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Abstract

After an initial positive response to chemotherapy, cancer
patients often acquire chemoresistance and tumor relapse
which make cancer to the most lethal diseases worldwide.
Exosomes are essential mediators of cell-to-cell communi-
cation by delivering their cargo, such as proteins, RNAs and
DNA from cell to cell. They participate in cancer progression,
metastasis, immune response and therapy resistance. Their
ability to shuttle between cells make them to efficient drug
delivery systems. As drug transporters, they provide novel
strategies for cancer therapy by advancing targeted drug
therapy and improving the therapeutic effects of anti-cancer
medications. With this review, a comprehensive overview on
the potential of exosomes as therapeutics agents and tar-
geted molecules in the treatment of cancer patients is given.
The current challenges of preparation of loading exosomes
with drugs and delivering them to the recipient tumor cells
as well as a consequent exosome-mediated cancer therapy
are also discussed.

Introduction

Cancer progression is a multi-step process and eventually
leads to the development of metastases and patient death. In
1863, Virchow hypothesized that cancer originates at sites of
chronic inflammation, because these regions were observed to
cause enhanced cell proliferation [1]. Nowadays, it is recognized
that proliferation of cells alone does not cause cancer. Contin-
ued cell proliferation occurs in an environment rich of growth/
survival factors, activated stroma and DNA-damage-promoting
agents as well as inflammatory cells which may cause neoplastic
risk. As soon as a cluster of neoplastic cells is established, angio-
genesis, the development of blood vessels, occurs to provide
the tumor with oxygen, nutrients and growth factors, as well
as to allow to disseminate to distant organs [2]. The invasion
and metastasis of solid tumors is accompanied by the epithe-
lial-mesenchymal transition (EMT) [3], a process in which epi-
thelial cells acquire mesenchymal features for their movement
to distant organs. Metastatic dissemination can occur early in
the malignant progression. In the last decade, the 5-year sur-
vival of tumor patients has increased since solid tumors are
earlier detected, locally confined and treated by improved ad-
juvant therapies. However, the clinicians are confronted with
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an increase in late relapse rates, prolonged disease courses and
chemoresistance. Therefore, new targeted therapies have to be
developed. Such therapies could be performed by therapeutic
exosomes loaded with tumor-specific drugs or genetic material,
that in turn are specifically directed to the tumor [4]. Exosomes
are a part of the tumor microenvironment and participate in
this process regulating multiple tumor stages, for example an-
giogenesis, immune response, chemoresistance epithelial-mes-
enchymal transition (EMT) and metastasis. To date, tumor cells
release higher levels of exosomes than normal healthy cells [5].

In 1983, exosomes were first detected in maturing mamma-
lian reticulocytes by Harding et al. [6] and Johnstone et al [7].
Later, in 1987, the name of ‘exosomes’ was given by Johnstone
et al. [7]. During the maturation process of reticulocyte into
erythrocytes, exosomes were observed to selectively remove
plasma membrane proteins. In this respect, their lipid compo-
sition contains high sphingomyelin content characteristics [8].

Exosomes are a subgroup of extracellular vesicles (EVs). They
are small at size of 30-200 nm and of endosomal origin. They
mediate intercellular communication by transferring their cargo
containing proteins, RNA, DNA and lipids from cell to cell. By de-
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livering these molecules to neighboring and distant cells, they
may influence the phenotype of recipient cells. Since their con-
tent present the features of the cell of origin, they may transmit
the characteristics of the cell of origin. Thus, the movement of
exosomes from cancer cells may propagate cancerous attributes
to healthy cells and can help cancer cells to spread genetic in-
formation leading to the development and maintenance of me-
tastases [9]. Exosomes can be found in different body fluids, in-
cluding a blood, bronchoalveolar lavage, breast milk, malignant
effusions, urine and nasal lavage and formed among others by
lymph cells, blood platelets, mast cells, dendritic cells, nerve
cells, astrocytes and tumor cells, indicating they can shuttle in
different body regions [10].

