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Az extracellularis vezikula termeles altalanos sejtbiologiai jelenség

cytosolic proteins

cytoskeletal Az .extracellularis vezikulak” (EV-k) sejtek altal termelt, kettds
libidi: cholesterol Esggvxoi e lipid réteggel hatarolt részecskeék, amelyek onmagukban nem

slhaling képesek osztdédni, mivel nincs bennuk mukodokepes sejtmag.

Az EV termelés filogenetikailag konzervalt sejtbiologiai
jelenség.
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transmembrane proteins Salmonella typhimurium Leishmania donovani

receptors
adhesion molecules
membrane transport

cytokines
antigen presentation
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Az extracellularis vezikulak torténete

THE BIOLOGICAL SIGNIFICANCE OF THE THROMBOPLASTIC
PROTEIN OF BLOOD*

By ERWIN CHARGAFF axpo RANDOLPH WEST

(From the Depariments of Biochemistry and Medicine, College of Physicians and
Surgeons, Columbia University, and the Medical Service of the Presbyterian
Hospital, New York)

(Received for publioa.tion‘ August 5, 1946)

The activators of blood clotting present in mammalian tissue, 7.e. the
agents responsible for the conversion of prothrombin to thrombin, have
= been shown to be lipoproteins of a very high particle weight (1-3). These

Erwin Chargaff substances readily form sediments in a strong centrifugal field (31,000g),
but remain in solution when subjected to weaker centrifugal forces (5000¢g).

b

Brit, J. Haemat., 1967, 13, 269,

The Nature and Significance of Platelet Products in

Human Plasma ,platelet dust”

Perer WoLr

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

https://doi.org/10.1111/j.1365-2141.1967.tb08741.x



Extracellularis vezikulak a szervezetben | . o7
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O eotH ’Q NASAL SECRETION: airway epithelial and dendritic cells lining the epithelium nupsseororio sssonmesessense
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SALIVA: epithelial cells and granulocytes

BALF: cells within the lung

BREAST MILK: cells present in breast milk, epithelial breast cells,
and from blood circulation

SYNOVIAL FLUID: macrophages

BILE: cells from liver and gallbladder
BLOOD: cells lining the blood vessels and cells found in blood

\ AMNIOTIC FLUID: cells from fetal kidney and mother's blood

SEMINAL FLUID/SEMEN: prostate and epididymal epithelial cells

UTERINE FLUID: cells from uterus, fallopian tube and ovary

' : URINE: cells from kidney, bladder, prostate and urethra
| -~ | FAECES: commensal bacteria

http://www.journalofextracellularvesicles.net/index.php/jev/article/view/27066



Az extracellularis vezikulak heterogenitasa

MVB-like EV cluster
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Buzas El. Nat Rev Immunol. 2023 Apr;23(4):236-250.
doi: 10.1038/s41577-022-00763-8.
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T. Visnovitz et al. doi.org/10.7554/eLife.95828.2.
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Exoszéma képzddés lépései:

Endocitozis

J

iorai endoszémak

intraluminalis vezikulakat (ILV)

tartalmazo multivezikularis testek

(MVB)

1)  MVB-lizoszéma fuzio: az
ILV-k lebomlanak

2)  MVB-plazmamembran fuzié:

ILV exocitdzis

»Egyéb vezikulak”

EV képzbédés autofagia
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Az extracellularis vezikulak biogenezise

Ektoszomak
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Ektoszoma képzddés Iépései:
Az ektoszomak a
plazmamembran
kitiremkedésibél flizédnek le.

\2

1) Kis méretli ektoszémak:
hasonlé az exoszoéma
biogeneziséhez: szerepe van
benne az ESCRT fehérjéknek és
a tetraspaninoknak is

2) Nagy méreti ektoszémak:
Fontos szerepe van benne a
citoszkeleton atrendez6désnek

Apoptotikus test képzédés
lépései:

A programozott sejthalal soran
keletkeznek, amikor az elpusztuld
sejtek feldarabolddnak, és alkotd
elemeik membranba
csomagolddva kerilnek
eltavolitasra.

doi.org/10.1038/s41580-023-00576-0



Az extracellularis vezikulak nevezéktana

Cell-derived Extracellular Vesicles ‘
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Cancer Research Frontiers. 2015 Apr; 1(2): 208-224



Natural

Arteficial / induced

Az extracellularis vezikulak nevezéktana

Minimal information for studies of extracellular vesicles MISEV2023

Term

Extracellular vesicles
(EVs)

Non-vesicular
extracellular particles
(NVEPs)

Extracellular particles
(EPs)

EV mimelic

Artificial cell-derived
vesicles (ACDVs)

Synthetic vesicles (SVs)

Definition

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

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

Umbrella term for all particles outside the cell, including EVs and
NVEDPs.
EV-like particles that are produced through direct artificial

manipulation. This term is preferred over ‘exosome-like vesicles’
and similar terms that imply specific biogenesis-related properties.

