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The history of MISEV2018
Journal of Extracellular Vesicles 2013, 2: 20360

Lötvall J, Hill AF, Hochberg F, Buzás EI, Di Vizio D, Gardiner C, Gho YS, Kurochkin IV, Mathivanan S,
Quesenberry P, Sahoo S, Tahara H, Wauben MH, Witwer KW, Théry C.J Extracell Vesicles. 2014;3:26913.

The goal of MISEV2014 was to sensitize researchers, editors and reviewers, to requirements specific to the EV field.
Most of the MISEV2014 recommendations are still valid; however, developments within the field during necessitate
certain amendments.

Example: a multiauthor paper on autophagy
Daniel Klionsky

214 authors
6945 citations

The story of MISEV2018

 The ISEV Board drafted the manuscript (coordinated by C Thery and K Witwer)
 Community outreach (the MISEV2018 Survey) sent to all ISEV members
 329 responses
 Revised manuscript was prepared
 Last round of review
 Currently in press at JEV, will be published soon (70 pages long).
MISEV2018 gives recommendations for the EV field.

Authors of MISEV2018
• Viktoria Weber

ASEV

• Eva Rohde

• Mario Gimona
Statistics:
381 MISEV2018 authors
208 in Europe/Africa
125 in the Americas
48 in the Asia-Pacific
The most represented institutions, with 11 authors each, were Semmelweis University, Hungary
and Utrecht University/Medical Center, The Netherlands. They were followed by La Trobe University,
Australia (10 authors), The Johns Hopkins University, US (8), University of Gothenburg, Sweden (8),
and then, contributing 7 authors each, Harvard University/Massachusetts General Hospital, US, Institut
Curie, France, and the NIH, US.

Nomenclature

 ISEV endorses “extracellular vesicle” (EV) as the generic term
for particles naturally released from cells that are enclosed by a
lipid bilayer and cannot replicate (i.e., do not contain a functional
nucleus)
Unless the EV is caught in the act of release, assigning an EV to a
biogenesis pathway remains extraordinarily difficult.

Nomenclature
Operational terms for EV subtypes:
a) based on physical characteristics of EVs
- size (small EVs (sEVs) <100nm or <200nm, and medium/large EVs (m/lEVs) >200nm
- density
b) based on biochemical composition (CD63+/CD81+- EVs, Annexin A5-stained EVs, etc.)
c) based on condition or cell of origin (podocyte EVs, hypoxic EVs, large oncosomes, apoptotic bodies)
If it is unavoidable to use terms other than those above, they should be defined clearly and
prominently at the beginning of each publication.

If EV identity cannot be confirmed, the term extracellular particle (EP) might be more appropriate.

Nomenclature
Absolute purification, or complete isolation of EVs from other entities, is an unrealistic goal
MISEV2018 definitions:
 Separation
• 1) EVs from other non-EV components of the matrix
• 2) the different types of EVs from each other

 Concentration is a means to increase numbers of EVs/unit volume
 Enrichment can refer to increasing EV counts relative to volume, or to increasing EV
counts/markers relative to another component.

I. EV separation

 In 2015 the most commonly used primary method was differential UC.

 Most researchers use one or more additional techniques (washing in EV-free
buffer, ultrafiltration, application of density gradients or chromatography.
 Novel techniques include TFF, FFF, A4F, field-free viscoelastic flow, alternating
current electrophoretics, acoustics, SEC, ion exchange chromatography,
microfiltration, FACS [especially for larger EVs], DLD arrays, novel
immunoisolation or other affinity isolation technologies (lipid affinity, novel
precipitation/combination techniques, hydrostatic filtration dialysis, FPLC/HPLC

EV separation
Choose one based on the downstream applications and scientific question.
Any new technique for EV isolation must indicate to which recovery/specificity options below it aims, and provide
extent of success
1) high recovery, low specificity: precipitation kits/polymers (PEG or others), low Mwt cutoff centrifugal filters,
and long or very high speed UC without lower-speed steps.

2) intermediate recovery, intermediate specificity: SEC, high Mwt centrifugal filters, differential UC using
intermediate time/speed with or without wash, TFF, membrane affinity columns.
3) low recovery, high specificity: EV subpopulation based on size (filtration combined with SEC), density gradient
centrifugation, surface protein, sugar, or lipid based immuno- or other affinity isolation, sorting of large particles,
surface charge-based separation.
4) high recovery and high specificity are not achievable as of this writing

EV separation from cell culture conditioned medium

MISEV2018 suggests basic characterization of the releasing cells and culture and
harvesting conditions must be i) performed and ii) reported
 Confirmation of cellular identity [e.g., by short tandem repeat (STR) profiling or other
methods
 Identification of cell lineage, and mode of immortalization are advisable for all cell
studies
 Percentage of dead cells at the time of EV harvest should be indicated
State of activation, malignancy, and senescence should be reported where applicable.

