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Uvod k extracelularnim vezikuliim (=EV)

 EV jsou malé vacky ohranicené dvojitou lipidovou membranou, které jsou
uvolnovany ze vsech zivych bunéek do jejich okolniho prostredi.

Historicky
pojmenovavany
ruzné, coz vedlo k
chaosu v oboru
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EV v mezibunecneé komunikaci

* Dllezita role - pfenaseji informace a molekuly mezi bufikami a podileji se
na vsech biologickych procesech, vCetne imunitni odpovedi, regenerace
tkani i patologickych procesech jako je karcinogeneze

* EV obsahuji rizné druhy bioaktivhich molekul
* Lipidy (fosfolipidy a cholesterol)
* Proteiny (membranové proteiny, enzymy, receptory a signalizacnich molekuly)
* Nukleove kyseliny (DNA, RNA a mikroRNA)
e Sacharidy a dalSi metabolity

e Které mohou ovlivhovat chovani a funkci cilovych

bunék
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EV as biomarkers EV as therapeutic target

Detection Reduction
EV biogenesis, release and uptake

Klinicky vyznam EV

* Zrcadlo materské bunky - EV
prostrednictvim svého komplexniho
slozeni odrazeji identitu a aktualni
stav bunky, ze které vznikly,

EV and immunotherapy

Reactivate
Immune system

e EV cirkuluji v t&lnich tekutinach Engineered EV

New delivery systems

 EV dokazi ovlivhovat funkce a
fenotypy ostatnich bunék.

e Tyto vlastnosti naznacuiji silny
biomarkerovy a terapeuticky
potencial, coz vyvolava Siroky zajem
o studium EV

Healthy cell-derived EV ‘ Engineered EV 0 Stromal cell
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Historie EV
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Definice EV

.. INTERNATIONAL SOCIETY for |
. EXTRACELLULAR VESICLES WWW.isev.org

SMISEV 2023

https://www.isev.org/misev2023

* Soucasne platné smeéernice v oboru:
* Minimal information for studies of extracellular

vesicles (MISEV2023): from basic to advanced approaches

 EV jsou castice uvolnované z buneék, které jsou ohraniceny lipidovou
dvojvrstvou a nejsou schopny se samy replikovat



Typy EV
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1.Exosomy - uvolfiované exocytézou multivesikularnich tél (MVBs) a amfisomU (ty vznikaji fuzi
autophagosomu a MVB).

2.Ektosomy: Vznikaji pu¢enim a vypouklym odlu¢ovanim plazmatické membrany,

1.
. Mikrovezikuly: Stredné velké EV.

. Apoptoticka téliska: Vétsi EV uvolnované béhem apoptdzy.

. Viry: Uvolhované z plazmatické membrany ve formé en bloc jsou podobné MVB
. Onkosomy: Velké EV produkované nadorovymi bunkami.

. Migrasomy: Uvolnované z migrujicich bunék z konce dlouhych retrakénich vlaken

. Midbodies: Uvolnované po cytokinezi délicich se bunék.

. Ciliarni ektosomy: Uvolnovaneé z plazmatické membrany cilii.

9.

00O d O O b WIN

Malé EV:

Apoptopodie: Uvolnuji apoptotické bunky.

10.ENDs: Elongated neutriphil-derived structures — zbytky po rolujicich neutrofilech v cévach
11.lkkosomy: Vznikaji z folikularnich dendritickych bunék

12.TMPs: T-cell microvilli particles — soucasti imunologické synapse

13.Exofery: Velké EV visici na konci stopky, obsahujici poSkozené organelly a proteinové agregaty
14.SekrecCni autophagosomy: Uvolnovany bunkami.



Cargo EV

* Uvnitf, v membraneé i na povrchu (tzv.

