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# 3.EV U T CHUAEDA EF/ (EX: MISEV2023)
Category
1 2 3 4 5
Transmembrane (or Cytosolic proteins in | Major components Transmembrane, Secreted proteins

GPI-anchored)
proteins associated
with plasma
membrane and/or
endosomes

EVs

of non-EV co-
isolated structures

lipid-bound and
soluble proteins
associated with
intracellular
compartments other
than endosomes

recovered with EVs

1a: multi-pass
transmembrane
proteins

Examples:
Tetraspanins (CD9,
CD63, CD81, CD82);
Other multi-pass
membrane proteins
(CD47, heterotrimeric

2a: with lipid or
membrane protein-
binding ability

Examples:
ESCRT-I/11/11l and
accessory proteins;
ALIX (PDCD6IP),
VPS4A/B;

Flotillins; caveolins

3a: lipoproteins
produced mostly by
liver, abundant in
plasma, serum

Example:
Apolipoproteins

4a: nucleus

Examples:
Histones (HISTTH);
Lamin A/C (LMNA/C)

5a: blood-derived
corona proteins

Examples:
Apolipoproteins;
Fibrinogen

G proteins)

1b: single-pass 2b: promiscuous 3b: protein and 4b: mitochondria 5b: cytokines and
transmembrane incorporation into protein/nucleic acid growth factors
proteins EVs aggregates

Examples: Examples: Examples: Examples: Examples:

MHC class | or II, Heat shock proteins | Immunoglobulins; VDAC, cytochrome C | TGFB1/2;

integrins (ITGA/ITGB), | (HSP70, HSP84); Tamm-Horsfall (CYC1);TOMM20 IFNG, VEGFA, FGF1/2,
transferrin receptor Cytoskeleton; protein PDGF*, EGF,

(TFR2), LAMP1/2; Actin, tubulin; (Uromodulin); interleukin

Heparan sulphate Albumin;

roteoglycans
including syndecans;
EMMPRIN (BSG);
ADAM10

1c: GPI or lipid
anchored proteins

Examples:

Glypicans (GPC1);
5'nucleotidase CD73;
Complement-binding
protein CD59;

3c: exomere or
supermere-enriched
components

Examples:
HSP90AA/B;
TGFBI;
HSPA13;
LDHA/B

4c: secretory
pathway

Examples:

Golgi apparatus
(calnexin, HSP90BH1,
HSPA5, GOLGA2);

5c: adhesion and
extracellular matrix
proteins

Examples:
Fibronectin (FN1);
Collagens;
Galectin3-binding
protein;

CD5L;

Fetuin-A;

4d: others

Examples:
Autophagosomes;
Cytoskeleton;

LC3;

Actinin1/4;
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80|44 FAHS °eFe 7
R e =1l . in vivo whole X0 BAMEV
Unicellular : Ht= J|& of
Saccharomyces east o+t + organism 3= 7™ A
cerevisiae y analysis 7t
ESN - Flagellated 7] gAM: g0
Chlamydomonas unicellular +Htt + Cilia biology 2 v 7|1
reinhardtii algae ot
SMAE 7| HMAS
Arabadopsis Leaf cells ++++ + Plant immunity | =2 EV 7|
thaliana o
Ev &= 714,
Embryonic in vivo whole X7| B EV
cells organism HE 22 7|
analysis
Ev &= 714,
Larval in vivo whole XR7| EMM:EV
M=z epithelial cells organism gt= 22 7|
— T H
Caenorhabdiitis ++++ ++ i aggl;llsm :
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vivo whole
. organism
Ciliated analysis, x7| MRV
sensory MAIT | HEEn J|F
neurons P cEw= =
£ M (Ciliated
sensory
neurons)
Larval wing Wrr;]tét';ﬁ(?;:rfg 7| M Mz
imaginal disc signalling Hg 718 A7
Larval motor . E7| B
napti =
neuron axon ?gn?t?élg Mz HE 7|H
terminals AT
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el haeLr?\gc?ltes immune i
Drosophila Y +4++ ++ system
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FE———
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Transparent
embryos: EV A 7| EFM
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syncytial layer bloodstream, ol B oslo|
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. EVE X
Zebrafish Adult . - Fracture | S BJF B2
Dario rerio ‘ xS il
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25 Mzeax 7|0 ME MM W 2=