Authors should report culture and harvesting conditions
 Passage number (or days in culture for suspension cells)
 Seeding density and density/confluence at harvest
 culture volume
 culture vessel or bioreactor system
 surface coatings
 oxygen or other gas tensions (if non-standard)
 stimulation and other treatments
 frequency and intervals of harvest

 Culture density (Of note: EV recovery depends not only on EV release, but also on re-uptake by
cells in culture)
 Regular checks for Mycoplasma
 Methods of medium collection (e.g., decanting or pipetting from flasks, centrifugation of
suspension cell cultures).
 Specific types of experiments, including co-culture systems and organoid cultures should be
reported

Authors should report culture and harvesting conditions
 Medium supplements like glucose, antibiotics, and growth factors can affect EV production
and/or composition
 Presence or absence of FCS or FBS, serum from other species, or platelet lysate, etc.
Experiments should include a non-conditioned medium control.
 EV depletion of FCS can change cellular behavior and change EVs

 Switch to serum-free medium (how and when), including acclimatization steps.

EV-depleted serum
100,000 g UC of complete medium or of FBS/FCS (at least 1:4 dilution) minimum 18 hours, or
200,000 g for shorter periods of time, or TFF.
 UC at ~100,000g for a few hours or without dilution will not eliminate all EVs or EVassociated RNA.

For commercial “exosome/EVdepleted” serum the method of depletion is usually not indicated,
and the “exosome-free” nature should be checked carefully.
Should report product and lot numbers as well as any pooling of biologicals.
Medium preparation details, including heat inactivation or filtration, should be reported.
Heat inactivation leads to formation of protein aggregates that may co-precipitate with EVs.

EV separation from biological fluids
MISEV2018 does not provide suggestions on pre-analytics of all ( >30) biofluids. At the ISEV2018,
beginning of the blood EV roadmap was announced (development of more specific recommendations
for individual biofluids and other matrices is encouraged).
To be reported for plasma:
donor age, biological sex, current or previous pregnancy, menopause, pre/postprandial status, time of day
of collection, exercise level and time of last exercise, diet, body mass index, specific infectious and noninfectious diseases, medications. Fluid collection volume, first-tube discard, type of container(s), time to
processing, choice of anticoagulant, mixing or agitation, temperature of storage and processing, transport,
tube upright before processing, exact centrifugation or filtration procedures, degree of hemolysis, possible
confirmation of platelet and lipoprotein depletion prior to storage.
If not all variables have been recorded for archived samples, this should be acknowledged!

EV separation from tissues
 Can be tissue explants (ex vivo tumors or placenta), or EVs extracted from tissues
 Source and conditions should be reported
Gentle tissue disruption to separate EVs from cells and ECM without disrupting cells
followed by e.g. density gradients), and strict characterization of multiple negative
markers.

Storage
Storage and retrieval conditions of both the matrix and isolated EVs may affect EV characteristics
(stability, number of particles, aggregation, and function).
 Highly purified EVs may be lost upon storage by adhering to the surfaces of the storage container.
 Details should be provided:
- How were biofluids, tissues, or media prepared and stored (type of storage container, temperature, etc.)
and for how long?
- Were isolated EVs fresh, frozen/thawed, lyophilized and reconstituted?
- How was freezing-thawing performed? In what buffer were EVs stored? For how long?

- What cryoprotectant was used? How many freeze-thaw cycles?

How pure should an EV preparation be?
 Highly purified EVs are needed to link a function or a biomarker to
EVs as compared with other particles
 Less pure EVs may be required e.g. when a biomarker is useful or in
certain therapeutic situations where function is paramount
 Some presumed contaminants may co-isolate with EVs and may
even contribute to EV function

Report all details of the method(s) for reproducibility

ISEV strongly recommends that authors deposit experimental details with EV-TRACK (http://evtrack.org/).
Centrifugation (g-force, rotor, UC, adjusted k-factor, tube type, adaptor (if relevant), time, temperature, and brake);
gradients (materials, densities, volumes, top-down or bottom-up; chromatography (matrix nature, pore size,
volume; volume of loaded sample; volume and number of fractions, type of the elution buffer; further processing of
fractions; immunoaffinity (antibody reference and amount per volume of fluid, particle number, or protein amount,
incubation time and temperature, matrix, recovery
MISEV2018 additional recommendation:
some protocols, including those of commercial kits, may result in EV populations bound to or mixed with
antibodies, beads, polymers. These may affect downstream profiling or functional studies and may also render the
EVs unsuitable for therapeutic applications.

