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Abstract
Both normal and diseased cells continuously shed extracellular vesicles (EVs) into extracellular space, and the EVs
carry molecular signatures and effectors of both health and disease. EVs reflect dynamic changes that are occurring
in cells and tissue microenvironment in health and at a different stage of a disease. EVs are capable of altering the
function of the recipient cells. Trafficking and reciprocal exchange of molecular information by EVs among different
organs and cell types have been shown to contribute to horizontal cellular transformation, cellular reprogramming,
functional alterations, and metastasis. EV contents may include tumor suppressors, phosphoproteins, proteases,
growth factors, bioactive lipids, mutant oncoproteins, oncogenic transcripts, microRNAs, and DNA sequences.
Therefore, the EVs present in biofluids offer unprecedented, remote, and non-invasive access to crucial molecular
information about the health status of cells, including their driver mutations, classifiers, molecular subtypes, therapeutic
targets, and biomarkers of drug resistance. In addition, EVs may offer a non-invasive means to assess cancer initiation,
progression, risk, survival, and treatment outcomes. The goal of this review is to highlight the current status of information
on the role of EVs in cancer, and to explore the utility of EVs for cancer diagnosis, prognosis, and epidemiology.
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Introduction
Conventional biomarkers and circulating biomarkers

Living cells secrete a large number of endocytic or plasma
membrane vesicle including exosomes, microvesicles
(MVs), and apoptotic bodies into extracellular space [1-3]
called extracellular vesicles (EVs). Different names are reported in the literature for EVs, such as exosomes, ectosomes, oncosomes, apoptotic bodies, microparticles, and
microvesicles (MVs) [3]. Based on intracellular origin or
biogenesis, two major classes of EVs are reported: exosomes and MVs [4].
The exosomes, nano-particle size (30–100 nm) vesicles
with a buoyant density of 1.13 – 1.19 g/cm3, are shed by
both healthy and diseased cells. Exosomes are derived
from the endolysosomal pathway and originate from the
endosomal compartment called multivesicular bodies.
Lee et al. reported that EVs may be generated by mesenchymal stem cells and their involvement in suppressing
angiogenesis [5]. Other cell types, such as platelets,
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neutrophils, reticulocytes, macrophages, megakaryocytes,
monocytes, B and T cells, mast cells, and endothelial cells,
release EVs [6].
The microvesticles are generated by budding from the
plasma membrane. The microvesicles are 100–1000 nm
in size and originate from budding and fusion of plasma
membrane into extracellular space, and share several
similarities with the parental cells, including having
membrane lipids, receptors, and several types of nucleic
acids and proteins [1,7-10].
In general, the molecular composition of each EV
closely mimics the parental cell or tissue and contains
growth factors, receptors, proteases, adhesion molecules,
microRNAs (miRNAs), proteins, and lipids [1,7,8]. Several studies reported the presence of numerous bioactive
proteins, nucleic acids, lipids and other biomolecules in
the EVs [1,11,12]. Caby et al. demonstrated that EVs contain tetraspanin molecules such as CD9, CD63, and CD81;
class I and class II major histocompatibility complex
(MHC) molecules; and lysosomal-associated membrane
protein-2 (LAMP-2) [7]. Thakur et al. demonstrated the
presence of double stranded DNA (representing whole
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genome) inside exosomes isolated from myeloid leukemia,
colorectal carcinoma, and melanoma cells [13].
Cancer development is a multistep and multifactorial
process that includes uncontrolled growth, resistance to
apoptosis, genetic and epigenetic changes, and alterations
in the surrounding microenvironment. These changes include the development of EVs and some have speculated
that EVs can be potentially used as biomarkers for disease diagnosis, prognosis, and epidemiology [3,4,14-19].
Generally biomarkers indicate the turbulence in the normal biological status that contributes to carcinogenesis.
Currently, a number of biomarkers, mostly from circulating cells, are used in diagnosing cancer [15-19], epidemiology [20-23], and treatment follow up [24-26]. Many
of the existing biomarkers offer insufficient information about the tissue origin and thus it is difficult to use
them in targeted therapy [16]. In turn, this significantly
limits their utility in both research and the clinical setting.
Inherent characteristics of EVs may make them ideal
next-generation biomarkers for the 21st century research
and therapy. The involvement of EVs in intracellular
communication and the dynamic nature of their composition, for example, have allowed investigators to explore their tumor-modulating potential [1,4,27-29]. It has
been shown that the quantity and composition of EVs
changes during cancer development [1,3,30]. For example,
Baran et al. reported elevation of number of EVs in gastric
cancer patients and the number correlated with the
stage of cancer development [31]. Increased expression of
CCR6 and Her-2/neu was also observed in plasma samples from patients with advanced stage of the disease.
Levels of PTEN present inside exosomes isolated from
prostate cancer patients correlated with the development
of disease and used for prostate cancer diagnosis [32]. Furthermore, EVs have excellent biodistribution and biocompatibility [33]; these qualities make them ideal for use in
drug delivery and distribution. The fact that EVs contain
functional nucleic acids suggests that they are like viral
particles [34].
EVs have been found in several biofluids including amniotic fluid [35], breast milk [36], bronchoalveolar lavage
[37], cerebro-spinal fluid [38], malignant ascites [39],
plasma [40], saliva [41] and urine [42]. The ubiquity of
EVs in the biofluids, coupled with the fact that they reflect the composition of their parent cells, offer a unique
platform for population-based research. It is biologically
plausible that EVs could contribute significantly and prospectively to the characterization of normal versus disease states. For example, in epidemiologic research it is
challenging and in some cases not feasible to collect
multiple biospecimens prior to the development of a disease in large prospective cohort studies. With EVs, epidemiologists could obtain a serial collection of biofluids
containing EVs via a non-invasive or minimally invasive
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approach from both controls and cases. Morphological,
molecular and functional analysis of these EV-riched
biofluids could be conducted and expand our understanding of cancer risk and development. Investigators
have shown differential molecular profiles of EVs in cancer patients’ sera/plasma from breast [43-46], prostate
[32,47-50], lung [51], liver [52], gastric [53], glioblastoma
[54,55], KSHV-associated malignancies [56]; and urine
from prostate [57-59].
Table 1 presents a list of tumor types in which EVs have
been reported, and Table 2 provides a list of biospecimens
in which EVs may be isolated for diagnosis, prognosis, and
epidemiology. Viaud et al. and other groups proposed
using EVs as a cell-free vaccine in therapeutics [5,60].

