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• What are Exosomes? 
 

• Function and Application of Exosomes 
 

• Research tools for study of Exosomes 
  - Isolation 

  - Purification 

  - Detection 

  - Quantitation 

  - Discovery 

  - Engineering & Delivery 

Outline 
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Extracellular Vesicles (EVs) 

• Size: 100-1000 nm 

• Markers: integrins, 

selectins & cell 

specific markers 

• Size: 30-100 nm 

• Markers: Rab5, 

CD63, CD9, CD81 

 

• Size: 1-5 um 
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Exosome Features 
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• Size: 30-100nm vesicles  
• Secreted by a wide range of cells 
• Composition depends on cell of origin  
- Biomolecules : Proteins: membrane bound & free, enzymes, RNAs: 
coding RNAs & ncRNAs 

Batiz. et al. Front. Cell Neurosc. 2016 



Why are exosome Important? 

 Mediate intercellular communication in both physiological 
and pathological conditions (cancer, inflammation, immunity, 
CNS function, cardiac cell function) 
 

 Discover exosome-associated biomarkers and develop 
targeted diagnostics 
 

 Potential therapeutic vehicles in disease for targeted drug 
delivery 
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Exosomes & other EVs in Cell-to-Cell Communication 

Isola. et al. Curr. Neuropharm. 2017 



Why are exosome Important? 

 Mediate intercellular communication in both physiological 
and pathological conditions (cancer, inflammation, immunity, 
CNS function, cardiac cell function) 
 

 Discover exosome-associated biomarkers and develop 
targeted diagnostics 
 

 Potential therapeutic vehicles in disease for targeted drug 
delivery 
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Biomarkers and targeted diagnostics 
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Why are exosome Important? 

 Mediate intercellular communication in both physiological 
and pathological conditions (cancer, inflammation, immunity, 
CNS function, cardiac cell function) 
 

 Discover exosome-associated biomarkers and develop 
targeted diagnostics 
 

 Potential therapeutic vehicles in disease for targeted drug 
delivery 
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Exosomes as drug delivery agent 
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• Load chemotherapeutic agents, siRNAs, and miRNAs 

 Saari, H. et al. J. Control. Release 220, 727–737 (2015).  

LNCaP and 
PC3 prostate 
cancer cells  

• PtX-loaded EVs were prepared by incubating 1 × 108–
5 × 109 EVs/mL in 1 mL of 5 μM PtX-DPBS solution for 1 h at 22 °C. 
 

• Trypsin-treated PtX-EVs, 0.25% trypsin was added to the samples 
and incubated at 37 °C for 30 min. 
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• Package active proteins, nucleic acid, and other active molecules into exosomes, 
where cells are transfected with an engineered  effector-expressing  vector. 

Nature Biotechnology volume29, pages341–345 (2011) 

Exosomes as drug delivery agent 
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Exosome Research Tools 



Exosome Isolation 

General: total EVs  

Marker-specific: subpopulation 

• Ultracentrifugation 

• Polymer-based (ExoQuick family) 

• Filtration (membrane-based or SEC 

columns) 

• Affinity-based 
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General Isolation Methods 

Traditional method 

Ultracentrifugation 

SBI’s polymer-based  method 

ExoQuick Family 
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Product Biofluid 

Original 
ExoQuick 

Serum, plasma & ascites 

ExoQuick-TC All other biofluids & cell culture 
medium 

Exo-Quick-LP Removes lipoproteins from 
plasma/serum 

ExoQuick 
Plasma prep 

De-fibrinates plasma before 
exosome isolation 

ExoQuick-CG Preparing exosomes used in pre-
clinical in vivo applications 

ExoQuick-TC 
ULTRA 

Sensitive applications, e.g. mass 
spec, exosome labelling, in vivo/ex 
vivo delivery 



How to Use ExoQuick & ExoQuick-TC? 