So far, a variety of methods has been used for the extraction
and purification of exosomes by different studies. Techniques
for the preparation of exosomes include differential, density
and gradient centrifugation, size exclusion chromatography,
filtration, polymer-based precipitation and isolation by filter-
ing and chips and have been described in detail by Shtam et al.
[11]. In addition, immunological separation using a wide range
of antibodies, such as the exosomal surface markers tetraspan-
ins (CD9, CD63, CD81, CD82) and heat-shock proteins (Hsp60,
Hsp70, and Hsp90), as target molecules with both magnetic
beads and nanowires are also reliable methods [12]. Numerous
laboratories use commercial kits based on polymers which can
be carried out in a few steps. The main advantage of these kits
is a quick purification and the high yields of the exosomes, but
their disadvantage is the co-precipitation of proteins of non-
exosomal origin. However, the gold standard method seems to
be the ultracentrifugation method of isolation, but this tech-
nigue is labor-intensive and time-consuming and leads to lower
exosome amounts. Quality, concentration and biological activ-
ity of the extracted exosomes can be verified by Western blot,
Nanoparticle Tracking Analysis (NTA), and confocal microscopy
[13-15].

Considering the involvement of exosomes in cancer develop-
ment and progression, the translation of exosome shuttle into
the cancer therapy may be of clinical relevance. Since exosomes
can deliver their cargo to specific cells, investigation of these
vehicles for targeted drug or signal delivery may be a promising
approach. Thus, exosomes as carriers of anti-tumor compounds
may be promising in the treatment of tumors. In addition, an
alternative therapy approach is to target cancer-derived exo-
somes to prevent cancer progression [16,17].

In this review, a comprehensive overview on the pivotal roles
of exosomes in their potential clinical application as novel ther-
apeutic agents and targets is presented. Improved treatment
strategies to enhance drug effects mediated by improved drug
delivery of this vehicles to the region of the disease are also
described.

Exosome biogenesis

Exosomes are created from the endosomal pathway (Fig-
ure 1). Beginning with the (receptor-mediated) endocytosis
of extracellular materials by the invagination of the plasma
membrane, vesicles are formed and converged into early en-
dosomes. These early endosomes contain extracellular com-
ponents and plasma membrane proteins. Their maturation
into late endosomes occurs by ATPase-mediated acidification.
Late endosomes can even obtain cargo-loaded vesicles from
the Trans-Golgi network. Multivesicular bodies (MVBs) mature
from late endosomes through membrane in-folding processes

to form small intra-vesicular vesicles (IVLs). To date, diverse
mechanisms of generation of IVLs have been described. For
example, MVB formation is coordinated by ESCRT (endosomal
sorting complex required for transport) which encompasses
four soluble multi-protein complexes, namely ESCRT-0, ESCRT-
I, ESCRT-II and ESCRT-III [18]. It is initiated by the binding of
ubiquitinated proteins to the ESCRT-0 subunit in the endosomal
membrane. The association with the cytosolic side of the en-
dosomal membrane allows that particular proteins are sorted
into ILVs. Alternatively, another course of EV formation occurs in
the absence of ESCRT and is based on ceramide- or tetraspanin-
enriched microdomains within the endosomal membrane [19].
Upon fusion of the MVB with the plasma membrane, the ILVs
which are contained within the MVBs are released into the ex-
tracellular space as exosomes. The subsequent DNA and RNA
uptake in the recipient cell occurs by either membrane fusion
followed by release of these molecules in the cytoplasm or by
macro-pinocytosis or receptor/raft-mediated endocytosis. This
uptake of exosomes by neighboring and distant cells occurs by
docking of the exosomes with specific proteins, sugars, and lip-
ids or by micro-pinocytosis. In turn, the internalized exosomes
are targeted to the endosomes which release their content in
the recipient cell. The cargo containing genetic material and
proteins is then active in guest cell.

Alternatively, MVBs can also fuse with lysosomes leading to
the degradation of their contents [5] (Figure 1).