Review
EV biogeneration

There are two main pathways of exosomal generation,
endocytic and exocytic. According to the endocytic pathway, exosomes are formed in a two step process and are
released from the plasma membrane via the endosomal
sorting complex required for transport (ESCRT) [61].
The second pathway is ESCRT independent and require
sphingolipid (ceramide) [62], tetraspanins [63], and heat
shock proteins [64]. Ghossoub et al. characterized proteins such as GTPase ADP ribosylation factor 6 (ARF6)
and its effector phospholipase D2 (PLD2) involved in
biogenesis of exosomes [65]. These two proteins control
budding of intraluminal vesicles into multivesicular
bodies. Few other proteins involved in biogenesis process
include TSG101 [66,67], Rab5 [68], Rab7 [69], Vps4, and
Vps36 [70]. Among them TSG101 is an integral part of
the ESCRT (this complex includes ESCRT-0, ESCRT-I,
ESCRT-II, ESCRT-III, ALIX, and TSG101 [71]). ALIX
promotes intraluminal budding of vesicles in endosomes
upon interaction with syntenin which is the cytoplasmic
adapter of heparin sulfate proteoglycan receptor [72].
Different types of EVs are generated from endosomes
and during maturation of the endosomes they accumulate intraluminal vesicles. Protein sorting in these vesicles depends on monoubiquitination and the endosomal
sorting complex required for transport. mRNA recruitment is guided by a zip code in the 3'UTR, and miRNA
by physical and functional coupling of RNA-induced silencing complexes (RISCs). MV as opposed to exosomes
synthesis involves an increase in cytosolic Ca++, which activates different pathways, resulting in depolymerization of
the actin cytoskeleton and, finally, the release of MVs [6].
In HPV-positive cells, silencing of the E6/E7 proteins resulted in alterations in the number and composition of
MVs [73]. MVs from HPV-positive cells contained higher
levels of survivin and anti-apoptotic proteins compared to
HPV-negative cells. In lung cancer, MVs are released in
circulation and in pleural effusion due to lung cancer [3].
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Table 1 Extracellular vesicles’ analysis in different tumor types
Cancer types

Comments

References

Bladder cancer

Exosomes from urine contain the angiogenesis-promoting protein EDIL-3

[99]

Breast cancer

Microvesicle numbers and the amount of focal adhesion kinase and EGFR in plasma fractions were
associated with different stages of breast cancer

[89]

Colorectal cancer

Proteomic analysis was conducted on EVs from colorectal cancer cells

[103]

Gastric cancer

Proteomic analysis was conducted on EVs from gastric cancer patients

[31]

Glioblastoma

Microvesicle RNA biomarkers of glioblastoma multiforme were identified

[29,55]

Head and neck cancer

Exosomes and microvesicles from patient saliva were used for diagnosis

[104]

Lung cancer

Proteins isolated from microvesicles in pleural effusions due to lung cancer were characterized to
identify diagnostic markers

[3]

Melanoma

Proteomic analysis was conducted on exosomes from melanoma patients were used for

[105]

Ovarian cancer

Exosomes from ovarian cancer patients contain different sets of proteins and miRNAs compared to
exosomes from normal subjects; the amount of circulating exosomes was 4 times higher in patients

[1,2,92,93,106]

Pancreatic cancer

EVs were used in diagnosing pancreatic cancer

[30]

Prostate cancer

Urine exosomes expressed higher levels of PCA-3 and TMPRSS2-ERG

[58]

About 900 MV specific proteins were identified from
pleural effusion of nonsmall cell lung cancer patients.
These proteins were different from EV proteins isolated
from patients with other cancer types. Park et al. developed bioinformatics tools and identified pathologicallysignificant proteins from those 912 MV specific proteins
from lung cancer patients [3]. Ostrowski et al. demonstrated the role of Rab27a and Rab27 b in exosome secretion pathway [74].
EV functions

Various biological roles have been proposed for EVs, including disposal of superfluous or harmful cellular content, emission of signaling and regulatory molecules for
cell-cell communication and functional modification,
propagation of pathogens, stimulation or inhibition of
the immune system, antigen presentation, and many
more [4,75]. EVs are involved in both beneficial and
pathological functions. EVs can be used in cancer diagnosis and prognosis precisely because the function of
the original cell can be extrapolated by examining EV

composition (proteins, mRNAs, miRNAs, non-coding
RNAs, lipids, and other molecules) in body fluids. Kahlert
et al. demonstrated the presence of double stranded DNA
in serum collected from pancreatic cancer patients [9].
DNA isolated from these EVs was used to detect p53 and
KRAS mutations. Collectively, EVs were not shown to
contain mitochondrial, nuclear, or endoplasmic reticulum
proteins [76,77]. Exosomes, specifically, do not contain
most of the ribosomal RNAs and contain mainly mRNAs
and miRNAs [58]. EVs can interact with target cells directly via cell surface receptors, or can be internalized by
target cells via membrane fusion or endocytosis [78]. Once
EV-associated signaling molecules are recognized, the target cell’s function is modified or regulated.
EV isolation and analysis of the contents

Table 3 shows the methods that are used for isolating
extracellular vesicles. Obtaining pure exosomes is critical
for preserving the physicochemical and functional characteristics of the exosomes. Most frequently used and
accepted method for enriching EVs is ultracentrifugation

Table 2 Biofluids/biospecimens used to isolate extracellular vesicles for cancer diagnosis, prognosis, and epidemiology
Biospecimen

Comments

References

Ascites

Used in diagnosing ovarian cancer and determining its aggressiveness

[39]

Blood and plasma

Used in diagnosing ovarian cancer and breast cancer

[89,93]

Breast milk

Exosomes were isolated from breast milk

[36]

Mesenchymal stem cells

Suppression of angiogenesis shown in tumor cells mediated by miR-16 isolated from exosomes

[5]

Pregnancy-associated sera

Exosomes were isolated in different stages of pregnancy

[107]

Saliva

Exosomes and MVs found in patient saliva

[104]

Stem cells

Renal stem cells contained MVs with angiogenesis-specific mRNAs and miRNAs

[94]

Tissues

Ovarian cancer tissues were used to isolate exosomes and then in isolating miRNAs from them

[1,14]

Urine

Urine was used to isolate exosomes and in analyzing proteins by MS or transcriptome analysis

[58,99]
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Table 3 Methods for isolating extracellular vesicles (EVs)
EV Isolation Method

Sample

~ Time required for isolation

Reference/Company

Deferential centrifugation

Serum, urine and cell culture supernatant

2-15 h

[79]

Deferential centrifugation

Cell culture supernatant or saliva

2-15 h

[108,109]

Density gradient centrifugation

Cell culture supernatant

24 h

[80]

Sequential membrane filtration

Cell culture supernatant and biofluids

24 h

[81,110]

Nanomembrane

Urine

<2 h

[82]

Size exclusion chromatography

Plasma

20 min

[111]

Microfluidics

Cell culture supernatant

-

[112]

Nanoshearing

Cell culture supernatant and serum

-

[46]

