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Extracellular vesicles (EVs)

% extracellular
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% intraluminal vesicle

* Biological nanoparticles with receptors, DNA, RNA
» Reflect the status of their cell of origin

 Clinically relevant
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Challenges of characterlzmg EVs from human plasma
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Aim

To measure single EVs directly in diluted, labelled
human plasma using Imaging Flow Cytometry (IFCM)...

...reflecting the status of
the individual ‘as is’

Source: Unsplash.com
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Imaging Flow Cytometry (ImageStreamX MKII)
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Category Components Objective

4 N

( ™
1.1. Report preanalytical variables conforming to MISEV guidelines*

Preanalytlcal varlables & 1.2. Report experimental design according to MIFlowCyt guidelines® Reproducibility

experimental design

S\ J »

r2.1. Sample staining* ( h

H 2.2. Sample washing steps* T
Sample preparation 23 Sample dilution” Reproducibility

A
A Y4 )

(3.1. Buffer-only* 3.5. Single-stained controls* .
3.2. Buffer with reagents* 3.6. Procedural controls** Proof of smgle
3.3. Unstained controls* 3.7. Serial dilution* vesicle detection

L3.4. Isotype controls** 3.8. Detergent-treated EV samples JAN y
Welsh, J.A. et

N\ - " aY4 N
| t t Ib t 4.1. Trigger channel(s) and threshold(s)
nstrument calibration 4.2. Flow rate & volumetric quantification (uL min-'/ pL)* al

Assay controls

& data acquisition 43 Fluorescence Calibration (MESF/ERF units)* Standardization

) | 44. Light Scatter Caiibration (nm?) JL J M/F/OWCyt'E %

) (5.1. EV diameter/surface area/volume approximation ( h J EXtI’a Cell.

H H 5.2. EV refractive index approximation Advanced .
EV characterization 5.3. Epitope number approximation standardization VeSICIeS 20 1 9

J . s\ »

)

6.1. Complete MIFlowCyt checklist*

: 6.2. Calibrated channel detection range s
FC data reporting B By e ety Reproducibility

L6'4' EV brightness JAN y

(7.1. Share data to public repository Y h

FC data sharing Reproducibility

J . s\ »
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Outline: MIFlowCyt-EV

@ Assay controls

) r3.1. Buffer-only* 3.5. Single-stained controls* ( . )
3.2. Buffer with reagents* 3.6. Procedural controls** Proof of smgle
3.3. Unstained controls*® 3.7. Serial dilution* ; :
y 3.4. Isotype controls** 3.8. Detergent-treated EV samples :"ESIC'E detECtIOHJ
| Ib . h r4.1. Trigger channel(s) and threshold(s)* ( h
nstrument calibration 4.2. Flow rate & volumetric quantification (uL min-'/ pL)* Standardizati
& data acquisition 4.3. Fluorescence Calibration (MESF/ERF units)* andardization
) L4'4' Light Scatter Calibration (nm?) % )
AW 4# { N
5.1. EV diameter/surface area/volume approximation Ad d
. : 5.2. EV refractive index approximation vance
EV characterlzatlon 5.3. Epitope number approximation : :
standardization
7\, \ J

Welsh, J.A. et al.,

J. Extracell. Vesicles 2019
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Outline: MIFlowCyt-EV

3.3. Unstained controls® 3.7. Serial dilution*® : :
L3'4' Isotype controls™ 3.8. Detergent-treated EV samples ) :"ESIC'E detECtIOHJ

r4.1 . Trigger channel(s) and threshold(s)* \( h

InStrument Callbratlon 4.2. Flow rate & volumetric quantification (uL min-'/ pL)*

& data acquisition 4.3 Fluorescence Calibration (MESF/ERF units)* Standardization
L4'4' Light Scatter Calibration (nm?)

