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Pathophysiology of CNS Injury
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TRENDS in Pharmacological Sciences

Figure |. Pathways of secondary injury in TBI.

Loane and Faden (2010), Trends Pharmacol Sci

Secondary injury contributes to progressive cell loss after neurotrauma.
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Neuroinflammation after CNS Injury

Resolution of inflammation

O

o Clearance of debris

o CNS remodghng and n‘eural repair Activated Microglia 0 Chlrom_c neuroinflammation

o Neurogenesis and angiogenesis o Oxidative stress

o Oligodendrogenesis and remyelination 1L-41L13 IFNy o Neuronal dysfunction
Mz_“ke IL-10 LPS, GM-CSF M1 _"ke

CD206
CD163 IL-1p

FCyR

A Pro-inflammatory cytokines
A Chemokines

o €| A ROSIRNS
INOS

Loane & Kumar (2015), Exp. Neurol.

A Neurotrophic factors
A Anti-inflammatory cytokines
# Protease secretion
A Phagocytosis A

TGFB

TNFa

Arginase 1

Pro-inflammatory, microglial activation persists months after neurotrauma.
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Extracellular Vesicles (EVS)
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Kourembanas et al. (2015), Annu Rev Physiol

EVs are biological messengers that can transfer proteins, lipids, and nucleic acids.




Brit. J. Haemat., 1967, 13, 269.
The Nature and Significance of Platelet Products in
Human Plasma
PeTer WoOLF

External Scientific Staff of the Medical Research Council,
Department of Experimental Pathology, University of Birmingham

It has been observed that the coagulant activity of citrated plasma increases progressively
with storage over some hours. This process has been attributed to ‘activation’ of platelets
(Hougie, 1955). On the other hand, it has been noted that plasma, freed from intact platelets,
gencrates thrombin on recalcification and that the rate of this thrombin generation can be
reduced by prior high-spced centrifugation of the plasma (Chargaff and West, 1946). Platelet-
like activity has also been found in scrum (O’Brien, 1955).

The purpose of the present communication is to provide evidence for the occurrence in
normal plasma, scrum and fractions derived therefrom of coagulant material in minute
particulate form, sedimentablc by hgh—spccd centrifugation and originating from platelets,
but dlstmgulshable from intact platclets. It is suggested that this material, hereafter rc!fzerrcd to

as, plate et-dust’,'is responsible for the phenomena referred to above. Obscrvations on the
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EVs were once thought to be just “dust”.
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EVs in Biological Fluids
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Quinn et al. (2015), J Extracell Vesicles
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EVs as Biomarkers for Disease

Exosomes
and Microvesicles

RNA and proteins

Shared mechanisms:
extracellular vesicle-mediated cross-talk

Aspects of disease affected by the function and contents of extracellular vesicles

Cancer Cardiometabolic disease Neurologic disease Infectious disease
« Chemotherapy resistance « Cardiomyocyte size « Neurodegenerative diseases ~ « Immune surveillance
» Oncogenesis « Cardiovascular risk factors » Trauma « Response to therapy
« Tumor immunity and prognosis « Stroke « Early detection
« Metastatic disease « Potentiation or attenuation « Tracking of disease
of cardiac hypertrophy activity

« Allograft rejection
« Metabolic syndrome

\ 4

Shah et al. (2018), N Engl J Med




Bidirectional Cellular Crosstalk through EVs
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EVs and Neuroinflammation after TBI
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Blood microparticles (MPs) of Pro-inflammatory microglia release MPs

icroglial-origin analyzed by flow that can promote inflammatory activation.
cytometry after TBI.
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EVs as Therapeutics
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EV Research is Skyrocketing!