ExoCap

Cell culture supernatant and biofluids

30 min

MBL International

ExomiR

Cell-free biofluids’ exosomal RNA

20 min

Bioo Scientific

Exo-spin

Cell culture supernatant, urine and saliva

3h

Cell Guidance Systems

ExoQuick

Serum, plasma, ascites, urine, CSF and cell
culture supernatant

2-15 h

System Bioscinces

miRCURY

Serum, plasma, cells, urine and CSF

2h

Exiqon

Total exosome isolation

Cell culture supernatant and biofluids

2h

Life Technologies

PureExo

Serum, plasma and cell culture supernatant

2h

101Bio

ME Kit based on Vn96 peptide binding
to heat shock proteins on exosomes

Serum, plasma, urine, cell culture supernatant

30 min

New England Peptide

Streptavidin-biotin-specific antibody to
a known antigen on exosome

Cell culture supernatant

>12 h

Life Technologies

Anti-tetraspanin antibody-magnetic
bead based

Cell culture supernatant

>12 h

Life Technologies

Anti-EpCAM-antibody magnetic
bead based

Cell culture supernatant

>4 h

Life Technologies

[79] followed by density gradient centrifugation [80],
however, these procedures are laborious and time consuming (2–24 h). Moreover, protein aggregates may coprecipitate with exosomes and there is a possibility of
labile biomolecules being degraded during the long
centrifugation steps. Another limitation is that these
methods do not offer size separation. Alternatively, size
based filtration is another approach for fractionating and
obtaining exosome-rich preparations [81,82]. These filterbased methods are quick (<2 h) at isolating exosomes;
nevertheless, they have been shown to isolate nano-particle
size RNA-protein complexes and chylomicrons whose size
(100–350 nm) is similar to the exosomes as well, thus raising concerns about contamination. Currently, polyethylene
glycol or other polymers based precipitation is being extensively commercialized as an alternative to isolating exosomes. These precipitation methods are quick (~2 h), but
non-specific because they are known to also isolate nonexosome biomolecules and cellular debris. Additionally,
affinity methods based on capture of exosomes using peptides or antibodies are being used as specific methods.
The current technologies are thus limited, and moving
forward, simpler methods are needed. Improved methods
must be able to combine isolation of pure exosomes and
analysis, since the existing methods are not perfect and

yield varying compositions and quality of exosomes.
Microfluidics combined with biosensors, employing biological or biomimetic capture agents, may quickly isolate
total or specific exosomes and facilitate faster and cheaper
analysis of exosomal cargo. This technology may advance
our understanding of EVs, and increase EVs utility in research and therapy.
Methods to characterize EVs are emerging and developing. Extracellular vesicles have been routinely characterized using transmission electron microscopy (TEM),
florescence microscopy or flow cytometry [83]. There
are several limitations to TEM. It is expensive and requires specialized experience, the sensitivity of the fluorescence microscopy is not optimal for nano-micro vesicle
characterization. Nanoparticle tracking analysis (NTA),
designed to measure the size and concentration of EVs, is
based on flow cytometry. NTA has been reported to be
used for analyzing circulating EVs [84]. Wei et al. established a method called electric field induced release and
measurement (EFIRM) for simultaneously disrupting and
releasing exosomal RNA/biomarkers for on-site monitoring [85]. They have adapted the method for blood and
saliva [85]. A multiplexed microfluidic device for specific capture and detection of exosomal contents using
nanoshearing technology, based on a tunable alternating
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current electrohydrodynamic (ac-EHD) methodology, was
used for measuring human epidermal growth factor receptor 2 (HER2) and PSA in human samples [46]. Ueda
et al. developed anti-CD9 antibody-coupled to highly porous monolithic silica microtips for exosome extraction
from multiple clinical samples, and applied it to measure
exosomal proteins by mass spectrometry in serum samples from lung cancer patients [51].
Recent estimates indicate that 1 ml serum (or comparable amounts of other biofluids) is sufficient to analyze
EV miRNAs and proteins [30]. Park et al. isolated 912
proteins from MVs from the pleural effusion of nonsmall lung cancer patients by applying nuclear magnetic
resonance mass spectrometry (NMR-MS) followed by
SDS-PAGE [3]. The composition of MVs from these
lung cancer patients was different than MVs from other
malignancies such as breast, prostate, and colon cancers.
Further characterization of these proteins (mainly lungenriched surface antigens and proteins related to epidermal growth factor receptor [EGFR] signaling) indicated
their potential in lung cancer diagnosis. Ovarian cancer
ascites were isolated by centrifuging malignant ascites to
remove cells, followed by sucrose gradient centrifugation
[39]. The pelleted vesicles were further characterized by
gelatin zymography [86]. Ascite-derived exosomes exhibit
gelatinolytic activity, and gelatinases increase tumor progression [87]. Analysis of EV proteins was achieved by liquid chromatography combined with matrix-assisted laser
ionization/desorption time of flight mass spectrometry
(LC-MALDI-TOF MS) [88]. Specific MV proteins, such as
focal adhesion kinase and EGFR, from breast cancer patient sera were characterized by Western blotting [89].
Pathological functions of exosomes and utility in cancer
research

In response to pathological alterations, cells communicate with each other by secreting a heterogeneous mixture
of vesicles (including MVs and exosomes) with different
compositions. Pegtel et al. demonstrated that miRNAs
present in the exosomes isolated from Epstein-Barr Virus
(EBV)-infected cells could release their miRNA (and induce silencing of specific genes) when kept in contact with
surrounding uninfected B cells [90]. Whether EVs are released from the infected host or infectious agent, information from the analysis of EVs may facilitate their use as
biomarkers for diagnosis. The EV content analysis also will
promote understanding of host-infectious agent interaction to enable effective vaccine design and development
of novel therapeutics [91].
Using EVs to diagnose cancer

