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Abstract

The importance of extracellular vesicles (EVs) in cell-cell communication has long been recognized due to their
ability to transfer important cellular cargoes such as DNA, mRNA, miRNAs, and proteins to target cells. Compelling
evidence supports the role of EVs in the horizontal transfer of cellular material which has the potential to influence
normal cellular physiology and promote various disease states. Of the different types of EVs, exosomes have garnered
much attention in the past decade due to their abundance in various biological fluids and ability to affect multiple
organ systems. The main focus of this review will be on cancer and how cancer-derived exosomes are important
mediators of metastasis, angiogenesis, immune modulation, and the tumor macro-/microenvironment. We will also
discuss exosomes as potential biomarkers for cancers due to their abundance in biological fluids, ease of uptake, and
cellular content. Exosome use in diagnosis, prognosis, and in establishing treatment regimens has enormous potential

to revolutionize patient care.
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Introduction

Intercellular communication via membrane-derived
vesicles has been studied for over three decades with
new advances related to its synthesis as well as
functions in several biological systems!'””). The initial
discovery of membrane-derived vesicles occurred in
1946 when Chargaff and West hypothesized that human
plasma contained a coagulation factor that promoted
plasma clotting after finding that high-speed centrifuga-
tion of plasma and removal of the fractionated pellet led
to the suppression of clot formation!'!. Twenty years
later British physician Peter Wolf termed this pelleted
plasma fraction as "platelet dust"™® and found that these
small platelet-derived vesicles were 20-50 nm in
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diameter with a density of 1.020-1.025 g/mL in the
plasma'™. In 1987, vesicles approximately 50 nm in
diameter were found in the culture medium of sheep
reticulocytes after high-speed centrifugation®). These
vesicles were highly active and included ace-tylcholi-
nesterase, ctyochalasin B binding (glucose transporter),
nucleoside binding, and Na-amino acid transport. In
addition, components of the reticulocyte plasma
membrane (eg. transferrin receptor) but no other cellular
components of the blood were present!?!.

The identification of any membrane-derived vesicles
would soon be classified in a general sense as
"extracellular vesicles" (EVs). Three main classes of
EVs emerged: microvesicles (100-1,000 nm), exosomes
(30-150 nm), and apoptotic blebs (1-5 pm)P'%. All
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three classes of EVs differ not only in size, but also in
morphology, content, mode of generation, and mechan-
ism of release, for example. Both microvesicles and
exosomes play critical roles in intracellular commu-
nication through the horizontal transfer of cellular
cargoes such as DNA, mRNA, miRNAs, peptides, and
proteinst' %" Although both types of EVs have been
shown to have significant impacts on various disease
states, this review will focus on providing a compre-
hensive overview of exosomes and their overall impact
in various disease processes with the primary focus
being on cancer and the tumor micro-/macroenviron-
ment.

Biogenesis of exosomes

Understanding the mechanisms of exosome biogen-
esis could shed light on important biological processes
and aid in the development of novel extracellular
vesicle-based therapies for early detection and treatment
of various diseases. It is well known that almost all cell
types in the human body secrete exosomes. The
"classical pathway" for exosomal generation has been
extensively studied and is believed to originate in
multivesicular bodies (MVBs) as intraluminal vesicles
(ILVs). The sorting and eventual formation of ILVs
requires endosomal-sorting complex required for trans-
port (ESCRT) machinery!'>'31. A report from Colombo
and colleagues identified that silencing a large panel of
ESCRT components revealed ESCRT-0 (HRS, STAM1)
and ESCRT-I (TSG101) altered exosome secretion of
exosomal CD63 and MHC II, but each component had
varying effects on the size and protein composition of
these exosomes!'*). In addition, tetraspanin proteins
CD9 and CD63 are believed to be involved in sorting
transmembrane proteins into ILVs for secretion from the
celll'>'°] However, there are other ESCRT-independent
processes that have been shown to contribute to
exosome formation. Trajkovic et al. revealed that
sphingolipid ceramide-containing exosomes isolated
from an oligodendrocyte cell line does not require
ESCRT machinery for formation and release!' ).

