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Various types of cancer pose a notable threat to human health globally. To date, many researchers have
undertaken the search for anticancer therapies. However, many anticancer therapeutic approaches
accompany many undesirable hazards. In this respect, extracellular vesicles as a whole gained excessive
attention from the research community owing to their remarkable potential for delivery of anticancer
agents since they are involved in distal intercellular communication via biological cargoes. With the dis-
covery of the fact that tumor cells discharge huge quantities of EVs, new insights have been developed in
cancer diagnosis and treatment. Tumor-derived extracellular vesicles (TD-EVs) can be distinguished from
the normal cell-derived EVs due to the presence of specific labels on their surface. TD-EVs carry specific
oncogenic proteins and the nucleic acids on their surface membrane that participate in tumor progres-
sion. Moreover, the proportion of these nucleic acids and the protein greatly varies among malignant
and healthy cell-derived EVs. The diagnostic potential of TD-EVs can be implied for the more precise
and early-stage detection of cancer that was impossible in the past. This review examines the recent pro-
gress in prognostic, diagnostic, and therapeutic potential of the EVs derived from the tumor cells.
� 2022 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Extracellular vesicles (EVs) are membrane-bound vesicles
secreted by all mammalian cells such as pericytes, endothelial
cells, and tumor-associated fibroblasts that are involved in inter-
cellular communication by commuting biological cargoes (Yáñez-
Mó et al., 2015). Increasing evidence has manifested that EVs carry
microRNAs (miRs), nucleic acids, lipids and, certain proteins which
act as anti-cancer agents, propelling for the strategic development
of promising anti-cancer therapies. The importance of EVs lies in
their ability to transfer information to the other cells thus influenc-
ing the recipient cell function. Recently, EVs have grasped exces-
sive attention in the research community owing to their wide-
ranging biological applications and their ability to govern certain
pathophysiological (immune response, tissue regulation) and
physiological processes.

2. Types of extracellular vesicles

EVs have recently gained importance as crucial modulators of
immune response concerning cancer progression (Bebelman
et al., 2018). For years’ growth factors, chemokines, and cytokines
have been attributed to tumor cell-cell communication however,
with the progress in cancer therapeutic research EVs have emerged
as novel regulators of this process (Zöller, 2009).

EVs can be majorly categorized into 3 classes: (a) Microvesicles/
ectosomes/microparticles that are generated by plasma membrane
as the result of outward budding and fission. MVs are also known
as shedding vesicles or shedding microvesicles (SMVs) (b) Exo-
somes that are produced within the endosomal network and
released upon fusion of multi-vesicular bodies with the plasma
membrane; and (c) Apoptotic bodies or apoptotic blebs are
released as blebs of cells going through apoptosis (Di Vizio et al.,
2012).

3. Microvesicles

Microvesicles (MVs) are the extracellular vesicles that are
formed by the outward budding of the plasma membrane. The typ-
Table 1
Characteristics of the extracellular vesicles.

Microvesicles Exosomes

Size (nm) 100–1000 30–200

Morphological
appearance

Various shapes Cup shaped

Protein
components

Death receptors such as CD40 ligand,
Cell adhesion (integrins, selectins),

Tetraspanins (CD63, CD
CD82, CD81), Multivesi
bodies (TSG101, ALIX)

Lipid composition Cholesterol, High phosphatidylserine
exposure

Cholesterol, sphingomy
lipid rafts, ceramide, lo
phosphatidylserine exp

Mode of the
extracellular
release process

Cellular/ constitutive activation Cellular/ constitutive
activation

Markers Selectin, flittilin-2, metalloprotease
surface phosphatidylserine,
glycophorin, Integrin (B1), MMP,
CD34, CD40, CD45

Rab5a/b, CD63, Alix, CD
CD82, CD9, HSP70, HSP
flottlin, GTPasestetrasp
TSG101,
ESCRT, and MHC

Biogenesis By outward budding of the plasma
membrane

Upon fusion of multi-
vesicular bodies within
endosomal networks

Abbreviations: TSG101: tumor susceptibility gene 101; ESCRT: The endosomal sorting co
matrix metalloproteinase;
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ical size range for MVs is 100 nm to 1um in diameter (Di Vizio
et al., 2012; Zhang and Aravind, 2012; Hood et al., 2011) (Table 1).
The formation of MVs is not well understood however, it is pre-
sumed that certain cytoskeleton components such as micro-
tubules, actin, kinesins, myosins, and SNAres and tethering
factors are required for its assembly (Zaborowski et al.,
20152015; Rak, 2010). The number of MVs produced and con-
sumed entirely depends on the microenvironment and physiolog-
ical state of the donor and recipient cell respectively (Di Vizio
et al., 2012).