EV corona)
* Povrch vs. Objem EV

 Typickeé cargo
nabohacenév EV
+ cargo odrazejici
bunku puvodu
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Cesty exosomu

* Biogeneze v MVB
(mutivesikularnich téliscich)
z ILV (intraluminalni vesikuly)

 Uvolnéni do extracelularniho
prostoru exocytdzou

* Pobyt v extracelularnim
prostoru — napf. télni tekutiny

* Interakce s cilovou bunkou
* Preneseni informace/obsahu

exosomu a dUusledek pro
cilovou bunku

MVB: Multivesicular Bodies, ER: Endoplasmic Reticulum
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Fig. 6 Excsome biology. [1] Exosomes are generated through the formation of ILVs

in the late endocytic pathway and (2] gets secreted via

exocytosis from the plasma membrane. Upon reaching the target recipient cell, [3] exosomes either interact with the surface molecules of recipient

cell to induce downstream signalling or (4] fus

e with the plasma membrane to release their contents into cytosol or [5] get internalised via various

routes. [6] Upon internalisation, exosomes are addressed in the early endosome, then late endosomes or MVBs and undergo multiple fates. 7] The

exosome contents can get released into the nucleus or ER, (8] leak into cytasol or [9] get degraded in the lyso

somes. [10) Ancther possibility include

release back to the extracellular space through the recycling endosome. ILV: Intraluminal Vesicles; EE: Early Endosomes, RE: Recycling endosomes,
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Biogeneze exosomu

1) Internalizace carga endocytoto-
zou z extracelularniho prostoru

2) sorting do ¢asnych endosomu

3) Vznik intraluminalnich vesikulu
(ILV) a sorting carga do nich

4) Maturace do pozdnich
endosomu/multivesilukarnich
telisek (MVB)

5) Transport MVB k cytoplasmatické
membrane

6) Tzv. dokovani MVB a jejich fuze s
cytoplasmatickou membranou

7) Uvolnéni exosomu do extra-
celularniho prostoru exocytozou
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Fig.3 Exosome biogenesis. Within the endosomal system, [1] internalised cargoes are [2] sorted into early endesemes, (3] which then mature into

late endosomes or multivesicular bedies. Late endosemes/multivesicular bodies are specialised endosomal compartments rich in intraluminal
vesicles (ILVs), which sequester proteins, lipids, and cytosolic compartments and potential exosome cargoes. [4] Cargoes are also delivered from
trans-Golgi network and possibly frem cytosol. 5] Multivesicular bodies containing exosome cargoes get [S] transported to the plasma membrane,
[6] fuse with the cell surface and [7] the ILVs then get secreted as exosomes. ER: Endoplasmic Reticulum; MVB: Multivesicular Bodies; PM: Plasma
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Fig. 2 Exosome biogenesis mechanisms and cargo sorting pathways. Multiple molecular mechanisms of intraluminal vesicle (ILV)
generation in multivesicular bodies (MVBs) have been revealed. a The classical ESCRT-dependent pathway involves the recognition of
ubiquitinated proteins in the endosomal membrane by the ESCRT-0, -, -ll, and -lll subcomplexes. The ATPase VPS4 cooperates in a stepwise
manner to mediate ILV formation. b In the syndecan-syntenin-ALIX pathway, membrane budding and cargo clustering can occur
independently of the early ESCRT machinery, with VPS4 required for the scission step. ¢ Ceramide, which is generated from sphingomyelin by

nSMase2, plays a key role in the ESCRT-independent pathway of ILV biogenesis. Ceramide can form lipid raft microdomains and trigger the
conversion of ILVs into MVBs. nSMase2 is activated by FAN and can be pharmacologically inhibited by small molecules such as GW4869. The
cargoes sorted through this pathway include flotillin, cholesterol, and tetraspanins, which are localized to lipid rafts.
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Role EV v kontextu ooneuN
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Zvysena sekrece EV behem karcinogeneze
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Zmenene cargo EV behem karcinogeneze

» Selektivni baleniintegrinti—role v tvorbé
premetastatické niky
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EV podporuji
karcinogenezi
mnoha
zpusoby

e PokraCcovani na
dalsim snimku
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Figure 3. EVPs promote multiple aspects of cancer growth.