II. EV characterization
MISEV2018 recommends to determine for each EV preparation:
 quantitative measures of the source of EVs (e.g., number of secreting
cells, volume of biofluid, mass of tissue)
 abundance of EVs (total particle number and/or protein or lipid content)

 presence of components associated with EV subtypes or EVs generically
 presence of non-vesicular, co-isolated components

At least one protein of each category 1-3 should be evaluated
in any EV preparation
1. Membrane or membrane-anchored proteins
(transmembrane or GPI anchored)
2. Cytosolic proteins with membrane binding ability
(proteins that bind to membranes, cytosolic enzymes
or cytoskeletal proteins)
3. Co-isolated proteins/ lipoproteins
(ApoA1/B and albumin)

4. Subcellular compartment proteins

5. Soluble extracellular proteins that bind to EV receptors

Characterization of EVs by protein composition
It is still not possible to propose specific and universal markers of a given type of EVs.

MISEV2018 does not propose molecular markers that could characterize specifically each
EV subtype.
MISEV2018 understands that incorporation of any given component of the cell into an EV is
determined by 1) proximity to the budding membrane and size of the EV (passive loading)
and 2) specific association with the membrane and any energy-dependent processes (active
loading).
Golgi, endoplasmic reticulum, mitochondrial, or nuclear components may be excluded from sEVs
(< 200 nm) that are presumably formed distant to these locations, or at least strongly depleted
relative to the cell. However, such proteins may be present in larger EVs.

Protein content-based EV characterization

Single EV analysis
 EVs > ~200 nm can potentially be visualized as single EVs by regular fluorescence microscopy and regular flow cytometry.
 EV < ~200 nm: confocal microscopy can detect fluorescent dots, but these dots can correspond either to very bright vesicles
with diameter < 200 nm, or to clusters of small dim vesicles
 All EVs can be analyzed by EM or by SEM, TEM, cryo-EM; scanning-probe microscopy (SPM) including AFM; and
super-resolution microscopy
 Size can determined by NTA; high resolution flow cytometry; multi-angle light scattering combined with AF4 (AF4-MALS);
TRPS; or fluorescence correlation spectroscopy (FCS).
 Chemical composition can be evaluated by Raman tweezers microscopy.
 Imaging flow cytometry or capture of biotinylated EVs on a streptavidin surface, followed by successive rounds of staining
with fluorescent antibodies, imaging, and quenching followed by additional rounds of labeling. Another example uses singleparticle interferometric reflectance imaging sensing of EVs captured on antibody-coated chips
 Experimental detail s must be reported: the brand and version of the instrument and the software, the settings used for
acquisition (diluent buffer, camera, flow rate, threshold…) and, for analysis, the precise process for EM or fluorescence
microscopy and how the imaged areas were selected, as well as controls and calibration information where relevant. For flow
cytometry, an ISTH working group has recently issued recommendations.

Single EV analysis

 Imaging techniques (EM, AFM, super-resolution microscopy) are not interchangable)
When reporting, both close-up and wide-field images should be provided.

Quantification of EVs
 The total starting volume of biofluid, or, for conditioned medium, number of cells or
mass of tissue at the time of collecting
 If not possible (e.g. in continuous bioreactor-based cultures), number of cells at
initiation of culture, expected doubling time, and frequency of collection must be
indicated).
 For biological fluids, like urine, the volume depends strongly on pre-analytical
conditions (especially intake of liquid), thus determination of urinary creatinine is
required.
 Quantification of EV proteins, lipids, nucleic acids, and other molecules can be used as a
proxy for quantification of EVs, but none is perfectly correlated with EV number.
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Particle number
 NTA; flow cytometry; tunable resistive pulse sensing (TRPS) cryo-EM; a platform
combining SPR with AFM;
The min. and max. diameters measured should be reported along with concentration, potential
swarming/coincidence artefacts controlled for.