As far as biogenesis of MVs is concerned it has been illustrated
that proteomic profiles of these extracellular vesicles are mainly
dependent on the methods by which these are isolated. Markers
proteins are present in MVs regardless of their cell origin as a result
of the biogenesis. As MVs are produced by outward budding of the
plasma membrane so it is evident that majorly contain cytosolic
proteins such as tetraspanins that cluster at the surface of the
plasma membrane (Phimister and O’Driscoll, 2015).

Heat shock proteins, cytoskeletal proteins, integrins, and other
proteins involved in glycosylation and phosphorylation in the
post-transcriptional modification are also thought to be present
in Mvs (Minciacchi et al., 2015; György et al., 2011). Initially, it
was considered that MVs like other extracellular vesicles are
involved in the maintenance of cells by which they dispose of their
unwanted material. however, with the advancement in biological
processes of these EVs, it has been well demonstrated that these
microvesicles are involved in cell-cell communication in a way that
they can alter the response of the recipient cell. Other forms of cell-
cell communication such as growth factors, hormones, and cytoki-
nes are well understood in context to their function and direct
interaction with other cells, the uniqueness of the extracellular
vesicles lies in their property as biological cargoes (Barrachina
et al., 2019).

However, the exact mechanisms by which these EVs cargo cer-
tain materials (proteins, nucleic acids, and miRNAs) is remained to
be evaluated. From this point of view, one can better understand
that if this communication occurs between physiologically healthy
cells and their function alters in response to these deliveries so
same notion can be extended to the tumor cells (Ståhl et al., 2019).
Apoptotic bodies References

1000–5000 (Akers et al., 2013; van Niel et al.,
2018; Al-Nedawi et al., 2009; Théry
et al., 2009; Minciacchi et al., 2015)

heterogeneous (Mathivanan et al., 2010; Théry et al.,
2009; Skog et al., 2008)

9
cular

Transcription factors and
histones

(Al-Nedawi et al., 2009)

elin,
w
osure

Enriched in Phosphatidylserine (György et al., 2011; Baj-
Krzyworzeka et al., 2007; Jang et al.,
2015)

Cellular/ constitutive
activation

(Al-Nedawi et al., 2009)

81,
90,
anins,

Histones, calnexin, Surface
phosphatidylserinehistones,
annexin V, C3b, cytochrome C,
and TSP

(Al-Nedawi et al., 2009; Mathivanan
et al., 2010; Caby et al., 2005; Vojtech
et al., 2014; Zlotogorski-Hurvitz et al.,
2015)

Produced by cells going
through apoptosis

(Caby et al., 2005; Yuan et al., 2018;
Dixon et al., 20182018)

mplexes required for transport; HSP: heat shock protein; miRNA: microRNA; MMP:
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Tumor cells use these EVs to package and transport their pro-
teins to other healthy cells so does metastasis progress. so, a better
understanding of the regulatory mechanisms and the formation of
these MVs can lead to great opportunities to develop new thera-
nostic approaches.

4. Exosomes

Exosomes are the smallest subtype of EVs referred to as intralu-
minal vesicles (ILVs) when contained in multivesicular bodies
(MVBs) and have been observed in almost all bodily fluids, such
as blood, urine, breast milk, synovial fluid, tears, semen, cere-
brospinal fluid, amniotic fluid, lymph, bile and gastric juice (Li
et al., 2018; Grigor’eva et al., 2016; Milasan et al., 2016; Yoon
and Chang, 2017; Möbius et al., 2002; Babst et al., 2002; Wollert
and Hurley, 2010; Borges et al., 2013; Akers et al., 2013). MVBs
can go to lysosomes for the degradation of ILVs or upon fusing with
plasma membrane they release the vesicles in the extracellular
spaces hence knows as exosomes (Table 1). The element that
determines the fate of MVBs is not well demonstrated. However,
it has been elucidated that the providence of MVBs mainly depends
on their cholesterol level. Among morphologically identical vesi-
cles only those will be secreted that are enriched with cholesterol
and the rest will be directed to lysosomes for the degradation
(Akers et al., 2013). The regulation of MVBs and the formation of
exosomes takes place through the ESCRT pathway (Raposo and
Stoorvogel, 2013; van Niel et al., 2018).

