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Abstract  

Rigorous measures are required to cope with the advance of extracellular vesicle (EV) 

research, from 183 to 2,309 studies/year, between 2012-2020. The ‘MISEV’ guidelines 

requested standardizing methods, thereby assuring and improving of EV research quality. 

We investigated how EV research improved over time. 

We conducted a keyword search in 5,093 accessible publications over the period 2012-2020 

and analyzed the methodology used for EV isolation and characterization. We found a 

significant improvement over the years particularly regarding EV characterization where 

recent papers used a higher number of methods and EV markers to check for quantity and 

purity. Interestingly, we also found that EV papers using more methods and EV markers 

were cited more frequently cited. Papers citing MISEV criteria were more prone to use a 

higher number of characterization methods.  

We therefore established a concise checklist summarizing MISEV criteria to support EV 

researchers towards reaching the highest standards in the field. 
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1. Introduction 

Extracellular vesicles (EVs) are nanometer-sized membrane-enclosed particles secreted via 

several mechanisms by virtually all cells. They are thought to be loaded with lipids, proteins, 

and various nucleic acid species of the source cell [3,4]. In addition they can also carry extra-

vesicular proteins accumulated from their surroundings [5]. EVs are explored increasingly 

as potential therapeutic and diagnostic tools due to their capacity to transfer bioactive 

components to recipient cells and tissues, and their contribution to intercellular 

communication [6,7]. EVs can support tissue regeneration, participate in immune 

modulation, and contribute to the mode of action of cellular therapies. Bioengineered EVs 

can also act as delivery vehicles for therapeutic agents [8]. The EV field has achieved 

widespread interest as evidenced by the increasing number of EV publications over the last 

years. Due to their physical nature, EVs are close to or below the detection limit of many 

conventional analysis methods making their investigation more challenging. Nano-sized 

lipoproteins or protein aggregates have overlapping characteristics with EVs concerning 

size or density, making proper selection of appropriate EV purification and characterization 

methods a key to draw concise conclusions [9,10]. The advancement of more rigorous EV 

research is a challenging process as EV experts are still concerned about conclusions not 

sufficiently supported by the information reported [11,12]. Therapeutic efficacy depends on 

a variety of additional parameters, which should be tested in well‐standardized quantitative 

assays, before being addressed in clinical trials [13]. Challenges of appropriately isolating 

and characterizing EV fractions and their contaminants relate to the different identity 

markers and their respective fractions/locations with an overlap between EVs and other 

contaminants regarding identity, density and size (Figure 1; modified from [14]). 

Accordingly, combinations of isolation methods and characterization categories need to be 

implemented for improving EV preparations and conclusions drawn from the respective 

experiments.  

In 2014, the International Society for Extracellular Vesicles (ISEV) proposed comprehensive 

Minimal Information for Studies of Extracellular Vesicles (MISEV) guidelines suggesting 

protocols and steps to follow for documenting specific EV-associated functional activities [1]. 

In 2018, these guidelines were updated [2] and both manuscripts received robust interest in 

the community as shown by their high number of citations (cited more than 1,400 and 1,700 

times, respectively). In addition, the data depository platform EV-track (www.evtrack.org) 

was created to promote better standardization and to provide higher research quality and 

transparency in the field regarding the isolation and characterization of EVs [15]. 
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Researchers have been invited to make their complete method details available to EV-track 

on a voluntary basis. This platform provides valuable information on the MISEV2018 criteria 

adherence of the manuscripts. Because of its nonobligatory nature potentially leading to 

increased bias, EV-track may not completely reflect the global state and quality of the EV 

field.  