EVs’ contents reflect the content of the cells (both stromal and tumor) from which they originate. EVs could be
used as biomarkers for diagnosis or to predict or
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monitor a patient’s response to treatment. It has been
demonstrated, at least in the case of ovarian cancer, that
the profiling of miRNAs isolated from circulating exosomes is similar to exosomes present in tissue [14]. This
suggests that circulating exosomes can be used as a surrogate for tissue miRNAs, and exosome-derived miRNA
profiling can be used as a diagnostic biomarker for ovarian cancer.
Differential prevalence of EVs has been identified in
varying tumor types (Table 1) which could be exploited
for future research. For example, diagnostic biomarkers
for ovarian cancer are currently unknown and approximately 70% of ovarian cancer cases are diagnosed at an
advanced stage. Emerging evidence suggests that exosome biomarkers may be useful in ovarian cancer
screening [2]. Specifically, Went et al. showed that the
amount of circulating exosomes released from tissues is
four times higher in ovarian cancer patients than in normal subjects [92]. Liang et al. characterized the proteomic and genomic profiling of ovarian cancer exosomes
[2]. This study showed that epithelial cell adhesion molecule (EpCAM), CD24, and miRNAs are present in the
exosomes. These contents may serve as additional biomarkers for use in diagnosing ovarian cancer. Since
EpCAM overexpression was reported to be correlated
with epithelial cell proliferation, a technology using
microbeads coated with EpCAM antibodies may be used
for isolating ovarian cancer exosomes for further analysis
[93]. Taylor et al. demonstrated that exosomal miRNA
profiling can be used as diagnostic biomarkers for ovarian
cancer [14]. This study showed that a group of miRNAs
(miR-21, miR-141, miR-200a, miR-200b, miR-200c,
miR-205, and miR-214) present in the exosomes possessed characteristics similar to those isolated from ovarian tissue. Furthermore, higher levels of these miRNAs are
correlated with advanced ovarian cancer [14].
In addition to exosomes, the diagnostic promise also
holds for microvesicles in several malignancies. Elevated
levels of MVs were reported in sera from breast cancer
patients compared to normal individuals [89]. In renal
cancer, MVs containing different miRNAs and mRNAs
were released from renal cancer stem cells, and their
role in tumor vascularization has been proposed [94,95].
To identify an EV biomarker for glioblastoma multiforme, serum MVs were analyzed by microarray expression analysis, and a group of RNAs that are upregulated
or downregulated in this tumor type was identified
[29,55]. Transcriptome analysis of urine exosomes from
prostate cancer patients showed higher levels of PCA-3
and TMPRSS2-ERG when compared with controls [58].
Because prostate cancer tissue is heterogeneous in its
phenotypes, a biopsy taken from a specific site may not
represent the overall tumor malignancy status, including
tumor-specific variants, mutations, and levels of mRNAs
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and miRNAs for diagnosing prostate cancer. Transcriptome analysis of circulating vesicles, however, may be
representative of prostate cancer malignancy status.
Using EVs to determine cancer aggressiveness

Identification of cancer aggressiveness is an important
marker in prognosis. There is promising evidence that
EVs can be capitalized for this purpose [96]. For example, in ovarian cancer, higher levels of CD24 indicate
worst prognosis and reduce patient survival rates [97]. A
study showed that levels of EpCAM and CD24 present
in exosomes were correlated with the aggressiveness of
ovarian cancer [39]. In that study, Runz and colleagues
isolated ascites-derived exosomes from ovarian cancer
patients. They found that cytoplasmic localization of
CD24 occurred in tumors with high invasive potential.
In melanoma, exosomes isolated from metastatic cells
were capable of making primary tumor aggressive by
permanently converting bone marrow progenitors [96].
Proteins involved in regulation of membrane trafficking
and exosome formation, such as RAB1A, RAB5B, RAB7,
and RAB27A, were highly expressed in these melanoma
cells. In bladder cancer, exosomes isolated from the
urine of high-grade bladder cancer patients had higher
levels of EDIL-3, a molecule that promotes angiogenesis,
compared to exosomes from healthy individuals [98,99].
The line of evidence extends to hepatocellular carcinoma
where EDIL-3 was shown to be overexpressed in tumors
[100]. EDIL-3 plays a role in tumor progression. Receptor
tyrosine kinase MET mediates exosome mediated metastatic behavior in the melanoma mice model. When Met
expression was reduced in exosomes, the pro-metastatic
behavior of bone marrow cell also diminished [96].
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antigens and present them to T cells, priming them to
induce the anti-tumor response and resulting in tumor
cell death [27,28]. Using EVs, especially nanovesicles, in
cell-free cancer vaccines also has been proposed [101]. EVs
are capable of priming the immune system to recognize
tumor-specific antigens and initiate an appropriate immunologic response toward the abnormal cancer cell
while leaving the normal surrounding cells unchanged.
Potential utility of EVs for population-based research

Beyond clinical and therapeutic usefulness, EVs can be
exploited for population-based research in several ways.
For example, the bioavailability of EVs (from milk, urine,
blood, serum, etc.) may be capitalized for epidemiologic
research in which longitudinal studies are difficult to conduct using tissue biospecimens. EVs offer a non-invasive
and almost continuous access to circulating information
on the disease state in epidemiologic investigations. In
addition, cancer epidemiologists may use EVs to investigate whether the characteristics of EVs may be influenced
by exposure to certain carcinogenic factors (e.g., smoking,
physical activity, obesity). In turn, EVs may be used
as biomarkers in epidemiologic studies to characterize
the mechanistic underpinnings and follow up on findings
from association studies. There is evidence to support EVs
utility. Data from a study by Xu et al. [102] showed that
arsenic-transformed human bronchial epithelial cells release exosomal miR-21 that subsequently stimulated normal neighboring cells. These data suggest that neoplastic
cell-to-normal cell communication mediated by an exosomal miRNA may be involved in carcinogenesis induced by
exogenous factors.
Challenges and potential solutions

Using EVS for therapeutic purposes

As mentioned earlier, applying EVs in therapeutics as a
cell-free vaccine was proposed by Viaud et al. and others
[5,60]. Advantages of EVs include that they are nonliving and easily recovered from biological fluids. These
are bioavailable vehicles that are well tolerated; targetable to specific tissues; resistant to metabolic processes;
and, most-importantly, membrane-permeable. EVs are
considered ideal candidates for delivery of miRNAs/
small interfering RNAs (siRNAs), or drugs that otherwise would be degraded rapidly. Potential applications of
EVs in cancer therapeutics also were proposed recently
[4]. EVs can be loaded with a selective combination of
drugs for delivery with minimal issues related to immunity and passing the blood–brain barrier [101]. EVs are
stable in the blood and can deliver functional RNAs to
host cells. For personalized medicine, EVs collected from
one individual can be enriched, mixed with a drug(s),
and given back to the same individual without causing
immunity-related issues. EVs from tumors carry tumor

Although the concentration of EVs increases in cancer,
the methods for EV isolation tend to be time-consuming
and yield samples that need further purification. These
factors, together with the high costs currently associated
with this process, may limit research—particularly in epidemiologic studies in which thousands of samples are
analyzed. Therefore, further improvements in EV isolation, purification, and content analysis are required. Further, current isolation technologies make it difficult to
distinguish different EV subpopulations. This explains the
broad use of the term “EVs” in publications instead of specific types of EVs (e.g., exosomes and MVs). Contamination from RNA-protein complexes, protein aggregates,
and other micro particles may affect the results. Therefore, there is a need for technologies which can isolate
highly pure EVs for downstream analysis (transcriptomics,
miRnomics, proteomics).
Because of the multifunctional nature of EVs, it is important to understand the balance between healthy and oncogenic EV signaling. One way to use EVs for therapeutic
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purposes is to remove these vesicles to prevent metastasis
and tumorigenesis. However, the technical and financial
challenges involved in removing EVs have prevented the
clinical implementation of this technique to date. Technological improvements being made may change this in
near future.
At times, MVs released from a specific organ site exhibit the properties of drug resistance by carrying multidrug resistance (MDR) proteins [6]. There is a need to
understand how EV biosynthesis and/or intercellular
communication can be altered so that EVs can be used for
targeted therapies. Research also is needed to evaluate
whether therapies that target the uptake of tumor-derived
EVs by recipient cells are specific enough to prevent side
effects. A better understanding of the molecular mechanisms that underlie EV biosynthesis and their physiological relevance also is needed.
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15.