In the ESCRT dependent biogenesis of the exosomes, four dif-
ferent (ESCRT-0, ESCRT-I, ESCRT-II, and ESCRT-III) multiprotein
complexes are involved which play a stupendous role in MVB
production, protein cargo sorting, and vesicular budding process
(Buschow et al., 2010; Theos et al., 2006; van Niel et al., 2011).
Moreover, this pathway is orchestrated by some supporting
molecules, such as ALIX (ALG-2-interacting protein X), ATPase,
or VSP4 (vacuolar protein sorting-associated protein) (Arendt
et al., 2014). It has also been reported that certain growth fac-
tors stimulate the production of MVBs but the final adjustment
of the exosome production is dependent on the need of the cell
(Stuffers et al., 2009).

Some studies have indicated that there is another mechanism
for the release of exosomes that are known as the ESCRT-
independent pathway. Compelling evidence has been congregated
that CD63 positive exosomes were released by the sphingomyeli-
nase enzyme-mediated pathway in ESCRT depleted cells (Bobrie
et al., 2011; Chaput and Théry, 2011; Fauré et al., 2006). The
CD63, along with CD81 and CD9 belongs to the tetraspanin family.
Exosomes as compared to the cell lysate are found to be enriched
with these transmembrane proteins (Krämer-Albers et al., 2007).
Table 2
Diagnostic biomarkers of different cancer conditions.

Cancer type Specific biomarkers

Breast cancer HER2, FAK, survivin, and EpCAM, glypican-1 (GPC1), EMMPRIN, fibron
1 (EDIL3)

Prostate cancer CD63, EpCAM, PTK7, LZH8, PSA, CA25, HER2, FABP5, ADIRF, VATL
CNS cancer miRNAs (miR-301a, miR-182-5p, miR-328-3p, miR-339-5p, miR-34

miR-301a),
mRNAa (RNU6-1, IDH1, c-MET, ABCB1, MMP2, ITG-A9) and protein

Head and neck
cancer

miR-27a-3p, miR-184, miR-223-3p, Let-7b-5p, HOTAIR, CD81, CYPA

Lung cancer miR-502-5p, miR-378a, miR-379, miR-151a-5p, miR-376a-5p, miR-
miR-190b, miR-30a-3p, miR-100, miR-154-3p

Oesophageal
Cancer

miR-126-5p, miR-192-5p, miR-196b-5p, miR-146a-5p, miR-223-3p
miR-23b-5p, miR-203-5p, miR-27b-3p, miR-149-5p
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Initially, tetraspanin proteins were considered as the specific exo-
somal marker however this notion was changed when these pro-
teins were detected in the MVs and the apoptotic blebs.

Exosomes are thought to be important modulators of the
immune response because of their role as antigen-presenting
molecules (Lachenal et al., 2011; Bakhti et al., 2011). They play
a tremendous role in tumor progression and cell maintenance.
Their implicated role in the central nervous system (CNS) cannot
be denied as they promote myelin formation, neuronal survival,
and dendrite growth resulting in tissue regeneration and repair
(Wang et al., 2011; Fevrier et al., 2004). Positives and negatives
went side by side whenever extracellular vesicles were dis-
cussed concerning their implications in therapeutics. Exosomes
in CNS were found to be involved in the disease progression
because of the possession of some pathogenic proteins such as
synuclein, beta-amyloid peptide, and superoxide dismutase
(Alvarez-Llamas et al., 2008; Al-Nedawi et al., 2009; Simpson
et al., 2009).

In recent years exosomal research has been a prime focus for
scientists due to its wide applications in clinical settings. Their
ability to carry biomarkers of certain diseases makes them the
point of great attention in clinical settings. Recently, these EVs
were proved to be the carrier of biomarkers of certain conditions
such as glioblastoma, pancreatic cancer, Parkinson’s disease, lung
cancer, and kidney injury (Lai et al., 2013; Mathivanan et al.,
2010; Borges et al., 2013; Holmgren et al., 1999) Table 2. Their
presence in bodily fluids allows minimal to non-invasive liquid
biopsy methods to diagnose and monitor the patients’ response
to treatment easily (Lynch et al., 2017). Their immunological appli-
cations are far-reaching due to the greater half-life in the human
body. Because of their vast inherent properties, exosomes can be
used as an efficient drug delivery carrier. Moreover, techniques
are still being evolved to inject DNA and proteins into exosomes
so that specific cancer cells can be targeted and the desired
response can be achieved in these cells (Han et al., 2019).