EV mimetics that are produced in the laboratory under conditions of
induced cell disruption, such as extrusion.

EV mimetics that are synthesized de novo from molecular
components or made as hybrid entities, e.g., fusions between
liposomes and native EVs.

Recommended

Recommended

Recommended

Recommended

Recommended

Recommended

doi: 10.1002/jev2.12404




Miéert hasznaljuk még a regi nevezektant is?

30-100nm 100 nm-1pm 1um-5pm 8-12 ym
<€ > €
protein
aggregates
viruses bacteria

exosome microvesicle -apoptotic body cell

Small EV Intermedier size EV Large EV

MISEV201 8 (<medium size EV)

Ectosomes Gyorgy-Szabd et al. Cell Mol Life Sci 2011.
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Atfedések az extracellularis vezikulak méretében

Az izolalt EV-k sejteredetét és a képz6desuk maodjat a meret alapjan nem tudjuk azonositani.

'
' ESCRT+

: \ESCRT—
: Q

EXOs

10000 nm 2000 nm 1000 nm 120 nm 50 nm 30 nm

https://doi.org/10.3389/fimmu.2018.00738



Az extracellularis vezikulak altalanos hatasai

Parakrin / endokrin Juxtakrin Autokrin

https://doi.org/10.1038/cddis.2016.336
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hatasukat az EV-k?

,»A hatas kozvetitoje”

Fehérje-asszocialt funkcidk:
» Immunmodulacio (pl. TGFb; IL-1b)

» Kemokin szekrécio (pl. MIF; CCL2,
CCL3, CCL4, CCL5, CCL,20)

*Apoptdzis indukcié (membranhoz kotott
TNFa; CD95L)

RNS-asszocialt funkciok:

Lipid raft Membrane fusion
2

Release
of vesicle °
A f'. I contents

MRNS, mRNS fragmentumok , hosszu
nem-koédold RNS, miRNS,
riboszémalis RNS, tRNS

," Release of intraluminal
material (miRNA, proteins,
peptides, nucleic acids)

DNS-asszocialt funkciok:

Early e A fragmentumok
endosome .
/ Releme of esicl . Gyulladas (pl. miR155); tumor
- | f’hmph'::::,;‘ /.3 Back Degradation terjedés (pl m|R223),
.{.;J‘x\.,‘,. L,Z I ‘edoinde e | MVE B fusion immunszuppresszié (pl. miR150), stb.
{ ) [~ . (annexin, ; i Trophic
galectin) support

Lysosome

» Mitokondrialis DNS (mtDNS), egyszalu
DNS, kétszalu DNS (dsDNS) és onkogén
amplifikatumok (pl. c-Myc)

empeg.com/article/257.html
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Az extracellularis vezikulak orvosi vonatkozasai 1:
Az EV-K, mint biomarkerek

Az exoszomak a klinikai diagnozisban
(folyékony biopszia)
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https://doi.org/10.1038/s41392-020-00258-9

Az exoszomak jelentésége a daganat
diagnosztikaban
(folyékony biopszia)

EV-based liquid biopsy
Cancg_l;cell-derlved EV\
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DOI:10.1093/jjco/hyy120




Az extracellularis vezikulak orvosi vonatkozasai 2:
EV-asszocialt terapias lehetosegek

Small molecule drugs Prg.gins Nucleic acids
" T . o % Direct
Bacteria  (-«Su8a . wgdd) @ Luuw
e E v o© 000 delivery
Tumor ‘e @ @ Loading drug categories
cells k{ 2
R ec e )¢ Bioengineering

and MSCs Q @ ﬁ

Hydrophobic drugs siRNA
Hydrophilic drugs — miRNA
Tumor-associated antigens mRNA
Adjuvant Adjuvant heart, liver, lung, DNA
Vaccine Vaccine kidney and skin CRISPR/Cas9
Cancer therapy Infectious disease Regenerative medicine Gene therapy

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



Extracellularis vezikulak izolalasa
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Method

Ultracentrifugation

Size-exclusion

chromatography

Immunoprecipitation

Microfluidic-based
separation

Polymer-based
precipitation

Electrophoresis

Az EV izolalas kihivasai

Description

EVs are separated by their sedimentation
rate under high centrifugal force.