Characteristics of exosomes and their cargo

The exosome membrane resembles the origin cells from
which the exosomes are released. The phospholipid belayer
consists of diverse proteins, such as anexin Il, heat shock pro-
teins, major histocompatibility complex (MHC) class Il com-
plexes, integrins and tetraspanins [20]. Since the cell-specific
proteins are dependent on the origin cell, for example, exo-
somes derived from B-lymphocytes are also enriched in MHC-II
peptides [21], while exosomes derived from glioma cells carry
epidermal growth factor receptor (EGFR) [22].

In the blood circulation, exosomes are stable because of their
negatively charged phospholipid membrane and their ability to
circumvent the mononuclear phagocytic system by presenting
the surface marker CD47 [23]. Amazingly, exosomes have the
aptitude even to cross the brain barrier [24,25].

Exosomes contain different components, such as RNAs, in-
cluding among others mRNAs, microRNAs (miRNAs) and long
noncoding RNAs (IncRNA) (small nuclear RNAs), proteins, ce-
ramides and cholesterol, lipids and DNA [17]. Considering the
movement of exosomes from tumor cells to healthy cells to
propagate genetic information leading to tumor progression,
their content of exosomal RNAs and proteins are of particular
interest [9]. They may alter the characteristics of the recipient
cells to which they are transported [26].

Exosomes contain varying amounts of RNAs concerning over
a dozen different RNA forms, miRNAs form the predominant
amounts. They belong to the non-coding RNAs (ncRNAs) and
are not translated into proteins, but they function in both RNA
silencing and post-transcriptional regulation of gene expression
[27]. In this respect, they inhibit the expression of mRNA. MiR-
NA and mRNA are incorporated into an argonaute-containing
protein complex termed RISC (RNA-induced silencing complex)
in which the mRNA silencing takes place. The RISC was also
found in exosomes [28]. MiRNAs can also interact with another
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ncRNA, namely IncRNAs, and so abrogate the regulatory effects
mediated by IncRNAs [29,30].

For example, miR-155 is a highly conserved and an early de-
tected miRNA. It exhibits unique expression profiles and multi-
functionality. This miRNA can bind to a repertoire of over 241
genes and so influence diverse signaling pathways. MiR-155
plays a critical role in various physiological and pathological pro-
cesses, notably in cancer [31].

Besides, studies have shown that specific cell derived exo-
somes transfer their biological cargo that regulates a variety of
processes, and so exosomes are involved in diverse processes,
e.g., in tumor progression, angiogenesis, tissue repair and im-
mune functions [32]. These specific characteristics make exo-
somes to a promising source of a cellular therapy for various
conditions, which can be taken advantage by further engineer-
ing these exosomes for the delivery of therapeutics. Hereby, it
is important to mention that the origin cell which produces exo-
somes can be modulated by therapeutics as well as by targeting
ligands to be loaded.

Loading of exosomes with drug or nucleic acids

Studies have shown that the contents of exosomes can lead
to tumor progression, invasion and metastasis [9,33]. By specifi-
cally manipulating their cargo, exosomes can be excellent car-
riers of therapeutics because they are body-intrinsic molecules
and so may have potential biocompatibitly with the different
body regions. Besides, they possess further advantages over
traditional synthetic delivery vectors, including better stronger
stability, lower immunogenicity and high stability in the blood
circulation. Moreover, loading genetic material into exosomes
stimulates the immune system [16]. They can directly deliver
drugs to cells because their lipid bilayer structure can be modi-
fied to enhance their targeting specificity [34].

There are different strategies for exosome drug loading, in-
cluding incubation, electroporation, transfection, sonication,
freeze—thaw cycle, endogenous loading and click chemistry
(Figure 1) [35].