PubMed Filter for EVs
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Need for Standardization in EV Research

JOURNAL OF EXTRACELLULAR VESICLES I .
2018, VOL. 7, 1535750 e Taylor & Francis

https://dol.org/10.1080/2001 3078.2018.1535750 Taylor & Frandis Group

B OPEN ACCESS | Sheck forupsates

_ Minimal information for studies of extracellular vesicles 2018 (MISEV2018):
¢ Journal of a position statement of the International Society for Extracellular Vesicles and
- . CD’\CTION sl
Extracellular Vesicles 7 update of the MISEV2014 guidelines
Clotilde Théry '°3“£, Kenneth W Witwer 2'7-2'5*“, Elena Aikawa's‘ﬂ‘i, Maria Jose Alcaraz'?,
Johnathon D Anderson®¢, Ramaroson Andriantsitohaina®, Anna Antoniou”®%5, Tanina Arab®7,

EDITORIAL Fabienne Archer’'s, Georgia K Atkin-Smith™', D Craig Ayre™'5, Jean-Marie Bach®**, Daniel Bachurski*”',
Hossein Baharvand'#=*5% Leonora Balaj'*?, Shawn Baldacchino®™', Natalie N Bauer®™“, Amy A Baxter™',

M| n | mal ex perl mental req u | rements 1-'0 r defln ItIDn Of Mary Bebawy‘“,_ _Carla Beckham®*®, Apolonija Bedina Zavec', Abderrahim Benmoussa®®, Anna C Berardi'”

Paolo Bergese™' "=, Ewa Bielska?, Cherie Blenkiron®™®, Sylwia Bobis-Wozowicz'*®, Eric Boilard®®,
1£

e}{trac el I u |ar VES|C |e$ and thel r fu nctlo ns: a po SI'[IOFI Wilfrid Boireau®®, Antonella Bongiovanni'®, Francesc E Borras™725, Steffi Bosch?5, Chantal M Boulanger'®@2%

Xandra Breakefield'*°, Andrew M Breglio®2's¢, Meadhbh A Brennan®2'#255 David R Brigstock'7*22",

o

i i Alain Brisson”®°, Marike LD Broekman7813.142, Jacqueline F Bromberg'***™, Paulina Bryl-Gérecka'*,
stat_em ent from the International Society for Extracellular B B L e e S Dsn e Byt Ghreck:
Vesu: |es Benedetta BussolatP®, Edit | Buzas's®**™ James Bryan Byrd*®, Giovanni Camussi***%, David RF Carter'™',

Sarah Caruso™', Lawrence W Chamley*”, Yu-Ting Chang'™®, Amrita Datta Chaudhuri®'®, Chihchen Chen'™'7,
Shuai Chen'*?, Lesley Cheng'*', Andrew R Chin®, Aled Clayton®*, Stefano P Clerici*%, Alex Cocks®?,

Emanuele Cocucciz®?22%, Robert J Coffey*”?, Anabela Cordeiro-da-Silva®*, Yvonne Couch®*,

Frank AW Coumans’®, Beth Coyle™, Rossella Crescitelli*™®, Miria Ferreira Criado®?, Crislyn D'Souza-Schorey***,
Saumya Das', Paola de Candia'"¢, Eliezer F De Santana Junior®®, QOlivier De Wever?>™,

Secreted membrane-enclosed vesicles, collectively called extracellular vesicles (EVs), which include exosomes, Hernando A del Portillo194177 Tanguy Demaret?, Sarah Deville?®2%77 Andrew Devitt'?, Bert Dhondt2 7475,
eclosomes, microvesicles microparticles, apoptotic bodies and other EV subsets encompass a very rapidly Dolores Di Vi?:i[_’zs_'&ix Lothar C Dieterich®, Vincenza Dolo’™, Ana Paula Dominguez Rubio®®,

growing scientific field in biology and medicine. Importantly, it is currently technically challenging to obtain a Massimo Dominici****, Mauricio R Dourado*****, Tom AP Driedonks**, Filipe V Duarte>,

totally pure EV fraction free from non-vesicular components for functional studies, and therefore there is a Heather M Duncan™™, Ramon M Eichenberger'®, Karin Ekstrom™®, Samir EL Andalouss*'*, Celine Elie-
Y p : p : s, : Caille®, Uta Erdbriigger®®®, Juan M Falcén-Pérez*>**, Farah Fatima®', Jason E Fish?**%%, Miguel Flores-