Once ILVs are formed, the MVB can either fuse to the
lysosome to degrade its contents or fuse to the plasma
membrane and release its contents via newly-formed
exosomes. Fusion of exosomes with the plasma
membrane has been shown to require specific Rab
proteins for docking and fusion of the MVB to the
plasma membrane, however, this is dependent on the
cell typel'®22. Although Rab GTPases are necessary
for exosome release, the exact Rab GTPases is used and
how cell type uses them is not fully understood. For
example, Rab 27a and Rab 27b were both shown to

have differing roles in the exosomal pathway, but both
were necessary for the docking of the MVB to the
plasma membrane!??!. Additionally, Rab 11 was found
to be required for Ca>™-induced exosome release in
K562 cells (leukemia cell line), but the specific
mechanism is unknown!'?’,

Content of exosomes

Exosomes are 30-150 nm sized membranous vesicles
that are endogenously produced by almost all cell types.
Additional characteristics of exosomes include a buoy-
ant density of 1.10-1.21 g/mL, a lipid composition that
includes cholesterols, ceramides, lipid rafts, and
sphingomyelin, and surface protein markers such as
Alix, TSG101 (ESCRT machinery), CD63, CD9, CD81
(tetraspanins) and HSP70. Exosomes can be isolated
from a variety of biological fluids including blood,
urine, breast milk, and saliva. The content of exosomes
has been shown to vary based on the cell type secreting
it, however in general, exosomes have been shown to
contain DNA, RNA, miRNA, cytoskeletal and heat-
shock proteins, MHC Class I and II molecules, and
peptidest”). Understanding the content of exosomes can
impact the study of various diseases. A recent report by
Thakur et al. demonstrated that double-stranded DNA
(dsDNA) was contained within human myelog-enous
leukemia cell line exosomes. They showed that this
"exosomal DNA" was a reflection of the entirety of the
genome, and that this information could be used to
identify the mutational status of cancerous cells!>). The
diverse content and shuttling of exosomal content is
particularly relevant in the context of tumorigenesis due
to local and distal tissues having been shown to acquire
the characteristics of the primary tumor. The remainder
of this review will focus primarily on this topic,
specifically on how exosomes affect the tumor macro/
microenvironment.

Exosomes in pathophysiology

Immunology: Exosomes have been implicated in the
immunological mechanisms of disease and through
both promotion and suppression of immune responses.
As a consequence, various immunological processes are
affected, such as immune surveillance, immuno-sup-
pression, and intercellular communication. Quah and
colleagues demonstrated a method that could modulate
immune responses by using exosomes that were
produced by immature dendritic cells (DCs) in spleen
long-term culture (LTC)*. In another study, DC
exosomes were found to contain MHC class II, CD40,
CD83, and TNF receptorsi>>). These DC-derivedexo-
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somes could readily enter target epithelial cells,
stimulate cytokine and chemokine release, and elicit
both innate and adaptive immunity responses®”). In the
context of cancer, tumor-derived exosomes have also
been shown to carry immunological factors that can
either promote or suppress immune responses. For
example, exosomes isolated from human and murine B
lymphocytes induced antigen-specific MHC class II-
restricted T cell responses, which suggests a pivotal role
for tumor-derived exosomes in antigen presentation!?®!.
Interestingly, MHC class I and II complexes have been
shown on the surface of exosomes. In a study by
Montecalvo et al., exosomes from splenic DCs were
shown to transport alloantigens, which consequently led
to the activation of anti-donor CD4* T cells!?”). It has
also been reported that tumor-derived exosomes con-
verted myeloid cells into myeloid-derived suppressor
cell (MDSCs) (CD11b + Grl +) which promotes tumor
growth?®]. MDSC populations have been found to be
expanded in a variety of cancers, leading to fur-ther
tumor progression and immune evasion**=°!. This
topic will be revisited with the focus being on the role of
exosomes in immune-mediated responses to the tumor
microenvironment.

Cardiovascular diseases : The study of the exosomes
in cardiovascular diseases is an emerging field with
many unanswered questions. Exosomes have been
implicated in the pathology of cardiac remodeling
including cardiac hypertrophy, diabetic cardiomyopa-
thy, and sepsis-induced cardiovascularity '\, Bang et
al. showed that miRNA-enriched exosomes were
secreted by car-diac fibroblasts and interacted with
cardiac myocytes, leading to cellular hypertrophyt*?!.
They identified miR-21* in cardiac fibroblast-derived
exosomes, which induced cardiomyocyte hypertrophy,
while pharmacological inhibition of miR-21* in a
mouse model of Ang Il-induced cardiomyocyte hyper-
trophy significantly decreased this pathology**..

