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Cancer is regarded as one of the most dangerous diseases despite the advances in technology and therapeutic strategies against it. The
current treatment strategies are ineffective as well as present with various disadvantages, such as drug resistances, ineffective uptake
of the therapeutic agents at the tumor site, incompatible delivery of drugs, and immune-rejection, among others. Extracellular vesicles,
especially exosome mimetic nanovesicles, have become one of the latest focuses of research in anticancer therapies. The invention of
these nano-sized vesicles, which function in cell-to-cell communication, have promoted the development of innovative drug delivery sys-
tems due to their cargo-carrying abilities and targeted deliveries. Exosome mimetic nanovesicles have similar surface protein structures
to exosomes and offer various important advantages over the exosomes, such as the production yield and isolation protocol. This review
aims fo summarize the current research studies on exosome mimetic nanovesicles together with their potential in combating cancer in
the future.
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INTRODUCTION

Cancer has been regarded as one of the most dangerous disease affecting people across the world (1). Despite the
advancements made in the fields of biotechnology and bioengineering, no effective treatment has yet been established
against cancer. Conventional therapeutics, especially chemotherapeutics, are highly known for their abilities of tumoral
deoxyribonucleic acid damage, thereby inducing a cell cycle arrest, eventually leading to cell death (2, 3). Although, they
are widely being used in the clinical settings, when used aggressively, they offer major drawbacks of chemotherapeutic
resistances and damage induction to healthy cells (4). Therefore, these drawbacks direct researchers to search for the
next best alternative strategy in terms of effectiveness and reduced cytotoxicity.

Extracellular vesicles secreted between cells are known for their functions in cell-to-cell communication. They are also
known for their regulatory activities of the immune system, creating niche for tumor growth, conditioning metastatic sites
during tumorigenesis, and facilitating the spread of misfolded proteins in neurodegenerative diseases (5, ). In addition,
these extracellular vesicles are known for their activities of indicating pathogenesis and disease progression owing to
their individual protein, peptide, and lipid expression profiles. Furthermore, their ability in cell-to-cell communication en-
ables them to transport signaling molecules and localize at distant tissues, suggesting their potential usage in the devel-
opment of efficient drug delivery systems (5).

Exosomes and exosome-derived nanovesicles are now considered as the hot topic in drug delivery systems against can-
cer. Past studies have demonstrated that they possess lower cytotoxicity and higher accuracy when compared to other
drug delivery systems and mono-chemotherapies (7, 8).

MATERIAL and METHODS

We conducted aliterature review of studies on exosome mimetic nanovesicles, nanovesicle drug delivery systems, and
nanovesicles used in cancer treatment. Data was searched via search engines analyzed widely in terms of the current
status and future prospective of nanovesicle-based treatments.
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Disadvantages of Conventional Drug Delivery Systems

The development of antitumor strategies has been a huge field
of research in the recent years owing fo the ineffectiveness of
the present conventional methods, including the drug delivery
systems. Drug delivery systems have been developed as an effi-
cient approach to induce cell-specific death of the tumor. Some
of these conventional drug delivery systems involve the use of
liposomes, carbon nanotubes, dendrimers, and gold nanopar-
ticles (9-12). These conventional drug delivery systems present
with major drawbacks, for instance, unnecessary release of
therapeutic drugs to the neighboring tissues. Another disad-
vantage of these conventional delivery systems is the adverse
immunogenic response as well as their accumulation in the
organs such as liver and kidneys (13). Furthermore, the conven-
tional systems fail to accumulate at the tumor site due to their
unwanted recognition via the hosts’ immune system (14).

Exosomes

Exosomes were first discovered as small vesicles inducing calci-
fication of the long bones in a research study back in the 1960s
(I5). Later, they were detected in fluids such as blood and se-
men. In 1987 the term exosome was used for the first time ever
in the literature to describe tiny membranous vesicles that are
released into the extracellular space via exocytosis (16).

