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Exosomesand EVs have come a long way: 
major scientific milestones timeline
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Means to frame the size and evolution of the EV field

1.  Growth of peer-reviewed publications on exosomes/EVs

One of the metrics for the evolution and
maturation of the fields is the consensuson
nomenclature(overlappingҦŎƭŀǊƛǘȅύ

More than 1/3 of all EV
pubblicationsever date to last
5 years
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Means to frame the size and evolution of the EV field

2.  Geographical dispersion                                               3. Fields of interest 

Breakout by the country of source Breakout by areas of focus

NIH: Program to Assess the Rigor and Reproducibility of Exosome-
Derived Analytesfor Cancer Detection, Extracellular RNA 
Communication, Role of Exosomesin HIV Pathogenesis

ClinicalTrials.gov: biomarkers, gene delivery, regenerative medicine

EU: COST, MC-ITN,  EuroNANOMED, RIA, IMU
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Industrial EV  ®evolution



¸ƛŜƭŘ   π tǳǊƛǘȅ   π wŜǇŜŀǘŀōƛƭƛǘȅ   π IŜǘŜǊƻƎŜƴŜƛǘȅ  π !ŎŎǳǊŀŎȅ κ ǇǊŜŎƛǎƛƻƴ   π 9ŦŦƛŎƛŜƴŎȅ
π 5ŜǘŜŎǘƛƻƴ ƭƛƳƛǘ   π /ƻǎǘ κ ƘŀƴŘǎπƻƴ ǘƛƳŜ κ ƘŀǊŘǿŀǊŜ ƛƴǾŜǎǘƳŜƴǘ κ ǘǳǊƴŀǊƻǳƴŘ ǘƛƳŜ κ 
sample input amount  requirements

EVQC (GEHNT UNI) : Academic EV isolation methods vs Providers of EV isolation methods

Nature methods. 2017;14(3):228-32.
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CǊƻƳ άƭŀō-ǎǇŜŎƛŦƛŎέ ǇǊƻǘƻŎƻƭǎ ǘƻ ǎǘŀƴŘŀǊŘǎ

EV-TRACK: transparent reporting and centralizing knowledge in extracellular vesicle research



One Root different directions
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Two major exploitation paths

Oncology

Neurology

Companion Dx

Metabolic 
Diseases

CID&AID

Screening and 
prevention

Medical DX and 
monitoring

Vetenirary 
Medicine

Reproductive 
Biology (Hu)

CVD

Transplants Cosmetics

Therapy

Regenerative 
Medicine

Wellness

Vaccines

Gene Therapy

Infective 
Diseases Immunotherapy

Nutrition & 
Food industry

Exosomes/EVs as Therapeutic 
Delivery Vehicles

Exosomes/EVs as Circulating Biomarkers
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Å

ÅExosomes circulate in periferal blood and in different biological fluid

ÅExosomes as concentrators of biomarkers:

VReflect the proteic and genomic content of the parent cell *

VEnable secretion of otherwise non-soluble molecules

VEnrich in low-abundant molecular species

VCan be selectively isolated

VEnrich in some acknowledged cancer markers

EV/Exosomesas circulating biomarkers
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Isolation Extraction Detection
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EV/Exosomesas circulating biomarkers
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Isolation of 
target EVs

Isolation of 
EVs and/or 

cell-free 
DNA/RNA

Isolation 

Optimized 
extraction for 
high quality 

proteins 
/DNA/RNA

Extraction Detection

EV/Exosomesquantification, quality 

control markers and normalizers for 

different categories of informative 

markers, QC

EV/Exosome binding 
antibodies & agents, 
surface chemistry

EV/Exosomes 
biochemical analysis, 
counting and sizing

EV/Exosomes 
physical properties, 
mass, coloidal, 
stiffness

EV/ExosomesIsolation from complex matrix :

Different isolation protocols ensure different 

stringency /yield/purity

Total EVs 
(exosomes+ 
MVs)

Organ specific 
EVs (exosomes+ 
MVs)

Disease specific 
EVs (exosomes+ 
MVs)
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CD63variations on HD plasma exosomes

CD63

PREANALYTICAL VARIABILITY 
Major source of variabilityand error in diagnostics

Different healthy donors

Same healthy donors ςdifferent plasma separation protocols

ÅHarmonisation of preanalytical protocols

biological variation
can be controlled or at least recorded

technical variation
is introduced by sample collection&processing.

Quantification of CD9+ exosomes in plasma

ÅSelective focus on EVs of interest
ÅDefinition of baseline levels variations
ÅNormalisation strategies
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EV/EXOSOMES HETEROGENEITY :
Major challenge in detection of relevant EV markers

Natasa Zarovni, HBM-LS, October 11°, 2017

van NielG:J Biochem(Tokyo). 2006

1. Theoretically, every exosomecould have unique 
molecular composition SverdlovED, Bioassays (2012). 

3. EVs can be selectively recovered from biofluid samples
-size, charge, density
- immuno-affinity isolation

2. Specific tissue derived exosomesare drastically 
diluted in complex biogluids(likely to <0.01%)



True requirement for EV based diagnostics: streamlined
isolationandsensitivequantificationof associatedmolecules

Natasa Zarovni, HBM-LS, October 11°, 2017

Assumptions: Calculations:

DetectionAb KD 1nM For a picomolar assayminimumconcentrationof exosomesis

6 1011 molecules/ml (10-9molar x 1litre/1000ml x 6*1023

molecules/mole)

Total

concentration of

exosomesin blood

1010-1012 in heathy

1012-1014 in cancer

exosomes/ml

Cancerexosomesin 1 ml of bloodis ~ 109-10 cancerexosomes

number of circulating exosomes/ml (1012-1014) x cancer

exosomes/totall exosomes(0.1-5%) x separation efficiency

(0,5))% cancer

exosomes over

totalexosomes

0.1%

Density of protein

marker per

exosome

1 marker/exosome Concentrationfactorneeded100x

Efficiency of

extraction

50% Samplevolumeneeded1-10 ml for reactionvolumesof 10-100

microliters



True requirement for EV based diagnostics: streamlined
isolationandsensitivequantificationof associatedmolecules
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Shao et al. Nat Med 2012

Im et al. Nat Biotech 2014

Zhao et al. Lab Chip 2016

Cretichet al. Trend Biotech 2015

Do we need advanced tecnhnologies for detection of EV 
protein markers?
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