need to establish guidclincs for ﬂnill‘_'f'.‘si_‘.‘s of these vesicles and rcpnrling of scientific studies on EV hi(!l[!g}'_ Bellver®®2, Andras Forsénits®', Annie Frelet-Barrand®®, Fabia Frickes®%7, Gregor Fuhrmann®s7.17,
Here, the International Society for Extracellular Vesicles (ISEV) provides researchers with a minimal set of Susanne Gabrielsson'®, Ana Gamez-Valero™2', Chris Gardiner**®, Kathrin Gartner®>, Raphael Gaudin®?,
biochemical, biophysical and functional standards that should be used to attribute any specific biological Yong Song Gho'®7%, Bernd Giebel™®, Caroline Gilbert™®, Mario Gimona'®, llaria Giusti®™®,
cargo or functions to EVs, Deborah Cl Goberdhan®*, André Gorgenss''232%% Sharon M Gorski'®?*, David W Greening'®',

Julia Christina Gross*™2™', Alice Gualerzi''*, Gopal N Gupta'*, Dakota Gustafson®®?, Aase Handberg®*,
Keywords: exrracellular vesicles; microvesicles; microparticles; exosomes; ectosomes; extracellular RNA Reka A Haraszti***, Paul Harrison®®', Hargita Hegyesi*', An Hendrix*", Andrew F Hi||'3'3‘*:'I

Fred H Hochberg®®**3, Karl F Hoffmann®, Beth Holder®*'**, Harry Holthofers*%, Baharak Hosseinkhani®,
Guoku Hu**, Yiyao Huang'2?"", Veronica Huber®, Stuart Hunt***, Ahmed Gamal-Eldin Ibrahim?®,

Tsuneya lkezu'®, Jameel M Inal®’?, Mustafa Isin’™®, Alena Ivanova®, Hannah K Jackson®?, Soren Jacobsen®***%,
Steven M Jay***, Muthuvel Jayachandran™®, Guido Jenster'’, Lanzhou Jiang'', Suzanne M Johnson®%,
Jennifer C Jones'“s, Ambrose Jong*<*% Tijana Jovanovic-Talisman*, Stephanie Jung”', Raghu Kalluri?ss%,
Shin-ichi Kano?"®, Sukhbir Kaur'®, Yumi Kawamura'®***%, Evan T Keller**”**', Delaram Khamari®®",

CONTACT Clotilde Théry @) Clotilde.Theryacuriefr () Institut Curie/INSERM U932, 26 rue d'Ulm, 75005 Paris, France; Kenneth W Witwer
@kwirweﬂ@jhmi.edu é 733 North Broadway, MRB 829 Baltimore, MD 21205, USA




Workflow In EV Research
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EV Nomenclature
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ISEV (2014), J Extracell Vesicles

Extracellular vesicle (EV) is the umbrella term endorsed by ISEV




Classification of EVs

<50-200nm

Exosomes
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Rufino-Ramos et al. (2017), J Controlled Release
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Classification of EVs

Centrifugation Steps Traditional definitions

1.

2.
3.
4

1000g, 10 min —
2000g, 20 min —
10,0009, 30 min —
100,0009, 2 hr —

=21

\ .
e ' - v

Cell Debris
Apoptotic Bodies
Microvesicles

Exosomes

Current ISEV recommendations

No current isolation protocol can purify based on
biogenetic origin

Size is not an appropriate defining feature alone

Describe EVs based on
* Physical characteristics
« Size: Large EVs, medium EVs, small EVs
» Biochemical characteristics
» Cell origin or stimulus condition

Original definitions based on biogenesis and physical separation




EV Isolation

iwE

SCIENTIFIC REPg}RTS

OPEN Low-density lipoprotein mimics
' blood plasma-derived exosomes
“and microvesicles during isolation
e mee and detection

Published: 18 April 2016 . BarbaraW Sédar, Agnes Kittel?, Krisztina Paléczil, Krisztina V Vukman?,