Specific targeting in tumor studies has been a major field with
the goal of efficient cell death at lower toxicity in terms of col-
lateral damage (17). During the past decades, several studies
have been performed on drug delivery systems against cancer;
however, their aforementioned disadvantages make them in-
efficient. Despite the vast number of studies performed on this
subject, only a few of them, especially those on liposomal and
polymeric nanoparticle formulations, have achieved the Food
and Drug Administration, USA approval and are being used in
clinical cancer therapies (I1). No clinical trials have reported oth-
er drug delivery systems because of the challenges of unwant-
ed distribution and higher toxicity levels(18).

Recently, exosomes have gained a lot of interest as a novel drug
delivery system (18). Exosomes are <I50 nm in dimensions and
hence act as intermediatesin cell-to-cell communication. They
can also be produced by almost all mammalian cells, including
tumor cells (19). One of the major advantages of exosomes is
their capability in transportation of endogenous biological car-
gos, such as proteins, small ribonucleic acids (sSRNAs), and mes-
senger ribonucleic acids (MRNAs) across the cells (20, 21). These
capabilities provide advantages such as biocompatibility and
decreased immune clearance rates in comparison to those with

Main Points:

e Exosome mimetic nanovesicles are promising candi-
dates against cancer.

e Nanovesicles have exosome-mimicking properties of
biocompatibility, easy cargo transportation, low immune
clearance rate, and low resultant toxicities.

e Nanovesicles have major advantages over exosomes
such as production yield and easy isolation protocol.

e Nanovesicles opened a new erain the drug delivery sys-
fems in combination with anticancer therapies.
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the conventional drug delivery systems (2I). Some of the other
advantages of exosomes are their better and longer accumula-
tion at the organs or tumor sites and reduced toxicity levels (20).
In addition to these advantages over the conventional systems,
they also facilitate their uptake to the target cells due to the
presence of surface proteins (22, 23).

Exosomes are presently being used to deliver various biological
substances as well as chemotherapeutics, including doxorubicin,
paclitaxel, curcumin, and some other peptide-based therapeu-
tics, such as signal transducer and activator of franscription 3
inhibitors, as well as genetic materials, such as small-interfering
ribonucleic acids (siRNAs) (23-29). Moreover, they are extremely
promising candidates for immunotherapy against cancer. Past
studies have demonstrated the potential of dendritic cell-de-
rived exosomes in stimulating patients’ immune system against
cancer (30). However, these new-era drug delivery systems also
present disadvantages, especially in the protocol of isolation
and yield obtained. These disadvantages unfortunately limit the
usage of exosomes in the drug delivery systems. Exosomes re-
quire a huge yield of starting materials, such as cells and culture
media, and the protocol takes enormous amount of time, which
makes the overall process difficult and expensive to isolate (31).

Several strategies have been investigated in order to increase
the production yield of exosomes. Some of these involve low-
ering of the pH of the culture mediq, increasing the initial tissue
concentration, or prolonging the incubation tfime during a proto-
col. However, none of these strategies have been found efficient
in increasing either the production yield of exosomes or in de-
creasing the time consumed in performing isolations (32).

Cell-Derived Exosome Mimetic Nanovesicles

Exosome mimetic nanovesicles are currently being investigat-
ed as alternatives to exosomes due to their superior properties
over exosomes. They offer advantages over the production and
time consumption during isolation. Exosome mimetic nanovesi-
cles are isolated via the application of a physical force across
the membranes of nano-scale dimensions. Several methods, in-
cluding passing the cells through mini-extruders’ micro channels
or several rounds of centrifugation using custom devices, have
been proposed (33-35). Nanovesicles provide advantages in
terms of preserving their surface proteins from the parent cells
and mimicking exosomal features. These also provide the ad-
vantages of decreased clearance rates from the body, targeted
delivery of cargo, and efficient uptake mechanisms (36).

Starting from the same initial cell count, nanovesicle production
generates a larger number of vesicles when compared to the
conventional exosome-isolation protocols. They not only pro-
vide larger cell count but also require a shorter period of time
for isolation, as short as 72 h (22).