Sl = Specimen Reporter Fo3= Biodistribution Profile
Mice with
acute renal DiD [RY2 Kidneys
failure
Mesenchymal . ) ) Liver, spleen, spinal marrow,
Mice DiD LV. o
stem cells femur, tibia
) ) o Pancreas, liver, spleen, lungs,
Mice DR LV, L.p.
heart, tumor
Rats DiO V. Carotid arteries of rats
5T33 Mouse stromal 5T33MM ) ) )
] DiR V. Liver, spleen
stem cells Mice
C2C12, B16F10 _ , , , .
. Mice DiR i.p., s.c., iv. Liver, spleen, Gl tract, lungs
dendritic cells (DC)
Breast cancer cells Mice DiR [RY2 Liver, spleen, some brain
Overexpressed CD47 ) ) ) )
Mice Dil 1LV Liver, spleen, pancreas
MSC
MSC from adipose ) )
. BALB/c mice DR Intratracheal Lungs
tissue
MMT-060562 mice CD63 with
In the
breast cancer cells, green .
) adipose
MDA-MB-231 Nude mice | fluorescent | . Lungs
) tissue of the
human breast protein
breast
cancer cells (GFP)
MDA-MB-231 _ , , ,
Mice RFR DD (A2 Axillary lymph nodes

cancer cell line

i.v,, intravenous; i.p., intraperitoneal, i.n., intranasal; i.m., intramuscular; s.c, subcutaneous; RFP, red

fluorescent protein;

Types of lipophilic fluorescent stains: DiD, DilC18(5); DiR, DilC18(7); DiO, DiOC18(3); Dil, DilC18(3);
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[HH 2] Minimal Information for Studies of Extracellular Vesicles 2023 (MISEV2023) 7§ 7}0|E2}Ql HZACHH| &

=Xt
(MISEV2023 7|&)

MISEV2018

MISEV2023

2 Nomenclature

ISEV endorses “extracellular vesicle” (EV) as the
generic term for particles naturally released from
the cell that are delimited by a lipid bilayer and
cannot replicate, i.e. do not contain a functional

nucleus.

The term ‘extracellular vesicles’ (EVs) refers to
particles that are released from cells, are delimited
by a lipid bilayer, and cannot replicate on their
own (i.e, do not contain a functional nucleus).
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2 Nomenclature

Table 2 Quick-reference card on EV nomenclature
and related terms.
Non-vesicular extracellular particles (NVEPs):
Multimolecular assemblies that are released from
cells and do not have a lipid bilayer (non-vesicular
extracellular particle fraction).
Extracellular particles (EPs): Umbrella term for all
particles outside the cell, including EVs and NVEPs.
Artificial cell-derived vesicles (ACDVs): EV mimetics
that are produced in the laboratory under
conditions of induced cell disruption, such as
extrusion.

Synthetic vesicles (SVs): EV mimetics that are
synthesized de novo from molecular
components or made as hybrid entities, e.g.,
fusions between liposomes and native EVs.
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2 Nomenclature

Figure 1 Hierarchy of EP nomenclature. Extracellular
particles include vesicular and non-vesicular
particles. This figure presents several distinctions
that can be made between classes of EPs, as well
as examples of possible nomenclature. EP:
extracellular particle; EV: extracellular vesicle; SV:
synthetic vesicle; ACDV: artificial cell-derived
vesicle; NVEP: non-vesicular extracellular particle.
See also Section 2 and Table 2.
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3 Collection and pre-
processing: pre
analytical variables

through to storage

3.1 Common recommendations
- Describe the source of EV-containing materials.
For materials from human and non-human animal
donors, report relevant donor characteristics,
including but not limited to age, biological sex,
substance exposures (medications, substance use)
and disease.
- Report the quantity (e.g., sample volume,mass)
and quality of source material.
- Provide all methodologic details of sample
collection.

- Consider how pre-separation storage may
influence the EVs that are eventually separated.
Where relevant, avoid repeated freeze-thaw cycles
or assess effects of freeze-thaw.

- Report all storage parameters pre- and post-EV
separation (including use of preservatives or
cryoprotectants, temperature, time, freezing

procedure, storage vessel, number of freeze-thaw
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cycles and thawing method).
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3 Collection and pre-
processing: pre
analytical variables
through to storage

3.3 Bacteria
(Feh
Recommendations:
- In addition to other culture parameters, report
bacterial growth phase at harvest.

- Limit storage prior to EV
separation/concentration, especially if samples are
left unfiltered.