In addition to cardiac remodeling, exosomes have
been shown to have protective effects in the myocar-
dium. Recently, the release of paracrine and autocrine
factors such as proteins, miRNAs, cytokines/growth
factors, and now exosomes and microvesicles from stem
cells has been the subject of much interest in cardiac
repair®!. In one study, mice underwent ischemia
followed by reperfusion**. Exosomes isolated from
mesenchymal stem cells were administered prior to
reperfusion, which reduced infarct size by 45%
compared to saline alone®*. In addition, cardiac
function was preserved up to 28 days after exosome
treatment, which also decrcased oxidative stress and
increased ATP, and NADH levels®¥. In total, this
collective evi-dence supports their hypothesis that
mesenchymal-cell derived exosomes have the potential
for use as an adjuvant to reperfusion injury.

Exosomes and cancer

The development of cancer is a complex process that
involves the coordination of events such as a chronic
inflammatory response, environmental insults, and
genetic factors all of which can lead to tumor
development'*>!. The tumor microenvironment, which
consists of the tumor stroma, surrounding blood vessels,
and the tumor cells themselves, is pivotal for the growth
and eventual dissemination of the tumor, consequently
leading to drug resistance and metastasis. Deregulation
of these cellular interactions can lead to a disruption in
normal cell-cell communication, thereby promoting
tumorigenesis>>!. In addition, genetic instability of the
cancerous cells, stress stimuli such as hypoxia and
oxidative stress, as well as an inflammatory response
can collectively promote tumorigenesis’®>>. Emerging
evidence has shown that exosomes play a critical role in
causing deregulated local and systemic cellular com-
munication in the tumor microenvironment.

Metastasis: The sequence of events leading up to the
development of tumor cell invasion and eventual
metastasis is a key factor in the prognosis of cancer
patients. Tumor metastasis requires the intricate coordi-
nation of events that lead to the formation of secondary
tumors at distant locations including invasion of
escaped tumor cells. Invasion requires malignant cells
to lose their adhesion capacity, allowing cells to
disseminate from the primary tumor and invade local
stroma. The mechanisms of invasion are complex and
involve cytoskeletal alterations, which lead to degrada-
tion of the basement membrane and either upregulation
or suppression of the genes involved in migration and
motility’*®!. Exosomes may provide a mechanistic link
to tumor metastasis based on their cellular content and
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ability to transport content to target cells. Ramteke and
colleagues showed that exosomes secreted by hypoxic
prostate cancer cells can influence distant and neighbor-
ing tumor cells and the surrounding microenviron-
ment"*”). These tumor-derived exosomes in turn
enhanced prostate cancer cell invasiveness and metas-
tasis”®’]. Proteomic profiling of exosomes isolated from
epithelial Madin-Darby canine kidney (MDCK) cells
transformed with oncogenic H-Ras revealed the pre-
sence of several fac-tors associated with altering the
tumor microenvironment™®. These factors included
proteases, annexins, secreted extra cellular matrix
(ECM) components, and integrins™®!. Jeppesen and
colleagues studied the content of exosomes isolated
from a human bladder carcinoma cell line (T24) without
metastatic capacity and two isogenic derivative cell
lines that caused either lung or liver metastases in
micel®). They reported an increase in tumor-derived
exosomes, which show increased proteins related to
epithelial to mesenchymal transition (EMT) including
vimentin, hepatoma-derived growth factor (HDGF),
casein kinase II, and annexin A213°!,

The formation of a pre-metastatic niche in distal sites
is integral to the formation of metastatic disease. A
growing body of evidence has shown that tumor-
derived exosomes are necessary for pre-metastatic niche
formation. A premetastatic niche was first hypothesized
by Paget et al. in their "seed in soil" model which
reported that critical oncogenic events such as the
recruitment of pro-tumorigenic factors and extracellular
matrix remodeling were necessary for metastasis**!. In
addition to the metastatic niche, it is now widely
accepted that a premetastatic niche can form by the
release of various cytokines and growth factors from the
primary tumor. Release of these factors consequently
mobilizes bone-marrow-derived cells which have the
capacity to be recruited to distal organs for future
metastasis. Seminal work by Peinado et al. demon-
strated the importance of exosomes in the "seed and
soil" hypothesis*'!. Exosomes isolated from highly-
metastatic melanomas increased the metastatic potential
of the primary tumors by ‘educating’ bone marrow
progenitor cells through the receptor tyrosine kinase
MET™!Y. Vascular leakiness was also induced by
melanoma-derived exosomes, which aided in repro-
gramming bone marrow progenitor cells towards a pro-
vasculogenic phenotype!®'!. A report by Zhou and
colleagues investigated the role of exosome-mediated
transfer of miR-105 in metastatic breast cancer cells'**.
miR-105 is found to be expressed and secreted by met-
astatic breast cancer cells and targets the tight junction
protein ZO-11?!. Exosome-mediated transfer from
breast cancer exosomes was shown to destroy the

integrity of the tight junctions by release of miR-105
which targets ZO-1. As a consequence, this interaction
was shown to enhance vascular permeability**.

