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exosomes : a subtype of secreted membrane vesicles

originating from late endosomes
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exosomes : a means for antigen-presenting cells to

communicate immune signals EX0SOMes
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B-EBV, DC: MHCII-pept presentation .
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protein composition of a « canonical » exosome

Enzymes:

GAPDH, Pyruvate kinase,
aEnolase,
Phosphoglycerate kinase 1,
Peroxiredoxin 1

Protein synthesis :

Eflal, eEF2, AD

Alix, |clathrin,
Tsgl101,|Ubiquitin

Actin, Tubulin
Ezrin, Moesin,
Radixin, Cofilin 1
myosin

Annexins (1, 2,4, 5, 6, 11)
Rab (2, 7, 10, 11B),
Rab GDI, Rap1B

compilation of proteomic studies 1999-2010:

http://microvesicles.org

Targeting / adhesion

Integrin Tp'rraqpaninq
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chaperones

14-3-3, Ga,
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(final: 100,00009)

T cell stimulating
molecules

N\ MHCII
MHC |

MVB formation

cytoskeleton

others

membrane
wfrafficking

N

Hsc70,|Hsp90
cyclophilin A

Transmembrane
molecules

CD26/Dipeptidylpeptidase
CD13/Aminopeptidase

ATPase Na+/K+ transporting
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Histone 2/4, Complement
factor, MVP, ferritin,

atypically secreted

proteins

Chaput and Theéry, Semin Immunopathol. 2011



Tumors secrete exosomes with various proposed
functions (in vitro experiments)

ANTI-TUMORAL PRO-TUMORAL

Antigen transfer to DCs
aT cell activation
Wolfers, J. 2001; Andre, F. 2002,
Zeelenberg, I. 2008

Inhibition of DC differentiation

from myeloid precursors,
Yu,S. 2007

TUMOR-DERIVED
EXOSOMES

Inhibition of NK cells

cytotoxic activity
Liu,C. 2006; Clayton,A. 2008

Inhibition of T cells :

Or other vesicles
- decreased proliferation
Clayton,A. 2007

f \ / /KGZD L I
-TGFb
\,\N\ __-FasLor _l
/ Galectin 9 T cell killing
- 111
Heat-sh treat t KGZD L
eat-shock treatmen Andreola, G. 2002; Huber, V. 2005

® Hsc70 -
TGFb - decreased cytotoxic

activity
@ PGE2 Clayton,A. 2008; Kilibi, J. 2009
TGFb _
Promotion of Treg
@ ’ Clayton,A. 2007

Activati £ NK cell Transfer of RNAs and protelns
(;A\éar;l(;rc]:r?)phagcees S into recipient cells (other ,
Vega, V.L. 2008; Gastpar, R tumor or endothelial cells, Promotion of MDSCs

2005 ' bone marrow progenitors...). Xiang, X 2009; Chalmin F. 2010
Ratajczak, J. 2006; Valadi, H. 2007

Al Nedawi, K. 2008; Peinado, H. 2012 Bobrie et a|’ Trafﬁc 2011




Proposed use of tumor exosomes (or other membrane
vesicles) and/or their RNA as circulating biomarkers in
cancer

Exosomes in biofluids:
Tumor ascites (Andre 2002), blood (Caby 2005), urine (Pisitkun 2004),
saliva (Ogawa 2008)...

Increased amount of membrane vesicles or tumor-derived
membrane proteins in blood of cancer patients:
ovarian/endometrial cancer (Taylor 2002), glioblastoma (Skog 2008),

nasopharyngeal carcinoma (Klibi 2009), melanoma (Logozzi 2009,
Peinado 2012)

MRNA and miRNA in exosomes purified from normal cells (valadi
2007) and from blood including in cancer patients (Skog 2008)

MIRNA signature in circulating exosomes from cancer patients ?



Exosomes / Other secreted vesicles / mIRNA as
circulating cancer biomarkers

MIRNA signature in circulating exosomes from cancer
patients ?

Circulating miIRNA can be associated to
exosomes/membrane vesicles, but also to protein (Arroyo 2011)
or lipoprotein (Vickers 2011) complexes

Vesicles in blood circulation have been studied for 30 years:
microparticles, shed membrane vesicles, microvesicles,
exosomes...

Question: Are all these vesicles identical ?

