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Several cell types, including tumour cells, secrete extracellular vesicles (EVs), and tumour-derived EVs play
a role in cancer initiation and progression. These vesicles include both a common set of membrane
and cytosolic proteins and origin-specific subsets of proteins that likely correlated to cell type—associated
functions. To confirm the presence of EVs in the preparations, researchers have identified so-called EV
marker proteins, including the tetraspanin family proteins and such cytosolic proteins as heat shock 70 kDa
protein 4 (HSP70) and tumour susceptibility gene 101 (TSG101). However, studies have shown that some EV
markers are not always present in all EVs, which not only complicates the identification of EVs but also
precludes the quantitative evaluation of EV proteins. Thus, it is strongly required to explore well-conserved
EV marker proteins that are present at similar levels, regardless of their tissue or cellular origin. In this study,
we compared the presence of 11 well-known EV marker proteins by immunoblotting using EVs isolated from
4 human prostate cell lines and 5 human breast cell lines, including cancer cells with different phenotypes.
We found that all the tested EVs were positive for CD9 and CDS81, with similar abundance that was
irrespective of the EV origin. In contrast, other EV marker proteins, such as TSG101, Rab-5b and CD63,
were detected in an inconsistent manner, depending on the origin of the EVs. Thus, we propose that the
detection of CD9 and/or CD81 should ensure the presence of EVs.
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Introduction

Extracellular vesicles (EVs), including exosomes, shed-
ding vesicles, prostasomes and apoptotic bodies, are
membrane vesicles of 40-1,000 nm that are released
from many cell types, including red blood cells, platelets,
lymphocytes, dendritic cells, endothelial cells and tumour
cells (1-3). These vesicles were classified into 2 types
according to their secretory processes. Thus, exosomes
are formed in multivesicular endosome, and microvesicles
and shedding vesicles originate by direct budding from
the plasma membrane (4,5). Although EV components

are different among cells, a certain set of molecules
is likely to be commonly contained in EVs, regardless
of their origin. These molecules include such proteins
as tumour susceptibility gene 101 (TGS101), CD9 and
CD63, and some of these proteins are thought to be
essential components of EVs. Accordingly, researchers
have detected these so-called EV marker proteins by
immunoblotting to confirm the presence of EVs (6-18).
To our knowledge, however, no studies have performed a
comparative analysis using multiple cell lines. Further-
more, recent proteomic studies of EVs have indicated that
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not all EVs contain these EV marker proteins (according
to ExoCarta, a list of the top 25 proteins that are often
identified in exosomes; see www.ExoCarta.org) (19-25).

These facts strongly indicate the necessity of reliable
EV marker proteins. In this study, we performed a
comprehensive comparison of 11 well-known EV marker
proteins using 4 prostate cell lines and 5 breast cell lines.
We found that CD9 and CD81 were present at similar
abundance in the EVs derived from each cell line. In
contrast, the abundance of the other tested EV proteins
was variable among originating cell types. Thus, we
propose that CD9 and CDS81 could serve as reliable EV
marker proteins.

Materials and methods

Cell cultures

The following cells were used: PNT2 cells, an immorta-
lized normal adult prostatic epithelial cell line (DS
Pharma Biomedical Co. Ltd., Osaka, Japan); PC3 cells,
a human prostate cancer cell line initiated from a
bone metastasis of a grade IV prostatic adenocarcinoma
(American Type Culture Collection, Manassas, VA);
PC-3M-luc cells, a highly metastatic cell line derived
from parental PC3 cells (Xenogen, Alameda, CA); 22Rv1
cells, a human prostate cancer cell line, which expresses
prostate-specific antigen (PSA) and androgen receptor
(American Type Culture Collection); MDA-MB-231-
luc-D3H1 cells, which are human breast cancer cell
lines (Xenogen); MDA-MB-231-luc-D3H2LN cells, a
highly metastatic cell line derived from the parental
MDA-MB-231-luc-D3H1 cells (Xenogen); MCF7 cells,
a human breast cancer cell line that expresses oestrogen
receptor (American Type Culture Collection); and multi-
drug-resistant MCF7-ADR cells, which originated from
parental MCF7 cells (provided by Shien-Lab, Medical
Oncology, National Cancer Center Hospital, Tokyo,
Japan). The above cells were cultured in RPMI 1640
medium containing 10% heat-inactivated foetal bovine
serum (FBS) and an antibiotic-antimycotic (Invitrogen,
Grand Island, NY) at 37°C in 5% CO,. MCF10A cells, a
spontaneously immortalized non-tumourigenic epithelial
cell line (American Type Culture Collection), were
cultured in MEBM medium with 1% GA-1,000, 50 pg/
ml hydrocortisone, 1 png/ml hEGF, 500 pg/ml insulin and
4% bovine pituitary extract (BPE) (Lonza, Basel,
Switzerland) at 37°C in 5% CO,.

