow cytometry 
(Apogee A60-Micro)

𝐶(𝑑) = 𝑘 ∙ 𝑑𝑚



Analyzing size distributions and concentrations

More on reporting: MISEV by Théry et al. JEV 2018
MIFlowCyt-EV by Welsh et al. JEV 2020
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Method # particles 
measured

Power-law 
m

Power-law 
k (mL-1)

Fit quality 
R2

Measured 
concentration 

(mL-1)

Size range 
(nm)

NTA 1,621 -4.41 2.6∙1017 0.925 2.7∙108 140 - 1,000

RPS 12,897 -4.15 2.1∙1017 0.983 6.1∙109 70 - 0,810

Flow 
cytometry

416,725 -4.27 3.8∙1017 0.988 1.1∙109 150 - 0,810

𝐶(𝑑) = 𝑘 ∙ 𝑑𝑚



Reporting size distributions and concentrations
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Method # particles 
measured

Power-law 
m

Power-law 
k (mL-1)

Fit quality 
R2

Measured 
concentration 

(mL-1)

Size range 
(nm)

NTA 1,621 -4.41 2.6∙1017 0.925 2.7∙108 140 - 1,000

RPS 12,897 -4.15 2.1∙1017 0.983 6.1∙109 70 - 0,810

Flow 
cytometry

416,725 -4.27 3.8∙1017 0.988 1.1∙109 150 - 0,810

𝐶(𝑑) = 𝑘 ∙ 𝑑𝑚

More on reporting: MISEV by Théry et al. JEV 2018
MIFlowCyt-EV by Welsh et al. JEV 2020



EV detection: size does matter

Report EV concentration 
within size detection range
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Outline

EV detection: size does matter
Flow cytometry

Magic of calibration: scatter-based sizing
Relevance of calibration: 2 examples
Data reporting

Outlook
Dos and don’ts
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Flow cytometry does not measure size

Image: semrock.com 17

laser electronics and 
computer

fluorescence detectors

side 
scatter 

detector 
(SSC)

forward scatter detector (FSC)
>10,000 events/s



Other techniques also do not measure “size”

Nanoparticle tracking analysis
measures mean square displacement

Resistive pulse sensing
measures electrical resistance

Flow cytometry
measures light scattering…
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EV size gate based on polystyrene beads

image adopted: Robert et al. J Thromb Haemost 2008 19
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Relate scatter to diameter of beads

Flow cytometer: BD FACSCalibur 20



Relate scatter to diameter of beads

Model: de Rond et al. Curr Protoc Cytom 2018 21



Relate scatter to diameter of beads

Model: de Rond et al. Curr Protoc Cytom 2018 22



10 nm

Relate scatter to diameter of EVs

van der Pol et al. J Thromb Heamost 2012 23



Calibrate light scattering of a flow cytometer

24

Measuring your daily bead mix is not a calibration





Turn your flow cytometer into a particle sizer!

de Rond et al. Curr Protoc Cytom 2019
Download: edwinvanderpol.com
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Easy
Cheaper than daily quality control with polystyrene beads
More accurate than NTA (flow cytometer dependent)

Current Protocols in Cytometry, e43 (2018)



Scatter to diameter relationship differs between instruments

Scatter calibration: de Rond et al. Curr Protoc Cytom 2018 27

BD InfluxBD LSR



Outline

EV detection: size does matter
Flow cytometry

Magic of calibration: scatter-based sizing
Relevance of calibration: 2 examples
Data reporting

Outlook
Dos and don’ts
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Usefulness of size-calibration to data comparison

EV sample prepared by Britta Bettin, AMC 29

Apogee A60-Micro Cytek Aurora

Concentration = 1.4·107 /mL

Concentration = 3.8·106 /mL



Usefulness of size-calibration to data comparison

EV sample prepared by Britta Bettin, AMC 30

Apogee A60-Micro
Concentration = 2.7·106 /mL

Cytek Aurora
Concentration = 2.2·106 /mL



MISEV 2018

“EV characterization by multiple, complementary 
techniques is important to assess the results of 
separation methods and to establish the likelihood that 
biomarkers or functions are associated with EVs”

