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Need for high throughput single EV-based analysis

» EV subset analysis — Flow cytometry-based
» Rare event analysis (EV-biomarkers) EV analysis

What do we need?
* Sensitive instruments
 Reference materials (calibrators), EV-control materials
* Tools (fl-labels, fl-labeled Abs, single chain Abs, aptamers,...)
 Good practise
* Minimal requirements for publication, Data repository



Standardisation of EV concentration based on light scatter
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Polystrene reference beads (0.5 - 0.9 um) used for gating
- Concentration of EVs within gates



Added value to join efforts
ISEV2015: Kick-off EV-flow cytometry work group (ISEV-ISAC-ISTH)

o ISEV
INTERNATIONAL SOCIETY FOR
U EXTRACELLULAR VESICLES
Knowledge on biological samples/EV isolation
Need for high throughput single EV analysis

Development of EV analysis technology
Many end-users

~ISAC

International Society for Advancement of Cytometry

* Technology development (cytometry)
* Education

* Strong connections with Industry
* Interface of users

th International Society on

ISUN Thrombosis and Haemostasis
Development guidelines for plasma EV isolation

* Standardization of plasma EV analysis

Many end-users




ISEV-ISAC-ISTH EV flow cytometry working group

Defined needs for single EV analysis
- Comprehensive reporting of well-controlled experiments
- Instrument calibration and definition of resolution limits

- EV-like references to calibrate, compare, spike-in
- Enhanced (fluorescent) signals / (fluorescence) detection ‘§

" WORKIN
. PROGRESS .

How to achieve our aims?
Satellites/workgroups at the annuals meetings of the Societies
Interlaboratory collaboration to define standards & references for EV-research
Publication of position papers, good practises/recommendations in the Society
journals
Involve industry to show the specific needs for the EV-field (instruments, tools)

www.evflowcytometry.org 6



Frameworks for comprehensive reporting of
well-controlled experiments

MISEV2018 (JEV): a community-based effort

JOURNAL OF EXTRACELLULAR VESICLES. Taylor & Francis
2018, VOL. 00, 1535750 382 h
https://doi.org/10.1080/20013078.2018.1535750 aut OrS Taylor & Francis Group

3 OPEN ACCESS

Minimal information for studies of extracellular vesicles 2018 (MISEV2018):
a position statement of the international society for extracellular vesicles and
update of the MISEV2014 guidelines
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MiFlowCyt: The Minimum Information About a Flow
Cytometry Experiment
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EV-TRACK: transparent reporting and centralizing
knowledge in extracellular vesicle research

EV-TRACK Consortium*

We argue that the field of extracellular vesicle (EV) biology needs more transparent reporting to facilitate
interpretation and replication of experiments. To achieve this, we describe EV-TRACK, a crowdsourcing
knowledgebase (http://evtrack.org) that centralizes EV biology and methodology with the goal of
stimulating authors, reviewers, editors and funders to put experimental guidelines into practice.

(Submitted)
¢ Journal of
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MIFlowCyt-EV: a framework for standardized reporting
of extracellular vesicle flow cytometry experiments

Joshua A. Welsh1*, Edwin van der Pol2,3,4, Ger J.A. Arkesteijn5, Michel Bremer6, Alain Brisson7,
Frank Coumans2,3,4, Frangoise Dignat-George8, 9, Erika Duggan10, lonita Ghiran11, Bernd Giebel6,
André Gorgens6, 12, 13, An Hendrix14, Romaric Lacroix8, 9, Joanne Lannigan15, Sten F.W.M.
Libregts5, 16, Estefania Lozano-Andrés5, Aizea Morales-Kastresanal, Stephane Robert13, Leonie de
Rond2,3,4, Tobias Tertel6, John Tigges11,17, Olivier de Wever14, Xiaomei Yan18, Rienk
Nieuwland3,4*, Marca H.M. Wauben5*, John P. Nolan10*, Jennifer C. Jones1*




ISEV-ISAC-ISTH EV flow cytometry working group

About Us Resources & Links Group Members Members Area - MIFlowCyt-EV Workshops ~
~—

Home
Welcome to the EV Flow Cytometry Working Group Website!

The purpose of this website is to serve as a central hub for information and links to sites that will advance scientific
progress and education relating to these topics along with the progress and materials of the working group.