Preparation of conditioned medium and EVs

Before the collection of the culture medium, the cells
were washed with PBS, and the medium was switched
to Advanced RPMI containing an antibiotic-antimycotic
and 2 mM L-glutamine (not containing FBS). After
incubation for 48 h, the conditioned medium was
collected and centrifuged at 2,000 x g for 10 min at

4°C. To thoroughly remove the cellular debris,
the supernatant was filtered through a 0.22um filter
(Millipore, Billerica, MA). The conditioned medium
(CM) was then used for EV isolation.

For EV preparation, the CM was ultracentrifuged at
110,000 x g for 70 min at 4°C. The pellets were washed
with 11 ml of PBS by ultracentrifugation at 110,000 x g
for 70 min at 4°C and resuspended in PBS. The putative
EV fraction was measured for its protein content using a
Quant-iT™ Protein Assay with Qubit®2.0 Fluorometer
(Invitrogen).

Preparation of cell lysates

Whole cell lysates were prepared with Mammalian
Protein Extract Reagent (M-PER; Thermo Scientific,
Rockford, IL). After the collection of the conditioned
medium, cells in a 150 mm culture dish were washed in
PBS and then 2 ml M-PER was added. Whole cell lysates
were transferred to a 1.5 ml tube and then treated with
sonication.

Reagents

The following antibodies used for immunoblotting were
purchased from BD Biosciences (San Jose, CA): mouse
monoclonal anti-human CD63 (clone H5C6, dilution
1:200), mouse monoclonal anti-Hsp70 (clone 7/HSP70,
dilution 1:1,000), mouse monoclonal anti-Flotillin-1
(clone 18/Flotillin-1, dilution 1:500), mouse monoclonal
anti-Caveolin 1 (clone 2297/Caveolin 1, dilution 1:1,000)
and mouse monoclonal anti-cytochrome ¢ (clone
7HS8.2C12, dilution 1:500). Mouse monoclonal anti-
human Tsgl01 (clone 4A10, dilution 1:1,000) was
purchased from Gene Tex (San Antonio, TX). Mouse
monoclonal anti-human CD9 (clone ALB 6, dilution
1:200), mouse monoclonal anti-human CD81 (clone 5A6,
dilution 1:200), rabbit polyclonal anti-Rab-5b (A-20,
dilution 1:200) and mouse monoclonal anti-Annexin 2
(clone C-10, dilution 1:200) were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA). Mouse mono-
clonal anti-human Integrin beta 1 (clone 12G10, dilution
1:1,000) was purchased from Abcam (Cambridge,
UK). Mouse monoclonal anti-Actin (clone C4, dilution
1:1,000) was purchased from Millipore. Two secondary
antibodies (horseradish peroxidase—labelled sheep anti-
mouse and donkey anti-rabbit antibodies) were pur-
chased from GE HealthCare (Little Chalfont, UK).

