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ABSTRACT
Exosomes are vesicles that carry nanoparticles that play important roles in cell-to-cell communication. They are 

currently being tested for their potential as therapeutic agents for various degenerative diseases including cancer. This 

is due to the rationale that these nanoparticles can transfer informational biomolecules, and subsequentially cause 

metabolic and physiological changes. Also, these vesicles can be used as a drug delivery system and be very effective at 

reducing toxicity and increasing bioavailability of therapeutic molecules and drugs. Exosomes were first thought as a 

waste cell product. Current research, has demonstrated that these particles can serve as cancer biomarkers, modulate 

the immune system, cause re-differentiation in cancer cells, and apoptosis. This review emphasizes on particular 

capabilities of specific exosomes that can potentially be used for cancer therapy, especially as an informational 

reprogramming therapy for malignant cells.
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INTRODUCTION

In 2018, it was estimated that over 18.1 million new cancer cases
will arise and 9.6 million cancer deaths will result [1]. Despite
some therapeutic advancement in recent decades, clinical
outcomes of cancer remain poor [2]. To try to solve this major
issue, new therapeutic avenues are avidly sought. We will
examine the value of the exosomes as an anticancer tool.
Exosomes, which were described in 1983 [3], are vesicles that
contain nanoparticles that are secreted by multiple types of cells.
They are tiny membrane bound vesicles that play an important
role in extracellular communication [2]. Exosomes, travel
through all the body and carry very specific signals to cause a
biological action on a tissue. For example, they have the capacity
of regulating the expression of certain proteins capable of
causing tumor growth suppression. These nanoparticles are
constantly found in biological fluids like plasma, urine, saliva,
breast milk, synovial fluids and others [4].

At the moment, considerable research is in progress to explore
the physiology and behavior of these particles. There is emerging
evidence indicating that exosomes can load unique cargos,

including micro RNA, proteins and nucleic acids [5]. Certain
exosomes derived from cancer cells can be considered cancer
biomarkers and be potentially used in the early diagnosis of this
disease. Moreover, in cancer immunotherapy exosomes have
promisingly been employed since they contain the necessary
immunogenic antigens to stimulate NK cells and T-lymphocytes
[6]. In addition to these actions, we would like to propose yet a
further mechanistic possibility for certain specific exosomes. We
propose Umbilical Cord Stem Cell Derived Exosomes
(UCSCDE) as providers of the needed or lacking cellular
information in malignant cells to either re-differentiates or
induce apoptosis. We believe that this biological information
reprogramming can be achieved by specific exosomes that carry
the needed differentiation information. This information may
be capable of providing the necessary negative entropy
(negentropy) to overcome malignant cellular entropy disarray
and restore the normal cellular organized state.
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EXOSOMES FORMATION AND STRUCTURE

Process of exosome formation is explained by two mechanisms.
The formation of Intraluminal Vesicles (ILVs) within
Multivesicular Endosomes (MVEs) (left). Subsequently, the
membrane of MVE fuses with the plasma membrane and release
of ILVs at which point are considered exosomes. Similarly,
vesicles can also be formed by creating an external vesicle
directly (right) as shown in Figures 1 and 2.

Figure 1: Classic Pathway of Exosome Formation.

Figure 2: G-Protein Couple Receptor (GPCR) Cycle.

The structure and contents of exosomes consit of a lipid bilayer
membrane similar to its originating cell in terms of its
transmembrane proteins and receptors. Its contents can be
transferred to their target cell, include a variety of RNA species
incluing messenger, mitochondrial, non-coding RNA, DNA,
nucleic acids and a wide range of different proteins.

EXOSOMES AND CANCER DIAGNOSIS

Scientists and health professionals are taking advantage of the
role of exosomes as biomarkers for the diagnosis of diseases.
Multiple studies have proven that patients suffering from cancer
can possess unique types of exosomes (Oncosomes). Also, it has
been discovered that exosome concentrations are elevated in the
systemic circulation of patients with various types of cancer [7].
Because of this, exosomes can be used to diagnose cancer, even
at an early stage. This can be accomplished by taking a biological
fluid sample of a patient and isolating the exosomes from cancer
cells. At the moment, there are multiple ways to isolate
exosomes. However, the golden standard is differential
ultracentrifugation, it accounts for 56% of all exosome isolation
techniques employed by users in exosome research [8].