- When obtaining bacterial EVs from in vivo and
environmental sources, consider that host EVs or

EVs from nontarget species are likely present.

- LPS and LTA are broad markers of gram-negative

and -positive bacteria, respectively, with well-
characterised, commercially-available affinity
reagents. In many species, specific markers of EVs
and non-EV materials remain unavailable.
- Non-vesicular co-isolates of bacterial EVs may
include pili, flagellae, phage and protein,
lipoprotein and nucleoprotein complexes.
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2-b) Biological fluids

3 Collection and pre-
processing: pre
analytical variables

through to storage

Since more than 30 types of biofluids exist in
mammals,
and lavages of numerous compartments add to
this number (despite not being true biofluids),
MISEV2018 does not provide an exhaustive review
of the literature on preanalytical variables related
to all biofluids. Each biological fluid presents
specific biophysical and chemical characteristics
that makes it different from culture conditioned
medium, and this must be taken into account

when isolating EVs.

3.4 Blood
3.5 Urine
3.6 Cerebrospinal fluid
3.7 Saliva
3.8 Synovial fluid
3.9 Milk

Biological fluid € blood,

urine, cerebrospinal fluid,
saliva, synovial fluid, milk =
MI2%}5+0] 2} source 0f|Af
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through to storage

3 Collection and pre-

(32
3 Collection and pre-
rocessing: pre
P . J .p 2-c) Tissues
analytical variables

3.10 Solid tissue

XAl tissue EV ¢ Anp 2
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processing: pre
analytical variables

through to storage

2-d) Storage

3.12 Pre-separation and post-separation storage
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4 EV separation and

concentration

3-EV separation and concentration: How
MISEV2014 evolves in 2018
Table 1. Considerations for EV

separation/enrichment

Figure 2 Position of some EV separation and
concentration methods on a recovery (yield) versus
specificity grid. Dashed blue arrows indicate
combinations of methods resulting in increased
specificity. Specificity can be of different types: Size
exclusion chromatography (SEC) separates EVs by
size from many (but not all) NVEPs, but all EV
types are recovered together, while differential
ultracentrifugation (dUC) separates EV subtypes
based on their size/weight, but also co-isolates
NVEPs at high speeds. Note that many ‘exosome
purification’ kits use precipitation (P), thus do not
isolate pure exosomes or even EVs but a mixture
of EPs, while some use affinity precipitation (AP),
which may be more specific to EVs but not
exosomes. Those who develop new methods
should consider positioning their EV outcomes on
such a graph.
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4 EV separation and

concentration

4.1 EV concentration
Summary: Concentration
- Can be done by polymer-based precipitation,
filtration including tangential flow filtration, and
(ultra)centrifugation.

- Leads to EV-containing preparations containing
variable amounts of NVEPs and proteins,
depending on the exact method and variables such
as filter cut-off (size or molecular weight).
Reporting recommendations: for concentration,
report the following:

- nature of the material used for concentration;
- initial and final volumes of biofluid;

- time of processing (incubation with polymer,
centrifugation through filters or directly);

- flow rate (for TFF);

- size or molecular weight cut-off (for
filtration/concentration);

- temperature during concentration.
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4 EV separation and

concentration

4.2 Differential (ultra)centrifugation
Summary: dUC
- Enriches for EV subtypes that are separated
according to their sedimentation coefficient,
proportional to their diameter and density.

- Co-isolates NVEPs that have the same
sedimentation coefficient as EVs, especially after
high-speed and lengthy ultracentrifugation.

- May induce aggregation of EVs.
Reporting recommendations: for differential
(ultra)centrifugation, report the following:

- speed, rotor type, and time of centrifugation, to
allow calculation of the adjusted k-factor (to apply
to other rotors) and the sedimentation coefficient
of the pelleted EPs;

- tube type and sample volume in the tube;

- temperature during centrifugation;

- acceleration and deceleration (brake) settings.
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4 EV separation and

concentration

4.3 Density gradient/cushion

Summary: density gradients and cushions
- Can be implemented in different settings (top-
down, bottom-up) depending on the aim, that is,

to separate EVs fromproteins, or from NVEPs, or to
separate EV subtypes.
- Leads to low recovery of high-purity material
(based on density).