Conclusions
Despite the challenges cited above, the scientific community is interested in these tissue-derived vesicles and
their multiple roles and functions. EVs hold great promise for cancer diagnosis and treatment. Likewise, there
are many potential uses of EVs in cancer research and
epidemiology.

16.

17.

18.

Abbreviations
EGFR: Epidermal growth factor receptor; EpCAM: Epithelial cell adhesion
molecule; ESCRT: Endosomal sorting complex required for transport;
EVs: Evesicles; mRNA: messenger RNA; miRNA: microRNA; MVs: Microvesicles.

19.

Competing interests
The authors declare that they have no competing interests.

21.

Authors’ contributions
All authors contributed in planning, developing, and writing the manuscript.
All authors read and approved the final manuscript.

20.

22.
23.
24.

Acknowledgements
We are thankful to Joanne Brodsky of Scientific Consulting group (SCG) for
reading the manuscript and providing comments.

25.

Received: 14 October 2014 Accepted: 26 March 2015

26.

References
1. Beach A, Zhang HG, Ratajczak MZ, Kakar SS. Exosomes: an overview of
biogenesis, composition and role in ovarian cancer. J Ovarian Res.
2014;7(1):14.
2. Liang B, Peng P, Chen S, Li L, Zhang M, Cao D, et al. Characterization and
proteomic analysis of ovarian cancer-derived exosomes. J Proteomics.
2013;80C:171–82.
3. Park JO, Choi DY, Choi DS, Kim HJ, Kang JW, Jung JH, et al. Identification
and characterization of proteins isolated from microvesicles derived from
human lung cancer pleural effusions. Proteomics. 2013;13(14):2125–34.
4. Vader P, Breakefield XO, Wood MJ. Extracellular vesicles: emerging targets
for cancer therapy. Trends Mol Med. 2014;20(7):385–93.
5. Lee JK, Park SR, Jung BK, Jeon YK, Lee YS, Kim MK, et al. Exosomes derived
from mesenchymal stem cells suppress angiogenesis by down-regulating
VEGF expression in breast cancer cells. PLoS One. 2013;8(12):e84256.
6. Jorfi S, Inal JM. The role of microvesicles in cancer progression and drug
resistance. Biochem Soc Trans. 2013;41(1):293–8.

27.

28.
29.

30.
31.

32.

Caby MP, Lankar D, Vincendeau-Scherrer C, Raposo G, Bonnerot C.
Exosomal-like vesicles are present in human blood plasma. Int Immunol.
2005;17(7):879–87.
Ren Y, Yang J, Xie R, Gao L, Yang Y, Fan H, et al. Exosomal-like vesicles with
immune-modulatory features are present in human plasma and can induce
CD4+ T-cell apoptosis in vitro. Transfusion. 2011;51(5):1002–11.
Kahlert C, Melo SA, Protopopov A, Tang J, Seth S, Koch M, et al.
Identification of double-stranded genomic DNA spanning all chromosomes
with mutated KRAS and p53 DNA in the serum exosomes of patients with
pancreatic cancer. J Biol Chem. 2014;289(7):3869–75.
Pisetsky DS, Gauley J, Ullal AJ. Microparticles as a source of extracellular
DNA. Immunol Res. 2011;49(1–3):227–34.
Mathivanan S, Fahner CJ, Reid GE, Simpson RJ. ExoCarta 2012: database of exosomal
proteins, RNA and lipids. Nucleic Acids Res. 2012;40(Database issue):D1241–4.
Simpson RJ, Kalra H, Mathivanan S. ExoCarta as a resource for exosomal
research. J Extracellular Vesicles. 2012;1:1–7.
Thakur BK, Zhang H, Becker A, Matei I, Huang Y, Costa-Silva B, et al.
Double-stranded DNA in exosomes: a novel biomarker in cancer
detection. Cell Res. 2014;24(6):766–9.
Taylor DD, Gercel-Taylor C. MicroRNA signatures of tumor-derived
exosomes as diagnostic biomarkers of ovarian cancer. Gynecol Oncol.
2008;110(1):13–21.
Cen P, Ni X, Yang J, Graham DY, Li M. Circulating tumor cells in the
diagnosis and management of pancreatic cancer. Biochim Biophys Acta.
2012;1826(2):350–6.
Jin T, Peng H, Wu H. Clinical value of circulating liver cancer cells for the
diagnosis of hepatocellular carcinoma: a meta-analysis. Biomed Rep.
2013;1(5):731–6.
Mockelmann N, Laban S, Pantel K, Knecht R. Circulating tumor cells in head
and neck cancer: clinical impact in diagnosis and follow-up. Eur Arch Otorhinolaryngol. 2014;271(1):15–21.
Ren C, Chen H, Han C, Jin G, Wang D, Wang D, et al. Detection and
molecular analysis of circulating tumor cells for early diagnosis of pancreatic
cancer. Med Hypotheses. 2013;80(6):833–6.
Saad F, Pantel K. The current role of circulating tumor cells in the diagnosis
and management of bone metastases in advanced prostate cancer. Future
Oncol. 2012;8(3):321–31.
Boffetta P. Biomarkers in cancer epidemiology: an integrative approach.
Carcinogenesis. 2010;31(1):121–6.
Fader AN, Arriba LN, Frasure HE, von Gruenigen VE. Endometrial cancer and
obesity: epidemiology, biomarkers, prevention and survivorship. Gynecol
Oncol. 2009;114(1):121–7.
Verma M. Epigenome-Wide Association Studies (EWAS) in cancer. Curr
Genomics. 2012;13(4):308–13.
Verma M, Patel P, Verma M. Biomarkers in prostate cancer epidemiology.
Cancers. 2011;3(4):3773–98.
Grotenhuis AJ, Vermeulen SH, Kiemeney LA. Germline genetic markers for
urinary bladder cancer risk, prognosis and treatment response. Future
Oncol. 2010;6(9):1433–60.
Kesisis G, Kontovinis LF, Gennatas K, Kortsaris AH. Biological markers in
breast cancer prognosis and treatment. J BUON. 2010;15(3):447–54.
Pasche B, Grant SC. Non-small cell lung cancer and precision medicine: a
model for the incorporation of genomic features into clinical trial design.
JAMA. 2014;311(19):1975–6.
Cho JA, Yeo DJ, Son HY, Kim HW, Jung DS, Ko JK, et al. Exosomes: a new
delivery system for tumor antigens in cancer immunotherapy. Int J Cancer.
2005;114(4):613–22.
Schorey JS, Bhatnagar S. Exosome function: from tumor immunology to
pathogen biology. Traffic. 2008;9(6):871–81.
Skog J, Wurdinger T, van Rijn S, Meijer DH, Gainche L, Sena-Esteves M, et al.
Glioblastoma microvesicles transport RNA and proteins that promote
tumour growth and provide diagnostic biomarkers. Nat Cell Biol.
2008;10(12):1470–6.
Zoller M. Pancreatic cancer diagnosis by free and exosomal miRNA. World J
Gastrointest Pathophysiol. 2013;4(4):74–90.
Baran J, Baj-Krzyworzeka M, Weglarczyk K, Szatanek R, Zembala M, Barbasz J,
et al. Circulating tumour-derived microvesicles in plasma of gastric cancer
patients. Cancer Immunol Immunother. 2010;59(6):841–50.
Gabriel K, Ingram A, Austin R, Kapoor A, Tang D, Majeed F, et al. Regulation
of the tumor suppressor PTEN through exosomes: a diagnostic potential for
prostate cancer. PLoS One. 2013;8(7):e70047.

