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Short Communication

Exosomes are cell-secreted nanovesicles (70-150 nm diameters) of
endosomal origin (Figure 1) [1]. They have recently aroused a great
interest in the scientific and clinical community for their roles in
intercellular communication in almost all physiological and
pathological processes [2-5]. All cells can secrete exosomes and the
released exosomes share with the parent cell a similar lipid bilayer with
transmembrane proteins and a panel of enclosed soluble proteins and
RNAs [6,7]. The tightly controlled secretion process is being
deciphered. For instance, it has been shown that the release of
exosomes and microvesicles from adipocytes is significantly reduced
upon inhibition of histone H3 lysine9 methyltransferase G9a and
histone H3 lysine4 demethylase LSD1 [8]. This observation indicates
that both H3K9me2 and H3K4me3 might be essential for the secretion
of exosomes in mammalian cells. Interestingly, as a recent article
revealed, histone methyltransferase G9a also maintains DNA
methylation at imprinted loci with its G9a-like protein partner in
embryonic stem cells, indicating that aberrant distribution of DNA
methylation might also affect the secretion of exosomes [9]. Surface
receptors allow the targeting and capture of exosomes by recipient
cells, while the exosomes’ content can modify the physiological state of
recipient cells. Thus, exosomes may be further investigated to confirm
their potential: (i) as biomarker in various diseases to facilitate the
diagnosis of disorders prior to health deterioration and/or (ii) as
targets to be inhibited or eliminated to improve patients’ health
[10-14].

We and others previously demonstrated in vitro and in vivo that
although all tumor cells secrete exosomes with heat shock protein-70
(HSP70) in their membrane, non-cancerous cells do not. It has been
shown that HSPs are able to associate to toll-like receptors (TLR). For
instance, in some cells, HSP70 can associate to TRL4 while HSP27
binds to TLR3 [15-17]. In “Restoring anticancer immune response by
targeting tumor-derived exosomes with a HSP70 peptide aptamer” we
show that exosomes, via HSP70 expressed in their membrane, are able
to interact with TLR2 on myeloid derived suppressive cells (MDSC)
thus activating them [18]. These cells play a major role in cancer
progression, so we investigated whether inhibition of HSP70 on the
exosomes could actually restore an anti-cancer immune response [19].
To this end, we developed a high-affinity peptide aptamer, called A8,
which binds to the extracellular domain of membrane-bound HSP70
[20,21].
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Figure 1: Schematic representation of exosome biogenesis and
secretion: exosomes are formed by budding into early endosomes
and multi-vesicular bodies. These can either fuse with lysosomes for
degradation or with the plasma membrane where they release their
content into the extracellular medium. Hence, exosomes share with
the parent cell a similar lipid bilayer with transmembrane proteins
and a panel of enclosed soluble proteins as well as RNAs. The well-
controlled process of biogenesis, transport and secretion requires a
panel of actors that are currently being identified.

We used different techniques (including nanoparticle tracking
analysis (NTA) and biolayer interferometry (BLI)) to show that
membrane HSP70 in exosomes binds to A8 with higher affinity than to
TRL2. We demonstrate that by doing so, A8 can block the ability of
HSP70-exosomes to activate MDSC. In vivo, a decrease in MDSC
induced by A8 is associated to an efficient anti-tumor response.
Indeed, activated MDSC inhibits T-cells. As a consequence, there is an
inhibition in the anti-tumor immune response notably less intra-tumor
infiltration of cytotoxic T-cells and macrophages and these intra-tumor
immune cells infiltration are associated to tumor regression.
Concerning cytokines secretion, IFN-gamma is also strongly inhibited
by MDSC activated by tumor-derived exosomes. It would be
interesting to study the involvement of Treg cells in the pro-tumor
effect induced by tumor-derived exosomes and MDSC.
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Further, we demonstrate that the release of HSP70-exosomes seems
a general feature of cancer cells (but not of “normal” non-cancerous
cells) and that they can be easily quantified from cancer patients’
urines and blood samples using A8 as a ligand in a BLI biolayer
interferometry approach. Altogether, we demonstrate using our A8
peptide aptamer that exosomes expressing HSP70 in their membrane
can be detected and targeted in a theranostic approach.

These results contribute to open many perspectives for researchers
working not only in cancer therapy but also in diagnosis. Indeed, the
main advantage of quantifying tumor-derived exosomes compared to
circulating tumor cells (CTCs) is that exosomes are found in large
amounts compared to CTCs and that exosomes can be quantified non-
invasively in urines [22]. To move beyond the proof of principle that
tumor-derived exosomes (HSP70-exosomes) can be quantified and
might be interesting to follow up cancer patients, we have started a
prospective study with the anticancer Centre Georges-Frangois Leclerc
(CGFL, Dijon, France) in breast and lung cancer aiming at
determining whether the presence of HSP70-exosomes is predictive of
the patients’ outcome and whether their detection precedes CTCs and
the apparition of metastases.