The growth of primary tumors is positively impacted by EVPs released by tumor cells and other cells in the tumor microenvironment, including stroma cells (fibroblasts,
MSCs, and adipocytes) and immune cells (TAMs, DCs, T lymphocytes, NK cells, and neutrophils). These EVPs influence tumor cells directly by promoting tumor
formation and progression via different means, including maintaining CSC pluripotency, promoting tumor cell proliferation, inducing tumor cell EMT and invasion, and
altering tumor metabolic demands. Additionally, cancer cell-derived EVPs generate a favorable microenvironment permissive for local tumor expansion by promoting
angiogenesis and vascular remodeling, and modulating immune functions towards a pro-tumorigenic and immunosuppressive phenotype. Finally, tumor- and stroma-
derived EVPs have a central role in inducing cancer resistance to chemotherapy and radiation therapy. Several EVP cargoes have been found responsible for these pro-
tumorigenic roles, including nucleic acids (mRNAs, miRNAs, IncRNAs, circRNAs, DNAs), proteins, enzymes, surface receptors and lipids. TAM, tumor-associated macro-
phage; DC, dendritic cell; NK, Natural Killer; MSC, mesenchymal stem cell; CSC, cancer stem cell.



EV - Organotropismus a premetasticka niky (pmn)

* Vliv povrchovych receptoru jako jsou integriny a CEMIP na EV

A Primary tumor
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Figure 4. EVPs contribute to organotropism and pmn formation.

(A) Several EVP surface receptors drive organotropism to different metastatic sites. EVP integrins agP4 and agpy drive lung tropism, integrin Bs drive liver tropism, and
CEMIP drives brain tropism. The determinants of EVP bone tropism are yet not known. The tissue-specific uptake of EVPs promotes pre-metastatic niche formation and
defines organotropism of disseminating tumor cells. (B) EVP uptake by stroma and immune cells at distant sites induces the generation of a favorable pre-metastatic
niches, highly receptive for tumor cell seeding and outgrowth. Endothelial and lymphatic cell proliferation and vascular permeability, recruitment of BMDCs, activation
of resident immune cells, remodeling of ECM, and metabolic reprogramming of fibroblasts and immune cells are the major phenotypical changes associated with pre-
metastatic niche formation. EVPs released by the primary tumor after chemotherapy and radiotherapy are also involved in pre-metastatic niche formation. CEMIP, Cell
migration-inducing and hyaluronan-binding protein; ECM, extracellular matrix.



EV ve formovani pmn

* Prijeti EV stromalnimi a imunitnimi
bunkami indukuje vytvoreni pmn,
ktera jsou silné privétiva pro
usazovani a rust nédorovych bunek

proliferace endotelovych a lymfatlc—
kych bunék, vaskularni permeabilita,
rekruitment imunitnich bunék, akti-
vace rezidentnich imunitnich bunék,
remodelace ECM a metabolické
reprogramovani CAF a TAM

 EV uvolnéné primarnim nadorem po
chemoterapii a radioterapii se také
podileji na tvorbé pnm

Figure 4. EVPs contribute to organotropism and pmn formation.

(A) Several EVP surface receptors drive organotropism to different metastatic sites. EVP integrins ogB4 and o3y drive lung tropism, integrin s drive liver tropism, and
CEMIP drives brain tropism. The determinants of EVP bone tropism are yet not known. The tissue-specific uptake of EVPs promotes pre-metastatic niche formation and
defines organotropism of disseminating tumor cells. (B) EVP uptake by stroma and immune cells at distant sites induces the generation of a favorable pre-metastatic
niches, highly receptive for tumor cell seeding and outgrowth. Endothelial and lymphatic cell proliferation and vascular permeability, recruitment of BMDCs, activation
of resident immune cells, remodeling of ECM, and metabolic reprogramming of fibroblasts and immune cells are the major phenotypical changes associated with pre-
metastatic niche formation. EVPs released by the primary tumor after chemotherapy and radiotherapy are also involved in pre-metastatic niche formation. CEMIP, Cell
migration-inducing and hyaluronan-binding protein; ECM, extracellular matrix.
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EV jsou slibnymi nanonastroji v onkologii

Vyuziti EV v onkologii:
1.