Immunoblotting

Equal amounts of EVs or whole cell lysates were loaded
onto 4-15% Mini-PROTEAN TGX™ gels (Bio-Rad,
Munich, Germany). Following electrophoresis (100,
30mA), the proteins were transferred to a polyvinylidene
difluoride membrane. The membranes were blocked
with Blocking One solution (Nacalai Tesque, Kyoto,
Japan) and then incubated with primary antibodies. After
washing, the membrane was incubated with horseradish
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Table I. List of cell lines

Comparative analysis of extracellular vesicle markers

Cell line Organ Disease Morphology Additional description
PC3 Prostate Adenocarcinoma  Epithelial  Tumor stage: grade IV; derived from metastatic site: bone,
androgen hormone insensitive
PC-3M-luc Prostate Adenocarcinoma  Epithelial  Derived from parental PC3 cells, highly metastatic cell line
22Rv1 Prostate Carcinoma Epithelial  Expression of androgen receptor and PSA
PNT2 Prostate - Epithelial  Immortalization by transfection with a plasmid containing SV40
genome
MDA-MB-231-luc- Mammary Adenocarcinoma  Epithelial  Derived from metastatic site: pleural effusion; receptor: EGF,
D3H1 gland TGFa
MDA-MB-231-luc- Mammary Adenocarcinoma  Epithelial  Derived from parental MDA-MB-231, highly metastatic cell line
D3H2LN gland
MCF7 Mammary Adenocarcinoma  Epithelial  Derived from metastatic site: pleural effusion; receptor: estrogen
gland receptor
MCF7-ADR Mammary Adenocarcinoma  Epithelial  Derived from parental MCF7 cells, docetaxel-resistant cells
gland
MCF10A Mammary Fibrocystic Epithelial  Produced by long-term culture in serum free medium with low
gland disease Ca®* concentration.

Note: —, PNT2 cell line was established from normal adult prostatic epithelial cells.

peroxidase—conjugated sheep anti-mouse IgG or donkey
anti-rabbit IgG, and then subjected to enhanced chemi-
luminescence using ImmunoStar LD (Wako, Osaka,
Japan). CD63, CD9, CD81 and Integrin beta 1 were
detected under non-reducing conditions.

Phase-contrast transmission electron microscopy
The isolated EVs were visualized by Terabase Inc.
(Okazaki, Japan) using phase-contrast transmission elec-
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tron microscopy, which can generate high-contrast
images of nanostructures of soft materials, including
such biological samples as liposomes, viruses, bacteria
and cells, without staining processes that may cause
damage to the samples. The natural structure of the
sample distributed in solution can be observed by pre-
paring the sample using a rapid vitreous ice-embedding
method and using cryo—phase-contrast transmission
electron microscopy.
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Fig. 1. Morphology of purified EVs from 6 cell lines, including cancer cells and non-cancer cells. Shown are representative phase-
contrast transmission electron microscopy images of EVs from (A) PC3 cells, (B) 22Rv1 cells, (C) PNT?2 cells, (D) MDA-MB-231-luc-
D3H2LN cells, (E) MCF7 cells and (F) MCF10A cells. The EVs were purified from the culture supernatants of these cells using a

conventional centrifugation method. The scale bar indicates 100 nm.
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Fig. 2. Analysis of the size distribution in the EVs derived from each cell line by the NanoSight particle tracking system. (A) PC3 cells,
(B) PC-3M-luc cells, (C) 22RvI cells, (D) PNT2 cells, (E) MDA-MB-231-luc-D3H1 cells, (F) MDA-MB-231-luc-D3H2LN cells, (G)
MCEFT7 cells, (H) MCF7-ADR cells and (I) MCF10A cells. The EVs were purified from the culture supernatants of these cells using a
conventional centrifugation method. Data from each measurement are shown, revealing the overall size distribution (histograms) and

mode (nm).

