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Outline

Small particles: extracellular vesicles (EVs)
Flow cytometry limitations
Calibration

Solid beads are misleading
Swarm detection
Standardisation of EV
concentration measurements







Extracellular vesicles (EVs)
extracellular

% )
plasma membrane ¥ vesicles

receptors
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e cells release vesicles:

biological nanoparticles with receptors, DNA, RNA
e specialized functions
e clinically relevant

van der Pol et al. Pharmacol Rev 2012
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EV-based liquid biopsy
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Hematology parameter Concentration (vesicles mL~1)

Platelet vesicle count 23— 6.2-10Y
Erythrocyte vesicle count 7.0 — 8.6-10%0

Reticulocyte vesicle count 3.9 — 15.6 - 10°
Leukocyte vesicle count 6.2 — 16.4 - 107

Total vesicle count 7.3 — 9.4.1010

Fictive values, PhD thesis van der Pol UvA 2015



Problem: EVs are small and heterogeneous
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Flow cytometry

fluorescence channels

electronics and
» computer

" scatter
detector
(SSC)

forward scatter detector (FSC)

Image: semrock.com



Side scatter (a.u.)

Problem 1: arbitrary units

same population of erythrocyte EVs
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Problem 2: instruments differ in sensitivity

2-fold 30-fold
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Clinical reality

e reported concentrations
of blood plasma EV
differ >10°-fold

e clinical data cannot be
compared

e standardization required

“Gasecka’s law”
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Solution

e Calibrate!

calibrate s
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Thermometer: no calibration

Lab 1 Lab 2 e Data interpretation
» What is the temperature?

e Data comparison
> |s the temperature equal?
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Thermometer: measuring reference values

Lab 1 Lab 2 e Data interpretation

» What is the temperature?
100 °C
100 °C
0°C
0°C

e Data comparison
> |s the temperature equal?
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Thermometer: calibration

Lab 1 Lab 2 e Data interpretation
100 °C > What is the temperature?
50 °C
100 °C e Data comparison
0°C > Is the temperature equal?
0°C
Yes!
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Flow cytometer: no calibration

BD LSR BD Influx e Data interpretation
> What is the EV size?

e Data comparison
> Do we study equal EV sizes?

Il Il

Side scatter Forward scatter

Example based on van der Pol et al. JTH 2018 15



Flow cytometer: measuring reference materials

BD LSR

PS beads:

400 nm =

200 nm -_I_

Side scatter

BD Influx e Data interpretation
> What is the EV size?
366Tmmr?
PS beads: e Data comparison
> Do we study equal EV sizes?
400 nm = Yes?

Light scatter signals
are complex and
depend on collection
angles and particle
refractive index

200 nm -_I_

Forward scatter

PS beads: polystyrene beads 16



Flow cytometer: calibration

BD LSR BD Influx e Data interpretation
> What is the EV size?
1,160 nm & 500 nm
PS beadS: ” A EVs: PS beads: ” A EVS: © Data Comparlson
> Do we study equal EV sizes?
400nm 4 F 1,840nm 400nm 4 | 760 nm No!
= 1,160 nm = 500 nm
200 nm '-I-- 800 nm 200 nm '-I-- 325 nm

Side scatter Forward scatter

Example based on van der Pol et al. JTH 2018 17



EV size gate based on polystyrene beads

103E
— 10 & . ”
5 3 “EV size gate .
= ; g. 5] 900 nm e Introduced in 2008
2 104 500nm x | beads e Common practice
(© = , .
3 ] beads (§ e Bad practice
-('ec 10°=
I
© -
) T unuﬁl T |unm'| T v rain
10° 10 10? 103

Side scatter (a.u.)

image adopted: Robert et al.  Thromb Haemost 2008 18



Relate scatter to diameter of beads

107 - - - m data polystyrene beads
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Relate scatter to diameter of beads

10° m data polystyrene beads
107 theory polystyrene spheres
(npofysfymne = 1 605)
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Model: de Rond et al. Curr Protoc Cytom 2018
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Relate scatter to diameter of beads
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Relate scatter to diameter of EVs
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Particles below detection limit are detected
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illumination
volume = 50 pl