Because many extracellular vesicles (especially exosomes) are 100 nm or smaller, conventional flow cytometric
instruments and methods are not suitable for analysis of individual EVs. There have been several efforts worldwide to
develop and refine methods for EV flow cytometry, but until 2015, there was no rigorous, consistent framework
established for validating these methods or for conducting EV flow cytometry experiments with appropriate controls.
In collaboration with flow cytometry experts from the International Society for Extracellular Vesicles (ISEV),

Int et-Soclely tor the Advancement of Science (ISAC), and International Society on Thromposts—ard
Hemostasis (ISTH), we have established an EV Flow Cytometry Working Group that is working to establish guidelines
for best practices for this area of research. The working group webpage contains links to the societies, tools, reports
and woTRImg~g+eupmaterials.

tio

www.evflowcytometry.org 8



Needs for reporting in EV-FC manuscripts

Objectives:

Proof of single EV
detection
Reproducibility
Standardization

1.1. Preanalytical variables

1.2. Expernimental design

2.1. Sample staining

2.2. Sample washing

2.3. Sample dilution

3.1. Buffer-only

3.2. Buffer with reagents

3.3. Unstained control

3.4. Isotype control

3.5. Single-stained controls

3.6. Procedural controls

3.7. Serial dilution

3.8. Detergent-treated EV samples
4.1. Trigger channel(s) and threshold(s)
4.2. Flow Rate / Volumetric quantification
4.3. Fluorescence calibration

4.4. Light scatter calibration

5.1. EV diameter/surface area/volume approximation

5.2. EV refractive index approximation

5.3. EV epitope number approximation

6.1. Completion of MIFlowCyt checklist
6.2. Calibrated channel detection range
6.3. EV number concentration

6.4. EV brightness

7.1. Share data to public repository

o

o ©o 9O o o o o
- N ® & W © ~
Percentage

B A B Most [ ] Select/Specialized

80
90

EV-FC-WG survey. Bar graph summarizes the personal expectations of all coauthors (n=27) regarding criteria to be
reported in EV-FC manuscript published in ISEV, ISAC, and ISTH journals. The expectations fall into categories of all (blue),
most (green), or select/specialized (yellow) manuscripts.
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MIFlowCyt-EV Reporting Framework

e
. - 1.1. Report preanalytical variables conforming to MISEV guidelines
Preanalytlcal Vanables & 1.2. Report experimental design according to MIFlowCyt guidelines
experimental design
J\ )
™~ 7 . =t
2.1. Sample staining
. 2.2. Sample washing steps
Sample preparation 2.3. Sample dilution
J J
g
h 3.1. Buffer,only 3.5. Single-stained controls h
3.2. Buffér w h reage/ ts 3.6. Procedural controls
Assay controls 3.3. Unstain/.d contro, /7. Serial dilution
y \‘3,4. Isotyoe controls 3.8. Detergent-treated EV samples
) (A Y. 2
| |k‘ . t.1. 1 ,ger channel(s) and threshold(s)
nstrument cali tion 1.2. Flow rate & volumetric quantification (L min-"/ pL)
& data acauiitior 4.3. Fluorescence Calibration (MESF/ERF units)
qus ! 4.4. Light Scatter Calibration (nm2)
- | S\l J/
L 1% 7 N K . . )
5.1. EV diameter/surface area/volume approximation
) ( H 5.2. EV refractive index approximation
E / Chara“ -enzation 5.3. Epitope number approximation
] J J
—— N -
A N h 6.1. Complete MIFlowCyt checklist )
{ H 6.2. Calibrated channel detection range
6 FC data reportlng 6.3. EV number concentration
6.4. EV brightness
S\l J
g
h 7.1. Share data to public repository h
FC data sharing
S\l J

www.evflowcytometry.org



Implementation of MIFlowCyt-EV reporting framework

e Proper reporting of sample preparation & EV analysis

e Developed guidelines will apply to other EV analysis methods
> EV counting, sizing, fluorescence

e Guidelines will support the development and validation of
new EV analysis methods & materials
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Experience from previous interlaboratory study

e Problems involved in EV standardization

e Avoid arbitrary units: calibrate
> Calibration
> Examples
e Unexpected results of previous standardization study

e What we have learned
e Outlook



Flow cytometry

1. Flow rate (?)

2. Scatter (a.u.)

3. Fluorescence
(a.u.)

a.u.: arbitrary units

Other EV properties to
standardize:

Bioactivity, function
Conductivity

Density

Diffusion constant
Lipid content

Protein content
Nucleic acids content
(DNA, RNA)
Refractive index
Morphology (size, shape)
Stiffness

14



Problem 1: instruments differ in sensitivity

2-fold 30-fold
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Side scatter (a.u.)