Measurement of size distribution by nanoparticle
tracking analysis

Nanoparticle tracking analysis (NTA) was carried out
using the Nanosight LM10HS with a blue laser system
(NanoSight, Amesbury, UK) on isolated EVs diluted 500-
fold with PBS for analysis. The system focuses a laser beam
through a suspension of the particles of interest. These are

visualized by light scattering using a conventional optical
microscope aligned perpendicularly to the beam axis,
which collects light scattered from every particle in the
field of view. A 60 s video recorded all events for further
analysis by NTA software. The Brownian motion of each
particle was tracked between frames to calculate its size
using the Stokes—Einstein equation.
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Fig. 3. Immunoblotting analysis for cytochrome ¢, a negative control of EVs. Proteins from whole cell lysates (upper panel) or EVs
(lower panel) were separated on SDS-PAGE gels followed by Western blotting using antibodies against cytochrome ¢. A 1 pg sample of
cell lysate and 1 pg of EV proteins were used. Lane 1: PC3 cells; lane 2: PC-3M-luc cells; lane 3: 22Rv1 cells; lane 4: PNT?2 cells; lane 5:
MDA-MB-231-luc-D3HI1 cells (MM231); lane 6: MDA-MB-231-luc-D3H2LN cells (MM231LN); lane 7: MCF7 cells; lane 8: MCF7-

ADR cells and lane 9: MCF10A cells.

Results and discussion

Validation of EV protein markers by immunoblotting
EVs were purified by ultracentrifugation from con-
ditioned media collected from a variety of prostate
and breast cell lines, including cancer and non-cancer
cell lines (Table I). After the collection of EVs, we
confirmed their size and morphology by phase-contrast
transmission electron microscopy (Fig. 1) and the
Nanosight particle tracking system (Fig. 2). We ob-
served typical bilayered-membrane vesicles that were
heterogeneous in size, ranging in diameter from 50
to 400 nm in the 110,000 x g pellets obtained from 6
cell lines, including cancer cells and non-cancer cells

(Fig. 1). Furthermore, the size of all the tested EV
preparations measured by the nanosight particle track-
ing system showed a peak between 100 and 200 nm
(Fig. 2).

Immunoblotting was performed to compare the abun-
dance of 11 well-known EV markers for these cells and
EVs of various origins (Table I), with the immunoblotting
of mitochondrial proteins cytochrome ¢ performed for
quality control prior to this experiment. Cytochrome ¢
was readily detectable in the whole cell lysates, but it was
completely absent in the EV samples (Fig. 3), indicating
that the EV preparations were not contaminated with
cellular debris. Thus, we proceeded to the compara-
tive analyses of EV marker proteins using these samples.
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Fig. 4. Immunoblotting analysis for conventional markers of EVs derived from prostate cell lines and breast cell lines. Proteins from
whole cell lysates (upper panel) or EVs (lower panel) were separated on SDS-PAGE gels, followed by Western blotting using antibodies
against 11 different EV markers. A 1 pg sample of cell lysate was used for the detection of Annexin 2 and actin. The other markers were
detected using 5 pg of whole cell lysate. A 250 ng sample of EV proteins was used for the detection of Annexin 2. The other markers
were detected using 500 ng of EV proteins. CD63, CD9, CD81 and Integrin beta 1 were detected under non-reducing conditions. Lane
1: PC3 cells; lane 2: PC-3M-luc cells; lane 3: 22Rv1 cells; lane 4: PNT2 cells; lane 5: MDA-MB-231-luc-D3H]1 cells (MM231); lane 6:
MDA-MB-231-luc-D3H2LN cells (MM231LN); lane 7: MCF7 cells; lane 8: MCF7-ADR cells and lane 9: MCF10A cells.
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We summarize the obtained results (Fig. 4) into the
following 4 points.

First, and most importantly, CD9 and CD81 were
highly enriched in all the tested EV preparations,
regardless of their origins (Fig. 4A and B). It should
be noted that the abundance of CD9 and CDSI in the
EVs from each cell line was comparable, whereas that in
their parent cells varied among the cell types. This result
strongly suggests the relevance of CD9 and CDSI1 as
loading controls in the analysis of EV proteins.

Second, in contrast to CD9 and CD81, Ras-related
protein Rab-5b, cytoskeletal protein actin, TSG101 and
CD63 were detected in all EV preparations, but their
abundance varied according to their origin (Fig. 4C—F).
These results indicate that these molecules can be used
to confirm the presence of EVs, as has been proposed
in many reports. However, the variable EV abundance
of these molecules underscores their limited ability as a
loading control.