There is no doubt that even if there are many key questions
remaining to be answered, the relatively young field of exosomes is
gaining greater interest within the scientific and medical communities

[5].

Acknowledgements

This work was supported by the Institut National du Cancer, the
Agence Nationale de la Recherche, the Conseil Regional de Bourgogne,
La Ligue Nationale contre le Cancer, the “Association pour la
Recherche sur le Cancer” (ARC), the French Government grant
managed by the French National Research Agency under the program
“Investissements d’Avenir” with reference ANR-11-LABX-0021 (LabEX
LipSTIC), the FEDER, the BQR and the PARI Nano2Bio.

Conflict of Interest

GM, JG, RS and CG declare competing financial interests.

References

1. Kowal J, Tkach M, Théry C (2014) Biogenesis and secretion of exosomes.
Curr Opin Cell Biol 29: 116-125.

2. Raposo G, Stoorvogel W (2013) Extracellular vesicles: exosomes,
microvesicles, and friends. J Cell Biol 200: 373-383.

3. Valadi H, Ekstrom K, Bossios A, Sjostrand M, Lee JJ, et al. (2007) Exosome-
mediated transfer of mRNAs and microRNAs is a novel mechanism of
genetic exchange between cells. Nat Cell Biol 9: 654-659.

4. Théry C, Ostrowski M, Segura E (2009) Membrane vesicles as conveyors of
immune responses. Nat Rev Immunol 9: 581-593.

This article was originally published in a special issue, entitled: “"Tumor
Biology", Edited by Dr. Xiaozhou Fan, The University of Texas M. D. Anderson
Cancer Center, USA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Seigneuric R, Garrido C (2016) Editorial: Tumor-Derived Extracellular
Vesicles: Protocols, Models, and Clinical Evidence. Front Oncol 6: 230.
Théry C, Zitvogel L, Amigorena S (2002) Exosomes: composition,
biogenesis and function. Nat Rev Immunol 2: 569-579.

Kowal J, Arras G, Colombo M, Jouve M, Morath JP, et al. (2016) Proteomic
comparison defines novel markers to characterize heterogeneous
populations of extracellular vesicle subtypes. Proc Natl Acad Sci U S A 113:
E968-977.

Miiller G, Schneider M, Gassenhuber J, Wied S (2010) Release of exosomes
and microvesicles harbouring specific RNAs and
glycosylphosphatidylinositol-anchored proteins from rat and human
adipocytes is controlled by histone methylation. Am J Mol Biol 2: 187-209.
Zhang T, Termanis A, Ozkan B, Bao XX, Culley J, et al. (2016) G9a/GLP
Complex Maintains Imprinted DNA Methylation in Embryonic Stem Cells.
Cell Rep 15: 77-85.

Simpson RJ, Lim JW, Moritz RL, Mathivanan S (2009) Exosomes:
proteomic insights and diagnostic potential. Expert Rev Proteomics 6:
267-283.

Taylor DD, Gergel-Taylor C (2005) Tumour-derived exosomes and their
role in cancer-associated T-cell signalling defects. Br ] Cancer 92: 305-311.
Taylor DD, Gercel-Taylor C (2008) MicroRNA signatures of tumor-derived
exosomes as diagnostic biomarkers of ovarian cancer. Gynecol Oncol 110:
13-21.

Melo SA, Luecke LB, Kahlert C, Fernandez AF, Gammon ST, et al. (2015)
Glypican-1 identifies cancer exosomes and detects early pancreatic cancer.
Nature 523: 177-182.

Buzas EI, Gyorgy B, Nagy G, Falus A, Gay S (2014) Emerging role of
extracellular vesicles in inflammatory diseases. Nat Rev Rheumatol 10:
356-364.

Thuringer D, Jego G, Wettstein G, Terrier O, Cronier L, et al. (2013)
Extracellular HSP27 mediates angiogenesis through Toll-like receptor 3.
FASEB ] 27: 4169-4183.

Thériault JR, Mambula SS, Sawamura T, Stevenson MA, Calderwood SK
(2005) Extracellular HSP70 binding to surface receptors present on antigen
presenting cells and endothelial/epithelial cells. FEBS Lett 579: 1951-41960.
Seigneuric R, Mjahed H, Gobbo J, Joly AL, Berthenet K, et al. (2011) Heat
shock proteins as danger signals for cancer detection. Front Oncol 1: 37.
Gobbo J, Marcion G, Cordonnier M, Dias AM, Pernet N, et al. (2015)
Restoring Anticancer Immune Response by Targeting Tumor-Derived
Exosomes With a HSP70 Peptide Aptamer. ] Natl Cancer Inst 108.

