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What Are Exosomes?

Secreted membrane vesicles
Diameter: 30-100nm

Contain cytoplasmic components
Have a lipid bilayer

Originate from tumor cells, dendritic cells, lymphoid cells,
mesothelial cells, epithelial cells, or cells from different
tissues or organs

Secreted only by living cells
Located in various body fluids
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Cellular Vesicles (2)

« Spherical structures limited by a lipid bilayer
« 2 types:

— Carrier vesicles
« Strictly intracellular
» Contain material from the originating compartment

« Expose the cytoplasmic side of their parent at their outer
surface

— Membrane vesicles
« Expelled into the extracellular space
« Contain cytosol

« Expose the luminal side of the membrane to their outer
surface

* Miniature Cells



Feature*

Size
Density in sucrose

Appearance by

electron microscopy*

Sedimentation

Lipid composition

Main protein
markers

Intracellular origin
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Membrane Vesicles

Exosomes

50-100 nm
1.13-1.19 g/ml
Cup shape

100,000 g

Enriched in cholesterol,
sphingomyelin and
ceramide; contain

lipid rafts; expose
phosphatidylserine

Tetraspanins (CD63,
CD9), Alixand TSG101

Internal compartments
(endosomes)

Microvesicles

100-1,000 nm
ND

Irregular shape and
electron-dense

10,000 g

Expose
phosphatidylserine

Integrins, selectins

and CD40 ligand

Plasma membrane

Ectosomes

50-200 nm
ND

Bilamellar round
structures

160,000-200,000 g

Enrichedin
cholesterol and
diacylglycerol;
expose
phosphatidylserine

CR1 and proteolytic
enzymes; no CD63

Plasma membrane

Membrane
particles

50-80 nm
1.04-1.07 g/ml
Round

100,000-200,000g

ND

CD133;noCD63

Plasma membrane

Exosome-like
vesicles

20-50 nm
1.1g/ml

Irregular shape

175,000 g

Do not contain
lipid rafts

TNFRI

Internal
compartments?

Apoptotic
vesicles

50-500 nm
1.16-1.28 g/ml

Heterogeneous

1,200g, 10,0009
or 100,000 g

ND

Histones

ND



A Brief History of Exosome Di
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Abstract

Cultures from various nomal and neoplastic cell lines exfoliated vesicles with 5-nucleotidase activity
‘which reflected the ecto-enzyme activity of the parent monolayer culture. The ratio of §-nucleotidase to
ATPase activity in the microvesicles indicated that cellular ecto-ATPase was conserved in t exfolative:
process. Phospholipids of the microvesicles contained signifcantly increased amounts of sphingomyeiin
and total polyunsaturated fatty acids. It was concluded that the shedded vesicles constituted a select
porton of the piasma membrane. Exemination by electron microscopy showed the vesicles had an
average diameter of 500 to 1000 nm and often contained a second population of vesicles about 40 nm in
diameter. As much as 70% of the plasma membrane ecto5-nucleatidase activity of a culture was
released into the medium over a 24 period. Phosphoesterhycrolases flom G4 glioma or N-16
neuroblastoma microvesicles dephosphorylated cell surface constituents when in contact with monolayer
cutures. Exfolated membrane vesicles may serve a physiologic function; it is proposed that they be
referred to as exosomes
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Electron microscopic evidence for externalization of the transferrin receptor in
vesicular form in sheep reticulocytes
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Abstract

Using ferritin-labeled protein A and colloidal gold-labeled anti-rabbit IgG, the fate of the sheep
transferrin receptor has been followed microscopically during reticulocyte maturation in vitro. After a
few minutes of incubation at 37 degrees C, the receptor is found on the cell surface or in simple vesicles
of 100-200 nm, in which the receptor appears to line the limiting membrane of the vesicles. With time
(60 min or longer), ltivesicular elements (MVEs) appear mayreach 1-15
‘micron. Inside these large MVES are round bodies of ly 50-nm diam that bear the receptor
at their external surfaces. The limiting membrane of the large MVES is relatively free from receptor.
‘When the large MVES fuse with the plasma membrane, their contents, the 50-nm bodies, are released
into the medium. The 50-nm bodies appear to arise by budding from the limiting membrane of the
intracellular vesicles. Removal of surface receptor with pronase does not prevent exocytosis of
internalized receptor, It is proposed that the exocytosis of the approximately 50-nm bodies represents
the mechanism by which the transferrin receptor is shed during reticulocyte maturation.
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B lymphocytes secrete antigen-presenting vesicles
‘Copyright and License information b
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Abstract