Separates EVs based on size using
column filtration

Uses specific antibodies to isolate EVs
bound to targeted proteins

Fast, easy to use, scalable, suitable for
large-volume samples

A polymer solution is added to sample,
creating a cloudy mixture containing EVs
which can be recovered through
precipitation

This method can be used to purify

specific subpopulations of EVs based on
their electrophoretic properties

Advantages

High yield and purity regarded as
the gold standard (1" et al,, 2006)

Easy to use and can be automated;
compatible with downstream
applications

Highly specific and sensitive; allows
for the isolation of subpopulations

of vesicles

High throughput and accuracy;
reliable isolation of specific EVs
subpopulations (Harenberg et al,
2012)

Fast, easy to use, scalable, suitable
for large-volume samples

High resolution and specificity; can
isolate EVs subpopulations (Long
et al,, 2013)

Disadvantages

Time-consuming and may lead to co-
purification of non-vesicular
components

Low yield compared to other
methods (de Menezes-Neto et al,,
2015)

Antibody-dependent, which may
limit its application in some
condition

Equipment costs and complexity may
limit widespread adoption

Contamination with protein
aggregates or other impurities may
occur (Gardiner et al, 2014)

Requires specialized equipment; low
yield compared to some other
methods

Orvosi alkalmazhat6sag feltétele: standardizalas

Specific sample

Cell culture
supernatants, blood
plasma/serum, and
urine

Plasma, serum, ascites
fluid (Koliha et al,,
2016)

Plasma, milk, saliva, and
urine

Plasma and urine

£ S9pPIY B IN

Plasma, urine, and

saliva

Plasma, urine, and
cerebrospinal fluid
(Chiasserini et al, 2014)

https://doi.org/10.3389/fbioe.2025.1646385



Mi a kerdes?
Az EV-k vizsgalati lenetOségeil

,Single vesicle analysis (SVA)”

"Populacids" szintli vizsgalatok "Individualis" szintl vizsgalatok
fehérje tartalom / nukleinsav tartalom / fényszorason alapulo optikai fluoreszcens optikai nem optikai
Osszetétel Osszetétel modszerek modszerek modszerek

transzmisszios

elektronmikroszkdpia
aramlasi citometria (FACS (TEM)

atomerd mikroszkdpia
tomegspektrometria (MS) aramldsi citometria (FACS) fluoreszcens mikroszkopia (AFM)
szuperrezolucids Impedancia alapu flow
dinamikus fényszéras (DLS) fénymikroszkdpia (STED) cytometria
fluorescensz nano tracking
nano tracking analysis (NTA) analysis (F-NTA)

western blot analizis (WB) |polimeraz lancreakcié (PCR) fénymikroszkdpia

Orvosi alkalmazhatdsag feltétele: standardizalas; gyorsasag; automatizalas




MiFlowCyt-EV Reporting Framework
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EV — FACS ki

Category Components Objective
R . . . - N( R
. . 1.1. Report preanalytical variables conforming to MISEV guidelines*
Preana')'ucal varlables & 1.2. Report experimental design according to MIFlowCyt guidelines* Reproducibility
experimental design
J \\ J \\ J
e r2.1. Sample staining* k4 E
. 2.2. Sample washing steps* S
Sample preparation 2.3. Sample dilution® Reproducibility
.\ & 8 8 J
) r3.1. Buffer-only* 3.5. Single-stained controls* Y p f of singl k
3.2. Buffer with reagents*  3.6. Procedural controls** roor or singie
Assay COﬂtl’OlS 3.3. Unstained controls* 3.7. Serial dilution* vesicle detection
3.4. Isotype controls** 3.8. Detergent-treated EV samples
> & J \\ J
N7, : N[ B
3 . 4.1. Trigger channel(s) and threshold(s)*
InStrument callbratlon 4.2. Flow rate & volumetric quantification (pL min*'/ pL)* Standardizati
& data acquisition 4.3. Fluorescence Calibration (MESF/ERF units)* anaaraization
: g 2
» L4’4' Light Scatter Calibration (nm?) P y
H r5.1. EV diameter/surface area/volume approximation kT i Ad d n
: * 5.2. EV refractive index approximation vance
EV Charadenzatlon 5.3. Epitope number approximation standardization
P 39 J
") (6.1. Complete MIFiowCyt checklist* [ ;
: 6.2. Calibrated channel detection range T
FC data reporting s N e e Reproducibility
4 8.4. EV brightness ¥ | % 3
N r7.1. Share data to public repository Y R
FC data sharing Reproducibility
VAN P AS J