Peinado H, Aleckovi¢ M, Lavotshkin S, Matei I, Costa-Silva B, et al. (2012)
Melanoma exosomes educate bone marrow progenitor cells toward a pro-
metastatic phenotype through MET. Nat Med 18: 883-891.

Rérole AL, Gobbo ], De Thonel A, Schmitt E, Pais de Barros JP, et al. (2011)
Peptides and aptamers targeting HSP70: a novel approach for anticancer
chemotherapy. Cancer Res 71: 484-495.

Seigneuric R, Gobbo J, Colas P, Garrido C (2011) Targeting cancer with
peptide aptamers. Oncotarget 2: 557-561.

Seigneuric R, Markey L, Nuyten DS, Dubernet C, Evelo CT, et al. (2010)
From nanotechnology to nanomedicine: applications to cancer research.
Curr Mol Med 10: 640-652.

J Clin Cell Immunol, an open access journal
ISSN:2155-9899

Volume 7 « Issue 6 « 1000472


http://dx.doi.org/10.1016/j.ceb.2014.05.004
http://dx.doi.org/10.1016/j.ceb.2014.05.004
https://dx.doi.org/10.1083/jcb.201211138
https://dx.doi.org/10.1083/jcb.201211138
https://dx.doi.org/10.1038/ncb1596
https://dx.doi.org/10.1038/ncb1596
https://dx.doi.org/10.1038/ncb1596
http://dx.doi.org/10.1038/nri2567
http://dx.doi.org/10.1038/nri2567
https://dx.doi.org/10.3389%2Ffonc.2016.00230
https://dx.doi.org/10.3389%2Ffonc.2016.00230
http://dx.doi.org/10.1038/nri855
http://dx.doi.org/10.1038/nri855
https://dx.doi.org/10.1073/pnas.1521230113
https://dx.doi.org/10.1073/pnas.1521230113
https://dx.doi.org/10.1073/pnas.1521230113
https://dx.doi.org/10.1073/pnas.1521230113
http://dx.doi.org/10.4236/ajmb.2012.23020
http://dx.doi.org/10.4236/ajmb.2012.23020
http://dx.doi.org/10.4236/ajmb.2012.23020
http://dx.doi.org/10.4236/ajmb.2012.23020
https://dx.doi.org/10.1016/j.celrep.2016.03.007
https://dx.doi.org/10.1016/j.celrep.2016.03.007
https://dx.doi.org/10.1016/j.celrep.2016.03.007
http://dx.doi.org/10.1586/epr.09.17
http://dx.doi.org/10.1586/epr.09.17
http://dx.doi.org/10.1586/epr.09.17
https://dx.doi.org/10.1038%2Fsj.bjc.6602316
https://dx.doi.org/10.1038%2Fsj.bjc.6602316
http://dx.doi.org/10.1016/j.ygyno.2008.04.033
http://dx.doi.org/10.1016/j.ygyno.2008.04.033
http://dx.doi.org/10.1016/j.ygyno.2008.04.033
https://dx.doi.org/10.1038/nature14581
https://dx.doi.org/10.1038/nature14581
https://dx.doi.org/10.1038/nature14581
http://dx.doi.org/10.1038/nrrheum.2014.19
http://dx.doi.org/10.1038/nrrheum.2014.19
http://dx.doi.org/10.1038/nrrheum.2014.19
http://dx.doi.org/10.1096/fj.12-226977
http://dx.doi.org/10.1096/fj.12-226977
http://dx.doi.org/10.1096/fj.12-226977
https://dx.doi.org/10.1016/j.febslet.2005.02.046
https://dx.doi.org/10.1016/j.febslet.2005.02.046
https://dx.doi.org/10.1016/j.febslet.2005.02.046
https://dx.doi.org/10.3389/fonc.2011.00037
https://dx.doi.org/10.3389/fonc.2011.00037
http://dx.doi.org/10.1093/jnci/djv330
http://dx.doi.org/10.1093/jnci/djv330
http://dx.doi.org/10.1093/jnci/djv330
https://dx.doi.org/10.1038/nm.2753
https://dx.doi.org/10.1038/nm.2753
https://dx.doi.org/10.1038/nm.2753
http://dx.doi.org/10.1158/0008-5472.CAN-10-1443
http://dx.doi.org/10.1158/0008-5472.CAN-10-1443
http://dx.doi.org/10.1158/0008-5472.CAN-10-1443
https://dx.doi.org/10.18632%2Foncotarget.297
https://dx.doi.org/10.18632%2Foncotarget.297
http://www.eurekaselect.com/72426/article
http://www.eurekaselect.com/72426/article
http://www.eurekaselect.com/72426/article

	Contents
	Tumor Exosomes: Potential Biomarkers and Targets in Cancer
	Keywords:
	Short Communication
	Acknowledgements
	Conflict of Interest
	References