Xabier Osteikoetxea’, Katalin Szabé-Taylor!, Andrea Németh?, Beata Sperlagh?,
: Tamas Baranyai®, Zoltan Giricz?, Zoltan Wiener?, LillaTuriak®, Laszlé Drahos®, Eva Péllinger?,
: KarolyVékey*, Péter Ferdinandy’, Andras Falus® & Edit Irén Buzas®

structure *

Reassessment of Exosome Composition

Dennis K. Jeppesen,' Aidan M. Fenix,? Jeffrey L. Franklin,"-# James N. Higginbotham,” Qin Zhang, Lisa J. Zimmerman,?
Daniel C. Liebler,” Jie Ping," Qi Liu,* Rachel Evans,® William H. Fissell,” James G. Patton,® Leonard H. Rome,’

Dylan T. Burnette,? and Robert J. Coffey’ 289"

"Department of Medicine, Vanderbilt University Medical Center, Nashville, TN 37232, USA

2Department of Cell and Developmental Biology, Vanderbilt University School of Medicine, Nashville, TN 37232, USA

3Jim Ayers Institute for Precancer Detection and Diagnosis, Vanderbilt University Medical Center, Nashville, TN 37232, USA
4Department of Biostatistics, Vanderbilt University Medical Center, Nashville, TN 37232, USA

“Division of Nephrology and Hypertension, Vanderbilt University Medical Genter, Nashville, TN 37232, USA

SDepartment of Biological Sciences, Vanderbilt University, Nashville, TN 37235, USA

"Department of Biological Chemistry, David Geffen School of Medicine and the California NanoSystems Institute, University of California Los
Angeles, Los Angeles, CA 90095, USA

Beterans Affairs Medical Center, Nashville, TN 37232, USA

#Lead Contact

it /1a0ir10.10161 ool 2018.02025 Credit: Dr. Ru-ching Hsia, UMSOM EM Core Facility

httpsy//dol.org/10.1016.cel 2019.02.029

500 nm

Ultracentrifugation has been the gold-standard procedure but lacks purity
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EV Isolation

Differential Density Gradient Size Exclusion Immuno
Centrifugation Centrifugation Chromatography Ultrafiltration Capture Precipitation
(DC) (DGC) (SEC) (UF) (1€) (P)
) ) Lipoproteins,
Lipoproteins, Linoorotein: srotein . Soluble
CONTAMINANTS protein aggregates, |, HoPOtEIS R e s Solbie Protein
Ve (HDLs) orotein aggregates, particle proteins
VITHSES viruses
Protein complex
EV-particle \/ H,‘, L- _,,‘
MAJOR ARTEFACTS e FV - particle
deglLedlicos g 1tecs
EV RECOVERY % 2 to 8( 10 10 to 90 ) 8( g0
ASSAY TIME (h) to 9 16 to 90 0.3 0.5 4to 20 0.3to 12
SAMPLE VOL L-| LL=-ml L-ml LL-ml 1L
CLINICAL e e .
APPLICABILITY NO NO YES NO YES 5

https://www.nanoviewbio.com/characterize
Isolation methods have differing levels of recovery and purity




Workflow In EV Research

Sample Collection
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...
EV Characterization Toolbox

/
a 7))
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TEM

SEM List of common abbreviations
E.’ i Total protein AFM Atomic force microscopy
& \wlar AFM DLS  Dynamic light scattering
5 IS ’b(’e ‘,@\r. FC Flow cytometry
£ g % ©
S o X3y & - I8 Immunoblotting
m £ » > ol ¢ & P S ISA Immuno-sorbent analysis l I I I .
: 2> 1'q g i Considerations in evaluating technoloqgy:
5 S NTA Nanoparticle tracking analysis
= SEM Scanning electron microscopy ° 1
ISA i TEM Transmission electron microscopy EV Slze
NTA tRPS  Tunable resistive pulse-sensing
‘ X  EV Count
5‘\“9\3  EV Phenotype
b . * EV Morphology/Visualization
80 80 . .
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= . . .
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Hartjes et al. (2019), Bioengineering (Basel)
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EV Characterization Toolbox

Nanoparticle
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Phenotyping EVs by Flow Cytometry

A) ”"ip‘*-‘
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Erdbrigger et al. (2017), Cytometry A
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Credit: Dr. Xiaoxuan Fan, UMSOM Flow Core Facility