The most common source for exosomes is the blood [5]. Liang
et al. worked with blood samples of patients with a specific lung
cancer [9]. They isolated from the samples Platelet-derived
Extracellular Vesicles (P-EVs). The study revealed that patients
with cancer displayed significantly increased levels of P-EVs
compared to healthy patients [9]. This states that P-EVs might be
useful as cancer biomarkers. Also, they can be analyzed to create
future cancer treatments. Another source of acquiring and
analyzing exosomes is from urine. Glomeruli can filtrate only
very small particles. Since exosomes are basically nanoparticles,
they can be easily filtrated through the membrane of the
glomeruli and subsequently be excreted along with the urine.
Some studies currently involve the analysis of cancer biomarkers
by taking samples of urine. On the other hand, in 2012 a
research reported that patients with Esophageal Squamous Cell
Carcinoma (ESCC) had higher levels of exosomal miR-21 in
serum than those with benign diseases [10]. Exosomal miR-21
expression was correlated with presence of metastasis, tumor
progression and aggressiveness. It was concluded that exosomal
miR-21 may be a useful tool to monitor ESCC progression and
measure the effectiveness of treatment in patients.

The presence of exosomes in blood and other biological fluids
can open the door for a better diagnosis of cancer since they can
capture tumor status, development or even metastasis. They
could function as an easy access cancer biomarker. A liquid
biopsy containing exosomes could be added as a better non-
invasive procedure for patients. We should state that these
exosomes are derived from cancer cells (oncosomes), thus
containing information to favor cell division and growth, and
not cell differentiation as the ones we are proposing as
anticancer therapy.

EXOSOMES IN CANCER THERAPY: MULTIPLE ROLES

Exosomes as a drug and molecule carrier in cancer
therapy

Since exosomes are very small particles, have minimal toxicity
and can be able to penetrate the membrane of a cell easily, they
could function as a drug delivery tool in cancer therapy. There
are many ways molecules can be implemented on exosomes such
as sonication, direct mixing, electroporation and others [11].
Exosomes can deliver proteins, molecules and nucleic acids that
help cause a change on a cell. However, to be able to understand
the potential of exosomes as drug delivery vesicles, some criteria
should be taken in consideration such as size, shape, surface
charge, and others [11].

There have been multiple researches of exosomes as a
nanoparticle drug delivery system in the last years. In 2016,
researchers packed exosomes with curcumin [12]. Curcumin is
an anti-inflammatory agent found in Curcuma longa which can
be used to treat cancer [13]. However, supplementing curcumin
by itself results inefficient since it lacks bioavailability [14]. The
former research proved that exosomes isolated from curcumin
pretreated H1299 cells can possess anti-cancer effects by TCF21
upregulation [12]. In addition, it was stated that since curcumin
was transported in exosomes, it improved the bioavailability in
patients.
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Moreover, chemotherapy has been characterized for causing
toxicity and other harsh side effects on patients. Doxorubicin is
a chemotherapy drug approved by the FDA that is commonly
used due to its efficiency in fighting multiple types of cancer
with good response rate and overall survival [15]. On the other
hand, this drug is known to cause apoptosis and necrosis in
healthy major organs [16]. A research conducted in 2014, tested
the capacity of exosomes as a drug delivery system, with
doxorubicin [17]. The results showed that when doxorubicin was
implemented on exosomes it inhibited cell proliferation on
various tumor cell lines more efficiently than doxorubicin alone.
Also, high targeting ability and less toxicity was confirmed. It
can be deduced that exosomes possess the capacity of acting as a
drug delivery system and can be able to cause less side effects
once supplemented on patients.

Exosomes as immune enhancers

Initially, exosomes were taught just to be a waste product of
cells. Further research then discovered that they were involved in
the mechanisms of direct cell to cell communication [18].
Exosomes derived from specific tissues can be an important
component in modulating the immune system and other
biological processes [19]. Due to these multiple beneficial
functions that exosomes do in tissues and cells; they have been
recently implemented in regenerative medicine. The ability of
exosomes to fight cancer has been tested in humans and mice.
Multiple researches has proven the capacity of tumor inhibition
by providing specific exosomes to patients.