 

Fig. 1: Size and density distribution of extracellular vesicles (EVs) and common 

contaminating particles and their molecular markers.  Diagram showing the overlap 

between different lipoprotein fractions (blue), extracellular vesicles (orange), protein 

aggregates (grey) and cells (green) in size (x axis; logarithmic) and density (y-axis). In 

addition, representative molecular markers found to be most used in our analysis and which 

were recommended in MISEV2018 as universal markers for identification of extracellular 

vesicles (orange, bold). Transmembrane markers of extracellular vesicles derived from 

specific cell lineages are shown in italic type. Cytosolic proteins recovered inside vesicles 

and related to vesicle biogenesis are shown in bold green while cytosolic proteins that are 

frequently retained in vesicles are shown in italics, green. Markers of specific lipoproteins 

potentially co-isolated with EVs are shown in blue. The structure of albumin (PDB: 1E78) 

representing the most common protein contamination was rendered using UCSF Chimera 

[16]. Figure adapted from [14]. 
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In addition, surveys were conducted to assess the methods used by researchers and how 

trends are evolving [4,17]. In 2015, 196 responses were received, and 320 full responses 

plus 300 partial responses were received in 2020. Despite a potential bias due to the 

“voluntary basis” of these surveys, authors demonstrated the lack of controls before and 

after EV separation, highlighting the importance of defining clear guidelines. Other 

databases such as Exocarta (www.exocarta.org) or Vesiclepedia (www.microvesicles.org) 

fulfill a different purpose by providing a manually curated compendium of molecular data on 

lipids, proteins and RNAs identified in different classes of EVs (for Vesiclepedia) or in 

exosomes (for Exocarta). Although all methods used to isolate and characterize the EVs are 

provided together with the data, their main focus has been more on the content of EVs rather 

than on the fulfillment of the MISEV guidelines. 

In this context, we conducted an unbiased review using a text mining approach to assess 

adherence to MISEV criteria [1,2] and analyzed 5,093 open access EV papers published 

over the period of 2012 - 2020. We first determined EV isolation methods most frequently 

used over time and next investigated how EV identity, purity and quantity were determined. 

We also examined, whether publications with higher number of characterization methods 

and identification markers would result in a higher recognition by the scientific community, 

as evidenced by the number of citations. 

 

2. Development of a text mining approach to assess adherence to 

MISEV guidelines 

2.1 Dataset acquisition 

Publications were selected in PubMed using the RISMed R package [18]. We searched for 

manuscripts containing the keywords “extracellular vesicles” or “vesicles” together with 

“exosomes” in the title or abstract or papers with the major Mesh terms “extracellular 

vesicles” or “exosomes” (without looking at the child terms (non-explosive search)): 

(“extracellular vesicles”[TIAB]) OR (“exosomes”[TIAB] + “vesicles”[TIAB]) OR (“extracellular 

vesicles”[majr:noexp)] OR (“exosomes”[majr:noexp]). A first filter step was applied on the 

metadata to remove conference / symposium / case reports / reviews and editorial abstracts. 

PDF links of open access publications were then obtained using the R package roadoi [19] 

which is a client for the Unpaywall-API (https://unpaywall.org/). An R script automatically 

downloaded 5,495 manuscripts (using the download.file() command with the “wget” method) 
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which were sorted according to journal’s name and year of publication. We focused on the 

period of 2012 - 2020 as the reference journal in the field, the ‘Journal of Extracellular 

Vesicles’, was first published in 2012.  

 

2.2 Text mining 

Our approach to detect the different methods used was based on a keyword search using 

regular expressions (regex). In order to reduce the rate of false positives, we limited the 

search in all downloaded PDFs to the material and methods and results parts. All keyword 

searches were conducted using the R package pdfsearch [20]. The first part comprised 

extracting the line numbers in each PDF for the headers introduction / material and methods 

/ results / discussion and references to define the search area. If the result part was merged 

with discussion, then only material and methods part was used to avoid the detection of 

false positive keywords as discussion may cite methods that were not used within the 

manuscript (see suppl. table 1 for complete journal list and suppl. file 2 (R code) for exact 

Regex searches). If material and methods and results were both missing, suggesting review 

manuscripts, then the PDF was removed from the analysis.  

We sorted the keywords into sub-categories for the EV isolation and characterization parts. 

A more detailed analysis was conducted to detect which markers were used based on the 

MISEV2018 criteria [2]. To check for significant trends over time, linear regression analysis 

was conducted using R. Finally, we investigated whether the quality of identification and 

characterization of EVs in the manuscripts correlated with the number of citations. To extract 

the number of citations from each manuscript, the R package rcrossref was used [21]. 

