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Introduction to extracellular vesicles
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o cells release extracellular vesicles
e vesicles contain receptors, DNA, RNA

. van der Pol et al. Pharmacol Rev (2012)



Extracellular bacterial vesicles in ocean water

Interaction with heterotrophs

Scanlan et al. Science (2014)




Extracellular yeast vesicles in unfiltered beer

Stensballe et al. JEV (2014)
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Functions of extracellular vesicles

Communication
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Communication between prokaryotes

MICROBIOLOGY

Bacterial speech bubbles

Stephen C. Winans

Many bacteria socialize using diffusible signals. But some of these
messages are poorly soluble, so how do they move between bacteria?
It seems they can be wrapped up in membrane packages instead.

Mashburn & Whiteley Nature (2005) 10




Communication in eukaryotes

namre
cell biology

Exosome-mediated transfer of mMRNAs and microRNAs
'S a hovel mechanism of genetic exchange between cells

Hadi Valadi'?, Karin Ekstrom'?, Apostolos Bossios', Margareta Sjostrand’, James J. Lee” and Jan O. Lotvall**

Valadi et al. Nat Cell Biol (2007) 11
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Saliva Heals Cuts Faster

y Catherine Guthrie

Photo: J Mudde/Studio D

Go ahead: Lick your wounds. Your
salivary glands are generating loads of
curative compounds every day.

If you've ever cut your finger, your first
impulse was probably to stick it in your
mouth. That instinct serves you better than
you might realize. Human saliva. it seems,
speeds up wound healing.

Researchers at the University of
Amsterdam in the Netherlands bathed
injured skin in saliva or a saltwater
solution. Sixteen hours later, they
compared the samples and found that the
cut treated with saliva had healed 30
percent faster.

The finding wasn't a complete surprise;
saliva contains more than 200 compounds,
many of which have, in previous research,
proved capable of preventing cavities,
fighting fungi, and even protecting against




Tissue factor on extracellular vesicles in saliva
can cause blood to clot

blood
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Gross Blood (2011)




Saliva versusreptilase
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Haemostasis versusthrombosis




Learned so far

e body fluids, ocean water, and beverages contain
cell-derived extracellular vesicles

e extracellular vesicles play a role in
communication and protection

e extracellular vesicles can be good (haemostasis)
or bad (thrombosis)

S
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Extracellular vesicles in body fluids

e during disease, vesicles change in
» concentration
> cellular origin
> biochemical composition
> function

e vesicles contribute to physiology
and pathology

e potential novel biomarkers for
disease (states) healthy  disease

- :




Clinical relevance

e therapy
> autologous anti-cancer immune therapy
> autologous drug carriers
(passing the blood-brain barrier)
e diagnosis and monitoring of therapy
» cancer (tumour-derived vesicles)
> preeclampsia (placenta-derived vesicles)
® Prognosis
> venous thromboembolism (VTE) in cancer patients

- :



Predict VTE by measuring coagulant activity of
extracellular vesicles with tissue factor
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Interest in extracellular vesicles
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What clinicians need

A doctor needs to\
know whether a
patient is ill

24



“Liquid biopsy”
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Platelet vesicle count 23— 6.2-107 a” ok ©
Erythrocyte vesicle count 7.0— 8.6-101 € . e ¢ L
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Reticulocyte vesicle count 3.9 — 15.6 - 108 © &

Leukocyte vesicle count 6.2 —16.4-107 \w/
Total vesicle count 7.3— 9.4.10%0
e need: tool to determine the concentration of

a vesicle subpopulation
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Vesicle detection by flow cytometry

fluorescence channels

electronics and
_» computer

forward scatter detector (FSC)




Vesicle detection by flow cytometry










Finding a needle in a haystac
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beam volume =

54 pl \

At a concentration of
1010 vesicles ml1,
>800 vesicles are
simultaneously
present in the beam.






Why is this “liquid biopsy” so difficult?

Hematology parameter Concentration (vesicles mL_l)

Platelet vesicle count 23— 6.2-107
Erythrocyte vesicle count 7.0— 8.6-101
Reticulocyte vesicle count 3.9 — 15.6 - 108
Leukocyte vesicle count 6.2 —16.4- 107

Total vesicle count 7.3 — 9.4.1010

rare
vesicles

all
€ .
vesicles

e need: tool to determine the concentration of

a vesicle subpopulation
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Vesicle concentration determination factsheet

A reported concentration in plasma:
1047 10%'% vesiclesmL -1
A diameter <100 nm for >80% of vesicles
A vesicles differ
A 25- fold in diameter
A 20,000 - fold in volume
A 300,000 - fold in concentration
A 10,000,000 - fold in scattered light
A vesicles originate from complex fluids

________________________________________ . N
A instrume_nts di_ffer >] _o_rc_ler QN\ ETVES\
of magnitude in sensitivity \ )



Concentration and size of urinary vesicles

size distribution
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Concentration and size of urinary vesicles

size distribution fitted total concentration
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e size distribution: power-law function
e smallest detectable size affects concentration
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Problem 1: flow cytometry data have
arbitrary units

same population of erythrocyte vesicles
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Problem 2: plastic calibration particles (beads)
scatter more light than similar-sized vesicles

Vesicle Silica Polystyrene
nN=140 n=145 n=1.61
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Goal of standardisation study

e reproducible concentration of

> erythrocyte vesicles
Alactadherin-FITC, CD235a-PE labeled

> using different flow cytometers




Study comprises 30 sites (50 instruments) worldwide
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Approach

e determine flow rate

e determine size gates
> measure well-characterized beads
> obtain scatter to diameter relation

@ measure vesicles samples and controls

e derive vesicle concentrations

45




n Exometry - ISTH 55C 2014 v0.53
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Exometry - ISTH S55C 2014 v0.53

— Status

Please select detector and click "Gate” to obtain vesicle size gates.

— Recommended vesicle size gates
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Exometry - ISTH S55C 2014 v0.53

— Status — Recommended vesicle size gates
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Exometry - ISTH S55C 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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o Exometry - ISTH S5C 2014 v0.53 =
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Exometry - ISTH S55C 2014 v0.53

— Status

Congratulations. validation succeeded, estimated error less than 4%.
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Results — sensitivity of 41 systems
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Results will be submitted soon 52
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Problem: flow cytometry data have
arbitrary units

Side scatter (-)

Forward scatter (-)
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Our solution: quantitative flow cytometry
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Quantitative flow cytometry accuracy
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Quantitative flow cytometry accuracy
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Problem: plasma contains vesicles and similar-sized lipoproteins

Graph adopted from Dragovic et al. Nanomed. (2011) 58




Vesicles and lipoproteins differ in refractive index!

Vesicle  Lipoproteins
nN<140 n>1.45
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Quantitative flow cytometry application

Vesicles and lipoproteins from a platelet concentrate
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Label-free distinction of vesicles and lipoproteins
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Current state of the art
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Nano-EPics

l vesicles  hollow fiber

e contact: Sanli Faez
s.faez@uu.nl
e fiber: Heraeus Quartz Glass

~600 nm



“World record!”
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scattering of single...

» 35-70 nm urinary vesicles (this video)

> 19 nm polystyrene beads (submitted paper)
» contact: Sanli Faez (s.faez@uu.nl)




Summary

e extracellular vesicles
> clinically relevant

e detection
> need: tool to determine the concentration of a vesicle

sub population
> understand the technology (prevent swarm detection)
> vesicles are small (>80% <100 nm) and abundant

e we are working on
> flow cytometry standardisation
> guantitative flow cytometry
> developing hardware to detect smaller particles

b .
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