Antigen-presenting cells contain a specialized late endocytic compartment, MIIC (major
‘histocompatibility complex [MHC] class II- enriched compartment), that harbors newly synthesized
MHC class I molecules in transit to the plasma membrane, MIICs have a limiting membrane enclosing
characteristic internal membrane vesicles. Both the limiting membrane and the internal vesicles contain
MHC class I1. In this study on B lymphoblastoid cell i microscop)
that the limiting membrane of MIICs can fuse directly with the plasma membrane, resulting in release
from the cells of internal MHC class II-containing vesicles. These secreted vesicles, named exosomes,
were isolated from the cell culture media by differential centrifugation followed by flotation on sucrose
density gradients. The overall surface protein composition of exosomes difered significantly from that of
the plasma membrane. Exosome-bound MHC class II was in a compact, peptide-bound conformation.
Metabolically labeled MHC class Il was released into the extracellular medium with relatively slow
Kinetics, 10 +/- 4% in 24 h, indicating that direct fusion of MIICs with the plasma membrane is not the
major pathway by which MHC class Il reaches the plasma membrane. Exosomes derived from both
‘human and murine B lymphocytes induced antigen-specific MHC class II-restricted T cell responses.
‘These data suggest a role for exosomes in antigen presentation in vivo.
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Receptor-mediated endocytosis of transferrin and recycling of the transferrin
receptor in rat reticulocytes
Copyig g Lorse nomain »
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Abstract

At 4 degrees C transferrin bound to receptors on the reticulocyte plasma membrane, and at 37 degrees C
receptor-mediated endocytosis of transferrin occurred. Uptake at 37 degrees C exceeded binding at 4
degrees C by 2.5-fold and saturated after 20-30 min. During uptake at 37 degrees C, bound transferrin
‘was internalized into a trypsin- resistant space. Trypsinization at 4 degrees C destroyed surface
receptors, but with subsequent incubation at 37 degrees C, surface receptors rapidly appeared (albeit in
reduced numbers), and uptake oceurred at a decreased level After endocytosis, transferin was released,
apparently intact, into th space. At 37 d Hloidal gold-transferrin (AuTf)
clustered in coated pits and then appeared inside various intracellular membrane-bounded
compartments. Small vesicles and tubules were abeled after short (5-10 min) incubations at 37 degrees
C. Larger multivesicular endosomes became heavily labeled after longer (20-35 min) incubations.

i fused with the plasma released their contents by
exocytosis. None of these organelles appeared to be lysosomal in nature, and 98% of intracellular AuTf
waslocalized in acid phosp i AUTS in, was released with
subsequent incubation at 37 degrees C. Freeze-dried and freeze-fractured reticulocytes confirmed the
distribution of AuTf in d revealed lath ted the
spectrin coating the inner surface of the plasma membrane. These data suggest that transferrin is
internalized via coated pits and vesicles and d transferrin and
back to the plasma membrane after endocytosis.
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Biogenesis

a Normal intracellular-budding events b Reverse intracellular-budding events

Endocytosis Virus Milk-fat globule
Secretion

Clathrin-coated
vesicle

* 0
|7

Transport vesicle —

—

Multivesicular
endosome

Extracellular/lumenal
@ domain
Cytosolic domain

Virion Cytosolic Transmembrane
lipid droplet  protein
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Structural Organization

Metabolism

Enzymes: *GAPDH,
*pyruvate kinase, o-enolase,
phosphoglycerate kinase 1
and peroxiredoxin 1

Adhesion
molecules

Lipid rafts

Protein synthesis: *EEFIA1, EEF2
and ADP ribosylation factor

Chaperone

MVB formation
Exosome

*ERM proteins T cell-stimulating
molecules

.ﬁ Others

Histone 2, histone 4,
complement factor MVP,
ferritin and atypically
secreted proteins

