Quantitative light scattering to standardize flow
cytometry measurements of extracellular vesicles

]
%unal uc;aﬁ’

5 o
& 2
& A
£ 2
% §

I.I'I
e
% s
&2
oy po®

Vesicle
Auguste Sturk, Ton van Leeuwen, Observation Center

and Rienk Nieuwland

May 27th’ 2016 EXﬁMETRY @ETVES

Vesicle Observation Center, Academic Medical Center,
University of Amsterdam, The Netherlands

Edwin van der Pol
Frank Coumans

BN



Conflicts of interest

e Edwin van der Pol and Frank Coumans are
cofounder and stakeholder of EXOMETRY




Introduction

e extracellular vesicles (EV) are potential biomarkers
e flow cytometry is commonly used to count EV
e reported concentrations of EV in plasma
differ >10°-fold*
e standardization required

. W *van der Pol et al. JTH (2014)
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Problem 1: instruments differ in sensitivity
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Problem 2: arbitrary units

same population of erythrocyte EV
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Goal

e obtain reproducible measurements of the EV
concentration using different flow cytometers




Study comprises 33 sites (64 instruments) worldwide
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Approach

e measure EV reference sample and controls
e determine flow rate

e scatter (a.u.) 2 diameter (nm)
> measure METVES-beads
> Exometry software obtains scatter to diameter relation
> Exometry software provides EV size gates

e apply EV size gate to software (e.g. FlowJo) and
report concentrations
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EV reference sample

e erythrocyte EV from blood bank concentrate
> CD235a-FITC labeled
> trigger on most sensitive scatter channel
> exclude EV similar to isotype




Approach

¢+ measure EV reference sample and controls
e determine flow rate

e scatter (a.u.) 2 diameter (nm)
> measure METVES-beads
> Exometry software obtains scatter to diameter relation
> Exometry software provides EV size gates

e apply EV size gate to software (e.g. FlowJo) and
report concentrations
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Determine flow rate

# of EV
flow rate x measurement time

concentration =
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Approach

¢+ measure EV reference sample and controls
¢ determine flow rate

e scatter (a.u.) 2 diameter (nm)
> measure METVES-beads
> Exometry software obtains scatter to diameter relation
> Exometry software provides EV size gates

e apply EV size gate to software (e.g. FlowJo) and
report concentrations
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Earlier ISTH studies: gate on polystyrene beads

BC Gallios (forward scatter) BD LSR Il (side scatter)
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Earlier ISTH studies: gate on polystyrene beads

BC Astrios MoFlo (side scatter) BD LSR Il (side scatter)
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2016: relate scatter (a.u.) to diameter (nm)

BC Astrios MoFlo (side scatter) BD LSR Il (side scatter)
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n Exometry - ISTH S5C 2014 v0.53

— Status

Please open "Exometry beads" file.

— Recommended vesicle size gates

— Controls
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B Exometry - ISTH SSC 2014 v0.53 ESRIE

— Status — Recommended vesicle size gates
Please select detector and click "Gate” to obtain vesicle size gates. Diarmeter (nm) Intensity (a.u.)
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n Exometry - ISTH S5C 2014 v0.53

— Status — Recommended vesicle size gates
There are 5 scatter peaks related to the particle diameter. Applying Mie calculations. Diameter L Intensity (a.u.)
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Exometry - ISTH S5C 2014 v0.53

— Status — Recommended vesicle size gates
Flow cytometer has been calibrated, estimated error less than 0% Calculating vesicle size gates. Diameter (nm] | Intensity (a.u.)
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Exometry - ISTH S5C 2014 v0.53 [

— Status — Recommended vesicle size gates

Congratulations, vesicle size gates determined, estimated error less than 0%. Diameter (nm] | Intensity (a.u.)

3000 20636
Gate 1 {
— Controls 1200 2380 } Gate 2
600 q07 J °FF
| Open "Exometry beads" file | |SSC (recommended) = | | Gate Open "Reference beads” file Gate 3 { 300 202
] ]
10 LN B B R L | B | 1 0

Counts

10°
El S
&, &,
= 2 10°
7)] 7)]
c c
© ©
= =
2 2 l
== == 3
i 5" |
o o :
o o 1
) ) I
I
10° 13 :
I : ®  Polystyrene data
: I Polystyrene calculation (n=1.61)
BD FACSCantoll : : =V esicles calculation {(rn=1.40)
101 'l » 'l 'l I » » 'l 'l 1 01 I '] I '] I '] ! '] '] I ] ] ] '] I '] '] '] '] I ] ] '] ']
0 2000 4000 0 500 1000 1500 2000 2500 3000

Diameter (nm)




Exometry - ISTH S5C 2014 v0.53
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Exclusion of flow cytometers (FCM)

Enrolled 33 sites, 64 FCM

Reason for
discontinuation

Shipment issue 2

Multiple instruments 15

Availability instrument
/technician 1

Step 1: beads 46 FCM

Reason for
discontinuation

No 400 nm FL bead 12
Multiple instruments 2
Availability instrument
/technician 3
No data submitted 6

Step 2: samples 23 FCM




Instrument sensitivity
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Approach

¢+ measure EV reference sample and controls
¢ determine flow rate

¢ scatter (a.u.) 2 diameter (nm)
v measure METVES-beads
v Exometry software obtains scatter to diameter relation
v Exometry software provides EV size gates

e apply EV size gate to software (e.g. FlowJo) and
report concentrations
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Reproducibility of 1200-3000 nm EV

Percentile
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Reproducibility of 1200-3000 nm EV

%CV All  |SSC only |FSC only
Gate on beads 74% |160% 80%

Gate on EV size with |59% [42% 92%
light scatter theory

%CV = standard deviation / mean * 100% 26
Preliminary results



¢ 600-1200 nm EV gate

@

Reproducibility of 600-1200 nm EV
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Reproducibility of 300-600 nm EV

¢ 300-800 nm EV gate
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Conclusions

e flow rate calibration is essential

e many flow cytometers used in EV research
do not detect EV by scatter-based triggering

e EV size gate by Mie theory (CV=59%) leads to
better reproducibility than gate on beads (CV=74%)

. Preliminary results 29



Discussion

e assumption of EV size gate by Mie theory
» EV have similar refractive index of 1.4

e discrepancy between FSC and SSC
> due to incorrectly selected refractive index?

e standardization of EV sizes <1200 nm ineffective

RN
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