For example, the incubation and electroporation method are
carried out by the co-incubation of exosomes with small polar
molecules. The loading efficiency depends on the polarity of
these molecules. Following isolation and purification of exo-
somes, purified exosomes are mixed with a specific hydropho-
bic drug or nucleic acids and then incubated or electroporated.
The applied electric charge disrupts the exosome membrane
and forms transient, temporary micro-pores in the membrane.
These micro-pores increase membrane permeability and de-
velop an electrical potential, which facilitates efficient loading
of the drugs. However, the major disadvantages of electropora-
tion are the apoptotic cells caused by the high voltage applied.
To confirm the encapsulation efficiency, the absorption inten-
sity of free drugs, exosomes and drug-loaded exosomes are
analyzed by a UV-spectrophotometer. In addition, the fluores-
cence spectra can also be carried out to confirm the successful
loading of drugs. Afterwards, the co-localization of drugs and
fluorescence-labeled exosomes can be observed in cell cultures
by fluorescence microscopy. Liang et al. loaded exosomes with
5-Fluorouracil (5-FU) and the miRNA inhibitor for miR-21 by
electroporation. When administered to mice bearing 5-FU re-
sistant colon tumors, the exosomes enhanced cytotoxicity and
antitumor activity [36].

The transfection method involves the transfection of mole-

cules, especially small proteins, small interfering RNAs (siRNAs)
or miRNAs into the parent cells and the cell packaging into exo-
somes. Kooijmans et al. transfected neuroblastoma cells with
human glycosylphosphatidylinositol (GPI)-anchored protein
decay-accelerating factor fused to targeting ligands for epider-
mal growth factor receptor (EGFR), and showed that the cells
produced exosomes displaying EGFR-targeting ligands on their
surface [37].

Another method for exosome loading is sonication which
uses high-frequency ultrasound energy to partly disrupt the exo-
some membrane, helping diffusion of therapeutic agents. Kim et
al. sonicated a mixture of exosomes and paclitaxel with a 20%
amplitude, 6 cycles of 30 s on/off for three minutes with a two-
minute cooling period between each cycle. They showed that a
high amount of paclitaxel could be loaded into exosomes which
was measured by a high-performance liquid chromatography.
In a model of murine Lewis lung carcinoma pulmonary metas-
tases, the exosomes successfully integrated with paclitaxel by
sonication demonstrated a nearly complete co-localization of
delivered exosomes with the cancer cells and a potent antican-
cer effect [38].

Freeze-thaw involves the incubation of exosomes and drugs
at room temperature and below freezing temperatures (e.g.,
-80°C) for several cycles. The freeze-thaw cycles permeabilize
the membrane and allow the drugs to enter the exosome mem-
brane. Sato et al. [39] used the freeze-thaw method to fuse exo-
somes and liposomes containing connexin. Fusion of the exo-
somes with liposomes to form exosome-liposome hybrids could
significantly increase their loading capacity and the half-life of
exosomes in plasma.

The endogenous loading method uses small drug molecules
that are co-incubated with donor cells or treated with other
loading strategies so that they can be absorbed by the cells
through the lipid bilayer and encapsulated in exosomes. The
resulting exosomes contain the desired small-molecule drugs
[35].

Using the click chemistry, small molecules and macromol-
ecules can be attached to the exosome surface by covalent
chemical bonds. An example of such a bioconjugation is cop-
per-catalyzed azide-alkyne cycloaddition which is a relatively
rapid technique specific for the action between an alkyne and
an azide to form a triazole linkage [40].

Delivery of drug-loaded exosomes to cancer cells

As soon as the exosomes are loaded with the particular ther-
apeutic, they have to be directed to the target cell. However,
the targeted delivery of drugs to recipient cancer cells is one
of the major challenges in cancer therapy research. Typically,
nanoparticles as drug carriers are used. They possess prolonged
bioavailability, an enhanced permeation and retention effects
on tumors, as well as little side effects. Siemer et al. [41] identi-
fied the ion channel LRRC8A as a critical component for cispla-
tin resistance of head and neck cancer patients. To overcome
LRRC8A-mediated cisplatin resistance, they constructed cispl-
atin-loaded, polysarcosine-based core cross-linked polymeric
nanoparticles with low immunogenicity, low toxicity and pro-
longed in vivo circulation. By circumventing the LRRC8A-trans-
port pathway via the endocytic delivery route, the directed de-
livery of cisplatin by these nanoparticles was able to overcome
cisplatin resistance and successfully eliminated cancer cells in
a cell spheroid model of head and neck cancer. Lu et al. [42]
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observed that copper (Il) bis(diethyldithiocarbamate) nanopar-
ticles successfully induced copper-dependent programmed cell
death in non-small lung cancer cells and potent anti-tumor ef-
fects in a cisplatin-resistant tumor model in vivo.