Verma et al. BMC Clinical Pathology (2015) 15:6

33. Smyth T, Kullberg M, Malik N, Smith-Jones P, Graner MW, Anchordoquy TJ.
Biodistribution and delivery efficiency of unmodified tumor-derived exosomes.
J Control Release. 2015;199:145–55.
34. Izquierdo-Useros N, Puertas MC, Borras FE, Blanco J, Martinez-Picado J. Exosomes
and retroviruses: the chicken or the egg? Cell Microbiol. 2011;13(1):10–7.
35. Keller S, Rupp C, Stoeck A, Runz S, Fogel M, Lugert S, et al. CD24 is a
marker of exosomes secreted into urine and amniotic fluid. Kidney Int.
2007;72(9):1095–102.
36. Admyre C, Johansson SM, Qazi KR, Filen JJ, Lahesmaa R, Norman M, et al.
Exosomes with immune modulatory features are present in human breast
milk. J Immunol. 2007;179(3):1969–78.
37. Prado N, Marazuela EG, Segura E, Fernandez-Garcia H, Villalba M, Thery C,
et al. Exosomes from bronchoalveolar fluid of tolerized mice prevent allergic
reaction. J Immunol. 2008;181(2):1519–25.
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;10:2–7.
39. Runz S, Keller S, Rupp C, Stoeck A, Issa Y, Koensgen D, et al. Malignant
ascites-derived exosomes of ovarian carcinoma patients contain CD24 and
EpCAM. Gynecol Oncol. 2007;107(3):563–71.
40. Grant R, Ansa-Addo E, Stratton D, Antwi-Baffour S, Jorfi S, Kholia S, et al. A
filtration-based protocol to isolate human plasma membrane-derived
vesicles and exosomes from blood plasma. J Immunol Methods.
2011;371(1–2):143–51.
41. Ogawa Y, Kanai-Azuma M, Akimoto Y, Kawakami H, Yanoshita R. Exosome-like
vesicles with dipeptidyl peptidase IV in human saliva. Biol Pharm Bull.
2008;31(6):1059–62.
42. Pisitkun T, Shen RF, Knepper MA. Identification and proteomic profiling of
exosomes in human urine. Proc Natl Acad Sci U S A. 2004;101(36):13368–73.
43. Olimon-Andalon V, Aguilar-Lemarroy A, Ratkovich-Gonzalez S, Uribe-Lopez
A, Mariscal-Ramirez I, Delgadillo-Cristerna R et al. Proapoptotic CD95L levels
in normal human serum and sera of breast cancer patients. Tumour biology
: the journal of the International Society for Oncodevelopmental Biology
and Medicine 2015:23-28.
44. Khan S, Bennit HF, Turay D, Perez M, Mirshahidi S, Yuan Y, et al. Early
diagnostic value of survivin and its alternative splice variants in breast
cancer. BMC Cancer. 2014;14:176.
45. Eichelser C, Stuckrath I, Muller V, Milde-Langosch K, Wikman H, Pantel K,
et al. Increased serum levels of circulating exosomal microRNA-373 in
receptor-negative breast cancer patients. Oncotarget. 2014;5(20):9650–63.
46. Vaidyanathan R, Naghibosadat M, Rauf S, Korbie D, Carrascosa LG, Shiddiky
MJ, et al. Detecting exosomes specifically: a multiplexed device based on
alternating current electrohydrodynamic induced nanoshearing. Anal Chem.
2014;86(22):11125–32.
47. Khan S, Jutzy JM, Valenzuela MM, Turay D, Aspe JR, Ashok A, et al.
Plasma-derived exosomal survivin, a plausible biomarker for early detection of
prostate cancer. PLoS One. 2012;7(10):e46737.
48. Lazaro-Ibanez E, Sanz-Garcia A, Visakorpi T, Escobedo-Lucea C, Siljander P,
Ayuso-Sacido A, et al. Different gDNA content in the subpopulations of
prostate cancer extracellular vesicles: apoptotic bodies, microvesicles, and
exosomes. Prostate. 2014;74(14):1379–90.
49. Mizutani K, Terazawa R, Kameyama K, Kato T, Horie K, Tsuchiya T, et al. Isolation
of prostate cancer-related exosomes. Anticancer Res. 2014;34(7):3419–23.
50. Bryant RJ, Pawlowski T, Catto JW, Marsden G, Vessella RL, Rhees B, et al.
Changes in circulating microRNA levels associated with prostate cancer. Br J
Cancer. 2012;106(4):768–74.
51. Ueda K, Ishikawa N, Tatsuguchi A, Saichi N, Fujii R, Nakagawa H. Antibody-coupled
monolithic silica microtips for highthroughput molecular profiling of circulating
exosomes. Sci Rep. 2014;4:6232.
52. Sugimachi K, Matsumura T, Hirata H, Uchi R, Ueda M, Ueo H, et al. Identification of
a bona fide microRNA biomarker in serum exosomes that predicts hepatocellular
carcinoma recurrence after liver transplantation. Br J Cancer. 2015;112:532–8.
53. Loei H, Tan HT, Lim TK, Lim KH, So JB, Yeoh KG, et al. Mining the gastric
cancer secretome: identification of GRN as a potential diagnostic marker for
early gastric cancer. J Proteome Res. 2012;11(3):1759–72.
54. Manterola L, Guruceaga E, Gallego Perez-Larraya J, Gonzalez-Huarriz M, Jauregui P,
Tejada S, et al. A small noncoding RNA signature found in exosomes of GBM
patient serum as a diagnostic tool. Neuro Oncol. 2014;16(4):520–7.
55. Noerholm M, Balaj L, Limperg T, Salehi A, Zhu LD, Hochberg FH, et al. RNA
expression patterns in serum microvesicles from patients with glioblastoma
multiforme and controls. BMC Cancer. 2012;12:22.