EV jsou ve vSech telnich tekutinach a jejich
cargo, které reaguje na karcinogenezi i terapii,
muze byt rezervoarem biomarkeru
vyuzitelnych k predikci typu rakoviny v ranych
stadiich a terapeutickym odpovedim

Prirozené nizka toxicita a Siroke rozsireni EV v  Next generation technology: A world in which
tkanich je ini Zddoucimi a autolognimi nosigi cancer diagnosis is possible from a simple blood
. . ; ., draw. (Credit: Exosomics Siena S.p.A. via
chemoterapeutik, genetickeho materialu nebo -
i o0 N . i www.exosomics.it/technology)
zobrazovacich Cinidel (napf. radiokontrastni
latky), jsou slibngjsi nez liposomy

EV jako terapeuticky cil - cilena produkce a
uptake EV pro management nadorovych
onemocneni



Biomarkery EV definuji ruzné lidské nadory

e Hoshino et al., 2020, Cell 182, 1044-1061
Proteomickeé profily EV ze 426 lidskych vzorkl . s mms

|dentifikace univerzalnich markerd EV

Charakterizace markert EV odvozenych z

nadoru v lidskych tkanich a plazmé

Proteiny EV mohou byt uzitecné pro
detekci rakoviny a urceni jejiho typu

Dalsi studie identifikovaly specifickeé
proteiny EV, které mohou mit prognos-
tickou a prediktivni hodnotu pro detekci
nadoru, progrese a terapeutickou odpoved

D
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Tekute biopsie

« Vyuziti EV z télnich tekutin jako prediktivnich markeru, typu nadorového onemoc-
néni a stadia nemoci je zvlasté dulezité v pripadé absenci tkanovych biopsii

» Take pro screenovani populace ve velkeém méritku

Standard
Biopsy

Time-Intensive Procedure
Localized Sampling of Tissue
Not Easily Obtained

Some Pain/Risk

Invasive

VS.

Liquid
Biopsy

Quick

Comprehensive Tissue Profile
Easily Obtained

Minimal Pain/Risk
Minimally Invasive

A

Whole blood

prevzato BkGCtII

forcancrs ngpt lttf atio

2015;4(3):280-290. doi: 10.3978/j

Cell free plasma
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and monitoring. Trans| Can
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Erythrocytes (~5x10e%/mL blood)
‘ Leukocytes (~7x 10e%mL blood)
. Circulating tumor cells (~0-10/mL blood)
P! Thrombocytes (~3x10e*/mL blood)
Normal exosomes (~10e"/mL blood)
! Tumor stroma exosomes (unknown)
) . Tumor exosomes (~0-5x10e'/mL blood*)
Normal cfDNA (~5x10e%mL blood)
- Tumor cfDNA (~5x10e”/mL blood)
* Ago2 associated miRNA (~5x10e”mL blood)

. HDL associated miRNA (~5x106”mL blood)



Vyhody a nevyhody EV v tekutych biopsii

Vyhody Nevyhody

o A TEM e - * Nutnostizolace Cisté populace EV
g AFM SEM NTA Flow cytometry ’,4" - oL o L . .
@ | thm o 100nm  dum " 0um " * Casovaifinancni narocnost izolace,
= | !E—VSJ , | separace a charakterizace EV
> | I
3 ‘Exosome’ i@ * Znacna inkonzistence vysledkd vlivem
£ L J J B = ruznych metod
L T g f
umor @ e v s . .
S | Yantgen ==~ A * Nedostatecna znalost biologie EV
- Carcinoma Early Stage Metastasis

 EV obsahuji nabohacené biomarkery v krvi v podstatné vysSich koncentracich a drive
béhem karcinogeneze nez cirkulujici nadorové bunky (CTC) nebo nadorové antigeny

* Vyvoj mikrofluidnich zarizeni predstavuje slibnou alternativu - neni nutna izolace EV
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Non-vesicular extracellular particles (NVEP)

Nevesikularni extracelularni partikule

Multimolekularni sestavy, které jsou
uvolhovany z bunek a nemaiji lipidovou
dvojvrstvu: lipoproteinové castice (LPP),
ribonukleoproteinové castice (RNP), viry
nebo exomery a supermery.