 DLS is accurate only for monodisperse particle populations.
Particle counting overestimates EV counts because of the co-isolated lipoproteins and
protein aggregates.
Particle counting technologies may be biased towards certain particle size ranges (because
of pore sizes (RPS), size of calibrator used, sensitivity, and ability to cope with
multidispersity).

EV standardization
 Total protein amount:
colorimetric assays [Bradford or micro-BCA) or fluorimetric assays, or SDS-PAGE.
- The EV sample concentration must be within the linear range of the reference curve
- Overestimation might be due to co-isolated protein contaminants.
- Results may vary depending on the use or not of detergent to disrupt EVs and expose the entire
protein content.
 Total lipids can be achieved, e.g., by the SPV assay, by measuring fluorescence of DiR, or by
total reflection Fourier-transform infrared spectroscopy.

 Total RNA determination can be performed by global RNA assays including profiles obtained by
Bioanalyzer.
Of note, exRNAs associate with other circulating and potentially co-separating entities:
ribonucleoproteins, exomeres and lipoproteins.

Other methods of EV quantification

 ELISA, flow cytometry, aptamer- and carbon nanotube based colorimetric assays, and SPR on surfaces
such as antibody-coated nanorods. Generally proteins (usually tetraspanins CD9, CD63 and/or CD81,
sometimes tumor-specific proteins or other molecules) are assessed.
 Quantification methods are the most informative for EVs recovered by separation methods with
the highest expected specificity
 Ratios e.g., protein : particle ratio, protein : lipid ratio and RNA : particle may serve as measure
of purity
 Particle size distributions that are best interpreted when combined with general and single-particle
characterization.

Non-protein components as markers of EVs

 Phospholipids are also potential positive controls for the presence of EVs, albeit lipoproteins may
also contain these
 Annexin V or lactadherin/MFGE8 binding
 Glycosphingolipids are similarly evidenced by binding of GM1 ganglioside
 Cholesterol, sphingomyelin, ceramide, and phosphatidyl-choline/ethanolamine/inositol can be
detected by a variety of methods including Raman spectroscopy, which was recently used to analyze
lipids in dried EVs.

Example of a possible change from MISEV2018 in the future as markers of nonEV co-isolated components
Exomeres contain lipids and membrane-bound proteins, but do not have a lipid bilayer and thus do not
qualify as EVs (Nat Cell Biol. 2018 Mar;20(3):332-343.).
Exomeres co-isolate with sEVs recovered from many cultured cell lines but could be separated from EVs
by AF4.
Exomere (<50 nm)

Exosomes (60-120 nm)

Exomeres contain hsps (HSPA8, HSPA1A, HSP90AB1), actin (ACT*), tubulin (TUB*), and GAPDH.
Proteins identified exclusively in exomeres: hemoglobin (HBA1/A2), IDH1, MAT1A, transmembrane
FAT4 (protocadherin, transmembrane plasma membrane), and EXT1/2 (exostosin,
transmembrane, Golgi).
Still to be confirmed by other groups to reach validation.

EV labelling
 Dyes that are activated by intracellular components can be used to label EVs.:
Calcein and CFSE are examples of cell permeant, non-fluorescent pro-dyes that are cleaved by
intracytoplasmic enzymes, resulting in an impermeant fluorescent molecule; labelling therefore theoretically
differentiates intact EVs from linearized membrane fragments.
 di-8-ANEPPS is weakly fluorescent in aqueous media, and become strongly fluorescent upon binding
membranes.

 Appropriate negative controls are necessary in all studies, such as dye only and dye plus EV-depleted
matrix.

New recommendation: determine the topology of EVassociated components

Some studies have unexpectedly found proteins, RNAs, and DNA on the EV
surface and sensitive to digestion.
The actual topology of putative active components be determined by
performing mild digestions, permeabilizations, or antibody studies.

Example of a biochemical approach for
assessing surface exposure of EV components
1) aliquot 1 is untreated
2) aliquot 2 is treated with a degrading enzyme alone (which should degrade only surface-exposed components)
3) aliquot 3 is treated with enzyme and detergent (such as Triton X-100) to ensure degradation of both surface
and internal components. An alternative to detergent is saponin.
4) aliquot 4 is treated with detergent alone, to make sure that detergent does not affect the downstream analysis.
For each sample, the cargo of interest is then analyzed (after careful neutralization of the enzyme)
For RNA and DNA analysis, RNAse or DNAse must be used together with proteinase to allow access of
nucleases to protein-shielded nucleic acids.
Alternatively, flow cytometry and fluorescence microscopy with antibodies. Single vesicle characterization by
EM or AFM coupled with immunolabeling are useful (+/- permeabilization).