Signalling
molecules

Cytoskeleton

Membrane trafficking
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Interaction With Neighboring Cells

Exosome ~ MHC class Il
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N Antigen pro dpresentation
on endogenous MHC molecules

Recipient cell
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Biological Function

« Mediate intercellular communication

— Facilitate interaction between two cells without a direct cell-cell
contact

— Develop new adhesion features through binding to target cells

— Exchange membrane proteins and cytosol between cells

« Considered an alternative to lysosomal degradation

« Transfer of antigens from tumor cells to DCs



Physiological Roles (1

a Activating effects of secreted vesicles on immune cells

Source of Membrane Recipient cells Effects
membrane vesicles MHC class |
vesicles Direct antigen Pathogen O
| resentation Antigen transfer
TCR - O . andtlﬁ'laturation
rosenss MHC CD8"Tcell Infected O
OO class | ‘ - macrophage Exosomes Immature DC
. —_— Direct ant.lgen
O presentation
O ) —_— Antigen transfer
Primed CD4* T cell _
N, ! el O
a Indirect antigen Exosomes
MHC and = presentation HSP
antigen ot Tumour c? _’O ?
transfer
NK cell
Indirect antigen Heat shock HSP
i —O» @
Naive CD4° T cell
Microvesicles Macrophage
oo . 9%0 =2 Aetvaton
— O —_— and antibody
O O O production
Platelets o
Exosomes - B cell
O O ()osomes TN TNFR
Direct antigen Resistance
O presentation @ OO to AICD
O O Fibroblast
B cell Primed CD4"T cell Primed CD4*T cell
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Physiological Roles (2

b Inhibitory effects of secreted vesicles on immune cells

Source of Membrane Recipient cells Effects
membrane vesicles

vesicles Primed Effector
O CD4* T cell CD4* T cell

activation

Inhibition of

DC Unknown
CD8" T cell

NKG2D Inhibition of

ligand cytotoxic
SO =
—
NKG2D NK cell

Promotion of
regulatory

Exosomes and activity

microvesicles Regulatory CD4" T cell

Inhibition of
differentiation

into DCs
Tumour cell

Differentiation
into MDSCs

T cell killing

T cell killing
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Exosomes in Immune Responses




Importance

Functional roles: cellular communication, immune
system modulation and tumor progression.

— transfer RNAs including mRNA and microRNA as well as protein
to neighboring cells

Circulating exosome levels have also been found to be
elevated in diseased states such as ovarian cancer, lung
cancer, and melanoma

Exosomal load assessment and exosomal molecular

profiling may be used for disease detection and
monitoring.
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exRNAs
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exRNASs

« RNA molecules found in exosomes

« Some are specific to exosomes and not found in the

parent cell

LETTERS

nature
cell biology

Multivesicular bodies associate with components of
MIRNA effector complexes and modulate miRNA activity

Derrick J. Gibbings', Constance Ciaudo', Mathieu Erhardt' and Olivier Voinnet"?

nature
cell biology

Exosome-mediated transfer of mMRNAs and microRNAs
is a novel mechanism of genetic exchange between cells

Hadi Valadi'?, Karin Ekstrom'?, Apostolos Bossios', Margareta Sjostrand’, James J. Lee? and Jan O. Lotvall>*




ExoCarta

« Database of exosomal proteins, RNAs and lipids

— 146 studies

— 133383 protein entries — 4563 different proteins
— 2375 mRNA entries — 1639 mRNAs

— 764 miRNA

— 194 lipid entries
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Why Study Exosomes &
exXRNAs?

» Exosome release is exacerbated in tumor cells
« ex-miRNA from tumor exosomes are parent cell specific

« mIiRNA profiling of circulating tumor exosomes could
potentially be used as surrogate diagnostic markers for
biopsy profiling, extending its utility to screening
asymptomatic populations



Exosomes, exBRNAs & Cancer

Ovarian Cancer

. Malignant ascites-derived exosomes of ovarian carcinoma patients contain CD24 and EpCAM. Gynecol Oncl.
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Prostate Cancer
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. MicroRNA signatures of tumor-derived exosomes as diagnostic biomarkers of ovarian cancer. Gynecol Oncol.
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THANK YOU!