All Events

Abbreviations
F — Fluorescent
# —size in nm
PS — Polystyrene

Si — Silica
(% /240300 590 880 1300
i Si Si Si
P B b R0 BT SRR P I

Flow Cytometry provides excellent phenotyping capability but size
resolution is a limitation, especially for small EVs




Phenotyping EVs by Flow Cytometry
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All Events

Abbreviations

Sizing with beads to estimate EV size is inaccurate due to biophysical differences




Phenotyping EVs by Flow Cytometry

All Events
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Flow Cytometry provides excellent phenotyping capability but size
resolution is a limitation, especially for small EVs




ExoView® R100 Technology

Antibody capture and imaging of tetraspanin positive EVs -- CD9, CD63, CD81
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Nanoparticle Tracking Analysis for EVs

Stokes-Einstein equation

C) microscope
ence

kT
OTTULR,

D — diffusion coefficient
L- solvent viscosity

Ry — solute radius

kg — Boltzmann's constant
T — temperature (K)

=

NANOPARTICLE
TRACKING ANALYSIS

Erdbriigger et al. (2017), Cytometry A

NTA has been used extensively in EV research since the mid-2000s
OGS |




Nanoparticle Tracking Analysis for EVs

a) Unspiked
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Filipe et al. (2010), Pharm Res

NTA represented an important advance over DLS for polydisperse mixtures
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Multi-Spectral Advanced NTA (MANTA) ViewSizer 3000
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ViewSizer can use three lasers simultaneously to visualize nanoparticle samples




All Events

Abbreviations
w4 F—=Fluorescent
#—size in nm
PS — Polystyrene
Si — Silica
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ViewSizer can accurately resolve a complex, polydisperse bead mixture.




Abbreviations
w4 F—=Fluorescent
#—size in nm
PS — Polystyrene
Si — Silica

F500 3
PS
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ViewSizer can identify fluorescent particles uniquely out of a polydisperse mix.




Influence of Laser Wavelength on Particle Detection

ViewSizer 3000

4%107 >
— ~¢ + All Lasers 2
(_% E 3x107 - 0.;00 = Blue Only g
9_' = {;_:F‘: 4 Green Only o =
s £ i 4 L ©
> 9 2x107 . "= x Red Only o ©
2 g ] A_ . "';_,’ '% &
; . A EG 1X107_: h'A Alpel we, S
ViewSizer 3000 3 ﬁ% £
' 0 — T T T Tt T = O I
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Particle Diameter (nm) Particle Diameter (nm)
Average Size |Median Size F'ElI"I:IE:|E.
Concentration
. . (nm) (nm)
ViewSizer 3000 ? (part./mL)
All Lasers 131 116 3.03E+09
Blue Only 132 116 2.58E+09
Green Only 153 132 1.07E+09
Red Only 178 153 8.65E+08

EVs isolated from plasma require higher energy wavelengths for accurate analysis




ViewSizer 3000 Comparison with NanoSight LM10
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Laser wavelength can significantly affect particle count and size distribution
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...
Future Potential of NTA In EV Research

Biggest Advantages
Accurate counting and sizing of individual nanoparticles
Fluorescence NTA may help distinguish real EVs from contaminants

Current Limitations
Conventional NTA requires a clean EV isolation procedure
Minimum size detected for biologics — 50nm?

Future Directions
What design features can be added to improve lower detection limit?
Can instruments be designed for multiplex phenotyping like flow cytometry?
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D
Resources to learn more about EVs/exosomes

e Latest MISEV guidelines (2018)
https://www.tandfonline.com/doi/full/10.1080/20013078.2018.1535750

e Original ISEV position statement (MISEV 2014)
https://www.tandfonline.com/doi/full/10.3402/jev.v3.26913

e Coursera Course “Basics on Extracellular Vesicles”

https://www.coursera.org/learn/extracellular-vesiclesf##fabout

e Extracellular Vesicle Club for latest advances in research
https://www.youtube.com/channel/UCOnhdTaTEUqpO8anXZqRdkQ
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