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Exosomes as therapy for cancer
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Cancer was the sixth cause of death in 2016 and 18,078,957 people
died in 2018 in the world. The leading cause of cancer death is metastasis
[1], and it is responsible for 90% of cancer-related deaths [2]. The
incidence of many cancers, as gastrointestinal cancers, still increases
worldwide [3], and a tremendous number of patients despite advances
in surgical technique, chemotherapy, endoscopic interventions and
radiation therapy [4].

It has been proposed that exosomes can be used as biomarkers
for cancer and in combination microRNAs (miRs), which trend to be
enriched in exosomes [5,6]. As a therapeutic target have been proposed
different steps in the exosome’s biogenesis and, more strikingly, the
development of tools that can emulated exosomes that can deliver
different molecules, for example shRNAs.

Exosomes

Exosomes are a group of microvesicles formed by a lipid bilayer
and its intraluminal content depends on the cells that produce them,
then carries different types of molecules such as RNAs (miR, mRNA,
etc.), membrane proteins, metabolites, lipids and DNA [7,8]. Its role
in cancer has been widely studied and it has been shown that it can
promote both tumor development and metastasis [9-11]. In fact,
exosomes related to cancer contain oncoproteins such as MET, RAS,
EGFR and HIF-1a, which are involved in the processes of proliferation
and cell survival [12].

Exosomes play important roles in cancer development like the
modification of the tumor microenvironment to benefit tumor growth
and survival, and some process as immune system evasion, inducing
angiogenesis (to have access to a greater number of resources) [13-
15], accelerated growth and proliferation, evading programmed cell
death, reprogramming the energy metabolism of the cell, and algo
processes like migration, invasion, etc [16,17]. Another important
process where exosomes are involved in is metastasis, which can be
lead by a differential expression of proteins of the integrin family on
their surface, mediating the exosome accumulation through interaction
with the ECM [18]. Cells residing in the site where cancer cells could
metastasize capture these exosomes which causes them to alter the
tissue organization, stimulating the formation of new vessels, preparing
the arrival of circulating tumor cells. Furthermore, metastases in lung
and liver were diminished with the blocking of integrins that diminish
the uptake of exosomes [18]. Another example of exosome role in
metastasis is the association with pathological stages, since exosomal
TGF-P1 related to lymph nodes metastasis and the ratio of Treg cells in
lymph nodes in gastric cancer patients [19].

Exosomes have a pleiotropic role, where they can regulate not
only intercellular communication between cancer cells but also act
as potential mediator for educating the Pre-Metastatic Niche (PMN).
Because of the unique expression of integrins on tumor exosomes it
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allows the preparations of PMN by the fusion with the resident cells
inducing a pro-inflammatory environment with the activation of S100
in the future metastatic organ [20].

Different roles have been proposed for exosomes as diagnosis and
therapy. For the diagnostic role, it is expected that they can offer a
specific profile of molecules that could differentiate between cancers
and to give more precise projection of the tumor development, so it can
be used for liquid biopsies. The therapeutic role that has also been being
evaluated, since exosomes have different profiles in different cancer,
then if we could emulate an exosome for a specific cancer, it could be
used to lead us to precision medicine.

miRs and cancer

Some of the molecules that have been widely studied present as
exosomes cargo are miRs. miRs are single strands of RNA that are ~ 20
nucleotides long. miRs have the role to regulate mRNA transcription
and translation, since it can silence a gene or bind to it which lead it
to its degradation [13], and one miR can simultaneously target many
mRNAs [21] and one mRNA can be target for many miRs.

The miRs have been proposed as markers for cancer, in fact, it
has been observed that they reflect quite exactly the progression of
the tumor, so it could be used as a tool to detect the prognosis, for
example exosomes enriched with miR-23b-3p, miR-21-5p and miR-
10b-5p could be used as prognosis biomarkers in non-small cell lung
cancer [22]. For example, miR-21 and miR-1225-5p levels are higher
in exosomes of lavage peritoneal fluid from gastric cancer patients with
high incidence of peritoneal metastasis compared to non-metastatic
patients [23]. Another interesting miR is miR-320d, which could
be used as a biomarker to differentiate between non-metastatic and
metastatic colorectal cancer. What is more interesting is that miR-
320d was not associated with factors such as histological type, alcohol
consumption, age or sex [24].