As demonstrated by Ye et al. [43], exosomes combined with
low-density lipoprotein (LDL) could ameliorate their uptake by
a human primary glioma cell line and permeation into three-
dimensional glioma spheroids in contrast to unmodulated exo-
somes. In vivo imaging experiments revealed that LDL could ob-
viously promote exosome extravasation across the blood brain
barrier and distribution at the glioma site. The conjugation of
apolipoprotein A-1 peptides with lipids allowed for the targeted
delivery of methotrexate-loaded exosomes to primary glioma
cells.

Triple-negative breast cancer (TNBC) is the most metastatic
and recurrent subtype of breast cancer. Owing to the lack of
estrogen and progesterone receptors as well as human epider-
mal grow factor receptor 2 (HER2) and consequently, to the lack
of therapeutic targets, chemotherapy and surgical intervention
are the only treatments for TNBC. Li et al. [44] constructed a
macrophage-derived exosome-coated poly (lactic-co-glycolic
acid) nanoplatform that successfully targeted TNBC cells that
overexpressed the mesenchymal-epithelial transition factor
(c-Met) in vitro and in vivo. The engineered exosome-coated
nanoparticles significantly improved the cellular uptake effi-
ciency and the antitumor efficacy of doxorubicin.

Since the uptake of exosomes by recipient cells occurs
among others by receptor-mediated binding, their surface can
be modulated for cell specific targeting via ligand-receptor
binding. For pancreatic cancer therapy, Faruque et al. [45] engi-
neered human pancreatic cancer cell-derived exosomes by con-
jugating the functional ligand Arg-Gly-Asp (RGD) and magnetic
nanoparticles onto their surface. The enhanced therapeutic ef-
fect was attributed to the modulation of the exosome surface
using RGD, which has an affinity for the highly expressed avf3
integrin in pancreatic cancer cells. The RGD-modified autolo-
gous exosomes effectively penetrated and internalized tumor
cells, and eventually regressed the tumors, by mediating spon-
taneous removal of a-smooth muscle actin and collagen type 1
in the extracellular matrix of mouse xenografts.

For the specific drug delivery to lung tumors, Pham et al. [46]
coupled exosomes with EGFR-targeting peptides and nanoanti-
bodies via protein ligases which facilitated the specific uptake
by EGFR-positive lung cancer cells. Systemic delivery of pacli-
taxel by EGFR-targeting exosomes at a low dose significantly
increased drug efficacy in a xenografted mouse model of EGFR-
positive lung cancer.

Zhou et al. [47] used exosomes-based biomimetic nanopar-
ticle and designed hybrid exosomes loaded with the protein ki-
nase inhibitor dasatinib by fusing human pancreatic cancer cells
derived exosomes with dasatinib-loaded liposomes. Dasatinib-
loaded hybrid exosomes exhibited significantly higher uptake
rates and cytotoxicity to parent pancreatic ductal adenocarci-
noma cells than free drugs or liposomal formulations.

A further option for exosome delivery is the use of antibody
like affibodies which are based on the immunoglobulin binding
domain of protein A. Exosomes that express HER2-affibodies
from genetically engineered human embryonic kidney donor
cells on their surface successfully delivered paclitaxel and miR-
21 to HER2-expressing colorectal cancer cells and showed anti-

tumor effects in mice (36). Genetically engineered exosomes
that express a fragment of interleukin-3 (IL-3) on their surface
effectively bound to IL3-receptor-overexpressing chronic my-
eloid leukemia cells and inhibited cell growth by delivering the
tyrosine kinase inhibitor imatinib to the cells [48]. For immuno-
therapy of hepatocellular cancer, exosome vaccines can be con-
structed by anchoring hepatocellular cancer-targeting peptides,
antigens or immune adjuvants on the surface of exosomes, in-
ducing effective tumor-specificimmune responses [49].