5. Apoptotic bodies

Apoptotic bodies (Abs) are membrane vesicles that are formed
during the controlled cell death process and released in the extra-
cellular space (Table 1). As a result of increased hydrostatic pres-
sure, these vesicles are budded off during cell contraction
(Hristov et al., 2004). The composition of apoptotic bodies is highly
varied that of exosomes and microvesicles in the context that they
contain glycosylated proteins, chromatin, and intact organelles
such as mitochondria and certain nuclear fragments. Unlike exo-
somes, higher levels of histone proteins and the proteins associated
with Golgi apparatus, endoplasmic reticulum, and mitochondria
Reference

ectin, EGFR, CD24, developmental endothelial locus- (Ciravolo et al., 2012;
Amorim et al., 2014)
(Pang et al., 2020)

0-5p, miR-485-3p, miR-486-5p, miR-543, miR-320,

s(EGFR, EGFRvIII, APOE, C3, FOLR1, PTRF)

(Testa et al., 2021)

(Testa et al., 2021)

1974, miR-139-5p, miR-200b-5p, miR-629, miR-17,

, miR-409-3p, miR-223-5p, miR-483-5p, miR-22-3p, (Warnecke-Eberz et al.,
2015; Zhou et al., 2017)
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are present in Abs. Furthermore, a stark difference has been seen in
proteomic profiles of exosomes and cell lysate, however, no such
remarkable difference is evident in the case of Abs (Atkin-Smith
et al., 2015).

It has been found that apoptotic bodies are involved in tumor
metastasis and tumor microenvironment formation (Zweemer
et al., 2017). Therefore, it can be said that Abs are involved in the
modulation of immune response by the transfer of bioactive mole-
cules to their targeted cells (Arendt et al., 2014; Liao et al., 2012;
Dong et al., 2014). An increase in tumor cell migration, mediated
by the AXL receptor has also been observed in phosphatidylserine
(PS) containing apoptotic bodies (Chen et al., 2018; Kreger et al.,
2016).
6. Involvement of anti-cancer drugs in EVs’ release

It has been reported that anti-cancer drugs enhance the secre-
tion of EVs from cancer cells (Bandari et al., 2018). Certain drugs
for example paclitaxel, carboplatin and irinotecan could upraise
the exosomes release from the HepG2 significantly (Lv et al.,
2012). Another study demonstrated that CAG human cells released
a dramatically high EVS upon treatment with bortezomib, and mel-
phalan and carfilzomi, just after 16 h (Bandari et al., 2018). MDA-
MB231 breast cancer cells also showed the same trend of increase
in EVs level when compared with untreated control (Kreger et al.,
2016; Ab Razak et al., 2019). In contrast to this there are some
studies reporting that chemotherapy did not change the EVs level
when analyzed by nanoparticle tracking analysis (NTA). The levels
of EVs were not greatly differed in ovarian cancer cell lines when
treated with cisplatin. However this discrepancy could be
explained by the fact that this assessment was done after 2h of
treatment. Most of the studies for the analysis of EVs level were
conducted in vitro however the biology of EVs differs in in-vivo
and in-vitro conditions (Margolis and Sadovsky, 2019). There were
some interesting studies describing the lower levels of EVs from
head and neck cancer cells upon treatment with anticancer drugs
(Ludwig et al., 2017). Acute myeloid leukemia (AML) patients
showed significant decrease in the level of exosomal proteins after
chemotherapy however, the EVs level was assessed several days
after chemotherapy (Boyiadzis et al., 2013; Boyiadzis et al.,
2017). It can be postulated that several tumors cells undergo apop-
tosis process and die after chemotherapy that actually explains the
lower levels of EVs (Fleshner and Crane, 2017). To be sure about
the involvement of anti-cancer drugs in EVs release, more robust
techniques and time limiting factor of the drugs is needed.
7. Tumor-derived extracellular vesicles