ExoQuick-TC Solution 

15 40-200 nm 

• No time-consuming ultracentrifugation 
• Efficient with low sample volumes (as 

little as 100 µl) 



ExoQuick/ ExoQuick TC ULTRA 
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• Reduces protein carryover 
• Increases purity for downstream 

protein detection applications (mass 
spectrometry, western blotting) 



17 

Capturem Exosome Isolation Kit (Cell Culture)  



Exosome Isolation 

General: total EVs  

Marker-specific: subpopulation 

• Ultracentrifugation 

• Polymer-based (ExoQuick family) 

• Filtration (membrane-based or SEC 

columns) 

• Affinity-based 
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Exosome Surface Marker isolation : ExoFlow IP 

19 

+ Biotin-Conjugated  
Primary Ab 

Streptavidin coated 
magnetic beads 

+ EVs 

+ Fluorescent Dye 
(Exo-FITC) 

FACS 

IP 
No Dye 
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Affinity Isolation: ExoFlow  
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Outer Membrane Vesicles  

ExoBacteriaTM OMV Isolation Kit 
• Fast— go from cultured bacterial media to purified OMV in less than 1 
hour 
• Simple—easy-to-setup, innovative precipitation-free, ion-exchange 
chromatography system (containing a proprietary capture resin + gravity 
column) 
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Exosome Research Tools 



EV Characterization: MISEV 
Minimal experimental requirements for definition of EVs 

 
General characterization: 

• ≥ 3 positive protein markers of EVs, being at least 1  
a) transmembrane/lipid-bound protein 
b) cytosolic protein 

• ≥1 negative protein marker 
 
Characterization of single vesicles (Count & Size):  
• Use 2 different but complementary techniques i.e: 

a) electron or atomic force microscopy  
b) single particle tracking (NTA) 

 
 

Lotvall et al. JEV, 2014 



Marker identification 

Exo-Check Antibody Array 

Antibodies 
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ExoFlow-ONE: Fluorescence-based EV Detection 

• Specific fluorescence-based FACS detection of EVs, including exosomes  

• Can be used on its own: near single EV resolution (based on the instrument) 

• Can be combined with conjugated-primary antibody tagging 
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APC-conjugated Ab  
for cell adhesion protein 

PE-conjugated Ab 
 for MØ  membrane protein 



Quantitation & size distribution 

Assay Detection EV size EV count SBI 

Bradford/BCA 
Protein 
determination 

- - - 

ELISA – EV marker Antibody - 
+ subpopulation 

 (if standard curve 
used) 

Exo-ELISA 
Exo-ELISA 

ULTRA 

AChE activity Enzymatic reaction 
- 
 

+ 
 (if standard curve 

used) 

EXOCET 
FLUOROCET 

Transmission 
Electron 
Microscopy (TEM) 

Imaging + - - 

Nanoparticle 
Tracking Analysis 
(NTA) 

Particle tracking + + Exo-Glow NTA 



Exosome Quantification 

Kit  ExoELISA-ULTRA ExoELISA EXOCET FluoroCet 

Use 
For fast and sensitive 

antibody-based detection 
of exosomes 

For sensitive detection 
of exosomes when time 

is not limiting 

For fast quantitation of 
extracellular vesicles 

with moderate sample 
input requirements 

For the most sensitive 
detection of extracellular 

vesicles with very low 
sample input 
requirements 

Chemistry Enzymatic, antibody Enzymatic, antibody Enzymatic, colorimetric Enzymatic, Fluorescent 

Protocol 
Time 

4 hours  
(no overnight incubation) 

24 hours 20 min 20 min 

Input 
Amount 

1-200 µg protein 
equivalent 

>500 µg protein 
equivalent 

50 µg protein equivalent <1 µg protein equivalent 

Antibody-based : ExoELISA, ExoELISA-ULTRA Activity-Based: EXOCET, FluoroCet 

Acetyl-CoA Acetylcholinesterase (AChE) 

CD63 
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Assay Detection EV size EV count SBI 

Bradford/BCA 
Protein 
determination 

- - - 

ELISA – EV marker Antibody - 
+ subpopulation 

 (if standard curve 
used) 

Exo-ELISA 
Exo-ELISA 

ULTRA 

AChE activity Enzymatic reaction 
- 
 

+ 
 (if standard curve 

used) 

EXOCET 
FLUOROCET 

Transmission 
Electron 
Microscopy (TEM) 

Imaging + - - 

Nanoparticle 
Tracking Analysis 
(NTA) 