Third, the EV levels of phospholipid- and RNA-binding
protein Annexin 2 and adhesion molecule Integrin beta-1
mirrored the cellular expression levels (Fig. 4G and H).
For instance, Annexin 2 was barely detectable as both
an EV and cellular protein from 22Rvl and MCF7 cells.
Similarly, Integrin beta-1 was slightly detectable as an EV
and cellular protein from 22Rvl, MCF7 and MCF7-ADR
cells. These results indicated that the EV abundance of
certain proteins was dependent on their expression level in
the parent cells.

Fourth, the expression profiles of certain EV pro-
teins did not reflect those of the parent cells. Although
heat shock protein HSP70 and raft-associated protein
flottilin-1 were detected in each cell line at similar levels,
these proteins were barely detected in the EVs derived
from 22Rv1 cells (Fig. 41 and J). Additionally, although
TSG101 was expressed by each tested cell line, it was
highly enriched exclusively in the 22Rv1 cell-derived EVs
(Fig. 4E). These observations conflict with the general

Table II. Summary of immunoblotting for EV marker proteins

Comparative analysis of extracellular vesicle markers

understanding that the expression profile of a protein
in cells is positively correlated with that of the produced
EVs (26-28). An explanation can be given for this
paradox, considering that the biogenesis pathways of
EVs or sorting mechanisms of proteins may be different
among these cell lines. Indeed, clearly distinct expression
levels were observed for a multifunctional raft-associated
membrane protein, Caveolin-1, a protein related to vesicle
formation, at both the cellular and EV levels (Fig. 4K).
Although Caveolin-1 was detected exclusively for
MCFI10A cells at the cellular level, its detection at the
EV level was limited to PC3 and PC-3M-luc cells. In
accordance with the previous report that the prostasomes
derived from PC3 cells contain Caveolin-1 (29), we
detected Caveolin-1 in the EVs derived from PC3 and
PC-3M-luc cells. However, we do not have an explanation
for its selective expression at the cellular level. These
results again highlight the importance of the identifica-
tion of well-conserved EV markers that exhibit similar
abundance, regardless of their cellular origin or biogen-
esis pathway.

Unlike CD9 and CDS81, our results revealed that the
EV abundance of CD63, another well-known and often-
employed tetraspanin EV marker, was variable depend-
ing on the cell types. One explanation for the different
abundance of these tetraspanin EV markers can be given
by considering the relationship of these molecules to
cancer malignancy. Figure 4 shows that the expression
level of CD63 was extremely high in the malignant cancer
cell lines, such as PC3, PC-3M-luc, MDA-MB-231-
luc-D3H1 and MDA-MB-231-luc-D3H2LN, which have
high metastatic ability (Table I), and MCF7-ADR,
which has high drug resistance ability compared with
its parental cell line MCF7 (Table I). Moreover, the
abundance of CD63 was low in the EVs derived from
the non-cancer cell lines PNT2 and MCFI10A. It has
been reported that CD63 interacts with tissue metallo-
protease inhibitor protein-1 (TIMP-1) at the cell surface

cell line/ Rab- Annexin Flottilin-  Cavolin-

marker CD9 CDs81 5b Actin TSG101 CD63 2 Integrin beta 1 HSP70 1 1
Prostate PC3 +4+4+  +4+ 4+ + + +4++ +4++ +++ +++ +++ +++
PC-3M-luc  +++ ++ +++ ++ + +++ +++ +++ +++ ++ +
22Rv1 +++ +++ ++  ++ +++ + - - - - -
PNT2 +4+4+  ++ + +++ + + +++ +++ + + + -
Breast MM231 +4+ ++  ++ 4+ +  +4+ +++ +++ + + + + -
MM231LN +4+4+ +++ ++ + 4+ + 4+ + + ++ + + ++ -
MCF7 +++ +++ +++ 4+ + + + + +4++ + -
MCF7-ADR +4+ +++ + + + +++ +++ + ++ ++ -
MCF10A +4+4+ +++ + + ++ + ++ ++ + + -