Several studies have been performed on exosome mimetic
nanovesicles to further characterize their therapeutic potentials.
In a study by Goh et al. (37), nanovesicles derived from mono-
cytes were used in the drug delivery system against cancer cells.
They isolated nanovesicles and loaded chemotherapeutic drug
doxorubicin to investigate their discriminatory approach be-
tween healthy and tumor cells. They found that monocyte-de-
rived nanovesicles target cancerous cells and demonstrate a
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clear discrimination toward cancer cells showing their potential
in anticancer therapy (37). In another study, nanovesicle-isolat-
ed macrophages were loaded with chemotherapeutics, and
their anticancer activity was investigated both in vivo and in
vitro. Both in vivo and in vitro studies demonstrated a promis-
ing effect of nanovesicles against tumor cells. Exosomes and
nanovesicles were further compared in the same study, and no
significant differences were noted in their antitumor activities
(32). Chemotherapeutic drug-loaded nanovesicles were inves-
tigated in a comparative in vivo study, and the data obtained
suggested that drug-loaded nanovesicles have better cellular
uptake and permeability, resulting in reduced fumor dimensions
when compared to liposomal formulations and drug-only treat-
ment (38).

Mesenchymal stem cells (MSCs)-derived exosomes are known
for their anficancer activities. Chemotherapeutic agent-loaded
MSCs have been determined as great vehicles for delivery. In a
study by Kalimuthu et al. (39), the anticancer activities of pacli-
taxel-loaded exosome mimetic nanovesicles were investigated
both in vivo and in vitro. Our results demonstrated lower cell vi-
ability of the breast cancer cells in vitro and reduced tumor di-
mensions in vivo(39).

Exosomes are also known for their capabilities in delivering ri-
bonucleic acids (RNAs)such as mRNAs and micro RNAs that
alter the phenotype of the target cells. Hence, exosome mi-
metic nanovesicles can not only be used asnovel drug deliv-
ery systems but also for use in various gene therapies due to
their potential in carrying genetic materials. RNA interferenc-
es possess the ability to selectively attenuate specific genes,
making it highly valuable in treating diseases, including can-
cers that are caused by overexpression of genes (40-42). Lu-
navat et al. (43) demonstrated the successful uptake of siRNA
into nanovesicles and subsequent attenuation of target gene
expression. The data suggested that nanovesicles can form a
new platform for RNA delivery to successfully target the cell
cytoplasm (43).

De-regulations in the cell cycle are the major hallmarks of can-
cer formation. Disruption of the cell-cycle control kinases (main-
ly cyclin-dependent kinases [CDKs]) cause the formation of
various cancers, including lung, breast, liver, and blood (44-46).
Targeting the CDK pathway is one of the major areas focused
in cancer-treatment studies. These genetic materials have lim-
ited stability and the drug delivery systems are inefficient in re-
lation to the cellular uptakes. Tumor-derived exosome mimetic
nanovesicles have been suggested as an alternative method for
delivery of these RNAs, which are biocompatible, non-immune
reactive, and easily taken up. Yang et al. (47) demonstrated the
successful delivery of RNAs in a breast cancer model both in
vivo and in vifro and proved the specific downregulation of
CDK4 target genes and induction of cell cycle arrest at the siR-
NA-delivered study groups (47).

In conclusion, drug delivery systems are important parts of most
of the clinical therapeutics practiced in the present fime. Howev-
er, they present with certain drawbacks, such as inefficient im-
mune clearance and uptake mechanisms. Exosomes, which are
cell-to-cell communicators, are expressed nearly by all mamma-
lian cells and reportedly possess the capability of better deliv-
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ery due to their biocompatibility, capability of transportation of
endogenous biological cargos, lower immune clearance rates,
and lower resultant toxicities. They not only demonstrate their
activities in drug delivery systems but also in immunotherapies.
Exosome studies have however not moved forward for clinical
application owing to their tfime-consuming isolation techniques
and low production yield. Nanovesicles, smaller-diameter exo-
some mimetics, have therefore opened up a new erain the drug
delivery systems in combination with anticancer therapies.
These nanovesicles possess exosome-mimicking properties of
biocompatibility, easy cargo transportation, low immune clear-
ance rate, and low resultant toxicities and can be produced in
a relatively higher quantity. The research field on nanovesicles
is progressing quickly since their discovery. Recent studies have
demonstrated their enormous potential in cancer therapy. The
potential abilities of exosome mimetic nanovesicles in cancer
therapy is worth exploring in the future.
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