J J

{ N[ N
5.1. EV diameter/surface area/volume approximation Ad d
. H B2. EV refractive index approximation vance
EV Charaderlzatlon 5.3. Epitope number approximation standardization

s\ 7 \ J

) r3.1. Buffer-only* 3.5. Single-stained controls* Y . )
ASSEly controls 3.2. Buffer with reagents* 3.6. Procedural controls** Proof of single

Welsh, J.A. et al.,
J. Extracell. Vesicles 2019

EEEEEEEEENEEEENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER Erasmus MC
EEEEEEEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER

https://www.rotterdamtransplantationlab.nl/ w.woud@erasmusmc.nl



mailto:w.woud@erasmusmc.nl
https://www.rotterdamtransplantationlab.nl/

IFCM SSC Size Calibration
SSC @785 nm, 1.25 mW

Acquired 7 sizes of PS « F =8.405 >
Beads: 1e+05 R?=0.91 ps [ 1e+06
« 100 nm . 5

* 160nm 16+03 ) EV L 1e+04

« 200 nm Use Mie Theory to

e 240 nm calibrate for size:
e 300 nm

* 500 nm
e 900 nm

r1e+02

(‘n'e) A&yisuaiu| bulaeds apis

Scattering cross section [nm?]

|Ps (n=1.5783 @ 785 nm)
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Woud W.W. et al., Communications Biology 2022
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Outline: MIFlowCyt-EV

3.3. Unstained controls® 3.7. Serial dilution*® : :
L3'4' [sotype controls** 3.8. Detergent-treated EV samples vesicle detection

7 \ J

r4.1. Trigger channel(s) and threshold(s)* AV )

InStrument Callbratlon .2. Flow rate & volumetric quantification (uL min-'/ pL)*

- e o Standardization
4.3. Fluorescence Calibration (MESF/ERF units)
& data vaUISItlon L4'4' Light Scatter Calibration (nm?)

J J

AW 4# Y4 N
5.1. EV diameter/surface area/volume approximation

5.2. EV refractive index approximation Advanced
5.3. Epitope number approximation standardization
7\, 7\ J

EV characterization

) r3.1. Buffer-only* 3.5. Single-stained controls* Y . )
ASSEly controls 3.2. Buffer with reagents* 3.6. Procedural controls** Proof of single

Welsh, J.A. et al.,
J. Extracell. Vesicles 2019

EEEEEEEEENEEEENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER Erasmus MC

https://www.rotterdamtransplantationlab.nl/ w.woud@erasmusmc.nl



mailto:w.woud@erasmusmc.nl
https://www.rotterdamtransplantationlab.nl/

Gating Strategy

Selection of single fluorescent EVs =400 nm in plasma:

All <400 nm 0 or 1 Spot Marker'A’ 0 or 1 Spot Marker ‘B’
7
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Side Scatter Intensity (a.u.) Spot Count Marker ‘A’ Spot Count Marker ‘B’ Spot distance ‘A'to ‘B’
Channel fluorescence Intensity mask Channel fluorescence Intensity mask Fluorescence’A’  Fluorescence B’

2059 1342
2229 6293

Tip from Haley Pugsley: not intensity mask but system mask
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Outline: MIFlowCyt-EV

y
Q
®
®

r3.1. Buffer-only* 3.5. Single-stained controls* ( p f of singl )
3.2. Butter wﬂﬁ rea:gents* %.6. Procedural controls roor or singie
ASSEly controls .3. Unstained controls 3.7. Serial dilution* vesicle detection
L!.Z. |sof¥29 controls ™ 3.8. Detergent-treated EV samples 9 )
| Ib . r4.1 . Trigger channel(s) and threshold(s)* ( h
nstrument calibration 4.2. Flow rate & volumetric quantification (uL min-'/ pL)* Standardizati
& data acquisition 4.3. Fluorescence Calibration (MESF/ERF units)* andardization
4.4, Light Scatter Calibration (nm?2)
" J
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. . ive i imati vance
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. \ J
Welsh, J.A. et al.,
J. Extracell. Vesicles 2019
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Background Analysis

No washing steps are performed -
Discrimination of EVs from fluorescent background signals
CFSE+ events Tetraspanin+ (CD9, CD63, CD81) events
5e+081 5e+08
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Outline: MIFlowCyt-EV