Note: —, not detectable; +, weakly detectable; + +, normally detectable; + + +, strongly detectable.
MM231, MDA-MB-231-luc-D3H1; MM231LN, MDA-MB-231-luc-D3H2LN.
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in breast cancer epithelial cells, thereby facilitating its
interaction with Bl integrins, resulting in cell survival
signalling and the inhibition of apoptosis (30). Conco-
mitantly, CD63 knockdown reduces the binding of
TIMP-1 to the cell surface and its interaction with Bl
integrins (30). In addition, a correlation between de-
creased CD63 expression and increased malignancy has
also been observed in many other tumours (31,32). These
reports and our results from several prostate and breast
cell lines call attention to the use of CD63 as an EV
marker, particularly in cancer research.

In summary, we found that the tetraspanin family
proteins CD9 and CD81 were highly enriched at similar
levels in the EVs derived from all the examined cell lines
(Table II). Furthermore, we found that the accumula-
tion of CD9 and CD81 was higher than that of other
proteins in EVs (Supplemental Table I). Most impor-
tantly, the amount of CD9 and CDS81 was generally
conserved among the tested cell lines, even those
showing different metastatic ability or drug resistance.
In contrast, other conventionally used EV markers
exhibited distinct abundance according to the originat-
ing cell type. Although further comprehensive studies
may be required, the present study provides important
insight into the field of EV research. In conclusion, we
propose that CD9 and CDS81 should be useful as marker
proteins for the presence of EVs and that these mole-
cules would further allow the quantitative analyses of
EV proteins.

Acknowledgements

We thank Noriko Kai and Izumi Konishi at Terabase for supporting
the processing of phase-contrast transmission electron microscopy.
We thank Ayako Inoue and Keitaro Hagiwara for excellent technical
assistance.

This work was supported in part by a Grant-in-Aid for the
Third-Term Comprehensive 10-Year Strategy for Cancer Control;
a Grant-in-Aid for Scientific Research on Priority Areas Cancer
from the Ministry of Education, Culture, Sports, Science and
Technology, and the Program for Promotion of Fundamental
Studies in Health Sciences of the National Institute of Biomedical
Innovation (NiBio), and the Japan Society for the Promotion of
Science (JSPS) through the “Funding Program for World-Leading
Innovative R&D on Science and Technology (FIRST Program)”
initiated by the Council for Science and Technology Policy
(CSTP); and a Grant-in-Aid for Scientific Research on Innovative
Areas (“functional machinery for non-coding RNAs”) from the
Japanese Ministry of Education, Culture, Sports, Science, and
Technology. This work was supported in part by a grant from the
Japan Society for the Promotion of Science to Y. Y., supported by
a Research Fellowship of the Japan Society for the Promotion of
Science for Young Scientists.

Conflict of interest and funding

The authors declare no conflict of interest, and have not
received any funding or benefits from industry or any for-
profit organism for this work.

References

. Bobrie A, Colombo M, Raposo G, Théry C. Exosome

secretion: molecular mechanisms and roles in immune re-
sponses. Traffic. 2011;12:1659-68.

. Schorey JS, Bhatnagar S. Exosome function: from tumor

immunology to pathogen biology. Traffic. 2008;9:871-81.

. van Niel G, Porto-Carreiro I, Simoes S, Raposo G. Exosomes:

a common pathway for a specialized function. J Biochem.
2006;140:13-21.

. Raposo G, Stoorvogel W. Extracellular vesicles: exosomes,

microvesicles, and friends. J Cell Biol. 2013;200:373-83.

. Katsuda T, Kosaka N, Takeshita F, Ochiya T. The therapeutic

potential of mesenchymal stem cell-derived extracellular vesi-
cles. Proteomics. 2013;13:1637-53.

. Alvarez-Erviti L, Seow Y, Schapira AH, Gardiner C, Sargent

1L, Wood MJ, et al. Lysosomal dysfunction increases exosome-
mediated alpha-synuclein release and transmission. Neurobiol
Dis. 2011;42:360-7.