 

3. The EV field is expanding at a fast pace  

Searches for (“extracellular vesicles”[TIAB]) OR (“exosomes”[TIAB] + “vesicles”[TIAB]) OR 

(“extracellular vesicles”[majr:noexp)] OR (“Exosomes”[majr:noexp]) in PubMed retrieved 

13,529 records for the period 1990 – 2020, showing that the EV field was prosperous at a 

fast pace leaping from 183 records in 2012 to 2,309 records/year until the end of 2020 

(suppl. Fig. 1, Fig. 2A). For comparison, we also included the number of publications 

reported to the EV-track database during the observation period [15], demonstrating a spike 

in 2014 with 452 records for this year followed by a steady decline for the next six years, 

indicating limited recognition of the platform in the community. After removing manuscripts 
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labeled as letter / conference / reviews / editorial / case reports / manuscripts with both 

missing material and results plus discussion parts, we reduced our dataset to 9,462 

manuscripts. Out of these, we were able to download 5,495 open access articles. Finally, 

5,093 manuscripts containing at least material and methods or result parts were used for 

the text mining analysis. 

 
 
Suppl. Fig. 1: Dataset selection and approach used to investigate the compliance of 
the EV field to MISEV guidelines.  Research was conducted in PubMed (grey box) and 
then filtering steps were applied to keep unique records, remove conference / reviews / 
editorials / case reports. The keyword search was conducted in open access papers where 
material and methods and/or result sections were found. In parallel, we also extracted 
citation counts and the list of papers citing MISEV guidelines [1,2] for the 5,093 selected 
publications. 
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The EV manuscripts selected in our study were found in a wide range of journals. 

Publications from 810 journals were selected including 205 journals containing at least five 

EV-related manuscripts (suppl. table 1). Most manuscripts were found in ‘Scientific Reports’ 

(439), ‘PLoS One’ (284) and ‘Journal of Extracellular Vesicles’ (JEV; 247; Fig. 2B and 2C). 

The top 10 journals in our selected list are highlighted in figure 2B. In 2019 and 2020, a 

high proportion of manuscripts (244; 11.3% of total manuscripts) were published in the 

‘International Journal of Molecular Sciences’ and ‘Cells’.  

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 26, 2021. ; https://doi.org/10.1101/2021.04.23.441160doi: bioRxiv preprint 

https://doi.org/10.1101/2021.04.23.441160
http://creativecommons.org/licenses/by-nc-nd/4.0/


9 

 

 

Fig. 2: Overview of the EV publication field growth.  (A) Steep increase of manuscripts 

with “extracellular vesicles” or “exosomes” + “vesicles” terms found in the title and/or abstract 

or with the PubMed MeSH terms “extracellular vesicles” or “exosomes” (PubMed search, 

9,462 manuscripts, not considering conference / reviews / editorial / case reports). The red 

line shows the number of EV manuscripts submitted to the EV-track database. (B) Bar plot 

showing the year of publication for the 5,093 selected EV papers. The 10 journals with the 

highest number of EV related publications (top 10) are shown in different colors as indicated. 
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(C) Dot plot showing the relation between journal impact factor and average number of 

citations for 5,093 selected EV papers between 2012 and 2020. The dot size indicates the 

number of EV papers found per journal. The top 10 journals identified in Fig. 2B are 

highlighted in red. Only journals including more than five EV papers within the observation 

period 2012 – 2020 are shown.  

 

 

4. A broad range of methods are found for EV isolation and 

characterization 

In order to conduct our text mining analysis, we grouped the broad range of methods for 

preparing and characterizing EVs in different categories based on their biophysical 

characteristics (Table 1). There is no general agreement in the field on standard method(s) 

for EV isolation so far. The MISEV2018 guidelines differentiate methods with various ratios 

of recovery and specificity [2]. Therefore, we investigated which methods or combination of 

methods were used and how these preferences changed over time. For EV isolation 

methods, our categories were based on the physical isolation principal, like ‘density-based’ 

for ultra-centrifugation-based enrichment strategies, or ‘size-based’ including size-exclusion 

chromatography and several additional filtration methods. In addition, we included 

‘chemical-based’ methods like precipitation, which was applied by using commercial EV 

isolation kits or ‘affinity purification’ methods using antibodies or other ligands that bind 

specifically to EVs. Chromatography using ‘electrostatic or hydrophobic interactions’ to 

separate EVs from contamination substances and ‘microfluidics’ were identified among 

recently implemented methods. 
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Table 1: Categories and corresponding keywords used for the text mining analysis of 

EV manuscripts. 