Resistance to chemotherapy molecules has been reported to be
related to miRs delivered by exosomes, such as miR-96, to cisplatin
resistance in lung cancer cells [25]. For breast cancer, miR-222 was
related to resistance to adriamycin, miR-221/222 would also be
promoting resistance to tamoxifen in ER positive breast cancer cells
(MCF?7) [26,27]. miR-base therapies could be a good tool, however the
clinical trials did not achieve satisfactory effects [28].
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Therapeutic targets

Different types of therapies and different therapeutic targets have
been sought to decrease tumor development and metastasis. Exosomes
have been proposed as therapeutic targets, regulating their biogenesis,
or using them as carriers of some drug for cancer therapy. Regarding
the regulation of biogenesis, the Rab27 protein is involved in the
biogenesis of exosomes, and it has been seen that the knockdown of this
protein in mouse breast cancer cells, reduced the number of exosomes
and inhibited metastasis in the lung [29]. Other Rab protein, Rab35,
has been described as an oncoprotein since two somatic mutations can
generate a constitutively active PI3K/AKT signalling, transforming cells
in a PI3K-dependent manner, suppressing apoptosis [30]. The release
of exosomes to the extracellular is dependent on calcium [31], and it
was reported that a blocker of the H+/Na+ and Na+/Ca2+ channels
decreased the secretion of exosomes, decreasing the growth of cancer
cells [32]. Therefore, regulating exosomal biogenesis has great potential,
however, further research is needed to be able to have targets that are
specific for the generation of carcinogenic exosomes.

Several systems have been studied as drug’s delivery systems as
based of natural and synthetic polymers or lipids, but even the last
one can have a toxic response [33]. Then, exosomes are been tested as
an engineering platform [34] because the can me be used as vectors
for cancer therapy, as well as delivery of drugs, nucleic acid delivery
(siRNAs, miRs), protein delivery (antigen, antibody) or cancer vaccines
[12,35], has been considered because they are biodegradable, non-
immunogenic, non-toxic and can be used for targeted therapy. It has
even been proposed the use of plant-derived exosomes as carriers for
drug delivery. Other benefits are: i) its charge can be delivered directly
by cells or by sorting directly in the exosome; ii) different types of
molecules can be loaded as proteins as genetic material; iii) protects the
cargo from elimination or transformation before it reaches its target;
and iv) are well tolerated by biological fluids [36]. An example of the
use of exosomes as carriers is the delivery of doxorubicin to HER2+
cancer cells, and it was observed that those that were HER2+ captured
these exosomes more efficiently than HER2- cells. As said before,
gastrointestinal cancers are of interest since there still high incidence,
and they also still have a high mortality rate. Exosomes are also being
used as therapeutical molecules carriers in gastrointestinal cancers, and
some examples are in table 1.

The use of exosomes has advantages such as their small size allowing
it to penetrate organs that are protected by physiological barriers such
as the blood-brain barrier and leukemic cells that have infiltrated the
central nervous system can be attacked’. The use of exosomes as drugs
carriers as doxorubicin, and it has been reported its antitumor activity
[37]; as well in as delivery of paclitaxel prostate cancer cells showed
enhanced cytotoxicity [38]. These examples show that the exosome-
drug delivery could be a great for a safer therapy.

Table 1: Exosomes therapeutical uses in Cancers

Gastrointestinal Cancer Therapeutical use Exosome Cargo

Ascites-derived exosomes
combined with GM-CSF [42]

Immunomodulatory

Colorectal Cancer .
functions

Inhibits invasion and cell | Exosome with siRNA of GRP78
growth in vitro and Sorafenib [43]

Tumor-derived exosomes with
hepatocellular cancer antigens [44]

Hepatocellula Cancer S
Tumor suppression in

murine model

Suppressed cancer in

siRNA or shRNA for KRAS [45]
mouse models

Pancreatic Cancer S
Increased survival in

mouse models

Engineered exosomes targeting
oncogenic KRAS [46]
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Another use of exosomes for liquid biopsies for cancer patients,
since they are less invasive, and several studies have shown the potential
of exosomal miRs as biomarkers [39], both could be an opportunity to
develop personalized cancer treatment [40].

Conclusions and perspectives

Cancer still a public health system issue despite all the advances
that have been done, probably because most of them do not have
specific symptoms and there are mostly diagnosed in advances stages.
Exosome’s amount increases during pathologies as cancer, and it has
been shown that they have a profile related to its cancer-origin. Because
of these properties, exosomes are being proved to be used as biomarkers
and as possible vaccines or cargo-delivery for cancer therapy. However,
there still much until to do, since cancer is a heterogeneous disease,
and each type of cancer should be treated as a unique one. Even more,
exosomes are the safest way to deliver drugs because it is a non-
synthesized liposome then it is not rejected by the human body, and
this is the most important feature for the drug-delivery to be done the
most efficient and accurate way. But the most important objective of
this kind of therapy is that allows to do personalized medicine, which
it will significantly improve efficacy of therapy, since therapy as is done
today it does not work in the same way to everybody.

Since exosomes are known to be enriched with molecules, this
could be used to develop a profile for a specific cancer, and a molecule
that could be used are miRs [41]. Then, miRs can been used as cargos
for exosome-based therapy, since it can be a marker for cancers and
cancers-development, and a miR profile that could be a tool for
precision medicine.

There are a lot of expectations of these news technologies, named
“engineered exosomes” that seems to be a great opportunity to develop
new tools to deliver drugs and enhance its media life and capture by the
target cancer cells.
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