At a concentration
of 1010 EVs ml?,
>500 EVs are
simultaneously
illuminated
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Outline

¢ Small particles: extracellular vesicles (EVs)

v Flow cytometry limitations

v Calibration

¢ Solid beads are misleading

v Swarm detection

e Standardisation of EV
concentration measurements
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Study comprises 33 sites (64 instruments
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Exometry - ISTH S5C 2014 v0.53

— Statu Recommended vesicle size gat
Please open "Exometry beads” file. Diarmeter -jnn_1:_ i Intensity (a.u.)
Gate 1 { 5000
— Control 1|f:::: } Gate 2
| Open "Exometry beads” file | |Flow cytometer unknown Gate Open "Reference beads” file Gate 3 { 300
4 4
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7
n Exometry - ISTH S5C 2014 v0.53

— Statu Recommended vesicle size gat
Please select detector and click "Gate” to obtain vesicle size gates. Diameter (nm) | Intensity (a.u.)
3000
Gate 1 { e
— Control
. 600
’ Open "Exometry beads” file | |SSC (recommended) - Open "Reference beads” file Gat=i { 300
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u Exometry - ISTH S5C 2014 v0.53

— Statu Recommended vesicle size gat
There are 5 scatter peaks related to the particle diameter. Applying Mie calculations. Diameter '-'”n_l'__ Intensity (a.u.)
Gate 1 { 3|_||:||:|
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u Exometry - ISTH S5C 2014 v0.53

— Statu

Flow cytometer has been calibrated, estimated error less than 0%. Calculating vesicle size gates.

— Control

Open "Exometry beads” file | |SSC (recommended) Gate Open "Reference beads” file

Recommended vesicle size gat

Diarneter (nm) Intensity (a.u.)
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Gate 1 { .
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Scattering intensity (a.u.)
Scattering intensity (a.u.)

10°
B Polystyrene data
BD FACSCantoll Polystyrene calculatlon (n—1 61)
101....|.... 101 NI I RN R T L s 3 1 3 3 33
0 2000 4000 0 500 1000 1500 2000 2500 0 0
Counts Diameter (nm)

32



B Exometry - ISTH SSC 2014 v0.53 [ESREE

— Statu Recommended vesicle size gat
Congratulations, vesicle size gates determined, estimated error less than 0%. Diameter (nm) | Intensity (a.u.)
3000 20636
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m Exometry - ISTH 55C 2014 v0.53

Counts

— Statu Recommended vesicle size gates
There are & scatter peaks related to the particle diameter. Applying Mie calculations. Diamete Ler 8
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Sensitivity of 46 flow cytometers in the field
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Reproducibility of 1200-3000 nm EVs, 31 FCMs

CV(%)
Gate on beads 139%
Gate on EV size with 81%

light scatter theory

Requires improvement!

%CV = standard deviation / mean * 100%
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Outlook: METVES Il

e one bead to calibrate them all
> fluorescence
= 100 - 100,000 fluorescent molecules
> number concentration
= 10° — 10*? particles mL?

> scatter
= discrete diameters between 50 nm — 1,000 nm
= refractive index between 1.37 —-1.42

metves.eu
Red: properties resembling EVs or EV samples

37
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hollow organosilica beads (HOBs)

Example
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Anticipated outcome comparison study

e Per lab:

> flow cytometry
= reference materials
= biological test samples

> fully automated
calibration & data analysis

Concentration

4
S

N—

5.0x10°

0.0

CV<20%

1

2

3

4

)

—_
o

[aN]

10%

Side scattering cross section (nm

*7.3-10% counts
per 6.02 plL

11000

1500

10°

T[T T

FITC (MESF)

- TYITEy ¥ T T T

- . v 0
10° 10" 102 10° 10* 10° 10°

40



Summary

Extracellular vesicles (EVs): small and heterogeneous
Flow cytometry limitation: arbitrary units

Calibrate flow, fluorescence & scatter!
Solid bead gates are misleading

Avoid swarm detection

Standardize

Summary: Cossarizza et al. Eur J Immunol 2019 41
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