 Categories Method Associated keyword/abbreviation* 

Is
o

la
ti

o
n

 

Density based Ultracentrifugation UC  

 Cushion ultracentrifugation  Iodaxol, Iodixinal, iodixanol, sucrose, Iohexol, 
Nycodenz, OptiPrep, differential centrifugation 

 Continuous gradient 
ultracentrifugation 

CUC, Iodaxol, Iodixinal, iodixanol, sucrose, Iohexol, 
Nycodenz, OptiPrep, density gradient 
ultracentrifugation, buoyant density 

 Discontinuous density 
gradient ultracentrifugation 

DGUC, step density gradient, Iodixinal, iodixanol, 
sucrose, Iohexol, Nycodenz, OptiPrep, density gradient 
ultracentrifugation, buoyant density,  

 Aqueous two-phase system ATPS  

Size based Size exclusion SEC, Exo-Spin, smartSEC, gel filtration 

 Cross flow filtration CFF 

 Tangential flow filtration TFF 

 Ultrafiltration UF 

 Asymmetric flow filtration AF4, field flow fractionation 

Precipitation 
methods 

Polyethylene glycol PEG, ExoQuick 

 Protamine  

 Ammonium sulfate 
precipitation 

 

 Organic solvent precipitation PROSPER 

 Immuno-precipitation  

 sodium acetate  

Affinity purification Immuno-affinity Fab TACS, ExoQuail, magnetic beads, exosome 
isolation kit 

 Lectin EXOBead® 

Chromatography Chromatography BEC, capto core, 

Microfluidics Standing acoustic wave AcouSort, AcouTrap, acoustic trap, acustofluidics 

    

C
h

a
ra

c
te

ri
z
a

ti
o

n
 

Identity Western blot Category 1- Transmembrane/GPI-anchored proteins: 
CD81, CD63, CD87, CD87, CD47, GNA, ITGA, ITGB, 
TFR2, LAMP1, LAMP2, SDC, BSG, ADAM10, NT5E, 
CD55, CD59, SHH, HLA-A, HLA-B, HLA-C, TSPAN8, 
CD37, CD53, CD9, PECAM1, ERBB2, EPCAM, CD90, 
CD45, CD41, GYPA, CD14, HLA-DR, HLA-DP, HLA-
DQ, CD3, ABCC1, AchE-E 

  Category 2- Cytosolic proteins recovered in EVs: 
TSG101, CHMP, ALIX, PDCD6IP, VPS4A, VPS4B, 
ARRDC1, Flotillin, FLOT1, FLOT2, CAVEOLIN, EHD, 
RHOA, Annexin, ANXA, HSC70, HSPA8, HSP84, 
HSP90AB1, HLA-B, HLA-C, TSPAN8, CD37, ARF6, 
Syntenin, SDCBP, Tau, MAPT, HSP70, Actin, Tubulin, 
GAPDH 

  Category 3- Non-EV structures: Apolipoprotein, 
APOA1, APOA2, APOB, APOB100, Albumin, UMOD 

 Flow cytometry Bead based, single particle flow, Apogee micro Flow, 
NanoFCM, nano flow, MACSPLEX® 

Protein Protein concentration  Bicinchoninic acid assay (BCA), Lowry, micro BCA, 
fluorescence Protein measurement, Qbit, Bradford 

Size + concentration Nano tracking analysis NTA, Nanoview, Zetaview, Nanosight 

 Dynamic light scattering DLS 

 Pulse sensing Tunable resistive pulse sensing (TRPS), resistive pulse 
sensing (RPS), microfluidic resistive pulse 
sensing(MRPS), coulter counter, nCS1, qNano,  

Imaging Electron microscopy Transmission electron microscopy (TEM), Cryo TEM, 
immune TEM, immune gold, , negative contrast staining 

 Super-resolution microscopy Direct stochastic optical reconstruction microscopy 
(dSTORM), Nanoimager, ONI 

