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¢, Que son las vesiculas extracelulares ?

Cell-Derived Vesicles

K” g e ¢ EVs are spherical particles enclosed
by a phospholipid bilayer.
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Un poco de historia....

¢ The preliminary studies of cell-derived
vesicles were addressing “cell-free
plasma contains a subcellular factor that
promotes clotting of blood” (Chargaff
and West, 1946).

¢ More than 20 years later, in 1967, this
subcellular fraction was identified by
electron microscopy and was shown to
consist of small vesicles, originating
from platelets and termed platelet dust"

Platelet dust from serum
"... for the most part, the material consists of
agglutinates of small particles”

Peter Wolf Brit. J. Haemat. 1967, 13.‘269-288‘



Un poco de historia....

Body .
* Apoptotic bodkes
® 1000 - 5000 nm
e A

¢ One decade later "numerous

microvesicles" ranging in diameter
from 30 to 60 nm were decribed in
the FCS (Dalton, 1975).

In 1987, the term "Exosomes" was
introduced by Johnstone when
vesicles were isolated from
conditioned culture medium of
sheep reticulocytes.

In these studies the authors
concluded that exosome shedding
leads to loss of some plasma
membrane functions due to the
elimination of redundant membrane
proteins



Un poco de historia....
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¢, Como se definen: microvesiculas, exosomas... ?

Gram-negative Bacteria

/7Outer Membranem

Arciiil Membrane Blebs | uter Membrane Vesicles 3ram-positive Bacteria
Extracellular Vesacle5\ g T Eracellalar Vssicles
/ Membrane Vesicles ‘ s e .
Prokaryotes i ~ N\ | 7 " Membrane Vesicles i\ 1o Ori ol
Eukaryotes — Extracellular Vesicles —— Prostasomes \
Argosomes— —_-;_i‘.-—_-j_:.‘.'-—--*",-)_j;;;;:;:f" oSS ——""——-___ Dexosomes
Matiix V%ic_lf-s:""’_'J:;"'{_( / //'J.f'f [ ""\ NS Nanovesicle
: Oncosomes _»__,« < / \\ Sty s e i ;
Function \ 1. ierosomes '-\ S~ T~ Microvesicles
N

\ R Sy S lﬂicroparﬁcles
Blebbing Vesmles \ s \%mbrane Vesicles
Budding Vesmles Err A \Membrane Particles
* Exovesmies

Ectasome Vesicles Extracellular Vesicles

Ex Extracellular Membrane Vesicles
0SOMES ghedding Vesicles
Biogenesis

Size and Morphology

https://doi.org/10.1002/mas.21420|



¢, Como se definen: microvesiculas, exosomas... ?

¢ ISEV Minimal information for studies of extracellular vesicles
J) nreraronacsocerveor 2018 (MISEV2018): a position statement of the International
Society for Extracellular Vesicles and update of the
MISEV2014 guidelines

(“To prevent any confusion about the nomenclature of the cell
release vesicles, the ISEV community suggests to use the term
“extracellular vesicle (EV)” unless the subcellular origin ofthe

vesicle i monstr »
kescesde onstrated y
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¢, Queé son las vesiculas extracelulares ?

#Cells release membrane vesicles
in the extracelular milieu upon
activation

fEvs are found in body fluids:
plasma, urine, CSF ..., and in cell
culture supernatants

#Evs present surface receptors
and/or contain elements (RNAs,
MiRNAs ..) allowing to identify
their cell of origin
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https://doi: 10.1152/physiol.00029.



¢, Queé son las vesiculas extracelulares ?

Vesicular objects Non-vesicular objects

Normal cell Apoptotic cell Cancer cell

Oncosome o i ¢
! Apoptotic i
' bodies | i i i Large

: ! ! oncosomes
100 - 500 nm | i

40-120 nm 50 nm—1.5 pm 50 nm -2 pm 1-10pm

Modified from: https://doi.org/10.1016/j.mam.2017.12.003




¢, Como se producen ?

Mechanisms of formation of extracelular vesicles
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Théry et al. Nat. Rev. Immunology 2009, 9:581-593

Microparticles, Microvesicles
(100 nm - 1 pm) form at the cell plasma
membrane:

- entrance of Ca?* & increase of [Ca?t]

- Ca2*-dependent regulation of enzymes

- loss of membrane phospholipid asymmetry
- exposure of phosphatidylserine (PS) on the
outer membrane leaflet

- blebbing and shedding of microparticles

Exosomes (50 - 100 nm)

form in multi-vesicular bodies (MVBs)
are released in the extracellular milieu after
fusion of MVBs with the cell plasma
membrane

rich in tetraspanins (CD63, CD81, CD9)



¢, Como se caracterizan ?