NVEP a EV ¢asto maji prekryvajici se
fyzikalné-chemickeé vlastnosti, a NVEP
byva v biologickych matricich mnohem
vice nez EV

Kolik je ve krvi EVs? 1076 - 10712/ml
Snahy o standardizaci
Smeérnice MISEV2023
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molecules ~35 nm

Veerman RE et al., Journal of Extracellular Vesicles, 2021



Studium EV

Mnoho vyzev diky:

 Mala velikost a velka
heterogenita - EV se lisi
velikosti, obsahem a
vlastnostmi v zavislosti
na biogenezi, puvodu a
funkci.

* Nedostatek
standardizovanych
metod pro izolaci a
charakterizaci - rizné
izolacni protokoly v
zavislosti na analyze
nakladu.

Ultracentrifugation

Molecular Biology Reports (2020) 47:7229-7251

THen Q Differential Centrifugation
Mt e B e I
2

* TEM/SEM

Commercial Exosome Isolation Kits
(ExoQuick-TC™)

Ultrafiltration

Density Gradient Centrifugation

Size Exclusion Chromatography

Immunoaffinity-based
microfluidic chips

Immunoaffinity-based
capture beads

0*@ Polymer-Based Precipitation

O, o

2 l'[f Acoustic fluidic chips

~" "~ Membrane-sensing peptides

+ Super-resolution microscopy
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Nomenklatura v praxi:
EV # exosom

 MISEV2023 doporucuje pouzivat
obecny termin ,,extracelularni
vezikuly“, pfipadné jeho operacni
rozSireni (napf. malé EV, CD63+ EV),
které jsou odvozené od metody
izolace/nabohaceni EV

* namisto nekonzistentné definovanych
a nékdy zavadéjicich termind, jako
jsou ,,exosomy“ a ,,ektosomy*, které
jsou spojeny s cestami biogeneze a ex
post (v komplexnim vzorku jako je
plasma, ale i kondiciované médium) je
obtizné je stanovit, protoze nezname
specifické markery pro subtypy EV

Term

Definition

Usage

Extracellular
vesicles (EVs)

Particles that are released from cells, are delimited by a lipid
bilayer, and cannot replicate on their own.

Recommended

Non-vesicular
extracellular
particles (NVEPs)

Multimolecular assemblies that are released from cells and do
not have a lipid bilayer (non-vesicular extracellular particle
fraction).

Recommended

EV mimetic

EV-like particles that are produced through direct artificial
manipulation. This term 1s preferred over “exosome-like
vesicles” and similar terms that imply specific biogenesis-
related properties.

Recommended

Small EVs
(operational term)

Based on the diameter of the separated particles, small EVs
are often described as <200 nm in diameter. However,
measured diameter 1s related to the specific characterization
method.

Recommended. but caution
required

Large EVs
(operational term)

Based on the diameter of the separated particles, large EV's are
often described as >200 nm in diameter. However, measured
diameter 1s related to the specific characterization method.

Recommended. but caution
required

Other ‘operational
terms’

Physical characteristics: e.g., diameter: small extracellular
vesicles (SEVs), large EVs (IEVs), density: low, medium, high
(defined ranges). Biochenucal composition: e.g., contains a
specific (macro)molecule, such as a protemn. Cellular origin
and/or conditions under which EV's were generated: terms that
highlight specific aspects of biogenesis like molecular
mechanisms, energy-dependence (or lack thereof), and
functional state of the parent cell related to stress or death.