  Scanning electron microscopy SEM 

  Atomic force microscopy  AFM 
 

*The “associated keyword” column shows the detailed keywords used for the search. 
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Concerning the categories for EV characterization methods, we adhered to the list of criteria 

that was recommended to evaluate EV preparations in the MISEV2018 position statement 

[2]. We grouped them, according to biophysical properties and the task they fulfill, i.e., 

checking for identity, purity or integrity. The first category, identity, was analyzed in more 

detail in figure 5. In addition to identity characterization by specific EV markers, such as 

tetraspanins, it is also considered important to determine the purity of EV fractions by testing 

for contaminants, like albumin, representing the most abundant plasma protein. The second 

category, protein quantification, identifies purity and determines the quantity of 

contaminating soluble proteins. The third category summarizes methods to evaluate EV 

integrity and purity by checking for size and concentration. These two points were combined 

as many methods give both results like nano-tracking analysis or tunable resistive pulse 

sensing. Finally, we summarized methods that give an actual image of the EVs illustrating 

round shape, morphology, double-layered membrane, size and, in some cases, also identify 

specific markers. 

 

 

5. Isolation methods used for EV preparations 

In our analysis of EV preparation methods, we found that most studies (1,659 / 5,093; 

33.2%) used a single density-based isolation technique (Fig. 3A).  

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 26, 2021. ; https://doi.org/10.1101/2021.04.23.441160doi: bioRxiv preprint 

https://doi.org/10.1101/2021.04.23.441160
http://creativecommons.org/licenses/by-nc-nd/4.0/


13 

 

 
Fig. 3: EV isolation methods.  (A) The upset plot shows on the left the counts (set size) of 

the different methods ranked from the most used on the top (density-based isolation) to the 

least used on the bottom (microfluidics). Intersection size shows the number of publications 

found for each combination, ranked in descending order. The dot chart corresponding to the 

upper histogram shows the most used combinations of isolation methods. (B) Percentage 

of papers using the different methods during each year. Linear regression analysis identified 

significant changes over time (P < 0.05). 
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Other single methods identified were precipitation-based methods, used by 261 publications 

(5.1%) and size-based methods. The combination of density-based and precipitation 

methods was the second most frequently applied strategy (548 / 5,093; 10.8% of the 

manuscripts). This was followed by the combination of density- and sized-based methods 

applied by 419 studies (8.2%). Microfluidics were used in 26 papers (Fig. 3A). Except for 

size-based isolation with a significant increase over time and density-based methods 

showing a significant decrease, other methods’ application did not change significantly (Fig. 

3B).  

 

6. Characterization of EV fractions: the more, the better? 

 

6.1 Characterization methods used 

 

One of the key aspects of MISEV2018 [2] criteria relates to the importance of properly 

characterizing purified EVs regarding their identity, protein amount and physical aspects 

through size distribution and imaging. We found 80% of the analyzed manuscripts using at 

least one category. The most used characterization category was “identity”, followed by 

“imaging”, “size and concentration” and “protein concentration”. A higher proportion of 

manuscripts (17.6%) used a combination of characterization methods with “imaging”, “size 

and concentration” and “protein concentration”, and 13.6% used all four characterizing 

categories (Fig. 4A). A notable aspect is the significant increase of the categories, “protein 

amount”, “size & concentration” and “imaging” over time (Fig. 4B). Finally, by looking at the 

combination of different categories, we detected a significantly increasing percentage of 

manuscripts using a combination of three or four characterization methods over the years 

2012 - 2020, while manuscripts using only one or two characterization methods significantly 

decreased over time (Fig. 4C). 