. Atay S, Gercel-Taylor C, Kesimer M, Taylor DD. Morphologic

and proteomic characterization of exosomes released by
cultured extravillous trophoblast cells. Exp Cell Res.
2011;317:1192-202.

. Bhatnagar S, Shinagawa K, Castellino FJ, Schorey JS. Exo-

somes released from macrophages infected with intracellular
pathogens stimulate a proinflammatory response in vitro and
in vivo. Blood. 2007;110:3234-44.

. Bobrie A, Krumeich S, Reyal F, Recchi C, Moita LF, Seabra

MC, et al. Rab27a supports exosome-dependent and -inde-
pendent mechanisms that modify the tumor microenvironment
and can promote tumor progression. Cancer Res. 2012;72:
4920-30.

. Clayton A, Turkes A, Dewitt S, Steadman R, Mason MD,

Hallett MB. Adhesion and signaling by B cell-derived exo-
somes: the role of integrins. FASEB J. 2004;18:977-9.

. Demory Beckler M, Higginbotham JN, Franklin JL, Ham AJ,

Halvey PJ, et al. Proteomic analysis of exosomes from mutant
KRAS colon cancer cells identifies intercellular transfer of
mutant KRAS. Mol Cell Proteomics. 2013;12:343-55.

. Logozzi M, De Milito A, Lugini L, Borghi M, Calabro L,

Spada M, et al. High levels of exosomes expressing CD63 and
caveolin-1 in plasma of melanoma patients. PLoS One. 2009;
4:¢5219.

. Lu Q, Zhang J, Allison R, Gay H, Yang W-X, Bhowmick Na,

et al. Identification of extracellular delta-catenin accumulation
for prostate cancer detection. Prostate. 2009;69:411-8.

. Lv L-H, Wan Y-L, Lin Y, Zhang W, Yang M, Li G-L, et al.

Anticancer drugs cause release of exosomes with heat shock
proteins from human hepatocellular carcinoma cells that elicit
effective natural killer cell antitumor responses in vitro. J Bio
Chem. 2012;287:15874-85.

. Peinado H, Aleckovi¢ M, Lavotshkin S, Matei I, Costa-Silva B,

Moreno-Bueno G, et al. Melanoma exosomes educate bone
marrow progenitor cells toward a pro-metastatic phenotype
through MET. Nat Med. 2012;18:883-91.

. Qu J-L, Qu X-J, Zhao M-F, Teng Y-E, Zhang Y, Hou K-Z,

et al. Gastric cancer exosomes promote tumour cell prolifera-
tion through PI3K/Akt and MAPK/ERK activation. Dig
Liver Dis. 2009;41:875-80.

. Théry C, Regnault A, Garin J, Wolfers J, Zitvogel L, Ricciardi-

Castagnoli P, et al. Molecular characterization of dendritic
cell-derived exosomes. Selective accumulation of the heat
shock protein hsc73. J Cell Biol. 1999;147:599-610.

. Bobrie A, Colombo M, Krumeich S, Raposo G, Théry C.

Diverse subpopulations of vesicles secreted by different
intracellular mechanisms are present in exosome preparations

Citation: Journal of Extracellular Vesicles 2013, 2: 20424 - http://dx.doi.org/10.3402/jev.v2i0.20424

(page number not for citation purpose)


http://www.journalofextracellularvesicles.net/index.php/jev/rt/suppFiles/20424/0
http://journalofextracellularvesicles.net/index.php/jev/article/view/20424
http://dx.doi.org/10.3402/jev.v2i0.20424

20.

21.

22.

23.

24.

25.

26.

27.

obtained by differential ultracentrifugation. J Extracell Vesucles.
2012;1:18397, doi: http://dx.doi.org/10.3402/jev.v1i0.18397

. Bard MP, Hegmans JP, Hemmes A, Luider TM, Willemsen R,

Severijnen L-A, et al. Proteomic analysis of exosomes isolated
from human malignant pleural effusions. Am J Respir Cell
Mol Biol. 2004;31:114-21.