EV-k azonositasa a sejteredet alapjan
Modszer: MACSPIex EV detektald kit

No. Antibody Isotype No Antibody Isotype
22 D3 recombinant human 65  CD81 hamster IgGx
MACSPlex Exo ture Beads led to surface epit tibodi
x Exosome Capture coup! 0 s epitope an ies o o - binanth P AN2 recombinant human
IgGl IgG1
recombinant human 67 CD146 recombinant human
24 coD19 oGl IgG1
32 CDsa :gmmb'ﬂaﬂ' human 68 D41 ratlgGlx
33 MHC recombinant human 74 cD61 hamster IgGx
IgG!
Class i 75 CD24 recombinant human
Exosomes bind to specific antibodies on MACSPlex Exosome Capture Beads 34 CD49b recombinant human IgG1

. 76  CD86 rat lgG2bk

rat lgG2ax
35 CD105 =

recombinant human IgG1 human
42 cD2 o CD44 recombinant

rat lgG1
43 (Db :;Gcombinamhuman 78 (D326 Ig
1

79  Prominin-1  7atlgGl

44 CD2s recombinant human
igGl 85 CD29 hamster IgGA
Exosomes bound to specific MACSPlex Exosome Capture Beads
45 CD4%a rat IgG2ax
are labeled with MACSPlex Exosome Detection Reagents 86  CD69 ";g"mb‘m human
46 CD140a recombinant human
X . lgG1 87  ratlgGl ratlgG1
bi h
* 52 CD66a :;éc‘)m nant human o CDAS %0
**\" ~ *
rat laG2ax
* % £ 89 cD31 recombinant human
54 CD205 recombinant human lgG1
¥ el 96  REA recombinant human
55  MHCI gnblnam human Control IgG!
X " recombinant human 97 (D20 recombinant human
56 CD&3 oG1 igG1
57 (D40 ratigG2a 98  CON5 W"’"“‘
MACSPlex Exosome ® Eivsome S * MACSF"lex Exosome 63 CDo62P :;GC?fnbinant human ® EphA2 Sy Eopa
Capture Bead Detection Reagent IgG1
64 CDlic :;rnblnmt human
1

https://www.miltenyibiotec.com/DE-en/products/macsplex-ev-kit-io-human.html#130-108-813



Az EV-k és az immunrendszer kapcsolata

Tissue cells

Tissue Ce"'derlved EVS O Exchange proteins, nucleic " Immune Ce”-derlved EVS

acids and organelles ete

@
e A Exosomes
e O Microvesicles
w Mitochondria
JUTE DNA
mRNA

Golgi apparatus

Endoplasmic
reticulum

Immune cells

DOI: 10.3389/fimmu.2020.00013



Példak a tumor-eredetl EV-k
immunsejtekre gyakorolt
hatasaira

Antigen presentation T

Dendritic cells CD8 T cells

e.g. HSP70

..\.;- 7_-. N
Tumor cells \ 6

NK celis Macrophages

b
e.g. Fas|, TRAIL @ Apoptosis T

Activation T

Immune stimulation

CD8 T cells
e.g. TGF-B

_'_g___, é Proliferation |

Treg cells
e.g. NKG2D ligands,
growth factors
7 6 Cytotoxicity |,
e.g. HSP72 NKcells CD8T cells
\(, @ DifferentiationT
Q‘ MDSCs
a Potarization

Macrophages (M2 like)

Tumor cells

Immune suppression

() Texs o Antigens ¢ HSPs g RNA

A tEV-k expresszalnak
tumorantigéneket
!
DC aktivacio
!

Ag-prezentacio

A tEV-k expresszalnak
immunszuppressziot kivaltd
molekulakat

!