Reporting recommendations. For density
gradients and cushions, report the following:
- density material, buffer composition, and exact

method of gradient/cushion preparation;

- volume and concentration of material loaded, as
well as method of loading onto or at the bottom
of the column;

- exhaustive description of centrifugation
parameters (same as for dUC);

- details of collection procedure, final densities of
fractions (where relevant), and washing.
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4 EV separation and

concentration

4.4 Size exclusion chromatography
Summary: SEC
- SEC is an easily accessible technique for size-
based separation of particles.

- Columns can be packed with a variety of
matrices and at different scales, depending on
desired capacity and resolution of separation.

Reporting recommendations. For SEC, report the
following:

- type of matrix and pore size; height and

diameter (or volume) of matrix-containing column;

- method of column packing (or source of

commercially-available columns);

- source, volume and particle concentration of pre-

SEC sample, including any prior
separation/concentration steps;
- buffer composition;

- specify gravity flow or pressure. If pressure,
indicate pump system and pressure parameters;
- void volume and numbers and volume of
fractions collected;

- any post-SEC concentration methods;

- if columns are re-used, method of column
regeneration and number of times the column has

been used.
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4 EV separation and

concentration

4.5 Fluid flow-based separation
Summary:

- Fluid flow-based separations such as AF4 can
achieve size-based separations with high
resolution.

- Lacking a solid phase and with limited applied
forces, flow is gentler than most EV separation
techniques.

- Size-based separation can be combined with
separation by other principles by applying different
types of fields.

- Preparative scales can be reached with flow
techniques such as free-flow electrophoresis.
Reporting recommendations. For flow-based
separations, report the following:

- all instrumentation, including pumps and
collection devices;

- composition of all buffers and their filtration.
Especially in FFE: how properties of the buffers
were confirmed;

- all field characteristics such as flow rates and
pressures, pH gradients, electric field;

- dimensions and composition of separation
chambers, including any molecular weight cutoff
plates;

- all relevant details of fraction collection.
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4 EV separation and

concentration

4.6 Charge and molecular recognition-based
separations
Summary: charge and molecular recognition
affinity-based methods
- Separate components of EV preparations
according to surface charge or exposure of a
specific molecular determinant.
- Will co-isolate all EV subtypes or NVEPs which
expose a given charge or molecular determinant:
specificity and recovery depend on the specificity
versus universality of exposure of the chosen
molecular determinant.
- Antibody-based affinity separation leads to co-
isolation of the determinant-exposing EPs with the
antibody and/or isolation beads.

- Efficiency and selectivity must be quantified when

establishing the protocol by quantifying material
recovered in pull-down versus flow-through.
Reporting recommendations: for affinity-based
separation, report the following:
- molecule used as affinity probe (nature, source);
- matrix (beads, gel, column);
- incubation times;
- buffer and number of washes;
- elution process (such as elution buffer

composition, time).
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4 EV separation and

concentration

4.7 General considerations and caution on kit-
based approaches
Recommendations

- If separation/concentration is not done, indicate

why. Otherwise, justify why each
separation/concentrationmethod was selected in
terms of yield and specificity.

- Provide sufficient methodologic detail to allow

replication of each separation and concentration

step.

- Report any measurements that are used to assess

the separation/concentration process(es). Where
applicable and feasible, and especially when
establishing a new workflow, check EVs before and
after each step. For example, track EV marker
protein levels relative to total protein to estimate
fold enrichment and yield for each step.
- For affinity-based EV separation approaches,
establish molecular specificity of reagents and
EV/EV subtypespecificity of all targeted markers.
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5 EV characterization

in 2018

4 - EV characterization: How MISEV2014 evolves

4-a) Quantification of EVs

composition

EV preparations

Table 2: Steps of EV characterization
4-b) Characterization of EVs by their protein
4-b-1) Selection of proteins for use as EV markers

Table 3: Protein content-based EV characterization

4-b-2) Methods to assess presence of proteins in

5 EV characterization
5.1 Quantification of particle number concentration
5.2 Quntification of particle size
5.3 Quntification of total protein