Immunotherapy is a treatment that stimulates the immune
system to fight multiple diseases, such as cancer. In recent years,
exosomes have been experimentally employed as a cancer
immunotherapy treatment. Tumor cells are known to release
specific types of exosomes. These exosomes have been discovered
to be implicated in the regulation of the adaptive immune
system. They can function as a source of tumor antigens that T-
cells can subsequently recognize. Interestingly, a study presented
that exosomes derived from human malignant effusions
contained MHC class I molecules and tumor antigens [20].
These two latter molecules mentioned are very important for
stimulation of immune cells that can help in tumor growth
inhibition. Moreover, tumor inhibition has been detected after
in vivo administration of exosomes holding tumor antigens, the
mode of action may involve stimulation of CD4+ and CD8+ T
cells [6]. These T-cells are known to cause apoptosis to tumor
cells.

Exosomes as cellular information providers or biological
reprogrammers

The composition of exosomes has been studied in the last years.
Thousands of different proteins have been identified inside
exosomes. These nanoparticles have specific nucleic acids like
mRNA that have been shown to be able to transfer their cargo
to recipient cells and induce phenotypic changes [21]. Exosomes
from different stem cells and from stem cells at different
developmental stages may carry unique timely bio-information.
Exosomes contain proteins and nucleic acids that directly reflect
the metabolic state of the cells from which they originate.

Homeostasis relies heavily on effective cell to cell
communication. Local and systemic transfer of information
seems plausible. Exosomes are pleiotropic in nature and are
capable of producing multiple signal transduction cascades.
Communication depends on an efficient crosstalk between the
specific exosome and the target cell. This paracrine mechanism
can mediate cell to cell communication via direct receptor
stimulation of target cells and the horizontal transfer of genetic
material to cells avidly to receive this bio-information. Using
exosomes for cancer therapy may provide many benefits. First,
they penetrate the cell membrane without difficulty, due to their
small size. Secondly, exosomes can be isolated and inserted a
specific drug or molecule so it can be sent to a target cell and
cause a desired effect. Third, exosomes generally maintain their
function once injected in the body. A report in 2015 tested the
properties of miR-134 derived from exosomes of patients with
Triple-negative breast cancer (TNBC) [22]. The study detailed
the therapeutic potential that miR-134 has as a tumor
suppressor. It was confirmed that miR-134 reduced TNBC
aggression and increased drug sensitivity. MiR-134 in
combination with cisplatin, a chemotherapy drug, increased
cellular sensitivity to cisplatin-induced apoptosis. This
demonstrates that miR-134 may have the potential as an onco-
suppressor when used in combination with chemotherapy drugs.
Micro RNAs may be a rapid way to regulate gene expression.
These micro RNAs are candidates for post-transcriptional
regulation and induction of epigenetic changes in the recipient
cells, that may be furtherly enhanced by photo-biomodulation,
mitochondrial cofactors, oxygen and a ketogenic diet [23].

On the other hand, Mesenchymal Stem Cells (MSC) are found
in multiple tissues. They are in charge of tissue homeostasis and
differentiation. Research has proven that they can help in tumor
suppression. One of the reasons MSC have this ability is due to
the specific exosomes they secrete. Exosomes derived from MSC
contain multiple cargoes and proteins that may control different
relevant metabolic pathways of malignant cells. In 2012,
researchers evaluated if exosomes from MSC of human bone
marrow can inhibit in vivo and in vitro growth of multiple
tumors. The study revealed that exosomes secreted from MSC of
human bone marrow inhibited cell cycle progression and
induced apoptosis in various types of cancer cells like hepatoma,
ovarian tumor and Kaposi’s sarcoma [24].

