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Exosomes and 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 consensus on
nomenclature (overlapping→clarity)

More than 1/3 of all EV
pubblications ever 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 Analytes for Cancer Detection, Extracellular RNA 
Communication, Role of Exosomes in HIV Pathogenesis

ClinicalTrials.gov: biomarkers, gene delivery, regenerative medicine

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



Yield   ‐ Purity   ‐ Repeatability   ‐ Heterogeneity  ‐ Accuracy / precision   ‐ Efficiency
‐ Detection limit   ‐ Cost / hands‐on time / hardware investment / turnaround time / 
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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From “lab-specific” protocols to standards

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



One Root different directions
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Two major exploitation paths
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Nutrition & 
Food industry

Exosomes/EVs as Therapeutic 
Delivery Vehicles

Exosomes/EVs as Circulating Biomarkers
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•

•Exosomes circulate in periferal blood and in different biological fluid

• Exosomes as concentrators of biomarkers:

Reflect the proteic and genomic content of the parent cell *

Enable secretion of otherwise non-soluble molecules

Enrich in low-abundant molecular species

 Can be selectively isolated

Enrich in some acknowledged cancer markers

EV/Exosomes as circulating biomarkers
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Isolation Extraction Detection

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

EV/Exosomes as circulating biomarkers



11

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/Exosomes quantification, 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/Exosomes Isolation 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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CD63 variations on HD plasma exosomes

CD63

PREANALYTICAL VARIABILITY 
Major source of variability and error in diagnostics

Different healthy donors

Same healthy donors – different plasma separation protocols

•Harmonisation 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

•Selective focus on EVs of interest
•Definition of baseline levels variations
•Normalisation strategies
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EV/EXOSOMES HETEROGENEITY :
Major challenge in detection of relevant EV markers
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van Niel G: J Biochem (Tokyo) . 2006

1. Theoretically, every exosome could have unique 
molecular composition Sverdlov ED, Bioassays (2012). 

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

2. Specific tissue derived exosomes are drastically 
diluted in complex biogluids (likely to 0.01%)



True requirement for EV based diagnostics: streamlined
isolation and sensitive quantification of associated molecules
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Assumptions: Calculations:

Detection Ab KD 1nM For a picomolar assay minimum concentration of exosomes is

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

molecules/mole)

Total

concentration of

exosomes in blood

1010-1012 in heathy

1012-1014 in cancer

exosomes/ml

Cancer exosomes in 1 ml of blood is ~ 109-10 cancer exosomes

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

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

(0,5))% cancer

exosomes over

total exosomes

0.1%

Density of protein

marker per

exosome

1 marker/exosome Concentration factor needed 100 x

Efficiency of

extraction

50% Sample volume needed 1-10 ml for reaction volumes of 10-100

microliters



True requirement for EV based diagnostics: streamlined
isolation and sensitive quantification of associated molecules
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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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PCR remains a Key Tool with outreach vs. NGS
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1. Driver: methodological issue



What are the most exploited EV biomarkers today?

• Most work has been done on miRNAs

• EV DNA based assays are the first ones that hit 
the clinical use:
First LDT for Alk in Lung Cancer lunched by 
Exosome Dx in 2015
First IVD for CDx (EGFR) by Roche Dx FDA 
approved in 2016

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

2



Targeted therapies are already standard of care

Companion Dx pipeline today Companion Dx pipeline evolution 

Drugs with required pharmacogenetic
companion diagnostic testing 

according to EMA and FDA

From Roche report

First dowel in the puzzle – Companion Diagnostics

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

3. Driver: Market need



Tissue Biopsy                     vs.                      Liquid Biopsy

• Invasive, painful
• Expensive & time consuming
• Re-biopsy often not possible or 
accepted
• Not suitable for cancer 
monitoring
• Does not address tumor 
heterogeneity

• Minimally invasive, no risk 
for patients
• Cheap and quick
• Re-biopsy is not a problem
• Trully suitable for cancer 
monitoring
• Addresses tumor 
heterogeneity

Jamal-Hanjani et al Clinical Cancer Res 2015

Exosomics  Siena 

The impact of liquid biopsy for precision medicine in cancer: 
alternative and complementary to conventional tissue biopsy
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Major sources of cancer biomarkers for liquid biopsy 

Circulating cell-free nucleic acids 
Most studied source of genetic alterations today but has 
serious limitations

Circulating tumor cells
Cancer cells released by the primary tumor in circulation. 
Great investments but expectations not fullfilled

Extracellular vesicles
Offer unprecedented advantages (see next slides)

Diaz & Bardelli Journal of Clinical Oncology
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•ctDNA ≠ cfDNA!
•Huge background
•Can not be selectively isolated
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Technology Comparison
Exosomics Approach vs Current Technologies 
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Different timelines, performance and readiness level
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Relapse detection 
(minimal residual disease)