5.4 Quntification of total lipids
5.5 Quntification of total RNA
5.6 Characterization of EV morphology

ol

£ M(quantification) 5

£ M (characterization

)
gd=S MEsoto] defaret
A A, 7IE0 5o
5.7 Characterization of EVs by protein composition 49
) Table 3. Protein content-based EV charactersation.
4-b-3) Non-protein components as markers of EVs ]
) ) ) 5.8 Non-protein markers of EVs
4-c) Single vesicle analysis o i
) ) 5.9 Localization of EV-associated components
4-d) New recommendation: determine the
topology of EV-associated components
. . g9 €=501,2,3 5)2
L. Table 3. Protein content-based EV Table 3. Protein content-based EV PP
5 EV characterization o o QX EAD, & E2(1a,
characterization. characterization. =
1b, 2a, 3a &)0| HEE.
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6 Technique-specific
reporting
considerations for EV

characterization

6 Technique-specific reporting considerations for
EV characterization
6.1 Flow cytomertry-based methods
6.1.1 Bead-based flow cytometry
6.1.2 Single-EV flow cytometry
6.2 Gene protein tagging
6.3 Mass spectrometry proteomics
6.4 Microscopy-based methos
6.4.1 Atomic force microscopy
6.4.2 Diffraction-limited fluorescence
microscopy
6.4.3 Dynamic light scattering
6.4.4 Electron microscopy
6.4.5 Nanoparticle tracking analysis
6.4.6 Single-particle interferometric
reflectance imaging sensing
6.4.7 Super-resolution microscopy
6.5 Nucleic acid characterization
6.6 Protein- and non-protein labelling of EVs
6.7 Raman spectroscopy
6.8 Resistive pulse sensing
6.9 Western blotting
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7 EV release and
uptake

7.1 Approaches to modulate EV release
(Feh
Recommendations

- For genetic and pharmacological manipulations

used to inhibit or stimulate EV secretion, report
potential effects on other secretory or cell

biological processes. For example, confirmthat

there is no change in cell viability, proliferation and

secretion of non-EV-associated factors.

- Where possible, assess whether inhibiting a
specific EV production pathway leads to a change
in other EV release mechanisms by assessing EV-

specific cargoes or activities.
- Identification of unchanged markers and the use
of appropriate normalization methods are
important for rigorous comparative analysis of EV

preparations.

7.2 EV interaction with cells
(FEh
Recommendations
- Assess the suitability of the labelling/reporting
system in terms of the impact on normal cellular
processes, the stability of the
EV-cell association, and longevity within an
intracellular environment.
- Report EV:recipient cell ratios and the
physiological relevance of the delivered dose.

MERIAXE O] mechanism of
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- Report incubation conditions, exposure time, cell
densities, and configuration, for example, 2D/3D.
- Evaluate binding, uptake and content transfer to
identify critical mechanistic elements driving the
cellular response(s).
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8 Functional studies

5 - Functional studies: How MISEV2014 evolves
in 2018
Table 4: EV-associated and EV-excluded biological
activities
5-a) Determine the specific versus common
functions of different types of EVs
5-b) Demonstrate that the activity is observed in
the absence of direct cell-cell contact
5-c) Demonstrate that the activity is
predominantly associated with EVs rather than with
soluble mediators
5-d) Demonstrate the specific association of the
activity with EVs rather than with co-isolated
components
5-e) Determine whether a function is specific to
exosomes, as compared with other small EVs
5-f) How to attribute particular effects mediated
by EVs to specific EV components
5-g) Consider whether an EV-dependent function

is specific to a given EV source

8 Functional studies

MISEV2018 recommendations on functional

studies of EVs continue to hold for MISEV2023.

Because of the great diversity of functional studies

in vivo and in vitro, we provide only general
recommendations.

First, physiologically informed dose-response and
time-course studies are encouraged. Second,
carefully selected EV negative controls are needed
to assess the contribution of ‘background’ EV
activity (such as EVs present in culture medium
components) and/or non-specific activity of EVs
other than those of interest.

(Feh
Third, controls consisting of non-EV-containing,
EV-depleted or enzymatically treated EV separation
fractions can help to identify if a function is
specific to EVs or associated with co-isolating
materials.
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9 EV analysis in vivo

9 EV analysis in vivo
(Feh

Recommendations (Note: These recommendations

are broad, as this section of MISEV2023 is meant
to raise awareness of the diversity of in vivo

studies and not to make prescriptive guidelines.

Innovative new approaches should thrive in diverse

organisms to move the field forward.)

- Report all details of labelling and
detection/imaging technologies to allow replication
studies.

- For exogenous EV administration, report all
parameters of administration, including anatomical
site, timing (bolus/continuous) and dose.

- Consider and control for the possible effects of
EV labelling on EV biodistribution,
pharmacokinetics and function.

- Consider that pharmacologic or genetic
manipulations meant to block EV production in
vivo may have off-target consequences.

- Consider the possibility of different behaviour of

endogenous and exogenous EVs.
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