Approach: to identify intracellular molecular mechanisms of
extracellular vesicle secretion



Screening a library of shRNA inhibiting expression of
RAB genes : a role for RAB27A and RAB27B In
exosome secretion by HelLa-CIITA

exosomes
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Ostrowski et al, Nature Cell Biol 2010




Conclusions

|dentification of RAB27A/B as crucial players in spontaneous
secretion of exosomes by HelLa-CIITA cells

RAB27A/B are known to be involved in regulated exocytosis
of secretory granules and lysosome-like compartments =
compartments of endosomal (or mixed) nature

new experimental evidence of endosomal origin of exosomes

use of these results for in vivo studies of exosome functions:

role of Rab27a/b in exosome secretion by other cells?
analysis of mouse tumor cells



Effect of inhibition of Rab27a or Rab27b on exosome
secretion by mouse mammary tumor cells (471, TS/A)

Infection with
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Inhibition of Rab27a (but not Rab27b) decreases
secretion of “endosomal” exosome markers by 4T1

AT1 ctrl sh27a sh27b
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iInhibition of Rab27a (or Rab27b) does not decrease
secretion of CD9 and Mfge8 in mouse exosomes
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Diverse subpopulations of vesicles secreted by
different intracellular mechanisms are co-purified by
the currently used protocols
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Vesicles purified from a human tumor (HelLa) and
human Dendritic Cells display very different size
distribution and protein composition (CD63/MHC II)
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New Challenges for use of exosomes in biological
fluids of cancer patients as diagnostic or prognostic

marker:

Vesicles purified from blood are of various cellular (tumor
cells, endothelial cells, immune cells) AND intracellular origins

==> \What Is the precise protein and nucleic acid
composition of the different subtypes of vesicles?

==> D0 some or all (or none!) of them have a value as
diagnostic or prognostic marker?

== Are some of them of better efficacy as therapeutic
tools?

Need to re-establish purification and characterization of vesicles
Isolated from biological fluids of patients
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September 2011
creation of a new International scientific Society
dedicated to microvesicles, exosomes, ectosomes and
other Extracellular Vesicles

|SEV WWW.ISeV.org

INTERNATIONAL SOCIETY FOR
. EXTRACELLULAR VESICLES

Annual Meeting of ISEV : April 2012 (G06teborg, Sweden),
April 2013 (Boston, USA), April-May 2014 (Rotterdam, NL)
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Exosome purification from a cell culture supernatant :
differential ultracentrifugation

Culture supernatant (24h to 72h)

\

@ 300g, 10°
pellet = cells
supernatant
‘/J @ 1,200g, 10°
pellet = dead cells

supernatant

@ 10,000g, 30°
pellet = large vesicles

-\

super atant
l@ 100,000g, >1h

Flotation on,— Pellet = exosomes + contaminating proteins (aggregates)

sucrose wash in PBS l @ 100,000g, >1h
(30% cushionor _—

. ellet = exosomes +7?
gradient) P

Thery et al, Current Protoc Cell Biol 2006



CD9, CD63 and Mfge8 display subtly different patterns
of floatation on sucrose gradients

the 1.14 g/ml fraction is reduced upon Rab27a inhibition

U {L Exos 4T1 Ctrl

- < © © O © g/ml
%::Frmﬁﬁgsucrose

g/ml

sucrose
1,03 16 h

A 200,000g

- - C.3 -

1,26

S
100,000g pellet

Floatation of exosome pellet
Into a sucrose gradient to Exos 4T1 shRab27a

improve purification |

Bobrie, Colombo et al, J Extracellular Vesicles 2012, 1: 18397




Rab27a inhibition decreases exosome-independent
secretion of a matrix metalloproteinase (MMP9) by 4T1

MMP9 secretion In

MMP9 secretion by 4T1- supernatant (SN), SN
Scrand 4T1-sh27a depleted of exosomes (SN-E)

and Exosomes (Exo)
A0000- *r 20000-
- 40000+

= 30000 o
> 3 % 30000+
% o 20000 = 200001
2 10000- 10000-
H— . 0-
Scor sh? a3 Cells SN SN-E Exo

Bobrie et al, Cancer Res 2012



Conclusion: Rab27a promotes exosome-dependent
and-independent mechanisms that modify the tumor

microenvironment and can promote tumor progression
Rab27a-dependent
Exosomes

Neutrophils

4T1 (but not TS/A)
mammary
carcinoma

Tumor growth

ﬁ Metastases

Bobrie and Théry, Biochem Soc Trans 2013
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