Recent evidence of exosomes in the formation of the
pre-metastatic niche was demonstrated by Costa-Silva
et al. in which pancreatic ductal adenocarcinoma
(PDAC)-derived exosomes initiated a pre-metastatic
niche in the liver'*¥). The uptake of these exosomes by
Kupffer cells was shown to activate and release trans-
forming growth factor B (TGFp) via exosomal migra-
tion inhibitory factor (MIF), thus promoting a proin-
flammatory environment suitable for metastasis'**".

Angiogenesis: Angiogenesis is imperative during
cancer progression and may be initiated by hypoxic,
nutrient-depleted conditions, and inflammatory
responses evident in the tumor microenvironment!**.
Tumors can induce angiogenesis by secreting growth
factors such as VEGF, TGF-B, PDGF, and bFGF that
promote capillary growth to the tumor. Such growth
factors are known to supply necessary nutrients for its
survival*?l. Specifically, these factors aid in the
promotion of angiogenesis by regulating quiescence,
migration, and proliferation of endothelial cells!***¢].

In a recent study, exosomes isolated from hypoxic-
resistant multiple myeloma cells were shown to contain
an abundance of oncogenic miR-135b, which directly
suppressed its target, factor-inhibiting hypoxia-induci-
ble factor 1 (FIH-1) in endothelial cells'*”). Interest-
ingly, exosomal miR-135b was found to promote
endothelial tube formation under hypoxic conditions
through HIF-FIH signaling'*”. In a study conducted by
Kucharzewska and colleagues exosomes isolated from
glioblastoma multiforme (GBM) cells grown in hypoxic
conditions promoted angiogenesis both ex vivo and in
vitro in endothelial cells'®!. Hypoxic GBM cell-derived
exosomes were found to program endothelial cells to
secrete growth factors and cytokines in addition to
activating pericyte PI3K/AKT signaling and migra-
tion[*®!,

Immune-mediated responses to tumor microenvi-
ronment. Immune responses in cancer consist of both
innate and adaptive immunity, with the tumor micro-
environment containing cells from each spectrum.
Innate immune cells, such as macrophages, dendritic
cells (DCs), natural killer cells, neutrophils, and
myeloid derived suppressor cells are present in the
tumor microenvironment. Adaptive immune cells,
which consist of T and B lymphocytes, can also be
found in the tumor microenvironment. However, the
most predominant cells present in the tumor are T cells
and tumorassociated macrophages (TAMs) *°!. These
cells form a complex network in which they commu-
nicate through direct contact or secretion of cytokines/
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chemokines in an autocrine or paracrine manner in order
to promote tumorigenesis. Chronically produced proin-
flammatory mediators are thought to be the key factor in
tumor promotion and progression**>'. A delicate
balance between the expression of these key immune
mediators with the abundance and activation of specific
cell types in the tumor microenvironment can influence
whether inflammation will promote tumor growth or an
anti-tumor response will occurl*%->2],

Exosomes have been found to play an important role
in cancer immune surveillance and tumor escape
through communication between immune cells and
cancer cells. In addition, exosomes have been shown to
modulate the tumor microenvironment via transfer of
immune mediators, such as cytokines and chemo-
kines®*!. A growing body of evidence has shown that
DCs and B cells release an abundance of exosomes after
interacting with T cells!'®>**°. For example, Zitvogel
and colleagues demonstrated that exosomes derived
from DCs express functional MHC Class I and II and T-
cell costimulatory moleculest). These DC-derived
exosomes were capable of inducing CD8 + T-lympho-
cyte-dependent antitumor responses in vivol*!l
Tumor-derived exosomes produce several detrimental
effects on immune cell populations such as apoptosis of
activated T cells and suppression of DC matura-
tion®*3”] In addition, tumor-derived exosomes have
suppressive effects in the generation and expansion of
regulatory T cells (Tregs)>* %!, For example, molecules
contained in tumor-derived exosomes such as FasL,
TRAIL, and TGF-B have been shown to modulate
immune responses®*®". This collective weight of
evidence shows the importance of tumor-derived
exosomes in the suppression of immune responses.

