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Abstract

Background This review focuses on exosomes derived from various cancer cells. The review discusses the possibility of
differentiating macrophages in alternatively activated anti-inflammatory pro-tumorigenic M2 macrophage phenotypes and
classically activated pro-inflammatory, anti-tumorigenic M1 macrophage phenotypes in the tumor microenvironment (TME).
The review is divided into two main parts, as follows: (1) role of exosomes in alternatively activating M2-like macrophages-
breast cancer-derived exosomes, hepatocellular carcinoma (HCC) cell-derived exosomes, lung cancer-derived exosomes,
prostate cancer-derived exosomes, Oral squamous cell carcinoma (OSCC)—derived exosomes, epithelial ovarian cancer
(EOC)—derived exosomes, Glioblastoma (GBM) cell-derived exosomes, and colorectal cancer-derived exosomes, (2) role
of exosomes in classically activating M 1-like macrophages, oral squamous cell carcinoma-derived exosomes, breast cancer-
derived exosomes, Pancreatic-cancer derived modified exosomes, and colorectal cancer-derived exosomes, and (3) exosomes
and antibody-dependent cellular cytotoxicity (ADCC). This review addresses the following subjects: (1) crosstalk between
cancer-derived exosomes and recipient macrophages, (2) the role of cancer-derived exosome payload(s) in modulating
macrophage fate of differentiation, and (3) intracellular signaling mechanisms in macrophages regarding the exosome’s
payload(s) upon its uptake and regulation of the TME.

Evidence Under the electron microscope, nanoscale exosomes appear as specialized membranous vesicles that emerge
from the endocytic cellular compartments. Exosomes harbor proteins, growth factors, cytokines, lipids, miRNA, mRNA,
and DNAs. Exosomes are released by many cell types, including reticulocytes, dendritic cells, B-lymphocytes, platelets,
mast cells, and tumor cells. It is becoming clear that exosomes can impinge upon signal transduction pathways, serve as a
mediator of signaling crosstalk, thereby regulating cell-to-cell wireless communications.

Conclusion Based on the vesicular cargo, the molecular constituents, the exosomes have the potential to change the fate
of macrophage phenotypes, either M1, classically activated macrophages, or M2, alternatively activated macrophages. In
this review, we discuss and describe the ability of tumor-derived exosomes in the mechanism of macrophage activation and
polarization.
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Introduction

Eukaryotic cells release an array of membranous vesicles
under physiological conditions as well as in disease states.
Mirza S. Baig, Anjali Roy and Sajjan Rajpoot contributed equally There are two major classes of these membrane-derived
to this paper. extracellular vesicles (EVs), depending on their size: (a) the
larger class of nanometer-sized vesicles are called microves-
icles (100-1000 nm) and (b) the smaller class, exosomes
(30-100 nm) (Fig. 1) [1, 2]. It is important to remember
that these membranous vesicles are distinctly different from
apoptotic bodies, which are released from cells undergoing
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Fig. 1 Illustration of exosome and its constituents. Exosomes secreted from cancer cells polarizing neighboring and distant macrophages

programmed cell death, are of a different cellular origin and
molecular composition and containing fragments of cell
nuclei [2, 3].

Exosomes have been investigated in different types of dis-
eases and found to have many effects from pathology to pro-
tection. Studies have increasingly indicated that exosomes
can reflect their cellular origin and disease state through the
bioactive cargoes they transport, making exosomes useful
as potential biomarkers for diagnosis and prognosis of dis-
eases [4, 5]. The formation of exosomes have been described
to originate from hematopoietic cells, e.g., reticulocytes,
B-lymphocytes, and T-cells, platelets, mast cells, dendritic
cells, and macrophages [5]. However, exosomes are also pro-
duced by the cells of non-hematopoietic origin like epithelial
cells (intestinal epithelial cells), Schwann cells, astrocytes,
neurons, melanocytes, mesothelioma cells, adipocytes, fibro-
blasts, and tumor cells [4—7]. Exosomes have been shown to
change the macrophage phenotype.