 

  

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 26, 2021. ; https://doi.org/10.1101/2021.04.23.441160doi: bioRxiv preprint 

https://doi.org/10.1101/2021.04.23.441160
http://creativecommons.org/licenses/by-nc-nd/4.0/


15 

 

Fig. 4: EV characterization methods.  (A) The upset plot shows on the left the set size 

counts of the different methods ranked from the most used on the top (identity) to the least 

used on the bottom (protein amount). The upper histogram (in descending order) and the 

dot chart show the most used combinations for characterizing EVs. (B) Percentage of 

papers using the different methods for each year. (C) Percentage of EV manuscripts using 

a combination of characterization methods (identity, protein amount, size and concentration, 

imaging; color code indicated by legend). Linear regression analyses indicated significant 

changes over time for (B) and (C) (P < 0.05). 
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6.2 Markers used for defining EV identity 

 

Regarding EV identity, MISEV2018 [2] defined a list of protein markers divided into five 

groups that can be used for assessing the level of purity or contamination of the EV 

preparation, respectively. Researchers should use at least one marker from each of the 

three first categories (category 1: transmembrane or GPI-anchored proteins associated with 

the plasma membrane and/or endosomes; category 2: cytosolic proteins recovered in EVs; 

category 3: major components of non-EV co-isolated structures). The three most frequently 

used markers for category one were tetraspanins CD63, CD81, CD9. Actin, GAPDH and 

TSG101 were used most frequently for category two, and albumin as well as apolipoproteins 

for category three (Fig. 5A) We next analyzed marker combinations revealing that 34.9% of 

studies used a combination of category one and two, and 15.9% used the combination of 

three categories (Fig.5B). Finally, a significant increase of testing category one 

(transmembrane or GPI-anchored protein) and category three (non-EV co-isolated 

structure) marker determination in EV preparations was evident over time (Fig. 5C).  
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Fig. 5: Analysis of proteins linked to EVs or contaminants.  (A) Most used marker 

proteins ordered according to the frequency of use displayed with a color code indicating 

the category as defined by the MISEV2018 criteria (category 1: Transmembrane or GPI-

anchored proteins associated to plasma membrane and/or endosomes; category 2: 

Cytosolic proteins recovered in EVs; category 3: Major components of non-EV co-isolated 

structures). (B) The upset plot shows on the left the set size counts of the different marker 

categories (left bars; color code as in A) ranked from the most used on the top to the least 

on the bottom. The upper histogram (in descending order) and the dot chart show the most 

used combinations of marker proteins for characterizing EVs. (C) Percentage of manuscripts 

per year using marker proteins from categories 1 - 3 to characterize their EV preparations 

over the years (2012 - 2020). Linear regression analyses identified significant changes over 

time as indicated (P < 0.05).  
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7. Impact of the MISEV guidelines on the EV community 

 

We then asked whether manuscripts using more detailed characterization or testing more 

marker categories retrieved higher attention in the scientific community as evidenced by the 

median number of citations per year. Regression analysis showed that the median number 

of citations significantly increased depending on the number of characterization methods 

applied (P = 0.0002) or marker categories tested (P = 6.9 x 10-6) (Fig. 6A).  

By the end of 2020, MISEV2014 [1] and MISEV2018 [2] were cited more than 1,400 and 

1,700 times, respectively. In order to illustrate the impact of MISEV in the EV community, 

we reviewed in 4,579 manuscripts, published between 2015 and 2020 and covered by our 

study. We found 701 manuscripts citing MISEV guidelines. We further determined the 

percentage of different combinations of characterization methods and markers in these 

manuscripts compared to the manuscripts not citing MISEV for the same period. There was 

a significantly higher percentage of manuscripts using 3 - 4 characterization categories 

(linear regression analysis, P = 6.7 x 10-13), and a lower percentage of manuscripts with no 

characterization in manuscripts citing MISEV, respectively, compared to manuscripts not 

citing MISEV. Publications citing MISEV guidelines thus appeared to be more likely to fulfill 

guidelines. A similar trend was found regarding the number of marker categories. There was 

a higher percentage of manuscripts using either two or three markers in MISEV-citing 

manuscripts compared to the manuscripts not citing MISEV (linear regression analysis, P = 

4 x 10-11) (Fig.6B). 
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Fig. 6: Impact of EV characterization and identification accuracy on citation frequency 

plus MISEV-based marker category reporting trends.  (A) Median number of citations 

per year for the different combinations of characterization methods (from 0 to 4 

characterization categories combined in orange-red) and marker proteins used for EV 

preparation characterization (0 to 3 marker categories combined (light blue-blue). Linear 

regression analysis revealed a significant association between the number of 
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characterization categories and median citation numbers (P = 0.0002) and between the 

number of marker categories and median citation numbers (P = 6.9 x 10-6), respectively. (B) 

Percentage of manuscripts citing (dashed bars) or not citing MISEV (non-dashed bars) 

regarding the number of characterization categories used; red bars) or the different 

combinations of marker proteins (blue bars). Only manuscripts published between 2015 and 

2020 were used for the analysis (701 manuscripts citing MISEV vs 3,878 manuscripts not 

citing MISEV). 