Recommended. but caution
requured

Exosome Biogenesis-related term indicating origin from the endosomal | Discouraged unless
system. Unless subcellular origin can be demonstrated, 1t 1s subcellular origin can be
likely that a broad population of EVs 1s being studied, not demonstrated
exosomes specifically. Exosomes represent a subtype of small
EVs: the diameter of intraluminal vesicles of endosomes is
generally smaller than 200 nm.

Ectosome Biogenesis-related term indicating origin from the plasma Discouraged unless
membrane. Unless subcellular origin can be demonstrated it 1s | subcellular onigin can be
likely that a broad population of EVs 1s being studied, not demonstrated
ectosomes specifically. Ectosomes can have a wide range of
sizes, mcludmg sizes 51m1lar to those of ex0somes.

mdtodeugnmhrgeEVserﬂlEVs,mm
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Ukazka experimentu s EV
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Validace EV A ‘ ‘ Patient 2 C Patient?
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EV jako nosice léeciv

* MUZeme je napfriklad upravit tak, aby nesly specifické molekuly, jako jsou
cytostatika Ci terapeutické miRNA, a efektivné je dopravily do cilovych bunék. Tento
pristup otevira dvere pro dalsi moznosti cilené terapie

* Dietarni EV (z mléka, ze zeleniny a ovoce a dZzusu)

' Small molecule drugs  Proteins Nucleic acids Stmagc
Bacteria il .Q.o i le‘i"“ stability
elivery .
Scalable
T Loadmg drug categories oduvtion Loading
cells ,.N Wi
~ / o
Immune cells = , // 3 N\ O & f ¥ Bioengineering
and MSCs ‘. P/ EV as A ‘\ Y
.................................... _{ /t_herapeunc agen g ne e e s sans oo [80Nton and In vivo
% o camer purification 8 wan B trafficking
Hydrophobic drugs % ‘-\ ' 1 L ooocom 5
Hydrophilic drugs - \\ // & 4
Tumor-associated antigens & \\\__,./ 7 Repalrmemofbrain, mRNA g
Adjuvant " Adjuvant gy heart, liver, lung, DNA _ ‘
Vaccine Vaccine CRILAIUOIBIEIEEY  |idney and skin CRISPR/Cas9 Extracellular vesicles
Cancer therapy Infectious disease Regenerative medicine Gene therapy Biology tor therapeutic delivery Applications

https://doi.org/10.1016/j.apsb.2022.05.002 https://doi.org/10.1016/j.ejpb.2017.07.010



Od zakladniho vyzkumu ke klinickym aplikacim

e Zakladni vyzkum tykajici se izolace, standardizace a charakterizace EV
prinese naplneni translacniho potencialu pro diagnostiku a terapii

Application of EVs in
medicine

Basic science of EVs

. Standardization in EV isolation Availability for patients

. Biochemical characterization of EVs Clinical trials

. Functional characterization of EVs Pre-clinical trials

Candidates for application in medicine (treatment,
diagnosis, immunization, etc.) https://doi.org/10.1002/wnan.1835



Ceska spoleénost pro extracelularni vezikuly

CzeS

Czech Society for Extracellular Vesmles

> M X @ FKi

sci.muni.cz/czesev Czesev @CzeSEV @czesev.cz Czesev czesev(@sci.muni.cz




OUR MISSION

International Society
for Extracellular
Vesicles Partners

Connect &
Collaborate

Knowledge
Exchange

CzeSEV unites senior researchers,
early-career scientists, students, and
industry professionals throughout the
Czech Republic. Our goal is to facilitate
connections, foster collaboration, and

build bridges within the EV research
community.

We provide a robust platform for
sharing experiences and knowledge
related to extracellular vesicles. Our

community thrives on the exchange of
ideas, experiences, and discoveries.

As proud members of ISEV, we are
contributing to the ISEV mission of
advancing EV research for better
understanding of EV biology and their
use in clinics. We advocate for EVs by
endorsing the EV topic during our
lectures as well as by promoting the
ISEV standards for EV research.
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