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The field of exosome research has seen 
renewed interest in recent years, particu-
larly in the realm of disease biomarkers. 
Such small vesicles are composed of a sub-
proteome of the originating cell, enriched 
in many immunologically-relevant anti-
gens, and also harbor an enriched set of 
certain mRNA and micro-RNA’s. Hence 
substantive information about the parent 
cell status can be gained through relatively 
non-invasive methods, by analyzing exo-
somes present in urine1 or in plasma.

Whilst the concept of using exosomes 
as a “liquid biopsy” continues to evolve 
at some pace, it is important not to loose 
sight of some fundamental questions sur-
rounding these vesicles, principally; what 
are their biological functions? And what 
are the molecular mechanism(s) underly-
ing these?

Some of our earliest experiments in the 
realm of exosome-function(s) provided 
us with some striking results, suggest-
ing these vesicles have some considerable 
impact on immune effector cells. For 
example the potent proliferative responses 
of lymphocytes to a variety of mitogens 
including PHA, MLR CD3/CD28 cross-
linking (our unpublished observations) or 
IL-2,2 could be essentially abolished in the 
presence of cancer cell derived exosomes. 
Exosomes from solid tumors like pleural 
malignant mesothelioma, prostate cancer 
and others exhibited this anti-proliferative 
property. Whilst a precise mechanistic 
explanation for this observation has not 
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been fully elucidated, this exosome-driven 
inhibitory effect was completely lost when 
fractionating cells into pure CD8+ T cells, 
but was fully retained within pure CD4+ 
T cells. One possible explanation there-
fore was the exosome-mediated activa-
tion of a CD4+ suppressor cell population, 
capable of influencing effector T cells of 
either subset. We revealed an elevation 
in the proportion of regulatory T cells 
(CD4+CD25hiFoxp3+) following exosome 
treatment, with a corresponding potent 
elevation in their suppressor function as 
a result. Cancer exosomes can therefore 
recruit regulatory T cells, and limit the 
proliferative expansion of effector T cells.2 
How exosomes achieve regulatory T cell 
activation is not yet definitively under-
stood, but is a phenomenon independent 
of MHC Class-II expression, requir-
ing instead TGFβ which is expressed by 
some cancer cell line derived exosomes,2,3 
and expressed by exosomes isolated from 
tumor effusions.4

Ultracentrifugation of exosomes on 
continuous sucrose gradients reveal that 
TGFβ and commonly used exosomal 
markers like TSG101, co-isolate at classi-
cal exosome densities of around 1.1–1.2 g/
ml.3 We found that TGFβ is tethered to 
the exosomal surface through association 
with the heparan sulphate proteoglycan; 
betaglycan (TGFβ-Receptor-III). This 
is predominantly (98%) latent-TGFβ 
which nevertheless remains fully available 
to recipient cells for activating SMAD 

dependent and independent signalling.3 
Blocking exosomal-TGFβ can abrogate 
their anti-proliferative influence over IL-2 
stimulated lymphocytes, and some evi-
dence suggests when comparing exosomal-
TGFβ with soluble-TGFβ at matched 
doses, the former exhibits significantly 
higher functional potency.2,3

Regulatory T cells however are cer-
tainly not the only target of cancer-exo-
somes. Cytotoxic cells including NK cells 
and CD8+ T cells are also subject to func-
tional modulation by such exosomes. One 
targeting mechanism is through expres-
sion of membrane associated NKG2D 
ligands by cancer exosomes,5 which 
deliver exosomes to the surface of such 
effector cells and trigger a selective down-
regulation of NKG2D. Thus this critically 
important innate activation molecule is 
suppressed, with a concomitant decrease 
in IFNγ production and cytotoxic func-
tion as a result.4

Several other groups have also docu-
mented important mechanisms whereby 
cancer exosomes may interfere with cor-
rect immune function(s), through expres-
sion of ligands like galectin-9 or CD95L 
(as reviewed in ref. 6). Surprisingly, how-
ever, direct physical interaction between 
exosomes and immune cells may not 
always be needed in order for exosomes to 
exert a modulating influence. Proteomic 
analyses of exosomes from diverse can-
cer sources, reveal that they seem replete 
with enzymes.7 This poses an intriguing 

Exosomes are small vesicles secreted in relative abundance by cancer cells, which may prove useful as disease markers. 
However, exosomes also exhibit potent functions; modulating the behavior of immune- and other cells. Bridging our 
understanding of their molecular phenotype and functional mechanisms will provide key insight into their importance 
in cancer.
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effusions, as well as from several cultured 
cell lines. Elevated adenosine within can-
cerous microenvironments can attenuate 
several effector T cell functions by signal-
ing through the adenosine A

2A
-receptor. 

Hence exosomes have the capacity to 

exosomes, that may be driven sequentially 
by surface bound CD39 and CD73 and 
likely also other exosomal constituents, to 
form adenosine.8 Like TGFβ expression, 
this is indeed a property which is present 
on exosomes isolated directly from tumor 

possibility whereby exosomes may modu-
late the environment through the action 
of such enzymes; through diminished 
substrates or accumulating product(s). 
One example of this includes observa-
tions of the ATP-hydrolytic activity of 

Figure 1. Cancer derived exosomes, some key features and functions. Exosomes are nano-meter sized vesicular structures, typically under 100 
nm diameter. They comprise an assortment of membrane associated and intra-luminal proteins, including tetraspanins, heat shock proteins, MHC 
molecules and others. The lipid bi-layer membrane is cholesterol and ceramide rich. The lumen contains protected mRNA and miRNA and likely other 
non-coding RNA’s. Ligands of NKG2D together with membrane-associated TGFβ1 can downregulate cytotoxic cell NKG2D expression and attenuate 
NKG2D-dependent target cell recognition, cytokine production and cytolysis (A). TGFβ1 also plays an important role in activating regulatory T cell 
phenotype and function (B). Non-immune cells like fibroblasts are also influenced by exosomal-TGFβ1, differentiating into a pro-inflammatory myofi-
broblastic cell (C). Enzymes within, or on the exosome surface may alter environmental substrates, forming products like adenosine that attenuate T 
cell functions (D).
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Future proteomics, RNA-arrays and 
metabolomics data sets will undoubtedly 
provide a wealth of information about 
the composition of exosomes, but such a 
focus may risk loosing sight of the basic 
questions posed early in this commentary; 
namely what do exosomes do? and how do 
they do it? Greater insight into exosome-
driven mechanisms of immune-modula-
tion and other contributory pathological 
processes will be important for defining 
truly disease-relevant biomarkers, and for 
highlighting novel pathways or processes 
rife for future therapeutic interventions.
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