Page 8 of 9

56. Chugh PE, Sin SH, Ozgur S, Henry DH, Menezes P, Griffith J, et al. Systemically
circulating viral and tumor-derived microRNAs in KSHV-associated malignancies.
PLoS Pathog. 2013;9(7):e1003484.
57. Neeb A, Hefele S, Bormann S, Parson W, Adams F, Wolf P, et al. Splice
variant transcripts of the anterior gradient 2 gene as a marker of prostate
cancer. Oncotarget. 2014;5(18):8681–9.
58. Nilsson J, Skog J, Nordstrand A, Baranov V, Mincheva-Nilsson L, Breakefield XO,
et al. Prostate cancer-derived urine exosomes: a novel approach to biomarkers
for prostate cancer. Br J Cancer. 2009;100(10):1603–7.
59. Lu Q, Zhang J, Allison R, Gay H, Yang WX, Bhowmick NA, et al. Identification
of extracellular delta-catenin accumulation for prostate cancer detection.
Prostate. 2009;69(4):411–8.
60. Viaud S, Ullrich E, Zitvogel L, Chaput N. Exosomes for the treatment of
human malignancies. Horm Metab Res. 2008;40(2):82–8.
61. Johnstone RM, Adam M, Hammond JR, Orr L, Turbide C. Vesicle formation
during reticulocyte maturation. Association of plasma membrane activities
with released vesicles (exosomes). J Biol Chem. 1987;262(19):9412–20.
62. Frydrychowicz M, Kolecka-Bednarczyk A, Madejczyk M, Yasar S, Dworacki G.
Exosomes - structure, biogenesis and biological role in non-small-cell lung
cancer. Scand J Immunol. 2015;81(1):2–10.
63. van Niel G, Charrin S, Simoes S, Romao M, Rochin L, Saftig P, et al. The
tetraspanin CD63 regulates ESCRT-independent and -dependent endosomal
sorting during melanogenesis. Dev Cell. 2011;21(4):708–21.
64. Sahu R, Kaushik S, Clement CC, Cannizzo ES, Scharf B, Follenzi A, et al.
Microautophagy of cytosolic proteins by late endosomes. Dev Cell.
2011;20(1):131–9.
65. Ghossoub R, Lembo F, Rubio A, Gaillard CB, Bouchet J, Vitale N, et al.
Syntenin-ALIX exosome biogenesis and budding into multivesicular bodies
are controlled by ARF6 and PLD2. Nat Commun. 2014;5:3477.
66. Calistri A, Munegato D, Toffoletto M, Celestino M, Franchin E, Comin A, et al.
Functional interaction between the ESCRT-I component TSG101 and the
HSV-1 tegument ubiquitin specific protease. J Cell Physiol. 2014;12:3–9.
67. Chamontin C, Rassam P, Ferrer M, Racine PJ, Neyret A, Laine S, et al. HIV-1
nucleocapsid and ESCRT-component Tsg101 interplay prevents HIV from
turning into a DNA-containing virus. Nucleic Acids Res. 2015;43(1):336–47.
68. Beloribi S, Ristorcelli E, Breuzard G, Silvy F, Bertrand-Michel J, Beraud E, et al.
Exosomal lipids impact notch signaling and induce death of human
pancreatic tumoral SOJ-6 cells. PLoS One. 2012;7(10):e47480.
69. Stenmark H. Rab GTPases as coordinators of vesicle traffic. Nat Rev Mol Cell
Biol. 2009;10(8):513–25.
70. Bishop N, Woodman P. ATPase-defective mammalian VPS4 localizes to
aberrant endosomes and impairs cholesterol trafficking. Mol Biol Cell.
2000;11(1):227–39.
71. Thery C, Boussac M, Veron P, Ricciardi-Castagnoli P, Raposo G, Garin J, et al.
Proteomic analysis of dendritic cell-derived exosomes: a secreted
subcellular compartment distinct from apoptotic vesicles. J Immunol.
2001;166(12):7309–18.
72. Baietti MF, Zhang Z, Mortier E, Melchior A, Degeest G, Geeraerts A, et al.
Syndecan-syntenin-ALIX regulates the biogenesis of exosomes. Nat Cell Biol.
2012;14(7):677–85.
73. Honegger A, Leitz J, Bulkescher J, Hoppe-Seyler K, Hoppe-Seyler F. Silencing
of human papillomavirus (HPV) E6/E7 oncogene expression affects both the
contents and the amounts of extracellular microvesicles released from
HPV-positive cancer cells. Int J Cancer. 2013;133(7):1631–42.
74. Ostrowski M, Carmo NB, Krumeich S, Fanget I, Raposo G, Savina A, et al.
Rab27a and Rab27b control different steps of the exosome secretion
pathway. Nat Cell Biol. 2010;12(1):19–30. sup pp 11–13.
75. Lee TH, D'Asti E, Magnus N, Al-Nedawi K, Meehan B, Rak J. Microvesicles as
mediators of intercellular communication in cancer–the emerging science
of cellular 'debris'. Semin Immunopathol. 2011;33(5):455–67.
76. Kowal J, Tkach M, Thery C. Biogenesis and secretion of exosomes. Curr Opin
Cell Biol. 2014;29C:116–25.
77. Thery C, Zitvogel L, Amigorena S. Exosomes: composition, biogenesis and
function. Nat Rev Immunol. 2002;2(8):569–79.
78. Al-Nedawi K, Meehan B, Micallef J, Lhotak V, May L, Guha A, et al.
Intercellular transfer of the oncogenic receptor EGFRvIII by microvesicles
derived from tumour cells. Nat Cell Biol. 2008;10(5):619–24.
79. Thery C, Amigorena S, Raposo G, Clayton A. Isolation and characterization of
exosomes from cell culture supernatants and biological fluids. Current
protocols in cell biology / editorial board, Juan S Bonifacino [et al.] 2006,
Chapter 3:Unit 3 22. Pp. 1-24