Problem 2: arbitrary units

same population of erythrocyte EVs

Counts
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Avoid arbitrary units: calibrate “the unknown”

1. Calibrate flow rate (uL/min)

<
\/

2. Calibrate scatter (nm?)
P 4

3. Calibrate fluorescence (MESF)

Laser —4->»

17



Thermometer: no calibration

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

e Data comparison
> |s the temperature equal?

18



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?

19



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!

20



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 21



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 22



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 = |} 1,840nm 400nm =4 F 760 nm No!
= 1,160 nm - 500nm e de Rond et al. Curr Protoc

200 nm '-I-- 800 nm 200 nm '-I-- 325nm  Cytom 2018

Sig c q >» FCMPASS

ide scatter orward scatter > Rosetta Calibration:
Exometry.com

Example based on van der Pol et al. JTH 2018 23



Study comprised 33 sites (64 instruments) worldwide

METVES
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Goal and approach

J ) — .\
Quality control materials
(EV samples)

v

Sample preparation
(pre-analytical variation)

v

Measurements

Reference materials
+ procedures

Calibrate flow rate Calibrate scatter
(from ? to pL/min) (from a.u. to EV diameter)

(analytical variation)

v
Reproducible EV
concentrations within
known size range

25




Forward scatter (a.u.)

Example of the need for scatter calibration
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Example of the need for flow rate calibration

=
E 120}
—
=
5
@ 90}
v
]
g
Q : # of EV
Q 60} concentration = ¢ :
2 ow rate x measurement time
1b}
®
ng: 30t
ke 00
L . . . .
0 30 60 90 120

— Flow Rate Configured (uL/min)

van der Pol et al. JTH 2018 27



Example of the need for fluorescence calibration

e Next presentation (Joshua Welsh)
» FCMPASS v3 utilizes MIFlowCyt-EV criteria and extracts flow
cytometry setting information to allow transparent
reporting irrespective of file sharing repository

28



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%

30



What we have learned

\

J ) — o\
Quality control materials

(EV samples)

v

Sample preparation
(pre-analytical variation)

Reference materials
+ procedures

v

Calibrate flow rate

Calibrate scatter
(from a.u. to EV diameter)

Measurements
(analytical variation)

v

Reproducible EV
concentrations within
known size range

31




What we have learned

ISTH/METVES/Exometry study

h

Y
™

Shipping Funded by ISTH, time-consuming

Procedures 18 pages

Pre-analytical | Thawing, staining, diluting
variables

Support Frank Coumans

Backup Data + samples

Data analysis | On-site, semi-manual

Van der Pol et al. ] Thromb Haemost 2018 32



Outlook: METVES Il .

J ) :
Quality control materials
\(off-the-shelf EV samples*)r

v

re
ytical varesi

v

Measurements
(analytical variation)

\, EURAMET|

ISEV

|
|
ISEV |

«Isth-

v
Reproducible EV
concentrations within
known size+MESF range

International Society on
Thrombosis and Haemostasis

INTERNATIONAL SOCIETY FOR
ADVANCEMENT OF CYTOMETRY

I: Reference materials :l

+ procedures

Calibrate flow rate

Calibrate scatter
(from a.u. to EV diameter)

Calibrate fluorescence
(from a.u. to “MESF”)

*ISEV poster 10, Britta Bettin)

**|SEV posters 27 (Katariina Maaninka) & 35 (Zoltan Varga)

N

EURAMET |

sth

International Society on
Thrombosis and Haemostasis

TTTTTTTTTTTTTTTTTTTTTT
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Outlook: METVES Il

© One traceable reference material 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

e Reference procedures

* |SEV posters 27 (Katariina Maaninka), 35 (Zoltan Varga)
Red: properties resembling EVs or EV samples

34



Anticipated outcome METVES Il interlaboratory study

e Per lab:

> flow cytometry
= reference materials + procedures
= control materials
= fully automated calibration

& data analysis

Concentration
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Outlook ISEV-ISAC-ISTH working group

e Educate
» MIFlowCyt-EV reporting framework
» EV flow cytometry educational compendium
» Webinars & workshops .
e Share knowledge .5)
> Reference materials ,
e Define standards |SAC ISth
> Operation procedures ST eI sooET o s

e Standardization
> Participate in METVES Il interlaboratory comparison study

INTERNATIONAL SOCIETY for
EXTRACELLULAR VESICLES

evflowcytometry.org 36
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