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pathway to single veS|CIe detection
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SUMMARY

Fresh plasma freed of intact platelets can be shown to contain minute particulatc material

(platelet-dust) which can be separated by ultracentrifugation.
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GRC
extracellular vesicles (EV)
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Cells are complex

a ¢luild the most basicyeastcell, you would have
to miniaturize about the same number of
componentsas are found in a Boeing 777 and fit
them into a spherejust five micronsacross

Bill BrysorA Short History of NearBverything2003 15



WIDE DEPENDENT
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", - ’d

Kalraet al.Int.J.Mol.Sci2016
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How do we study EV? EV TRAO o
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Motivation to detect single EV

e EV are heterogeneous —
e study the contribution of all EV %
including rare EV |
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Grand Summit of EV characterization

e know the origin and function adachEV

Image sundayriver.com
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The pathway to single vesicle detection

e know physical properties of EV
e formulate requirements

e Select principle of operation

e develop detection technique
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Physical propertles oEV: dimensions
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Physical properties: morphology and scattering
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Physical properties: morphology and scattering
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The pathway to single vesicle detection

v know physical properties of EV
e formulate requirements

e Select principle of operation

e develop detection technique
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Requirements for single EV detection

a 1 Yy thedorigin and function ofach9 + €

e count rate
> blood tube volume = 3 mL
» EV concentratioh= 4-10 mL1
» number of EV = B0
> measurement time = minutes
» count rate = 10st

1. ArraudJTH2014
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Requirements for single EV detection

a 1 Yy thedorigin and function ofach9 + €

e count rate = 10st
e sensitivity = 30 nm EV
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Requirements for single EV detection

a 1 Yy thagorigin and function ofach9 + €

e count rate = 10st
e sensitivity = 30 nm EV
e Identify EV

Image:L.Rikkert 27
VesicleObservation CenteAcademidvledical Center, Amsterdam



Requirements for single EV detection

a 1 Yy thagorigin and function ofach9 + €

e count rate = 10st
e sensitivity = 30 nm EV

e Identify EV
e Origin
> proteins / genetic content
2mm
Image: LRikkert& A.N.Grootemaat 28

Vesicle Observation Center, Academic Medical Center, Amsterdam



Requirements for single EV detection

a 1 Yy thagorigin and function ofach9 + €

e count rate = 10s?
e sensitivity = 30 nm EV
e Identify EV
e Origin
> proteins / genetic content
e function

> proteins / genetic content
> sorting + functional test proteins / geneticcontent

Image: LRikkert& A.N.Grootemaat 29
Vesicle Observation Center, Academic Medical Center, Amsterdam



The pathway to single vesicle detection

v know physical properties of EV
¢« formulate requirements

e Select principle of operation

e develop detection technique

30
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The pathway to single vesicle detection

+ know physical properties of EV
¢+ formulate requirements

¢+ select principle obperation
v flow-basedtechnigue

e develop detectiortechnique




The pathway to single vesicle detection

+ know physical properties of EV
¢+ formulate requirements
¢+ select principle obperation
v flow-basedtechnigue
e develop detectiortechnique
> standardization
> EV identification
> sensitivity
> sorting




Flow cytometry

fluorescence channels

electronics and
_» computer

forward scatterdetector

Image: semrock.com 40



Problem1: how to interpret data ina.u.?

Side scatterd.u.)

same population of urine EV
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Side scatter (a.u.)

Problem 2: how to compare data ia.u.?

same population of erythrocyte EV
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Light scattering depends on
the size and refractive index of a particle

particle
A size
| A refractive index

laser

43



Goal: derive size and refractive index by
combining forward and side scatter

forward scatter side scatter

4



Side scatter (a.u.)

Flow-SR (Flow Size & Refractive index)

Counts

Forward scatter (a.u.)

FlowSR

manuscript submitted 45
data by unmodified Apogee ASQicro flow cytometer



Counts

Validate FlIowSR with a beads mixture
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Validate FlowSR with oill emulsions
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Side scatter (a.u.)

Supernatant of outdated platelet concentrate
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Refractive index (-)
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Generic marker to identify EV

e EV fingerprint
> membrane stain (e.qg. PKH26, BBr-ANEPPS)
> refractive index 4.42 (e.g. by FlowsR)
> diameter < 1 pum (e.qg. by FlowsR)

.00
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The pathway to single vesicle detection

« know physical properties of EV
« formulate requirements
¢« select principle of operation
v flow-based technigue
¢« develop detection technique
v standardization
v EV Identification
> sensitivity
> sorting




Sensitivity of 46 flow cytometers in the field

x = unable to detect 400 nm
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Physical properties: morphology and scattering
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Sensitivity of 46 flow cytometers in the field
x = unable to detect EV < 1000 nm
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Nanofluidic sample

optical fiber
nano-fluidic channel
® =440 nm
microscope
objective
NA = 0.95

1; A=670 nm
P=~10 mW

Faezet al. ACS Nan@015)
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Urinary EV withnanofluidic optical fiber
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The pathway to single vesicle detection

« know physical properties of EV
« formulate requirements
¢« select principle of operation
v flow-based technigue
¢« develop detection technique
v standardization
v EV Identification
v sensitivity
> sorting
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The key of EV sorting are smalflQ-droplets

Particle Meanspace Droplet
concentration| per particle diameter
(mL) (fL) (Lm)
10 10 2.7
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The keyof EV sorting are small {£) droplets

Particle Meanspace Droplet
concentration| per particle diameter
(mL) (fL) (Lm)
10 10 2.7
100 100 5.8
10° 1,000 12.4
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Summary

e problem: EV are heterogeneous
e goal: detect origirand function ofeachkEV
e flow-based techniques are either sufficientl
» fast (10 s1)
» or sensitive (30 nm EV)
> or specific (identify EV and cellular origin)
e hovel generic EV marker
» membranestain
> refractiveindex <1.42 FlowSR
> diameter < 1 um
e flow-based sorting requires novel technology
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Outlook

Hematology parameter

Concentration (vesicles mL_l)

Platelet vesicle count 23— 6.2-10"
Erythrocyte vesicle count 7.0 — 8.6-10'Y
Reticulocyte vesicle count 3.9 — 15.6 - 108
Leukocyte vesicle count 6.2 — 16.4 - 107
Total vesicle count 7.3— 9.4-101
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