Tumor-derived extracellular vesicles (TD-EVs) can be distin-
guished from the normal cell-derived EVs due to the presence of
specific labels on their surface. It has been reported that TD-EVs
carry specific oncogenic proteins and the nucleic acids on their sur-
face membrane that participate in tumor progression. Moreover,
the proportion of these nucleic acids and the protein greatly varies
among malignant and healthy cell-derived EVs (Akers et al., 2013).
An important membrane protein present on MVs, CSE1L (chromo-
some segregation 1 like) has been shown to play a crucial role in
mediating the Ras-triggered MV formation and progression of
B16F10 malignant cells (Khan et al., 2012). TD-EVs relay paracrine
information to the neighboring tumor cells thus allowing crosstalk
between the tumor cells. TD-EVs are considered as potential
biomarkers of cancer development because of their role in meta-
static function through modulation of the tumor microenviron-
ment (TME) and pre-metastatic niche development as shown in
Fig. 2 (Hoshino et al., 2015).
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8. Prognostic & diagnostic potential of TD-EVs

Extensive investigation has also been made on cell-free DNAs
(cfDNAs) and circulating tumor cells (CTCs) as diagnostic biomark-
ers of cancer. However certain limitations have limited their use in
the clinical utilities (Ye et al., 2014). Rapid clearance of DNAs from
the blood and the rarity of CTCs have been indicated as technical
problems in their use as diagnostic markers (Vader et al., 2014).
Detection methods and capturing techniques need to be more
ameliorated for the precision and early-stage diagnosis of cancer.

There is a shred of growing evidence that TD-EVs can be used
for the early diagnosis of cancer. The diagnostic information of can-
cer can be collected from the EVs depending on their amount con-
tents, origin, developmental stage, and response to treatment.
Conventional approaches for cancer diagnosis include relatively
painful and risk-carrying procedures (Logozzi et al., 2009; Chen
et al., 2017).

Biopsies are generally performed by oncologists to confirm the
diagnosis after strong suspicion. However, in recent years when
EVs became the prime focus of the research, liquid biopsies gained
extraordinary attention in the scientific community due to their
non-invasive and painless nature (Logozzi et al., 2009; Zhang
et al., 2017).

In liquid biopsies, bodily fluids such as plasma, serum, and other
biofluids are assessed for disease-associated proteins or nucleic
acids. TD-EVs are found in the circulation and the differential
expression of certain biomarkers is evaluated in healthy and mel-
anoma cells. in another study, survivin expression was found
remarkably higher in plasma exosomes of prostate cancer patients
than the healthy controls (Ferreira et al., 2016).

Recently, the organotropic metastasis role of the TD-EVs with
integrin expression profile has been elucidated. This study has
given a new horizon in cancer research by further implicating
the role of integrin profile of exosomes as biomarkers for organ-
otropic metastasis (Taylor and Gercel-Taylor, 2008). EVs derived
from the cancer cells were found to be enriched in PD-L1 (major
immune response regulator) and CD63, when compared with
healthy donor cells, thus proving their implications in cancer
metastasis (Logozzi et al., 2009; Cazzoli et al., 2013). Furthermore,
phosphoproteome analyses of the TD-EVs can serve as an excellent
biomarker against cancer; given the fact that protein phosphoryla-
tion is crucial for the functioning of cancer cells. The melanoma
cells from the breast cancer patients showed elevated levels of
specific phosphoproteins (ERBB2, AXL, EPHA2, EGFR, MET, SRC,
PTK2, YES1, MAPK, LYN, ERK1) as compared to the normal cells
(Fabbri et al., 2013).

miRNA has also played a substantial role in the early diagnosis
of cancer leading to better survival of cancer patients. In the past
two decades, much effort has been devoted to the profiling of these
miRNAs and their utility in the cancer diagnosis. For example, miR-
21, miR-141, miR-200a,b,c, miR-203, miR-205, miR-214, and, miR-
373 were found to be higher in concentrations in the exosomes
from ovarian cancer patients than that of normal or benign dis-
eased individual (Fabbri et al., 2013). Similarly, a wide range of
microRNAs analyses of lung adenocarcinoma patients exhibited
that miRNA-200-5p, miRNA-378a, miRNA-379, and miRNA139-
5p could excellently serve as early diagnostic markers of this can-
cer due to their upregulation in the metastatic cells.