Another method that is emerging in cancer therapy is cell
reprogramming. This approach refers to any intervention that
transform cancer cells into terminally differentiated cells [25].
Tumor cells in order to differentiate need to go through cell
regulation pathways. These pathways can be controlled by
multiple cell differentiation factors. For example, exosomes
derived from mesenchymal stem cells can function as these
differentiating factors, because these particular instructions are
embedded in them. In 2005, researchers isolated Stem Cells
Differentiation Stage Factors (SCDSF) that have been proven to
inhibit tumor growth in vivo and in vitro and implemented them
into patients with advanced Hepatocellular Carcinoma (HCC)
[26]. Results showed improvements for patients with
intermediate-advanced HCC. Also, it was stated that this
treatment was easy to apply and had negligible side effects for
the patients. One of the main concerns of the current
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conventional cancer therapies utilized nowadays is the harsh
side effects it produces on patients. Exosomes therapy could
overcome this concern and possibly cause better clinical
outcomes.

UMBILICAL CORD STEM CELL DERIVED EXOSOMES AND
CANCER

Stem cells are found and can be isolated in multiple places of
our bodies, such as adipose tissue, bone marrow and the
umbilical cord. Some functions of these cells are to replace
damaged cells or to cause differentiation. Stem cells are packed
with the necessary information, including exosomes, to cause an
action on another cell. In example, apoptosis can be induced in
cancer cells due to the blocking of certain pathways by stem
cells.

human Umbilical Cord Stem Cells (hUCMSCs) are unique
stem cells derived from Wharton’s jelly, which results promising
for therapy due to multiple advantages they can possess [25].
Another finding about hUCMSCs derived from Warton’s jelly
is that compared to other mesenchymal stem cells, they possess a
unique transcriptome that shows expression of pro-apoptotic
and anti-cancer genes [27]. In 2009, a study proved that
administration of intravenously naïve hUCMSC for three weeks
significantly attenuated tumor growth in a xenotransplant rat
model in which human breast carcinoma was induced [28] and
in another study it was observed that exosomes from umbilical
cord derived MCS inhibited growth and induced apoptosis of
glioblastoma cells in vitro. They also corroborated it by in vitro
studies. Researchers stated that co-cultured hUCMSC produced
factors that attenuated the cancer cell growth. Furthermore, a
study in 2012 evaluated the role of human wharton’s Jelly Stem
Cell (hWJSC) extracts in three different cancer cell types [29].
All cancer cell lines showed cell shrinkage and blebbing. It was
also noted that the degree of anticancer activity varied between
the cancer cell lines. These findings can open a door to new
possible therapeutic strategy for cancer. Exosomes can also be
obtained from amniotic fluid which can probably provide a
higher yield.

EMBRYONIC STEM CELLS FACTORS AND CANCER

Embryonic Stem Cells (ESC) are pluripotent cells. This signifies
that they can differentiate into any type of cell with the correct
signaling. They can produce a wide range of cells, from a muscle
to a nerve cell. Recently, ESCs have been implemented
commonly to replace damaged tissues in patients. Also, they can
be very convenient since these cells can be grown in vitro and
produce a large quantity of them. These reasons indicate that
ESCs have therapeutic potential.

It has been stated that cancer development can be prevented
during embryonic life due to the factors present on the
embryonic cells [30]. These factors can be contained in
exosomes from these particular cells. In addition, it has been
proven that when different tumor cells are implanted in
embryos in the period of organogenesis they become
differentiated, however if these tumor cells are implanted in
adult animals, they cause tumor development [31]. This
indicates that the embryo stage is crucial in determining cancer