 

Transparent reporting of EV preparation and characterizations is an important issue. While 

encouraging EV researchers to submit their EV protocols to existing databases, we also 

developed a single-page reference table, suitable as checklist summarizing the key data 

and methods used for EV isolation and characterization (Table 2). We consider such a 

checklist as a tool for editors, reviewers and readers to assess the methods used and identify 

potentials drawbacks.    
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Table 2:  Addressing MISEV2018 criteria for research with EV material.  

Nomenclature 

Specify which term is used: Use of : e.g. generic term EV / small EV / exosomes / microvesicles 

Collection and storage 

Releasing 
cell 

information 

cell type and origin  

passaging  

seeding density … cells/cm² 

culture volume … ml 

culture vessel … cm² 

oxygen level … % 

Culture 
conditions 

culturing medium  

time of cultivation … h 

harvesting medium  

time of cultivation … h 

cell count at harvest … cells 

Storage and 
recovery 

conditioned medium Storage temperature: … °C 

EV preparations storage temperature: … °C / thawing conditions 

Isolation 

Method 1 e.g. Ultracentrifugation with speed: … x g; rotor: …; K factor: …; time: …;  

Method 2 
e.g. SEC:  column …; material: …; bead volume: …; sample volume: …; Buffer: …; 
fraction size: …; 

Method 3 e.g. Ultrafiltration: membrane material …; pore size: … kDa; concentration factor: …; 

…  

Method n  

Characterization 

 Parameter Unit Method 

Q
u
a
n
ti
fi
c
a
ti
o

n
 

Size & 
concentration 

particle number … particles/mL  

particle size … nm  

particle/protein ratio … particles/µg  

Composition 

protein content … mg/ml  

lipid content … mg/ml  

RNA content … pg/µL  

Identity 
 

transmembrane proteins e.g.: CD9/63/81  e.g.: WB 

cytosolic recovered in EVs e.g.: Flotillin-1  

protein contaminants e.g.: HSA  

lipoprotein contaminants e.g.: Apo A1  

secretory pathway e.g.: Calnexin  

phosphatidylserine e.g.: Lactadherin  

intact membrane e.g.: Calcein staining  

Visualization 
Method 1: e.g. cryo-TEM 

Method 2: e.g. super-resolution microscopy 

Functional studies 
(dose response, negative controls and quantitative comparison included) 

 
List of functional assays 
 
 
 
 

 
Detailed description of the functional assay with 
all parameters investigated 
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8. Conclusion 

EV research is an emerging field with rapidly growing interest over the last decade. EV 

isolation and characterization are particularly challenging because the nano-sized cell-

derived vesicles are close to or below the detection limit of many traditional methods. 

Additional biologically active components including lipoproteins or protein aggregates 

display similar size and/or density characteristics and co-purify with EVs, further 

confounding dedicated mechanistic studies. Recognizing these difficulties led to the 

establishment of the MISEV2014 and comprehensive updated MISEV2018 guidelines to set 

minimum standards for studies conducted with EVs [1,2]. The level of adherence to these 

guidelines and exploitation of additional voluntary online reporting platforms was unclear. 

In this context, we conducted an unbiased review of 5,096 accessible papers published in 

the EV research field in a broad range of journals between 2012 and 2020. In our systematic 

analysis, we found that the awareness of investigators to better characterize their EV 

preparations using a combination of several methods was significantly rising. The majority 

of studies still applied only one method for EV purification with few significant changes over 

the past years. Studies citing the MISEV position statements used significantly more 

methods for EV characterization and multiple markers to determine EV identity and purity 

indicating the impact of the guidelines in the EV community. A precise characterization of 

EV preparations with multiple methods and marker categories also resulted in a significantly 

higher number of citations. 
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