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Extracellular vesicles (EVs)
Most body cells release physiologically in extracellular environment
different types of membrane vesicles:

Microvesicles (MVs)

Exosomes

- plasma membrane origin
- dimensions: 150-300 nm

- endocytic origin
- dimensions: 40-150 nm

MVs

Exosomes

TEM images. Scale bar: 100nm

Extracellular vesicles: Exosomes, microvesicles, and friends
Graça Raposo and Willem Stoorvogel (2013)

Exosomes and MVs


Enriched in lipids, proteins, nucleic
acids (mRNA, miRNA and other
non-coding RNAs) that are specific
of the cell of origin



Present in several biological fluids,
such as blood, CSF, urine, synovial
fluid

Colombo M et al, Annu Rev Cell Dev Biol. (2014)



Function in intercellular communication1
- internalized by endocytosis and/or phagocytosis or fuse with target cell’s
membrane
vehicles for transfer between cells of membrane and cytosolic
proteins, lipids and RNA
- induce signaling via receptor-ligand interaction
1. M. Tkach, C. Thery, Cell (2016)

Exosomes and MVs
The quantity of vesicles released from cells and their
composition change according to the physio-pathological
condition of the tissue of origin, for this reason they are
studied as markers of diseases states2.
Detection and characterization

very promising strategy to:
 study mechanisms of pathogenesis
 identify specific biomarkers for several complex diseases
 identify therapeutic targets
2. Colombo E. et al, Front Physiol (2012)

Analysis of exosomes and MVs
It is currently technically challenging to obtain a totally pure
EVs fraction free from non-vesicular components, and
therefore the International Society for Extracellular
Vesicles (ISEV) has established guidelines and minimal
experimental requirements to claim the presence of EVs

J Extracellular Vesicles 2014, 3: 26913

Size and heterogeneity
 Microscopy (TEM, AFM)
 Physical analysis (DLS, NTA)

Proteins and markers
 Western blot
 High resolution flow cytometry
 Mass spectroscopy

Analysis of exosomes and MVs
Most current methods used for the identification of
proteins and markers of exosomes require:
- labeling of vesicles
- laborious sample preparation
- consistent amount of vesicles to ensure measurable
results3

We propose two
label-free approaches
that can facilitate
exosomes and MVs
applied research

Surface Plasmon Resonance
imaging (SPRi)
Raman Spectroscopy

Use of these techniques for the study of neuronal exosomes and their
involvement in neurodegenerative diseases

3. Grasso L et al, Anal Bioanal Chem (2015)

Surface Plasmon Resonance imaging
(SPRi)
An optical method that allows to detect the interaction between an
antibody and a target exosome by measuring the difference in the
mass adsorbed on top of a gold coated chip
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ADVANTAGES:
 label free technology
 multiplexing
 real time molecule detection
 low amount of sample and markers

Methods_SPRi
1. Surface chemistry for the immobilization of antibodies on the SPRi
biochip:
- Self assembled monolayer PEG-OH/PEG-COOH + EDC-NHS

- Spotting of antibodies
- Blocking with ethanolammine

SPRi biochip spotted with
antibodies

SPR image of some antibodies
spotted on the chip

2. Injection of exosomes isolated from human serum
- exosomes: 10µg/ml in buffer pH7.4, flow10µl/min
- Regeneration with glycin 50mM pH=2

Identification and characterization of
membrane bound exosome constituents_SPRi
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CD9: a membrane protein of exosomes originating
from different organs of the human body
OVA: negative control
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Identification and characterization of
membrane bound exosome constituents_SPRi
• The SPRi signal related to the interaction between exosomes and
anti-CD9 increases with the amount of exosomes injected
We’ve reached a detection limit of around 1 µg/ml
(considering the total protein content)
• It is possible to detect the presence of biomolecules (such as
CD63) on the membrane of the immobilized exosomes, supporting
the use of SPRi as a method to study the exosomes
membrane components and to study phenomena occurring on
their surface.
The presence of a specific antigen on the exosomes could be
revealed by the further increment of the SPRi signal after the
injection of the biomolecule of interest (for example anti-CD63).

Raman Spectroscopy
A vibrational spectroscopy that provides information about
chemical composition, collecting the light inelastically scattered
by a sample after laser excitation
1930 Nobel Prize for Physics

30000

Raman intensity (a.u.)

25000

20000

15000

10000

5000

0
900

1000

1100

1200

1300

1400

Raman shift 1/cm

ADVANTAGES:
 Label free technology
 Highly specific
 Low amount of sample required
 Minimal sample preparation
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Methods_Raman Spectroscopy
1.

Isolation of EVs from mesenchymal stem cells (MSCs) by
ultracentrifugation4
72h culture
w/o serum

Centrifugation steps
800 g x 10 minutes
2500 g x 15 minutes
Ultracentrifugation steps

MIXTURE OF EXOSOMES
AND MICROVESICLES IN
STERILE SALINE SOLUTION

2.

100 000 g x 60 minutes
100 000 g x 60 minutes

Analysis by Raman Spectroscopy (Aramis, Horiba)

- Air dried drop (0.5 – 1 µl) on CaF2 slide

4. Théry C et al, Curr Protoc Cell Biol (2006)

Chemical characterization of EVs isolated
from human stem cells_Raman

Raman intensity (a.u.)

Bone Marrow MSCs

600

800

1000

1200

1400

Phospholipids:
1090 P-O stretching
1090, 1124 C-C stretching
2800-3000 CH2/CH3 stretching

1600

1800

2800

3000

3200

Adipose Tissue MSCs

Proteins:
1200 Amide III
1440 CH2 stretching
1600 Amide II
Nucleic acids:
780, 850
900 PO2

600

800

1000

1200

1400

1600

1800

2800

3000

3200

Raman shift (1/cm)

Laser 532 nm, Grating 1800, Slit 400, Hole 600, acquisition 10secx2

Preliminary data of Raman spectra show the chemical
composition of vesicles, with peaks related to
phospholipids, proteins and nucleic acids

Chemical characterization of EVs isolated
from human stem cells_Raman
Data analysis
Multivariate analysis of Raman spectra could be applied
on Raman data in order to show if vesicles from
different tissues have a specific Raman fingerprint
For example:
Principal Component Analysis (PCA) is a procedure for identifying a smaller
number of uncorrelated variables, called "principal components", from a
large set of data. The main goal of a PCA analysis is to identify patterns
in data, detecting the correlation between variables.
For this reason it can be used to discriminate vesicles from
different cell cultures from their different Raman spectra.

Conclusions
- Using SPRi technology we are able to isolate exosomes with a
detection limit of 1 µg/ml, by studying the interaction with specific
biomolecules
- SPRi allows to characterize exosomes membranes of different
subpopulation with a direct and practical approach
- Raman Spectroscopy can provide the overall EVs biochemical
fingerprint that facilitates EV applied research
Our preliminary results suggest that SPRi and Raman
Spectroscopy represent valid approaches for
exosomes detection and characterization,
paving the way for a better understanding of their
biochemical role in multiple diseases and translational
application in diagnostics
http://www.nanosight.com/
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