In summary, diverse technical platforms have been devel-
oped to modulate the exosome membrane by specific mol-
ecules for the production of specific exosome delivery systems
in different cancer types

Exosomes as therapeutic agents

Since exosomes have unique characteristics, such as stability,
low immunogenicity and high biocompatibility, they are ideal
candidates in the treatment of cancer patients. In particular,
their eligibility in regenerative outcomes of injury and disease
treatment have been shown by mesemchymal stem cell-de-
rived exosomes which play an essential role in wound repair,
tissue regeneration and immune response by activating several
signaling pathways [16,50].

Over the past decades, a variety of synthetic drug delivery
systems has been developed and introduced to the market.
However, the application of such systems is restricted since
they are often inefficient, cytotoxic and/or immunogenic. Since
exosomes are natural-occurring vesicles, their unique features
can be used as therapeutic agents to induce immunogenic cell
death. The probability of using exosomes derived from dendrit-
ic cells as a cancer therapeutic vaccine has been tested in two
Phase | clinical studies in melanoma and lung cancer patients.
These studies demonstrated that exosomes derived from can-
cer patient dendritic cells, important in the induction of antitu-
mor immunity, can stimulate both T cells and natural killer cells
leading to adaptive, innate cellular immune responses, respec-
tively. The relevance of these exosomes is to transfer antigen-
loaded MHC | and Il molecules, and other associated molecules,
to naive dendritic cells, to amplify a cellular immune response
[51]. They are able to prime antigen-specific CD4 and CD8 T-
cells through MHC-1/ and Il expression and antigen presentation
[52]. In breast cancer, synthetic multivalent antibody retargeted
exosomes activate and redirect T-cells to cancer cells that ex-
press EGF receptor or HER-2 on their surface by presenting the
respective antibodies [53,54].

In this respect, Zhou et al. constructed a delivery system from
bone marrow mesenchymal stem cell exosomes. They loaded
galectin-9 siRNA into exosomes by electroporation and super-
ficially modified them with oxaliplatin prodrug as an immu-
nogenic cell death trigger. The approach achieved therapeutic
efficacy in pancreatic cancer treatment by eliciting anti-tumor
immunity through tumor-suppressive macrophage polarization
and cytotoxic T lymphocytes recruitment and downregulating
regulatory T cells (Tregs), a T-cell population that suppresses the
immune response and maintains immune homeostasis [55].

CD40 signaling is critical in the activation of dendritic
cells. Wang et al. [56] identified exosomes from CD40 ligand
gene-modified lung tumor cells to be more immunogenic than
unmodified exosomes. These modified exosomes induced a
more mature phenotype of dendritic cells and promoted them
to secrete high levels of IL-12. In a mouse model, they induced
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robust tumor antigen-specific CD4+ T cell proliferation and en-
hanced the anti-tumor activity of T-cells.

For individualized immunotherapies, Li et al. [57] developed
a nanovaccine platform containing dendritic cell-derived exo-
somes loaded with patient-specific neoantigens. The nanovac-
cine elicited potent antigen specific broad-spectrum T-cell and
B-cell-mediated immune responses. In particular, the delivery
of neoantigen-exosome nanovaccine significantly inhibited tu-
mor growth, prolonged survival, delayed tumor occurrences
with long-term memory and eliminated the lung metastasis.
Due to presence of exosomal proteins, this exosome-based
nanovaccine elicited synergistic antitumor response superior to
liposomal formulation.

The therapeutic efficacy of umbilical cord blood-derived M1
macrophage exosomes loaded with cisplatin in ovarian cancer
and platinum resistance was investigated by Zhang et al. [58].
In addition, M1 macrophage-derived exosomes carried InRNA
H19, implicated in upregulation of PTEN protein and downregu-
lation of miR-130a and Pgp gene. These engineered exosomes
were able to reverse cisplatin drug resistance. Thus, cisplatin-
loaded M1 macrophage exosomes derived from umbilical cord
blood target tumor sites of ovarian cancer can be used to in-
crease the cisplatin sensitivity and cytotoxicity.