Functional studies

Dose responses should be demonstrated
Negative or background controls (e.g. non-conditioned medium)
Controls for non-EV components (EV separation, depletion)

Functional studies
 Time-courses
 Environmental determinants of EV uptake
 Some labeling substances can form EV-mimicking particles
 Labeling EVs with lipophilic or surface-coating fluorophores may modify
physicochemical characteristics of EVs, thus altering detection mode and/or
uptake by target cells.

Determine the specific versus common functions of
different types of EVs

When analyzing a single type of EV, one may miss the most active EV subtype.
EV-associated function may be only a minor fraction of the non-EV-bound soluble protein.
Compare quantitatively the effects of EV fraction(s), EV-depleted fraction(s), and also the
unfractionated initial fluid.

 Ideally, all functional studies start by a crude separation of broad categories of EVs. Each fraction
next should be retained for side-by-side activity analysis.
Authors who wish to analyse the function of only one subtype of EVs can justify this choice.

Example of an approach to compare activity of broad subcategories of
EVs after separation by differential centrifugation
From a given volume of conditioned medium:
S/N: 1x centrifugation at medium speed, to collect large EVs with the pellet largely
devoid of cells (2000g*)

S/N: 1x centrifugation at intermediate speed to collect a pellet enriched in mEVs
and/or aggregates of sEVs (to be checked by EM) (10,000-20,000g*)
S/N: 1x centrifugation at high speed to collect a pellet enriched in sEVs (100,000g*).
Each pellet is resuspended once in buffer/medium and re-centrifuged at the same speed
(= washed) before resuspension in a given volume of buffer/medium.
*added by EI Buzás

How to normalize amount of EVs used for comparative
functional studies?
One can choose to normalize by:
 characteristics of the isolated EVs (particle counts, total amount of a biomolecule type in the EV
sample (e.g., proteins, nucleic acids, or lipids), and content or activity of specific EV-associated
molecules
 source material (e.g. amount of matrix from which the EVs were obtained )
 co-isolated standards (traceable materials added into the matrix prior to separation)
Dose-response studies are recommended regardless of normalization method.
The choice of normalization must be reported and justified, and relevant details should be provided.
Broad disagreement about normalization strategy, particularly on the relative merits of
protein, nucleic acid, and lipid quantitation. Additional studies are encouraged.

Demonstrate that the activity is observed in the absence of
direct cell-cell contact
 EV-associated function should be seen when two cells that are not in direct
contact with each other (transwell co-culture systems or microfluidics-based
culture devices, or by incubating the recipient cells with conditioned medium).

 Positive results prove that transfer of a signal occurs in a cell contactindependent manner.
The next necessary step is to distinguish EVs from soluble components.
A negative result does not conclusively disprove local involvement of EVs.

Demonstrate that the activity is predominantly associated with EVs
rather than with soluble mediators

1) separation and concentration of EVs from a biofluid or cell culture media,
2) application of EVs to a recipient cell or organism
3) observation of a readout phenotype.
It must be determined that the activity is specifically enriched in EVs.
One must compare quantitatively the activity present in/on the EVs versus in the remaining EVdepleted biofluid.
EVs and soluble mediators may have combinatorial (e.g. synergistic) effects on cells

Demonstrate that the activity is predominantly associated with EVs rather
than with soluble mediators

Compare activity of the total biofluid, the EV-containing pellet and
the EV-depleted biofluid

Demonstrate the specific association of the activity with
EVs, rather than co-isolated components
 Preparations enriched in sEVs may contain non-EV components
(ribonucleoprotein aggregates, lipoproteins, exomeres, etc.) he proportion of
which may vary tremendously
 In case of cell infection (e.g., mycoplasma), functional microbial factors may also
be co-isolated with EVs.
The functional activity of an EV preparation may be due to EVs, or to additional
components, or by a combination of both.
If small amounts of working materials are available, the authors can explain
this situation and interpret their data as activity present in EV-enriched
preparations, rather than EV-specific activity.

