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Extracellular Vesicles (EVS)

Normal cell Apoptotic cell

Extracellular
Vesicles

Microvesicles Exosomes Apoptotic Bodies
(100 nm - 1 pym) (50-150 nm) (~1-5 pm)

EVs are secreted by a wide range of cells from different species.
EVs can be found in all body fluids.
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Extracellular Vesicles (EVS)

Normal cell Apoptotic cell
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Extracellular
Vesicles

Microvesicles Exosomes Apoptotic Bodies
v (100 nm -1 pm) (50-150 nm) (~1-5 um)
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Putative physiological functions: antigen presentation, intercellular
communication, shuttling of nucleid acids between cells ...
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Extracellular Vesicles

50-150 nm vesicles secreted
by all cells

Found in all body fluids
Central role in cell-cell
communication

Unigue ability to convey
various macromolecules

Therapeutic potential
Diagnostic relevance

Analysis of small EVs is
challenging on multiple levels
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Objectives

Extracellular Vesicles - Heterogeneity

Understand EV heterogeneity ? Rel_lal?le marker§ &
Identify and define markers for EV subtypes optimized analytical
Application: fractionation of subpopulations, functional testing methods required
Application: therapeutic and diagnostic use



Exploratory EV engineering workflow (simplified)

Cell culture of EV
producing cells using
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Multiplex Bead-based Flow Cytometry

A Up to 39 capture antibody beads
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Isolated exosomes or
cell culture supernatant

B gating for single beads

ﬁir

Incubation over
night, washing

bead populations

Flow cytometry

+ Detection A
analysis

antibody (cocktail)
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@ Dye-labeled capture antibody bead (4.8mm)
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Bead-based EV capture assay
39 multiplexed capture beads, antibody-based detection

Bulk EV assay, no single EV analysis

High throughput

R1-A (CD9/CD63/CD81-APC detection cocktail)

Can be used on most flow cytometers
Semiquantitative

Wiklander,.. .,

Gorgens, Frontiers in Immunology 2018

Single EV Imaging Flow Cytometry
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 CCD camera based signal detection
* Low sample rate, Time delay integration

eGFP —'n-"

* Multiple fluorescence parameters possible l‘ el %
« Facilitates single EV analysis ]
« Highly quantitative

Gorgens et al, JEV 2019 Amnis Celistream



Multiplex Bead-based Assay for EV phenotyping

Up to 39 capture antibody beads

Flow cytometry
analysis

+ Detection

antibody (cocktail)
- - - P S
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Isolated exosomes or
cell culture supernatant

. Incubation over 1 h incubation,

. . night, washing washing

@) Dye-labeled capture antibody bead (4.8mm)
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Multiplex Bead-based Assay for EV phenotyping

HEK293T EVs
Up to 39 capture antibody beads + Detection Flow cytometry migG 1
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. Incubation over 1 h incubation,

‘ ‘ night, washing washing

@) Dye-labeled capture antibody bead (4.8mm)
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Multiplex Bead-based Assay: How many EVs are required per assay?
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Multiplex Bead-based Assay: Which sample types can be analyzed?

HEK293T pre-cleared CM, 0.22 pm filtered
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Comparison of EV surface signatures from different cell sources
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Usage of custom detection antibodies

PANC-1 cells
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Detection of injected human EVs in mice
A

MSC-Evs -V injection

blood collection
after 1 min/30 min

plasma
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B no EV control
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Multiplex Bead-based Flow Cytometry

A Up to 39 capture antibody beads

&71

Py

Isolated exosomes or
cell culture supernatant

B gating for single beads

ﬁir

Incubation over
night, washing

bead populations

Flow cytometry

+ Detection A
analysis

antibody (cocktail)
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Bead-based EV capture assay
39 multiplexed capture beads, antibody-based detection

Bulk EV assay, no single EV analysis

High throughput

R1-A (CD9/CD63/CD81-APC detection cocktail)

Can be used on most flow cytometers
Semiquantitative
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Single EV Imaging Flow Cytometry
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 CCD camera based signal detection
* Low sample rate, Time delay integration

eGFP —'n-"

* Multiple fluorescence parameters possible l‘ el %
« Facilitates single EV analysis ]
« Highly quantitative

Gorgens et al, JEV 2019 Amnis Celistream



Imaging Flow Cytometry — Amnis ImageStream X Mkl
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Submicron-Sized Beads as Reference Material
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Imaging Flow Cytometry: CD63-eGFP EVs as Biological Reference Material
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Imaging Flow Cytometry: CD63-eGFP EVs as Biological Reference Material
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Evaluation of SEV isolation protocols/EV Subset Detection in Unprocessed Samples
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Imaging Flow Cytometry: Staining of surface markers with antibodies

CD63-eGFP EVs
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Imaging Flow Cytometry: EV Heterogeneity
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Imaging Flow Cytometry: Absolute Fluorescence Quantification
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Multiplex Bead-based Flow Cytometry

A Up to 39 capture antibody beads
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Isolated exosomes or
cell culture supernatant

B gating for single beads
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Incubation over
night, washing

bead populations
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Single EV Imaging Flow Cytometry
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 CCD camera based signal detection
* Low sample rate, Time delay integration

eGFP —'n-"

* Multiple fluorescence parameters possible l‘ el %
« Facilitates single EV analysis ]
« Highly quantitative
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Outlook: Assessment of EV surface signatures in biological fluids

unprocessed CSF sample
A (input 3e7 EVs)
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Detection for all samples: CD9+CD63+CD81
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concentrated CSF sample
(input 1e8 EVs)
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Median APC fluorescence intensity

concentrated CSF sample
(input 3e8 EVs)

NN
Median APC fluorescence intensity

Wiklander,..., Gorgens, Frontiers in Immunology 2018
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