Mears R, Craven R, Hanrahan S, Totty N, Upton C, Young
SL, et al. Proteomic analysis of melanoma-derived exosomes
by two-dimensional polyacrylamide gel electrophoresis and
mass spectrometry. Proteomics. 2004;4:4019-31.

Welton JL, Khanna S, Giles PJ, Brennan P, Brewis IA,
Staffurth J, et al. Proteomics analysis of bladder cancer
exosomes. Mol Cell Proteomics. 2010;9:1324-38.

Street JM, Barran PE, Mackay CL, Weidt S, Balmforth C,
Walsh TS, et al. Identification and proteomic profiling of
exosomes in human cerebrospinal fluid. J Transl Med. 2012;
10:5.

Gatti J-L, Métayer S, Belghazi M, Dacheux F, Dacheux J-L.
Identification, proteomic profiling, and origin of ram epididy-
mal fluid exosome-like vesicles. Biol Reprod. 2005;72:1452-65.
Mathivanan S, Simpson RJ. ExoCarta: a compendium of
exosomal proteins and RNA. Proteomics. 2009;9:4997-5000.
Simpson RJ, Kalra H, Mathivanan S. ExoCarta as a resource
for exosomal research. J Extracell Vesicles. 2012;1:18374, doi:
http://dx.doi.org/10.3402/jev.v1i0.18374

Vallhov H, Gutzeit C, Johansson SM, Nagy N, Paul M, Li Q,
et al. Exosomes containing glycoprotein 350 released by EBV-
transformed B cells selectively target B cells through CD21 and
block EBYV infection in vitro. J Immunol. 2011;186:73-82.
Aliotta JM, Lee D, Puente N, Faradyan S, Sears EH,
Amaral A, et al. Progenitor/stem cell fate determination:
interactive dynamics of cell cycle and microvesicles. Stem
Cells Dev. 2012;21:1627-38.

28.

29.

30.

31.

32.

Comparative analysis of extracellular vesicle markers

Segura E, Amigorena S, Théry C. Mature dendritic cells
secrete exosomes with strong ability to induce antigen-specific
effector immune responses. Blood Cells Mol Dis. 2005;35:
89-93.

Llorente A, Marco MCD, Alonso MA. Caveolin-1 and MAL
are located on prostasomes secreted by the prostate cancer PC-
3 cell line. J Cell Sci. 2004;117:5343-51.

Jung K-K, Liu X-W, Chirco R, Fridman R, Kim H-RC.
Identification of CD63 as a tissue inhibitor of metalloprotei-
nase-1 interacting cell surface protein. EMBO J. 2006;25:
3934-42.

Hotta H, Ross AH, Huebner K, Hotta H, Ross AH, Huebner
K et al. Molecular cloning and characterization of an antigen
associated with early stages of melanoma tumor progression
molecular cloning and characterization of an antigen asso-
ciated with early stages of melanoma tumor progression.
Cancer Res. 1988:2955-62.

Kwon MS, Shin S-H, Yim S-H, Lee KY, Kang H-M,
Kim T-M, et al. CD63 as a biomarker for predicting the
clinical outcomes in adenocarcinoma of lung. Lung Cancer.
2007;57:46-53.

*Takahiro Ochiya

Division of Molecular and Cellular Medicine
National Cancer Center Research Institute
5-1-1 Tsukiji, Chuo-ku

Tokyo 104-0045, Japan

Tel: +81-3-3542-2511, ext. 4800

Fax: +81-3-5565-0727

Email: tochiya@ncc.go.jp

Citation: Journal of Extracellular Vesicles 2013, 2: 20424 - http://dx.doi.org/10.3402/jev.v2i0.20424

(page number not for citation purpose)


http://dx.doi.org/10.3402/jev.v1i0.18397
http://dx.doi.org/10.3402/jev.v1i0.18374
http://journalofextracellularvesicles.net/index.php/jev/article/view/20424
http://dx.doi.org/10.3402/jev.v2i0.20424


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00530065007400740069006e0067007300200066006f00720020007400680065002000520061006d007000610067006500200077006f0072006b0066006c006f0077002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