Tumor Macro-environment: In addition to local
effects, tumors can mediate a systemic response through
the release of soluble factors into circulation, lymph
vessels, or via immune cell interactions with the
microenvironment'?. There are several complications
mediated by tumors which can lead to cancerinduced
cachexia, Cushing’s syndrome, hypercalcemia, and
Trousseau’s syndromel®*). Collectively, these complica-
tions are termed "paraneoplastic syndromes" as they are
a consequence of the presence of the tumor but are not
caused by its local effects. To date, the impact of tumor-
derived exosomes on the tumor macroenvironment has
yet to be explored. Work done by our group has shown a
novel mechanism for the development of paraneoplastic
diabetes seen in pancreatic cancer patients'®*. We found
that pancreatic cancer secretes exosomes that enter
systemic circulation to cause B-cell dysfunction by the
transfer of an exosomal polypeptide known to inhibit
insulin secretion®. This study demonstrates the

importance of the tumor macroenvironment and how
exosomes play a pivotal role in the transfer of critical
cargo that can promote paraneoplastic effects.

Exosomes and cancer therapeutics

The potential role of exosomes as vehicles for
targeted drug delivery is a topic that has received
much attention. The endogenous role of exosomes as
carriers of cellular cargo between donor and recipient
cells and in eliciting biological responses makes these
vesicles prime candidates for targeted drug delivery.
Exosomes are abundantly secreted in various biological
fluids, are readily taken up by cells, are membrane
permeable, and are targetable to different tissues. All of
these factors make exosomes ideal candidates for drug
therapies, delivery of proteins, peptides, miRNAs, and
other important mole-cules that would normally be
degraded by the cell. There are several means in which
exosomes could be used for therapeutics. Several
strategies have used exosomes for 1) drug delivery of
antitumor agents; 2) immune-modulation; 3) removal of
tumor-derived exosomes from bodily fluids; or 4)
modulation of exosome content for the prevention of
tumorigenesis/ metastasis.

Although exosomes are released by almost all cell
types, tumors produce and secrete them in excess
quantities in which they contain altered content (e.g.,
oncoproteins and immunosuppressive molecules that
promote metastasis)®>. It has been suggested that
preventing the production of tumor-derived exosomes
could block tumorigenesis. In one study, the authors
found Rab27a to berequired for exosome secretion and
knockdown of Rab27a resulted in decreased primary
tumor growth(®l. To prevent exosome production, other
studies have specifically targeted microtubule
dynamics, key players in endosomal sorting, and
modulators of pH conditions ***. New methods
such as the complete removal of tumor-derived
exosomes from the circulation have been proposed.
One study used a hemofiltration system to selectively
capture targeted exosomes from the entire circulatory
system[65 1

Worked by Zitvogel and colleagues first described the
role of exosomes in immunity and suggested an
alternative to DC-based therapies resulting in a delay
in tumor growth!. Their results demonstrated that
tumor-peptide loaded DC-derived exosomes could elicit
a potent immune response in vivo, resulting in stunted
tumor growth or the complete eradication of the
tumort. This work led to three phase I clinical trials
utilizing DC- and ascite-derived exosomes, but they
showed only modest improvements in patients!®®”'1. A
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phase II cancer vaccine trial was conducted in 2009
using DC-derived exosomes (Dex) loaded with NKg2D
and I1-15Ra!"].