@ Assay controls

) r3.1. Buffer-only* 3.5. Single-stained controls* ( . )
3.2. Buffer with reagents* 3.6. Procedural controls** Proof of smgle
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| Ib . h r4.1. Trigger channel(s) and threshold(s)* ( h
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) L4'4' Light Scatter Calibration (nm?) % )
AW 4# { N
5.1. EV diameter/surface area/volume approximation Ad d
. : 5.2. EV refractive index approximation vance
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Welsh, J.A. et al.,

J. Extracell. Vesicles 2019

Erasmus MC

https://www.rotterdamtransplantationlab.nl/

w.woud@erasmusmc.nl



mailto:w.woud@erasmusmc.nl
https://www.rotterdamtransplantationlab.nl/

' Detergent Treatment (10% (v/v) TritonX-100)

CFSE+Tetraspanin+ particles

Total Events

Detergent Treatment

9e+07 1

6e+07 -

Objects/mL

3e+07 1

Double-Positive

0e+00+

~94%
reduction
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Outline: MIFlowCyt-EV

3.3. Unstained controls® 3.7. Serial dilution*® : :
L3'4' Isotype controls™ 3.8. Detergent-treated EV samples vesicle detection

7 \ J

r4.1 . Trigger channel(s) and threshold(s)* \( h

InStrument Callbratlon 4.2. Flow rate & volumetric quantification (uL min-'/ pL)*
iciti 4.3. Fluorescence Calibration (MESF/ERF units)*
& data vaUISItlon L4'4' Light Scatter Calibration (nmZ) JAN )

AW 4# Y4 N
5.1. EV diameter/surface area/volume approximation

5.2. EV refractive index approximation Advanced
5.3. Epitope number approximation standardization
7\, 7\ J

Standardization

EV characterization

) r3.1. Buffer-only* 3.5. Single-stained controls* Y . )
ASSEly controls 3.2. Buffer with reagents* 3.6. Procedural controls** Proof of single

Welsh, J.A. et al.,
J. Extracell. Vesicles 2019
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Fluorescent Calibration

500 nm Rainbow Calibration Particles with known reference values

in terms of Equivalent Reference Fluorophores (ERF)

FITC ERF APC ERF
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Fluorescent Calibration

Conversion of fluorescent intensities (a.u.) into ERF values

Uncalibrated Data ERF Calibrated Data

2

Lower - Upper
fluorescent thresholds:

CFSE: 35.40 - 3776 ERF
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Outline: MIFlowCyt-EV
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Welsh, J.A. et al.,
J. Extracell. Vesicles 2019
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Testing EV coincidence occurrence — Serial Dilution

1e+08
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Testing EV coincidence occurrence — Serial Dilution

ERF CFSE ERF Tetraspanin Mixture
100 ﬁﬁ__l.;'““‘“w L 100
= T E T
o | + o | Stable
T L S S Fluorescent
T & I .
T ol « o|g---8---8---8---= Signals
Mean ERF: 113.47 [ Mean ERF: 31.83
L% oy N T I T B A% oy I T I B
1 10 100 1 10 100
Dilution Factor Dilution Factor
@® Healthy Ctrl 1 Healthy Ctrl2 M@ Healthy Ctrl3 — Healthy Ctrl4 [ Healthy Ctrl 5
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IFCM facilitates specific EV subset analysis in
contaminated/diluted PPP samples

Concentration of Human EV Concentration of Mouse EV
3e+07 1
2.0e+06 1
+ 2
5 = 2e+07 1 1.5e+06 1 R“=0.81
e
n <=
o8
,_TJ Q 1.0e+06 1
n =2 1e+07 -
u O
O 5.0e+05-
Oe+00 1
0Q0e+tOOT" -~~~ == === ===="-
100% 50% - 50% 100% 100% 50% - 50% 100%
Mouse PPP Mouse - Human PPP Human PPP Mouse PPP Mouse - Human PPP Human PPP
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Conclusions

Developed a standardized IFCM-based methodology

Measure EVs directly in diluted platelet poor plasma

High specificity (human / mouse)

Showing the status of an individual “as is”
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