Particle tracking + + Exo-Glow NTA 

Quantitation & size distribution 



EV Size Distribution & Quantitation: NTA 

• Conventional NTA allows  
- Count of EVs/mL 
- EV size distribution 

Non-EVs 

(cell debris) 

Intact EVs 

• Fluorescent NTA (ExoGlowTM-NTA 
Fluorescent Labeling Kit) allows 

- Discrimination of intact Evs 
- More accurate & reliable : Count of EVs/mL, 

EV size distribution 



Nanoparticle Tracking Analysis-ZetaView 

Visualize 

Inject 

Measure 

Zeta  
Potential  

Count 

Size 

Fluorescence 
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Exosome Research Tools 
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• No sample splitting 

• Enables simultaneous detection of 
cfDNA and exosomal biomarkers 

• Compatible with downstream 
applications, e.g. qPCR, NGS 

 
Good Quality and Yield of cfDNA 

cfDNA and exosomal DNA Isolation 

XCF™ COMPLETE Exosome & cfDNA Isolation 
Kits 
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Exosome miRNA Analysis 

Exosomal RNA-Seq- SMARTer®  smRNA-
Seq Kit for Illumina® 
• Flexible sample inputs - 1 ng–2 µg of 

total RNA or enriched small RNA 
• Illumina-ready sequencing libraries 
 

Exosomal RNA qPCR-SeraMir Exosome RNA 
Purification Kit 
• Increase sensitivity - amplify exoRNAs for 

qPCR  
• Gain more data - use T7 IVT amplified 

sense exoRNAs for microarrays and 
NextGen sequencing 
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Exosomal Proteomics-Mass Spec 

ExoMS™ Surface/Total Protein Capture Kit  

• The only commercially available kit that specifically captures exosome surface 
membrane and total proteins  

• Go from isolated sample to LC/MS in less than 5 hours 

•  two-step biotinylation and bead capture method  

Low residual protein carryover 

Exosome protein Analysis 
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Exosome standards  

• Lyophilized and purified exosomes which are purified by TFF, SEC and 
microfiltration 

• Standardized positive controls for different analysis, e.g protein marker, 
nucleic acid 
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Exosome Research Tools 
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Confirming Exosome Uptake in Recipient Cells 

? 



• Ability to track and localize EVs 

 

• ExoGlow Protein: Membrane 
permeable, non-fluorescent dye is 
activated upon EV internalization by 
enzymatic conversion to a fluorescent 
moiety 

 

• ExoGlow RNA: mRNA detection probe, 
polyT-fluorescent moiety  

 

• ExoGlow Membrane : highly specific 
membrane sensor, requires a charge 
potential in order for them to fluoresce 
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ExoGlow -Protein/RNA/Membrane EV  
Labeling Kit 

ExoGlow P- Blue 

ExoGlow P- Green 

ExoGlow P- Red 
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Exosome Research Tools 
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• Load chemotherapeutic agents, 
siRNAs, and miRNAs 

Transfection 
Incubation 
Electroporation 

EVs 

Therapeutic Drug Carriers  

• Novel nucleic acid transfer agent  

EV-Entry System for Exosome Delivery 

• Boosts the delivery of both RNA and protein 
cargo 
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Transfection 

• Package active proteins, nucleic 
acid, and other active molecules 
into exosomes, where cells are 
transfected with an engineered  
effector-expressing  vector. 

 
1. Targeting System 
- XSTAMP 
 
2. Packaging System 
- XMIR/AXMIR and XPACK 
 

Therapeutic Drug Carriers  



Targeting Systems 

XStamp™ Exosome Targeting  
• Engineer exosome surfaces for protein ligand 

display 

42 

MFG-E8 Localizes to Exosome Surfaces (C1C2 domain) 

(motilin receptor negative) (motilin receptor positive) 



Packaging Systems 

XMIR, AXMIR and XMIRXpress exosome RNA packaging systems 

• Package miRNAs into Exosomes 
•“XMotif RNA Sequence” 
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Packaging Systems 

XPack™ Exosome Protein Engineering 
• Tag fusion proteins for incorporation into secreted exosomes 
• “XPack peptide sequence” 

CDKN18: a cell cycle inhibitor protein 
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Thank you for your attention 
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