Conditioned medium/bodily fluid (dilute with equal volume of PBS)

g 300 x g, 10 min

@
cells @ supernatant
[ J ¢

g 2000 x g, 10 min
m apoptotic bodies (50-5000 nm)

®
dead cells \d
d ¥

5 10,000-20,000 x g, 30 min
%!m microvesicles (100-1000 nm)

cell debris o

100,000-200,000 x g, 70 min and longer

o¢o

(X
exosomes with contaminating proteins
loaded onto sucrose, iodixanol density gradient/cushion

fractions collected based 75,000 x g or greater, 75 min-overnight
on density (1.13-1.19 g/ml)

collected exosome fractions diluted with PBS

® 100,000xg, 30 min-2.5h

eee
pure exosomes (50-100 nm)

Bacteria

Protein aggregates
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¢, Como se determinan ?

Nanoparticle Tracking Analysis Single EV detection methods:

' ¢ Electron microscopy

= ! ¢ Flow cytometry

T ¢ NanoparticleTracking Analysis (NTA)
L4

Bulk methods:
¢ Western blotting
¢ "Omic" methods: mass spectrometry,

RT-gPCR.
NTA detects particles down to ~20 nm  # Functional assays: measurement of
but detects also non EV material, activity

e.g. lipoproteins P



¢, Que funcion tienen ?

Apoptotic Cell-Derived
Extracellular Vesicles: More
Than Just Debris

Parent cell

MVBs fuse with the
plasma membrane to

release exosomes into the
extracellular space @
Receptor-ligand

interaction

Exosomes Q

Specific proteins and
RNA are recruited into
developing EVs

orcrmen. DNA

©  Cellular protein
e miRNA

® mRNA




¢, Tienen un papel fisioldgico ?

Autocrine signaling
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¢, Tienen un papel fisioldgico ?

Cross Talk Pathways Between Coagulation and the Platelet
Extracelular Vesicles
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¢, Tienen un papel fisioldgico ?

Extracellular Vesicle Signalling Implicated in Immunity
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¢, Tienen un papel fisiopatologico ?
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¢, Tienen un papel fisiopatologico ?
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¢, Tienen un papel fisiopatologico ?
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Nuevas perspectivas, gue son una realidad

Nowadays Vesicles can
be used for therapy, .
prognosis, and | | U

biomarkers for health Polymerass Chain Reaction
. Isolation (PCR)
and disease. Y =T
-3 e ‘
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» 5 ;
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Proteomics
o
Circulating
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Therapeutics
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or preconditions (e.g. starvation, hypoxia, etc) from bioengineered blood cells




Vesiculas extracelulares en la
fisiologia y fisiopatologia vascular

@Las ECV siguen siendo la epidemia

principal en el siglo XXI

Figura 1. Tendencia de la tasa de mortalidad ajustada por edad de la enfermedad cerebrovascular, enfermedad
isquémica del corazon e insuficiencia cardiaca en ambos sexos. Esparia, 1975-2014. Fuente: Actualizacién del

Informe SEA 2007

Figura 2. Tendencia de la tasa de morbilidad hospitalaria de las enfermedades del sistema circulatorio,
enfermedad isquémica del corazén y enfermedad cerebrovascular en ambos sexos. Espaiia, 1977-2014. Fuente:
Actualizacion del Informe SEA 2007
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Vesiculas extracelulares en la
fisiologia y fisiopatologia vascular

ii Predicar en el desierto !!

No tengo nada ;verdad? Tiene la tension algo alta
;Puedo empezar a ir Tendria que dejar de
al gimnasio? fumar
Sera dificil dejar el Debe perder peso
tabaco porque tengo Puede y debe hacer
mucho estrés __| ejercicio, sin forzar




Vesiculas extracelulares en la
fisiologia y fisiopatologia vascular

[

Hypertension Diabetes mellitus Hypercholesterolemia
Heart failure Obesity Smoking Aging Menopause

A\

[ Endothelial dysfunction ]

\

Occurrence of atherosclerosis

\

Development of atherosclerosis

k!