Examples of protocols to demonstrate specific association of the
functional activity with EVs or a given EV subtype
From a concentrated EV preparation obtained by UC:
1) Upward flotation into a density gradient: analyze activity of each fraction. Density gradient medium may have
to be removed (it can interfere with some functional assays).Or a control should be performed in which the
substance used for the density gradient is mixed with unseparated EVs.
2) Run SEC column, EVs elute in the first fractions: analyze the activity of each fraction separately (or of pools)
3) Compare activity of intact EVs with that of detergent-treated samples Of note, the effect of the same amount
of detergent alone in the functional assay should be tested. A few contaminants might be sensitive to detergents as
well (liposomes and some proteins).

4) immuno-isolate from half of the biofluid all EVs bearing a surface marker of interest, and use EV-depleted
supernatant along with unprocessed biofluid. Immunoprecipitate will contain antibodies and beads that may
profoundly affect interaction of EVs with the target cells. Show the amount of EV-associated protein in biofluid
before and after immuno-isolation, and in the immuno-isolated EV sample.

Determine whether a function is specific to exosomes, as
compared with other small EVs
Different types of EVs can present functional activities.

EV release inhibitions and inductions are not necessarily EV subtype specific.
Until we achieve an unambiguous identification of specific, unique biogenesis
machineries affecting only a given subtype of EVs, we are left with trying to
isolate EV subtypes after they have left the cell.
For example, if multi-tetraspanin-bearing EVs are true exosomes in a particular
cell system, an EV preparation could be depleted of such EVs and
the activity quantified in comparison with that of an irrelevant IgG- or mockdepleted population.

How to attribute particular effects mediated by
EVs to specific EV components
After knock-out or knock-down of a certain bioactive protein or RNA in the EV donor cell, the effects
of the modified EV on target cells are compared with the effects of non-modified EVs.
Deletion of the protein/RNA of interest may also lead to major alterations of the secreting cell,
resulting in additional changes to the quantity or molecular contents of EVs
At least a small-scale analysis of EV number or common EV-associated proteins in the modified
and WT conditions must be performed.

 Direct EV engineering (e.g. to deplete the particular putative active molecule) may overcome the
issue of alterations in the secreting cells. However, possible loss/alteration of EV cargo due to EV
manipulation may also occur.

Reporting ISEV endorses the EV-TRACK knowledgebase
EV-TRACK invites submission of details on EV isolation and characterization via a multi-step
online template, then returns an “EV-METRIC” as an aggregate measure of the level of detail
provided.
ISEV strongly encourages authors to submit their experimental protocols on EV separation and
characterization to the EVTRACK website (evtrack.org)
Authors are also urged to submit EV profiling data to public databases such as those curated and
maintained by the EBI, the US NCBI, and the JCIB.

In addition, but not as a substitute, data may be submitted to field-specific databases such as
EVpedia, Vesiclepedia [formerly ExoCarta], and the exRNA Atlas
MISEV2018 strongly encourages but cannot mandate EV-TRACK submission

http://evtrack.org/

Exceptions to compliance with MISEV guidelines
Not all biofluids, for example lacrimal fluid, are available in sufficient volume
Only limited numbers of EVs may be harvested from small numbers of patient-derived
cells, small organoids

 In such cases, multiple samples might be pooled to establish the reliability of the
separation method(s) and characterize EVs before further characterization or functional
studies are performed with individuals samples.
Authors should indicate the limit of detection of each applied EV characterization
technology and demonstrate that the available material falls below this limit. They should
mention (and reviewers insist on) the caveats of alternative interpretations, i.e, that
EVs may contribute, but not necessarily exclusively, to an observed phenomenon or
molecular signature

Conclusions
• “Extracellular vesicle” is the preferred generic term, and subtypes should be defined by physical and
biochemical characteristics and/or conditions/sources. When other terms are used, careful definition is
required.
• EV separation and/or isolation procedure must be reported in detail, to allow a reliable replication.
• Markers of EVs may differ based on cells of origin. Newly identified EV-associated components must be
validated by 1) showing their specific association with EVs or subtypes and 2) if functionally relevant:
topology in/outside EVs of the functional molecule.
• Function. Demonstration that a function is associated specifically with EVs released from the cell
requires demonstration that the function occurs without cell-cell contact and is not present (or is
present to a substantially reduced extent) in the soluble, non-EV-associated secreted factors.

• The EV-TRACK knowledgebase is endorsed by ISEV to showcase and enhance rigor and
reproducibility in EV studies, consistent with the MISEV guidelines.
• If MISEV recommendations and requirements cannot be met, authors will then need to explain. These
guidelines will also continue to evolve.
• MISEV CHECKLIST
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