Théry et al. JEV 2018 31



EVs measured by FCM and TEM
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Flow cytometry (FCM) Transmission electron microscopy (TEM)



Usefulness of calibration to data interpretation

Submitted to J. Thromb. Heamost. 33



Outline

EV detection: size does matter
Flow cytometry

Magic of calibration: scatter-based sizing
Relevance of calibration: 2 examples
Data reporting

Outlook
Dos and don’ts
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Reporting

Calibrate measured signals1

Fluorescence to MESF
Scatter to diameter (nm)

Report EV concentration within calibrated 
fluorescence and size ranges1

Use assay controls to verify that events are EVs1

1Welsh et al. JEV 2020
MESF: molecules of equivalent soluble fluorophores
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Reporting

Minimum information about a flow cytometry experiment on 
extracellular vesicles (MIFlowCyt-EV)
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Outline

EV detection: size does matter
Flow cytometry

Magic of calibration: scatter-based sizing
Relevance of calibration: 2 examples
Data reporting

Outlook
Dos and don’ts
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Outlook

Improving
Knowledge (evflowcytometry.org)
Procedures (Current Protocols in Cytometry)
Reference materials (metves.eu)
Reporting (MIFlowCyt-EV)

Comparable data on concentrations of EVs with 
specific surface markers: within known fluorescence 
intensity and size ranges
Reference value study (224 healthy volunteers)
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https://www.evflowcytometry.org/
https://www.metves.eu/


Don’ts of single EV detection

Do not make size distributions based on 
“insufficient” numbers of EVs

Be careful describing size distributions of EVs with 
statistical parameters mean, median, mode

Do not standardize flow cytometry experiments 
using bead gates
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Dos of single EV detection

Describe size distributions of EVs with a 
mathematical function

Calibrate: relate arbitrary units to standard units

Report EV concentration within size detection 
range

Report all experimental details (MIFlowCyt-EV)
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metves.eu

Funding
EURAMET project 
18HLT01 (METVES II)


	Slide 1: The dos and don’ts of single extracellular vesicle detection
	Slide 2: Conflict of interest
	Slide 3: Goal: EV-based liquid biopsy
	Slide 4: EV-based liquid biopsy: difficulties
	Slide 5: Outline
	Slide 6: Extracellular vesicles (EVs)
	Slide 7: Extracellular vesicle samples and size distribution
	Slide 8: Hurray: we measured EVs!
	Slide 9: Hurray: we measured EVs?
	Slide 10: Reporting mean diameters: example
	Slide 11: Analyzing size distributions and concentrations
	Slide 12: Analyzing size distributions and concentrations
	Slide 13: Analyzing size distributions and concentrations
	Slide 14: Reporting size distributions and concentrations
	Slide 15: EV detection: size does matter
	Slide 16: Outline
	Slide 17: Flow cytometry does not measure size
	Slide 18: Other techniques also do not measure “size”
	Slide 19: EV size gate based on polystyrene beads
	Slide 20: Relate scatter to diameter of beads
	Slide 21: Relate scatter to diameter of beads
	Slide 22: Relate scatter to diameter of beads
	Slide 23: Relate scatter to diameter of EVs
	Slide 24: Calibrate light scattering of a flow cytometer
	Slide 25
	Slide 26: Turn your flow cytometer into a particle sizer!
	Slide 27: Scatter to diameter relationship differs between instruments
	Slide 28: Outline
	Slide 29: Usefulness of size-calibration to data comparison
	Slide 30: Usefulness of size-calibration to data comparison
	Slide 31: MISEV 2018
	Slide 32: EVs measured by FCM and TEM
	Slide 33: Usefulness of calibration to data interpretation
	Slide 34: Outline
	Slide 35: Reporting
	Slide 36: Reporting
	Slide 37: Outline
	Slide 38: Outlook
	Slide 39: Don’ts of single EV detection
	Slide 40: Dos of single EV detection
	Slide 41: Acknowledgements