Personalized treatment optimisation

Lot of dowels are still missing across the patient management cycle 
and all can be prompted by  EV/exosomes based liquid biopsy
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EVs in Human Healthcare -cell-free regenerative medicine

Oncology

Neurology

Companion Dx

Metabolic 
Diseases

CID&AID

Screening and 
prevention

Medical DX and 
monitoring

Vetenirary 
Medicine

Reproductive 
Biology (Hu)

CVD

Transplants

Nutrition& 
Food Indystry 

Therapy Wellness

Vaccines

Infective 
Diseases

EXOSOMES PROs
• Not immunogenic if extracted from proper source
• Very stable -long circulating life and long shelf life
• Defined tropism to specific tissue or microenvironment
• Intrinsic biological activities
• Intrinsic ability to cross biologic barriers
• Specific sorting mechanism of proteins to exosomes that helps
predicting or engineerizing surface moieties
• Loadable with nucleic acids and small molecules
• Less complex then viable cells

Regenerative 
MedicineImmunotherapy

Gene Therapy Cosmetics
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Emerging  areas  with unmet needs and huge markets

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

Exosomics  Siena 

Immunotherapy

Nutrition & 
Food industry

Edible exosomes:
-Easily available
-Well tolerated
-Intrinsic activities                                                 

Neurology

CNS exosomes:
-Early screening tests
- Surrogate markers

Reproductive 
Biology (Hu)

-Assisted reproduction 
- Prenatal testing 
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-Veterinary testing
-Animal reproduction
-Food safety



EVs in cell-free regenerative medicine

Oncology

Neurology

Companion Dx

Metabolic 
Diseases

CID&AID

Screening and 
prevention

Medical DX and 
monitoring

Vetenirary 
Medicine

Reproductive 
Biology (Hu)

CVD

Transplants

Nutrition& 
Food Indystry 

Vaccines

Infective 
Diseases

Regenerative 
MedicineImmunotherapy

Gene Therapy Cosmetics

CONs                                                   
• Complexity of exosome cargo and 
exosome activities
• Possible wide tropism and off-side effects
•Lack of reliable and efficient methods for 
obtaining well defined and pure exosome 
preparations

OPPORTUNITIES:                                                   
• Ex vivo and in vitro modification
• Fit-to-the purpose purification methods
•Path to scalable and GMP manufacture
• Compliance with regulatory reqirements
•QC testing through manufacturing (DX 
and potency assays)
• New sources (plants, platelelts  etc)
•Synergy with drugs/agents

• Advanced preclinical testing
• Clinical trial capacity with experienced 
physicians
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Large scale production of exosomes from cell culture

Smith et al.
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True enabling technical requirement: fit to the purpose EV/
exosome isolation and…..
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.....and quality control: what do we need to check?

Task Objective Technology

EV (exosome) size Monitor size consistency • TEM, light scattering, NTA

EV markers Check for both generic and cell
specific EV markers. 

• Western blot or mass spec for 
protein biomarker

• PCR and/or NGS for nucleic acid 
biomarkers

• Tandem HPLC and mass spec for 
lipids and metabolites

Purity markers Check for intracellular markers (eg
Golgi proteins) and serum markers
(albumin)

• Immunoassays
• PCR for nucleic acids

Integrity and funcionality Check for integrity and activity, 
expression profiles and assays

• Protection assays
• potency assays or surrogates

Sterility (eg. EVs for therapeutic use) Check for microbiological
contaminants

• As laid down in regulations for 
blood products, ATMPS and 
pharmacopeia

EV stabilization Chemical stabilization • Under development

Formulation Define optimal EV storage and 
formulation 

• Additives
• Lyophilization
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Clinical trials are a reality

Kooijmans et al. 2016
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While regulatory status still needs to be defined, at least in Europe

ISEV position paper 2016

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



MISSION PERFECTION SERUM 
Clarins

EVs have gone commercial already......

EXOFACE
Exosome moisturizer

....or are about to
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The Hype Cycle 
(representing the maturity, adoption and application)

34

There is still a long way to run

The expectations of EV 
technologies

The expectations are high, some technological components are not ready on the 
market – great opportunity for who comes first to fulfill the niches.....
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EVs in medicine: oversold or underappreciated?
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Exosomics Siena SpA 

Str del Petriccio e Belriguardo, 35 

53100 Siena – Italy

Phone: +39 0577 381 408

Mobile: +39 345 3065144 

E-mail: nzarovni@exosomics.eu 

Web:www.exosomics.eu

Hansabiomed Life Sciences

Akadeemia tee 15, 

12618 Tallinn - Estonia

Phone +372 6204348

Mobile: +39 345 3065144

E-mail: antonio.chiesi@hansabiomed.eu

Web: www.hansabiomed.eu

www.exotest.eu
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