[ Cardiovascular events ]

Initial
lesion

Fatty streak

Atheroma

Fibroatheroma

Complicated
lesion

Modified from: DOI: 10.1253/circj.cj-08-1102




Vesiculas extracelulares en la
fisiologia y fisiopatologia vascular

Endothelial Function Testing as a
Biomarker of Vascular Disease

Normal Endothelial Vasomotion  Endothelial Vasomotor Testing

Endothelial Function
$INO) A JET-1)

Plethysmography.

Endothelial Dystunction Endothellal Function Testing:
jmoihatET1 @ blomarker of atherosclerosis

https://doi.org/10.1161/01.CIR.0000089191.72957.ED


https://www.ahajournals.org/doi/10.1161/01.cir.0000089191.72957.ed

Vesiculas extracelulares en la
fisiologia y fisiopatologia vascular

Increases in Circulating EMPs

Coronary artery calcification Coronary artery disease
Jayachandran, 2008

Mallat, 2000; Koga, 2005 R
g Heart transplantation
T Garcia, 2005
Congestive Heart Failure IR - /
-

Rossig, 2001; Nozaki, 2

Chronic kidney disease
_—"  Amabile, 2005; Faure, 2005

Venous

thrombo-embolism+——
Chirinos, 2005

Hypertension /

> Sickle cell disease
Shet, 2003

Preston. 2003 / -3 Hypercholesterolemia
Pirro, 2006
HTAP
Amabile, 2008
Metabolic Syndrome
Preeclampsia Arteaga, 2006: Agouni, 2008
P Obe5|ty

Gonzales, 2004
Malaria Diabetes

Combes, 2004 Koga, 2005; Sabatier, 2002

Esposito, 2006




Vesiculas extracelulares en la
fisiologia y fisiopatologia vascular

Endothelial
Injury/ Apoptosis

Microparticle

AGE Release
LPS
Uremic toxins N, 2
Oxidized LDL
Inflammatory cytokines .
Oxidative Stress
Thrombin £
PAI-1
Plasma EMPs:

a surrogate marker of
vascular (dys)function

Modified from: DOI: (10.1161/ATVBAHA.110.218123)



Vesiculas extracelulares en la
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Vesiculas extracelulares en la
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Circulation

Circulating Microparticles From Patients With Myocardial Infarction Cause
Endothelial Dysfunction

Chantal M. Boulanger, Alexandra Scoazec, Talin Ebrahimian, Patrick Henry, Eric Mathieu, Alain Tedgui, and Ziad Mallat
Originally published 27 Nov 2001 \ https://doi.org/10.1161/hc4701.100516 \ Circulation. 2001;104:2649-2652
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Figure 2. Semiquantitative evaluation of endothelial NO synthase (eNOS)
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fisiologia y fisiopatologia vascular

The FASEB Journal

FASEB J. 2017 Aug; 31(8): 3689-3694.
Published online 2017 May 5. doi: 10.1096/f). 201700149: 10.1096/fj 201700149

PMCID: PMC5503715

PMID: 28476896

Altered cargo proteins of human plasma endothelial cell-derived exosomes in atherosclerotic cerebrovascular

disease

Edward J_Goetzl, " Janice B. Schwartz, T Maja Mustapic,§ Iryna V_ Lobach ¥ Richard Daneman, I¥ Erin | Abner,™ and Gregory A_Jicha™

Figure 2.
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Circulation

Endothelial Microparticle—-Mediated Transfer of MicroRNA-126 Promotes
Vascular Endothelial Cell Repair via SPRED1 and Is Abrogated in Glucose-
Damaged Endothelial Microparticles

Felix Jansen, Xiaoyan Yang, Marion Hoelscher, Arianna Cattelan, Theresa Schmitz, Sebastian Proebsting, Daniela Wenzel, Sarah Vosen,
Bernardo S. Franklin, Bernd K. Fleischmann, Georg Nickenig, and Nikos Werner[=]
Originally published 6 Sep 2013 | https //doi.org/10 1161/CIRCULATIONAHA 113.001720 | Circulation. 2013;128:2026-2038
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’ Therapeutic agentsJ ‘ Gene therapy devices l Protein delivery carriers
Cardiac
regenerative @ @ miR-150 or miR-126
medicine enriched EVs
- \l
o W @ Vascular repair Neovascularization

° =
o ®
Stem cell-derived
EVs

(In vivo)
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