Exosomes as cancer biomarkers

Emerging evidence strongly suggests that exosomes
can be used as biomarkers for cancers and a variety of
other diseases. The need for novel biomarkers for early
detection, diagnosis, and prognosis of cancer is evident.
With their diverse content, bioavailability, and ease of
uptake, exosomes may be prime candidates for
monitoring disease progression, prognosis, and for
establishing treatment regimes!®”’). The varying content
of exosomes often reflects the tissue from which they
were secreted and the particular disease state. For
example, tumor-derived exosomes have been shown to
contain a variety of cellular cargoes that can promote
tumorigenesis'’>). Studies have also looked at the
proteomic profiles of tumor-derived exosomes to
determine suitable biomarkers’*">). For example, Ji
and colleagues used exosomes isolated from both
primary and metastatic human isogenic colorectal cell
lines to compare proteomic profiles'’>). An enrichment
of several metastatic factors, signal transduction
molecules, and lipid raft components were found in
the exosomes from the metastatic cell lines'”*!. Further
analysis of these exosomes showed the presence and
colocalization of EPCAM-CLDN7 and TNIK-RAP2A,
which suggests crosstalk between the tumor and stroma
in the tumor microenviron-ment”> . Recent work by
Melo et al. detected a cell surface proteoglycan,
glypican-1 (GPCl1) specifi-cally enriched in tumor-
derived exosomes [’} GPC1 + exosomes were
detected in the serum of pancreatic cancer patients
with levels correlating to tumor bur-den and overall
survival of these patients'’®) Therefore, GPC1 + circu-
lating exosomes (crExos) could be used as a potential
biomarker for diagnostics and screening of the dis-
easel’®),

In addition to proteins, exosomes have also been
shown to contain peptides. Recent work by our group
demonstrated that a 52-amino-acid polypeptide, adre-
nomedullin, was present in cell line-derived and patient-
derived pancreatic cancer exosomes (PC-Exo). Inter-
estingly, these PC-Exo were shown to cause B-cell
dysfunction in vitro!®. This work demonstrated the
importance of tumor-derived exosomes in paraneoplas-
tic syndrome for pancreatic cancer patients as a sub-set
of patients had been shown to develop new-onset
diabetes (<36 months in duration), which was
characterized by insulin resistance and B-cell dysfunc-
tion*!. Therefore, PC-Exo have the potential to be

early detec-tion markers for pancreatic cancer on the
basis of the presence and functionality of their content.

The discovery of both mRNAs and miRNAs in
exosomes suggests their ability to harbor important
genetic material. miRNAs have been found in a variety
of tumor-derived exosomes from both cancerous cell
lines and patient plasma/seral’’~"). It has been shown
that exosomal miRNAs are protected from RNase
degradation and can be detected in the plasma/sera of
patients!**>8!1 One study using exosomes isolated
from ovarian cancer patient sera found 8 diagnostic
miR-NAs, which were also consistently found in
ovarian cancer'®. These findings suggest that profiling
of exosomal miRNAs could be a potential diagnostic
tool for ovarian cancer. This in turn could extend to
screening of asymptomatic individuals for early detec-
tion of the disease!®. In addition to miRNA and mRNAs
present in exosomes, an interesting finding by Thakur
and colleagues demonstrated the presence of double-
stranded DNA in tumor-derived exosomes®. They
showed that this exosomal DNA (exoDNA) reflects the
entirety of the genome and thereby the mutational status
of parental tumor cells!),

Conclusion

Interest in exosomes over the past decade has been
exponentially growing due to increasing knowledge of
the function of these vesicles. In this review, the role of
exosomes in a variety of pathologies was explored with
the primary focus being on exosomes in the tumor
micro-/macro-environment. Due to the ability of
exosomes to bidirectionally communicate with distal
tissues/cells, several reports have indicated the impor-
tance of these vesicles in tumorigenesis, particularly in
the development and progression of the disease. Further
understanding of the role of exosomes in intercellular
communication during both normal and pathological
conditions has yet to be elucidated. Exosomes have the
potential to provide critical insight into the development
of novel non-invasive therapeutic approaches to treat
cancer due to their bioavailability, ease of col-lection,
and resemblance to parental cells. Strategies utilizing
exosomes as methods for nucleic acid and/or drug
delivery to treat cancer are currently underway.
Methods such as the delivery of small interfering
RNA (siRNA) and packaging of chemotherapeutic
drugs in exosomes to target cancer cells offer novel
treatment alternatives for cancer. New exosome ther-
apeutic strategies such as the use of dendritic cell-
derived exosomes (dexosomes) as anti-cancer agents
and hemofiltration of exosomes from advanced cancer
patients show much promise although further evaluation
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of the efficacy and safety of these methods will need to
be assessed. The development of novel treatment
strategies and the further refinement of current strategies
will benefit from the identification of the content of
exosomes, more efficient isolation of exosomes, and
optimization of targeted delivery of exosomes to tissues/
cells of interest. Understanding the fundamentals of
exosomes and their roles in disease pathology will
ultimately lead to better strategies for cancer diagnosis,
prognosis, and therapeutics.
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