Roles of these oncogenic miRNAs in tumor proliferation and
aggressiveness have been explicated in several studies. It has been
presented that, miRNA-21 and miRNA-29a present in TD-EVs cause
the metastasis. It is presumed that these oncogenic miRNAs play an
important role in the activation of the NF-jB by toll-like receptors.
In turns, the downstream signaling of the immune cells led to the
production of the cytokines that helps the tumor cells in cell divi-



Fig. 1. Therapeutic Role of EVs in cancer: Therapeutic substances can be loaded to EVs to modify the native content. Cargoes of EVs are hence transferred to the tumor cells to
initiate anti-proliferative effect. EVs decorated with specific antigen cells are responsible for initiation of immune response (Pirisinu et al., 2020).
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sion and invasion (Sidhu et al., 2004). Onco-miRNAs such as
miRNA-891a, miRNA-106a-5p, miRNA-24-3p, and miRNA-20a-5p
are released from the tumor-released exosomes and exacerbate
the tumor cell proliferation by inhibiting the MARK1 protein path-
way (Jorfi and Inal, 2013). Keeping in view the oncogenic role of
miRNAs and their abundance in the TD-EVs, their diagnostic poten-
tial can be implied for the more precise and early-stage detection
of cancer that was impossible in the past.

9. Therapeutic potential of TD-EVs

Contemplating the supporting role of TD-EVs in pre-metastatic
niche formation and TME remodeling, they can serve as a potent
therapeutic target for cancer treatment. For example, angiogenesis,
metastasis and, negative communication between tumor cells can
be hindered by inhibition of EVs release, and ultimately invasion of
the oncogenic cells to the surrounding healthy cells can be stopped
(Wei et al., 2014).

Several reports have been published on the drug resistance of
tumor cells, mediated by TD-MVs. Thus, the transition of tumor
cells from drug sensitivity to drug resistance limits the efficacy of
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chemotherapy in several ways (Challagundla et al., 2015; Saari
et al., 2015). In this context, TD-MVs elimination can revamp the
chemotherapy against tumor cells. It has also been reported that
Her-2 positive MVs could considerably subdue the antiprolifera-
tion effect of trastuzumab on several breast cancer cell lines.
Therefore, the antiproliferation effect of trastuzumab can be
enhanced by removing the Her-2 positive MVs from the tumor site
(Yang et al., 2015). Moreover, the role of miRNAs has also been
extensively investigated regarding the drug resistance in patients
on chemotherapy against cancer. miRNAs present in TD-EVs mod-
ulate the response of cells against drugs thus lowering the efficacy
of the treatment (Saari et al., 2015). To get an insight, recently
some specific miRNA profiles such as miR-222 and miR-100 have
been explored in TD-Exosomes from drug-resistant patients of
breast cancer (Guo et al., 2016). Transfer of miR-221/222 from
tamoxifen-resistant cells to tamoxifen-sensitive tumor cells with
the help of exosomes resulted in a drug-resistant response in the
recipient cell. Drug-resistant response and the deregulation of
the cell cycle were attributed to a reduction in expression of the
targeted p27 gene and the estrogen receptor (ER-Alpha). Exosomal
miRNAs are responsible for the crosstalk between the cancer cells



Fig. 2. TD-EVs as friend and foe: EVs suppress immune cell response via cargo interaction present at their surface such as NKG2D ligands. Fas-ligand-mediated apoptosis is
responsible for the destruction of specific immune cells by EVs. They carry the signal for organotropic metastasis thus spreading cancer through pre-metastasis niche
formation. The therapeutic and diagnostic potential of these EVs lies in their cargos and the specific proteins present on their surface and absent from EVs derived from
healthy cells. TD-EVs can be modified for the target-specific drug delivery thus enhancing the anticancer effects and diminishing the associated side effects of drugs (Created
by BioRender.com).
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and their TME, resultantly the modulation of growth and their
response to certain drugs (Saari et al., 2015).