differentiation. In 2019, researchers observed that some factors
from Zebrafish embryos during a specific developmental phase
can inhibit proliferation of breast cancer cells, and its migrating
capabilities [32]. In addition, it has been discovered that
Zebrafish Embryonic Cells contain apoptosis-inducing proteins
that can act on colon cancer cells [33] and in another study all
the kind of factors taken from Zebrafish embryo after the
beginning of stem cell differentiation were identified by using a
Liquid Chromatography–Mass Spectrometry (LC-MS/MS)
analysis, after the in-gel digestion procedure [31]. Identified
proteins, which represent 98% of the molecules isolated from
SCDF (the remaining 2% of the molecules is represented by
nucleic acids) include multiple form of yolk protein vitellogenin,
heat shock protein (e.g. HSP8 and HSP70) which are important
for the immune response, proteins able to regulate the
metabolism of the mitochondria etc. These proteins are
implicated in many pathways as in signaling cell cycle regulation,
protein trafficking, chaperoning, protein synthesis and
degradation. It was confirmed that these proteins do have a
reprogramming or apoptotic effect on cancer cells because they
act regulating a transcriptional activation of p53 or a post-
translational modification of the Protein of the retinoblatoma
(pRb), able to reprogram or to address the cancer cells to an
apoptotic pathway [34,35]. In addition in order to ascertain if
these embryonic factors could synergistically/additively interact
with 5-Fluorouracil (5-Fu), whole cell-count, flow-cytometry
analysis and apoptotic parameters were recorded in human
colon cancer cells (CaCo2) treated with Zebrafish Stem Cell
Differentiation Stage Factors (SCDSF 3 µg/ml) in association or
not with 5-Fu in the sub-pharmacological therapeutic range
(0.01 mg/ml). Cell proliferation was significantly reduced by
SCDSF, meanwhile SCDSF+5-Fu leads to an almost complete
growth-inhibition. SCDSF produces a significant apoptotic
effect, meanwhile the association with 5-FU leads to an
enhanced additive apoptotic rate at both 24 and 72 hrs. SCDSF
alone and in association with 5-Fu trigger both the extrinsic and
the intrinsic apoptotic pathways, activating caspase-8, -3 and -7.
SCDSF and 5-Fu alone exerted opposite effects on Bax and Bcl-
xL proteins, meanwhile SCDSF+5-Fu induced an almost
complete suppression of Bcl-xL release and a dramatic increase
in the Bax/Bcl-xL ratio [36]. These data suggest that zebrafish
embryo factors could improve chemotherapy efficacy by
reducing anti-apoptotic proteins involved in drug-resistance
processes. This information is congruent with other studies
which demonstrate that differentiation factors can possess
epigenetic regulators that are able to regulate cancer cells by
activating new pathways [37]. It can be concluded that
embryonic stem cells can possess the necessary information that
causes differentiation in cancer cells. In addition, it was
observed in another study that exosomes from umbilical cord
derived MCS inhibited growth and induced apoptosis of
glioblastoma cells in vitro. These embryonic environments have
the intrinsic ability to epigenetically program or reprogram
cellular states during development or malignancy. Cancer cells
seem to retain a level of plasticity to respond to embryonic
differentiation signals that may induce growth arrest and loss of
the malignant phenotype. This growth arrest is associated with
the upregulation of cell cycle inhibitors and key signaling
pathways involved in cell proliferation. Moreover, MCS
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exosomes were shown to express functional respiratory
complexes which may promote aerobic ATP synthesis restoration
in cancer cells.

CONCLUSION

Exosomes are very important vesicles containing nanoparticles
for intercellular communication. Due to their ability to pass bio-
information to other cells, they can perform multiple functions
in the tissues. Cancer treatment needs to be improved by
increasing effectiveness and specificity. Research has proven that
exosomes can be very specific. They carry multiple cargos,
proteins, micro mRNA and nucleic acids that can cause a
specific action in a cell. For example, exosomes have the suitable
immunogenic molecules that are needed to stimulate T-cells in
order to cause apoptosis to cancer cells. In addition, exosomes
can acquire important factors from different types of stem cells
and cause differentiation or apoptosis in cancer cells. These
factors are the most important part, since they are the ones that
can cause beneficial phenotypic modifications to the cells.

The therapeutic ability of exosomes to fight cancer can be very
promising. Exosomes are relatively easy to use, specific and non-
toxic. These characteristics demonstrate great potential for
implementation of exosomes as a therapy for cancer. Cancer
cells seem not to be irretrievably locked in the malignant state,
in the presence of embryonic differentiation control systems
they could return to normal. This reprogramming of the cancer
cell epigenome may be accomplished by modifying DNA
methylation and histone modification in the promoter region of
the silenced tumor suppressor genes, increasing p53 expression
resulting in tumor growth reduction. However, more research
needs to be done to fully understand, specifically select and
effectively apply this differentiation promoting exosomes. We
need to better understand the physiological effect of different
exosomes of diverse developmental stages and arising from cells
of different tissues. It’s critical to know more about the
composition of these nanovesicles so we can understand better
how to use them as cancer treatment.
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