Tumor escape

https://doi.org/10.1002/advs.201901779



Immunsejt — eredetl extracellularis vezikulak

Az immunrendszer
gatlasa

Az immunrendszer

aktivalasa

* Induction of DC apoptosis via f
FASL

« Inhibition of T cell proliferation
by miRNAs and iNOS (Tregs)

* Suppression of IFN-y secretion
by T cells via miRNAs

. Tcellsand NK
' cells

/

* Promotion of cancer
metastasis

\

* Induction of antiviral
responses in DCs

» Activation of bystander T cells

 Killing of tumor cells via FASL

and perforin

® Formation of CD4* anh
CD&" memory T cells
during infection

* Reduction of viral load in
acceptor cells

» Carry active enzymes for

leukotriene synthesis /

* Prevention of allograft [+

reaction
* Prevention of autoimmunity
by reducing inflammation Aqhgen-
presenting cells

® Carry functional MHC—peptide
complexes
* Carry PAMPs

Minden immunsejt termel EV-kat.

Az immunsejtekbdl szarmazoé EV-k a
donorsejtek allapotatol fuggden kulonféle
funkciokat latnak el.

Az immunsejt eredetl EV-k potencialis
terapias eszkozok.

DOl:https://doi.org/10.1016/j.molmed.2019.02.003



Extracellularis vezikulak az immunvalasz szabalyozasaban

Az immunsejtekbdl szarmazo EV-k a donorsejtek allapotatol fuggden kulonféle funkcidkat latnak el.

T cell and NK .cell
apoptosis

Downregulation of

IGFBR1,

TGFBR2 or

TGFBR3 MICB
EV-associated
miRNAs

Betaglycan

Regulatory T cell and
MDSC activation,
downrequlation of NKG2D
expression on NK cells
CD39

AZAR
or A2BR

CD4" T cell inhibition )
and impaired cytokine | w
secretion by DCs

NKG2D on NK cells Y ,
PD1 CD80 or
CD86
NKG2D PDLI s,
]r //cum
MICA or FASL f

N ~ .FTRAIL
CD73 ) CD8*
| | N (,Adenosme Do) | 2poptosis

*V CDA4' T cell and |
._ CTL inhibition ’

| Tcell and NK cell

| apoptosis

CliS T cell

Impaired CTL cytotoxicity

— and antigen presentation

by DCs

Az EV-k immunszabalyozé molekulakat
expresszalhatnak (pl. PDL1, CTLA4 (Cytotoxic
T-lymphocyte associated protein 4), FASL és TRAIL
(TNF-related apoptosis-inducing ligand)).

!
T sejt, NK sejt gatlas (apoptdzis indukcio).

A CD39 és CD73 ektoenzimek ATP-bdl
adenozint termelnek, ami gatolja a Tc sejtek
muUkodését és az antigén bemutatast.

A Treg eredetl EV-k miRNS tartalma gatolja
a Th valaszt.

Az EV felszinén lévdé TGF aktivalja a Treg
sejteket és a mieloid eredetl szupresszor
sejteket (MDSC-k), csokkenti az NK-sejtek
KAR receptoranak expressziojat.

https://doi.org/10.1038/s41577-022-00763-8
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Antigén prezent

Az immunsejtek és a szoveti rezidens sejtek altal termelt EV-k szabalyoz6 szerepet jatszanak a szoveti
sérulések, a gyulladas, a fertbzések és a daganatok szamos bioldgiai folyamataban.

Inflammation
Autoimmunity

Makrofag polarizacio

https://doi.org/10.1016/j.immuni.2024.07.009



Extracellularis vezikulak szerepe az antigen prezentacioban

Semi-direct antigen b Cross-presentation
Synaptic vesicle transfer

a Direct antigen presentation

presentation (cross-dressing)

EV-MHCp a target
sejt felszinére
kerl

Tumour™ Conventional
antigen DC
Migratory DC
e EV-MHCp &tadja az internalizécié utén
A peptidet a célsejt MHC molekulajanak

Ev
EV-MHCp komplex révén

Buzas El. Nat Rev Immunol. 2023 Apr;23(4):236-250.
doi: 10.1038/s41577-022-00763-8.
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Makrofag eredetl extracellularis vezikulak
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Makrofag eredetl EV-k szerepe a tumor mikrokornyezetben

A TAM sejtek kulonféle citokineket és gyulladasos mediatorokat termelnek, amelyek valasztanak ki, amelyek
el6segitik a tumor metasztazist, az angiogenezist és az immunrendszer kijatszasat.
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Bakterialis extracellularis vezikulak

omv

Budding OMV
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Az OMV-k fontos szerepet jatszanak a bakterialis patogenezisben, a sejtek k6zotti kommunikacidéban, a horizontalis
génatvitelben, a quorum sensingben és a baktériumok életképességenek fenntartasaban.
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,Quorum sensing” bakterialis EV-k révén