In their study, Rehman et al. [59] investigated exosomes iso-
lated from allogeneic bone marrow mesenchymal stem cells
treated with heme oxygenase-1 specific short peptide and
siRNA nanocarrier for glioblastoma resistant against the cyto-
static drug temozolomide. This laboratory showed the excellent
tumor cell targeting capability, based on the overexpression of
heme oxygenase-1 in glioblastoma, by the modification of bone
marrow mesenchymal stem cell-derived exosomes with a spe-
cific short peptide for heme oxygenase-1 and loading temozolo-
mide or siRNA into these exosomes.

5-FU is one of the most widely used effective drugs for the
treatment of colorectal cancer. To reduce the systemic side ef-
fects of 5-FU and chemoresistance, Pang et al. [60] established
colorectal cancer cells which overexpressed miR-323a-3p, a
tumor suppressor that targets both EGFR and thymidylate syn-
thase. The miR-323a-3p-loaded exosomes could effectively in-
duce apoptosis in colorectal cancer cells by targeting EGFR and
thymidylate synthase, and enhanced the therapeutic effects of
5-FU demonstrating the potency of miRNA-loaded exosomes
for advanced colorectal cancer biotherapy.

Exosomes as therapeutic targets

Numerous studies have shown the oncogenic potential of
cancer-derived exosomes to promote invasion [61], deliver
oncogenic genetic material to normal cells [62], increase drug
resistance of cancer cells (63,64), and prime distant organs for
metastasis [65-67]. In addition, exosomes released from cancer-
associated fibroblasts play a role in supporting chemoresistance
e.g., in colorectal and breast cancer cells [63,64]. Since such
exosomes play a pivotal role in cancer progression, they are also
attractive targets in the treatment of cancer patients.

GW4869 is a noncompetitive neutral sphingomyelinase in-
hibitor that hydrolyzes sphingomyelins to produce ceramides.
In addition, GW4869-induced sphingomyelinase inhibition
has been reported to inhibit exosome biogenesis and release.
Richards et al. [68] showed that the GW4869-mediated inhi-
bition of exosome release from cancer-associated fibroblasts
could decrease the chemoresistance and thus, the survival of

pancreatic cancer cells. Furthermore, in a mouse model, the
combination treatment of gemcitabine and GW4869 resulted
in diminished tumor growth. Moreover, Wang et al. [69] de-
veloped an assembly of GW4869 and ferroptosis inducer via
amphiphilic hyaluronic acid. Treatment with a CD44-targeting
nanounit composed of this assembly induced an anti-tumor im-
mune response to melanoma cells in mice, stimulated cytotoxic
T lymphocytes and immunological memory and increased the
response to programmed cell death-ligand 1 (PD-L1) checkpoint
blockade.

The cytostatic drug gemcitabine is a major drug for the treat-
ment of pancreatic ductal adenocarcinoma. However, changes
in the levels of specific exosomal miRNAs play an important
role in chemoresistance development. RAB27A is a member
RAS oncogene family, belongs to the small GTPase superfamily
and is involved in protein transport. Targeting of RAB27A with
siRNA inhibits exosome secretion and reduce tumor growth and
metastasis in mouse models [70,71]. To overcome miR-155-in-
duced gemcitabine of resistance pancreatic ductal adenocarci-
noma, Mikamori et al. [72] transfected pancreatic cancer cells
with RAB27B siRNA. The reduced exosome release and thus,
decrease in miR-155 levels led to a significant decrease in che-
moresistance.

Myeloid-derived suppressor cells are a population of imma-
ture myeloid cells with the ability to suppress T cell activation.
Chalmin et al. [73] prevented the delivery of exosomes contain-
ing heat shock protein HSP72 to myeloid-derived suppressor
cells by the blood-pressure-lowering drug dimethyl amiloride
which reduces endocytic recycling and in turn exosome release.
The administration with amiloride could reduce tumor growth
in mice and increase cyclophosphamide-based chemotherapy
efficacy.