Verma et al. BMC Clinical Pathology (2015) 15:6

80. Jeppesen DK, Hvam ML, Primdahl-Bengtson B, Boysen AT, Whitehead B,
Dyrskjot L, et al. Comparative analysis of discrete exosome fractions
obtained by differential centrifugation. J Extracellular Vesicles. 2014;3:25011.
81. Heinemann ML, Ilmer M, Silva LP, Hawke DH, Recio A, Vorontsova MA, et al.
Benchtop isolation and characterization of functional exosomes by
sequential filtration. J Chromatogr A. 2014;1371C:125–35.
82. Sigdel TK, Ng YW, Lee S, Nicora CD, Qian WJ, Smith RD, et al. Perturbations
in the urinary exosome in transplant rejection. Front Med. 2014;1:57.
83. Moldovan L, Batte K, Wang Y, Wisler J, Piper M. Analyzing the circulating
microRNAs in exosomes/extracellular vesicles from serum or plasma by
qRT-PCR. Methods Mol Biol. 2013;1024:129–45.
84. Dragovic RA, Southcombe JH, Tannetta DS, Redman CW, Sargent IL.
Multicolor flow cytometry and nanoparticle tracking analysis of extracellular
vesicles in the plasma of normal pregnant and pre-eclamptic women. Biol
Reprod. 2013;89(6):151.
85. Wei F, Yang J, Wong DT. Detection of exosomal biomarker by electric
field-induced release and measurement (EFIRM). Biosens Bioelectron.
2013;44:115–21.
86. Lunter PC, van Kilsdonk JW, van Beek H, Cornelissen IM, Bergers M, Willems
PH, et al. Activated leukocyte cell adhesion molecule (ALCAM/CD166/
MEMD), a novel actor in invasive growth, controls matrix metalloproteinase
activity. Cancer Res. 2005;65(19):8801–8.
87. Bjorklund M, Koivunen E. Gelatinase-mediated migration and invasion of
cancer cells. Biochim Biophys Acta. 2005;1755(1):37–69.
88. 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(6):1324–38.
89. Galindo-Hernandez O, Villegas-Comonfort S, Candanedo F, Gonzalez-Vazquez MC,
Chavez-Ocana S, Jimenez-Villanueva X, et al. Elevated concentration of
microvesicles isolated from peripheral blood in breast cancer patients.
Arch Med Res. 2013;44(3):208–14.
90. Pegtel DM, Cosmopoulos K, Thorley-Lawson DA, van Eijndhoven MA,
Hopmans ES, Lindenberg JL, et al. Functional delivery of viral miRNAs via
exosomes. Proc Natl Acad Sci U S A. 2010;107(14):6328–33.
91. Ranganathan S, Garg G. Secretome: clues into pathogen infection and
clinical applications. Genome Med. 2009;1(11):113.
92. Went PT, Lugli A, Meier S, Bundi M, Mirlacher M, Sauter G, et al. Frequent
EpCam protein expression in human carcinomas. Hum Pathol. 2004;35(1):122–8.
93. Lim LP, Lau NC, Garrett-Engele P, Grimson A, Schelter JM, Castle J, et al.
Microarray analysis shows that some microRNAs downregulate large
numbers of target mRNAs. Nature. 2005;433(7027):769–73.
94. Atala A. Re: Microvesicles released from human renal cancer stem cells
stimulate angiogenesis and formation of lung premetastatic niche. J Urol.
2012;187(4):1506–7.
95. Grange C, Tapparo M, Collino F, Vitillo L, Damasco C, Deregibus MC, et al.
Microvesicles released from human renal cancer stem cells stimulate
angiogenesis and formation of lung premetastatic niche. Cancer Res.
2011;71(15):5346–56.
96. Peinado H, Aleckovic 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(6):883–91.
97. Aktas IY, Bugdayci M, Usubutun A. Expression of p16, p53, CD24, EpCAM
and calretinin in serous borderline tumors of the ovary. Turk Patoloji Dergisi.
2012;28(3):220–30.
98. Street JM, Yuen PS, Star RA. Bioactive exosomes: possibilities for diagnosis
and management of bladder cancer. J Urol. 2014;192(2):297–8.
99. Beckham CJ, Olsen J, Yin PN, Wu CH, Ting HJ, Hagen FK, et al. Bladder
cancer exosomes contain EDIL-3/Del1 and facilitate cancer progression.
J Urol. 2014;192(2):583–92.
100. Sun JC, Liang XT, Pan K, Wang H, Zhao JJ, Li JJ, et al. High expression level
of EDIL3 in HCC predicts poor prognosis of HCC patients. World J
Gastroenterol. 2010;16(36):4611–5.
101. Natasha G, Gundogan B, Tan A, Farhatnia Y, Wu W, Rajadas J, et al.
Exosomes as Immunotheranostic Nanoparticles. Clin Ther. 2014;36(6):820–9.
102. Xu Y, Luo F, Liu Y, Shi L, Lu X, Xu W, et al. Exosomal miR-21 derived from
arsenite-transformed human bronchial epithelial cells promotes cell
proliferation associated with arsenite carcinogenesis. Arch Toxicol.
2014;2:31–5.
103. Choi DS, Lee JM, Park GW, Lim HW, Bang JY, Kim YK, et al. Proteomic
analysis of microvesicles derived from human colorectal cancer cells.
J Proteome Res. 2007;6(12):4646–55.

Page 9 of 9

104. Principe S, Hui AB, Bruce J, Sinha A, Liu FF, Kislinger T. Tumor-derived
exosomes and microvesicles in head and neck cancer: implications for
tumor biology and biomarker discovery. Proteomics. 2013;13(10–11):1608–23.
105. Abastado JP. The next challenge in cancer immunotherapy: controlling
T-cell traffic to the tumor. Cancer Res. 2012;72(9):2159–61.
106. Giusti I, D'Ascenzo S, Dolo V. Microvesicles as potential ovarian cancer
biomarkers. Biomed Res Int. 2013;2013:703048.
107. Taylor DD, Akyol S, Gercel-Taylor C. Pregnancy-associated exosomes and
their modulation of T cell signaling. J Immunol. 2006;176(3):1534–42.
108. Lasser C, Eldh M, Lotvall J. Isolation and characterization of RNA-containing
exosomes. JoVE. 2012;59:e3037.
109. Michael A, Bajracharya SD, Yuen PS, Zhou H, Star RA, Illei GG, et al.
Exosomes from human saliva as a source of microRNA biomarkers. Oral Dis.
2010;16(1):34–8.
110. Tauro BJ, Greening DW, Mathias RA, Ji H, Mathivanan S, Scott AM, et al.
Comparison of ultracentrifugation, density gradient separation, and
immunoaffinity capture methods for isolating human colon cancer cell line
LIM1863-derived exosomes. Methods. 2012;56(2):293–304.
111. Boing AN, van der Pol E, Grootemaat AE, Coumans FA, Sturk A, Nieuwland R.
Single-step isolation of extracellular vesicles by size-exclusion chromatography.
Journal of extracellular vesicles 2014,3.
112. Santana SM, Antonyak MA, Cerione RA, Kirby BJ. Microfluidic isolation of
cancer-cell-derived microvesicles from hetergeneous extracellular shed
vesicle populations. Biomed Microdevices. 2014;16(6):869–77.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