TD-EVs fuse with the recipient cell through the endocytosis and
release their contents into donee’s cytoplasm; this ability of these
vesicles makes them excellent vectors for the targeted delivery of
the antitumor drugs and agents if used against the treatment of
cancer (Yang et al., 2015). For example, EVs derived from the PC-
3 and LNCap cell lines from prostate cancer were modified for
the transport of paclitaxel (PTX) to the recipient cell via the endo-
cytic pathway (Challagundla et al., 2015). Modified EVs showed
remarkably increased cytotoxic effects in vitro. Moreover, neuronal
glioblastoma (U-87 MG) derived EVs with doxorubicin (DOX) or
PTX decreased the growth of recipient U-87 MG cells (Zhang
et al., 2017). Targeted drug delivery by the TD-EVs has been proved
to show promising results in the context of the efficacy of the drug
and reduced cytotoxicity to the healthy cells as shown in Fig. 1. In
vitro and in vivo experiments with exoDOX (doxorubicin-loaded
exosomes) derived from breast adenocarcinoma (MDA-MB-231)
and colorectal carcinoma (HCT-116) showed no reduction in the
efficacy of DOX. Concurrently, when nude mice were treated with
exoDOX, it showed no cardiotoxicity in contrast to the counter-
parts treated with exo free DOX. Furthermore, the mass spectro-
metric analysis showed reduced accumulation of DOX in the
heart. Similar results have been reported for in vivo models of
STOSE (ovarian cancer) and MDA-MB-231 (breast cancer) (Guo
et al., 2016). Thus, TD-EV’s positive therapeutic potential can be
exploited to enhance the efficacy of anti-cancer treatments in clin-
ical settings.
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10. Role of TD-EVs in Immunotherapy

Immunotherapy has shown its tremendous potential for the
cancer treatment, oftentimes demonstrating great results when
employed in combination with other conventional treatments such
as chemotherapy and radiotherapy (Khalil et al., 2016). Till now,
many reports have been published on immunological potential of
TD-EVs as they modulate the antigen presentation and regulate
tumor microenvironment (Parayath et al., 2020). TD-EVs contain
MHC-I (major histocompatibility complex class I) and Hsp70 which
initiate immune response for tumor cells. It has been reported that
HCC derived EVs could trigger potential immune response in DCs
resulting in reduced level of FoxP3+ CD25+ CD4+ regulatory T cells
and censored tumor growth. The clinical trial for cell-free cancer
vaccine was initiated in 2008 and proved to be safe for use of
TD-EVs (Dai et al., 2008). Phase I and II clinical trials conducted
on NSCLC patients proved the utility of exosomes to stimulate T
cell and NK cell-based immune responses in patients (Pitt et al.,
2016).

TD-EVs showed no significance in advanced stage colorectal
carcinoma (CRC) patients when administered alone however in
combination with granulocyte-macrophage colony-stimulating
factor (GM-CSF), they activated a CD8 + CTL inducing CEA-
specific anti-tumour immune response (Morishita et al., 2016).
DCs stuffed with glioma derived EVs initiate tumor-specific T- cell
response (Gu et al., 2015). This therapeutic approach triggers the
up regulation of CD86, CD80 and MHCII molecules on DCs’ surface
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(Chen et al., 2006). Moreover, M1 macrophages are responsible for
mediation of immuno-stimulatory effect of TD-EVs in tumor
microenvironment which ultimately up regulates the release of
certain cytokines such as IL-6, TNF-a, IFN-c, and IL-12, responsible
for T-cell mediated immune response. For instance EVs derived
from breast cancer, gastric cancer and melanoma cells are up taken
by macrophages which initiate NF-jB resulting in higher expres-
sion of proinflammatory factors (Marton et al., 2012).

11. Conclusion

Cancer progression is a dynamic and highly evolving process
regulated by the tumor microenvironment. To date, much research
has been done on the EVs for heterogeneity, biogenesis, cargo pro-
files, and packaging. Still, the exact mechanisms of the communi-
cation between the cancer cells through TD-EVs largely remain to
be undetermined. TD-EVs are highly responsible for the negative
intercellular communication by transferring the information from
the primary tumor to the other cells thereby promoting the metas-
tasis to healthy cells. The role of miRNAs has largely been
described in several studies about tumor suppression and progres-
sion. Tumor-suppressive miRNAs can also be delivered at the
tumor site to suppress metastasis. However, unraveling the exact
mechanism by which these vesicles transfer their tumor signatures
as cargoes is crucial to use them in any clinical setting. How to
make good use of the merits while bypassing the demerits of TD-
EVs in cancer diagnostics and therapeutics is attracting the utmost
attention of the research community. Paramount functions of TD-
EVs in target-specific drug delivery can be exploited; however, it
will only be possible by elucidating the exact molecular mecha-
nisms of the biogenesis and release of these EVs.
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