Intestinal barrier function Intestinal immune system
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Sejt-sejt kommunikaciés folyamat, amelynek soran a baktériumok informaciot osztanak meg egymassal, és ennek megfeleléen

modositjak génexpressziojukat. (biofilm képzés, virulencia....)
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Az immunrendszer aktivacidja mikrobialis vezikulak utjan

Epithelial Cells

IL-1B, IL-6, IL-8 4
AMPs (hBD2, hBD3) 4 !
OMV ...
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~ TLR4 :
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Neutrophils
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Macrophages

TNFa, IL-6, IL-84

: Inflammasome
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Trends in immunology

OMV (outer membrane vesicle)
\!

DAMP expresszio (LPS, peptidoglikan,
membranfehérjék, bakterialis DNS)
\!

PRR felismerés (pl. LPS-TLR4;
peptidoglikan-TLR2)

\!

NF-kB aktivacio
\
gyulladasos citokinek ( IL-1[, IL-6, IL-8)
és antimikrobialis peptidek (pl.[3-
defenzinek) felszabadulasa
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Az immunrendszer aktivacioja mikrobialis vezikulak utjan

> J Biol Chem. 2022 Oct;298(10):102483. doi: 10.1016/}.jbc.2022.102483. Epub 2022 Sep 13.

Outer membrane vesicles as molecular biomarkers
for Gram-negative sepsis: Taking advantage of
nature's perfect packages

Lea Vacca Michel !, Thomas Gaborski 2

Affiliations + expand
PMID: 36108741 PMCID: PMC9576880 DOI: 10.1016/).jbc.2022.102483

Egy 2018-ban végzett retrospektiv tanulmany 2 566 689 szepszis
esetet vizsgalt a Premier Healthcare Database adatbazisbal,
amely az Egyesiilt Allamok magan- és egyetemi kérhazaiban
kezelt fekvébetegek mintegy 20%-anak adatait tartalmazta.

A tanulmany megallapitotta, hogy a szepszis esetek tobbségeben
(70,1%) nem lehetett meghatarozni a konkrét kérokozat,
valészinlleg az agressziv antibiotikumok vagy a lokalizalt
fert6zések miatt.

Advantages to using Outer

Membrane OMVs as Biomarkers -
for Gram-negative Sepsis ¥ A OMVs contain components
ot ol /, e cytokoos of its bacterial cell parent
TLRA reoepton
~ o M I,'

B oMV activation of host immune
cells

Az OMV detektalas el6nyei:
1) Képesek gyulladast kivaltani, és

valoszinlleg szerepet jatszanak a
bakterialis szepszisben.

2) Expresszaljak a korokozora jellemzé

antigéneket (korokozo azonositas).

3) Ellenallok az antibiotikumokkal

szemben, ezért a terapia megkezdése
utan is kimutathatok.



Extracellularis vezikulak a gyogyaszatban:
egy lehet6seg a daganat kezelesre

a Depot effect
Promote antigen delivery
Enhance cellular interaction

\

Improve uptake and presentation

Induction cytokines
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Dendritic cell derived exosomes loaded

neoantigens demonstrated superior anti-

tumor effect in BI6F10 and MC-38 models

over liposomes
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EV-alapu vakcinastratégiak

o, /Mproteln

Virus antigénnel transzfektalt
sejtekbdl szarmazd EV-k (A

%, Nprotein

’ . , -
virusantigéneket nativ E protein
konformaciojukban hordozzak). -

S protein

(a)

Tobbféle virusfehérjét megjelenitd
EV-k.

(b)

mRNAs for
viral proteins

Virus antigén mRNS-sel feltoltott EV.
Az MHC | és Il molekulakon vald jobb
megjelenités érdekében Lamp1
fehérjébe vannak beillesztve a virus
antigének.

S protein (RBD)

Cytolysin A

Modositott bakterialis EV, amely
megjeleniti a virusfehérjét.



Extracellularis vezikulak a gyogyaszatban:
EV és vakcinacio

Direct presentation of peptide-MHC complexes
Activation and maturation of T cells

Innate antiviral immune response
Activation and maturation

Indirect presentation through cross-dressing of DCs  Exosome uptake and MHC-antigen processing by DCs M""“"'":;:PW

Interactions of virus-infected cells-derived exosomes (Vicex) with immune cells
MVB: multivesicular bodies ; DC: dendritic cell

https://doi.org/10.1016/j.procbio.2023.02.028
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