Not only the delivery of exosomes can be inhibited but also
the uptake of exosomes can be reduced. Heparan sulfate pro-
teoglycans (HSPGs) serve as receptors of cancer cell-derived
exosomes. Christianson et al. [74] observed that the enzymatic
depletion of cell surface HSPG effectively attenuated exosome
uptake. In addition, Annexin V can also inhibit exosome uptake
as well as binding to and blocking surface phosphatidylserine
which is important for membrane adhesion. Lima et al. [75]
indicated that a highly metastatic melanoma cell line released
large quantities of exosomes containing phosphatidylserine.
These tumor-derived exosomes increased TGF-f3 production
by cultured macrophages in vitro and enhanced the metastatic
potential of melanoma cells in mice. Both effects could be re-
versed by annexin V. In addition, the treatment could also re-
duce the tumor growth rate and metastatic potential of human
glioma xenografts in mice. However, the analyses with these
agents have to be continued because the disruption of other
cellular processes, such signaling pathways cannot be excluded.

Likewise, Zhang et al. [76] found that mesenchymal stromal
cell-derived exosomes that carry miR-101 could suppress osteo-
sarcoma cell invasion and metastasis by downregulating B-cell
lymphoma 6 expression.

Conclusion

In the present review article, a short overview on the poten-
tial of exosomes in clinical applications as provider of antitumor
agents and the development of exosome-derived therapeutic
strategies for overcome chemoresistance and tumor progres-
sion was presented.
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For clinical application, several challenges have to be over-
come. First, which cell type is qualified to be used to for exo-
some extraction and to load them with drugs. For example, the
exosome source could be immune cells because exosomes se-
creted by antigen-presenting cells can confer therapeutic ben-
efits by attenuating or stimulating the immune response. Exo-
somes derived from dendritic cells can activate T and B cells and
carry MHC and so modulate antigen-specific T cell responses
[77,78]. A further challenge is to carry out a large-scale pro-
duction of exosomes [79]. For example, Lamparski et al. [80]
developed a quick method for the production, purification and
characterization of exosomes derived from antigen presenting
cells by ultrafiltration and ultracentrifugation. However, this
technique still requires further testing with different types of
cells. Next, effective loading approaches have to be standard-
ized [81]. Finally, studies regarding the potency and toxicolo-
gy of exosomes are essential for bringing them into the clinic.
Thus, a comprehensive evaluation of the optimal dose and drug
distribution of exosomes in cancer treatment is urgently man-
datory. To date, most studies have focused on exosomes in cell
experiments in vitro and less often in mice in vivo. Hence, their
efficacy and delivery to the recipient cells should be examined
on long-term monitoring platforms and in vivo systems. There-
fore, large multicenter and longer-term studies are required to
achieve their clinical application.

Higher levels of exosomes are particularly secreted by the
tumor cells in their environment than by normal cells [82]. The
cancer-derived exosomes may in turn be uptaken by normal
cells that then may adopt cancerous characteristics. Therefore,
a further challenge is to inhibit the tumor-derived exosome se-
cretion and uptake by recipient cells to restore tumor immunity
and to impair tumor progression. These investigations should
also be carried out by large multicenter and longer-term studies
to establish the efficacity of this approach.

In conclusion, the concept of using exosomes as delivery ve-
hicles or tumor-derived exosome as targets may be attractive
and promising treatment strategies for fighting cancer.
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Figure 1: Biogenesis of exosomes.

On the left side, the biogenesis of exosomes and on the right side,
an enhancement of an exosome loaded with a drug are shown. The
biogenesis of exosomes is described in the text and comprises endo-
cytosis, MVB formation and exosome secretion into the extracellular
microenvironment. Lading of exosomes, as described in the text, is car-
ried out by diverse methods.

ER: endoplasmatic reticulum; ESE: early sorting endosome; LSE:
late sorting endosome; MVB: multivesicular body; ILV: intraluminal
vesicles.
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