Based on the molecular constituents, exosomes can
switch macrophage phenotype, either to M1, classically acti-
vated or to M2, alternatively activated macrophages (Fig. 1).
M1 macrophages are described as the pro-inflammatory
phenotype, play an important role in the mechanisms of
direct host-defense against pathogens, such as phagocytosis
and secretion of pro-inflammatory cytokines and microbi-
cidal molecules [3, 8, 9]. In contrast, M2 macrophages are
described to regulate the resolution phase of inflammation
in the aftermath of tissue damage [10—12]. The imbalance
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of the macrophage phenotypes is associated with several
immunity-related diseases. For example, it has been shown
that increased M1/M2 ratio correlates with the development
of inflammatory bowel disease, as well as osteoarthritis
(OA) and obesity [13—15]. Paradoxically, in vitro experi-
ments, implicated M2 macrophages as the primary media-
tors of tissue fibrosis [16]. Several studies have linked the
fibrotic profile of M2 macrophages with the pathogenesis
of systemic sclerosis [17, 18]. Here, we will describe and
discuss the current knowledge on exosomes that can dif-
ferentially activate macrophages, either to M1 or M2 states.
The review will assemble the most recent information about
the exosome-mediated macrophage phenotypic changes that
are known to occur during various pathophysiological states.

Exosomes in the activation of M2-like macrophages

Highly transformed cancer cells are usually anchorage-
independent cells, and their cytoskeletal proteins are less
defined than well-differentiated cells [19, 20]. It is, there-
fore, not surprising that colorectal cancer cell-derived
exosomes that release cytoskeleton protein fragments can
induce conversion of M1-M?2 phenotypes [21]. Rearrange-
ment of cytoskeletal proteins is a primordial characteris-
tic feature of macrophage activation and also the matura-
tion of macrophages [21]. The tumor microenvironment
(TME) is known to support tumor growth [22]. Moreover,
tumor progression is associated with several immune cells,
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mainly macrophages. Exosome activated macrophages are
now considered to be key players in cancer progression, as
macrophages stimulate accessory signaling pathways to
promote tumor growth, invasion, tumor-associated angio-
genesis, tissue inflammation, and immunologic remodelling
[23, 24]. Macrophages are key modulators for the activation
of cancer-associated fibroblasts, pro-angiogenic factors, and
metastatic factors; together these participate in the formation
of the TME [24-26].

Tumor-derived exosomes play key roles in immune mod-
ulation and other physiological processes, and all types of
immune cells have been reported to respond to exosomes.
However, exosomes can induce the extent and the magni-
tude of macrophage polarization; after that, activated M1/
M2 macrophages act according to the TME they sense. It
has been shown that TME can educate macrophages, called
tumor-associated macrophages (TAM) that display M2
phenotype, secrete pro-angiogenic factors and cytokines,
responsible for angiogenesis, tumor growth and metastasis
[23]. Cellular crosstalk is essential for maintaining tissue
homeostasis and disease development [27, 28]. Intercellular
communication occurs via direct cell-to-cell contact (short
distance) or through chemokines/cytokines (long distances).
In the recent past, the third mechanism for cellular infor-
mation exchange has emerged, which involves intracellular
migration of extracellular vesicles (EVs) [29, 30]. This mode
of cellular interaction has the potential to deliver diverse
molecular cargo to recipient cells, thereby modulating their
phenotype and expression [31]. Tumor-derived exosomes
are considered important mediators of cellular communica-
tion between the immune cell and cancerous cells. Within
the cancer microenvironment, immune cells often display
altered phenotypes capable of contributing to tumor pro-
gression, including the promotion of tumor growth, migra-
tion, pre-metastatic niche formation, and metastasis [32, 33].
Recent studies have shown more evidence on the role of
tumor-derived exosomes in macrophage M2 polarization to
promote tumor progression as described in Table 1.

Breast cancer-derived exosomes

The role of exosomes derived from a cancer cell in mac-
rophage polarization is currently unclear. While some stud-
ies have shown that exosomes have the potential to lead
macrophages towards the M1 phenotype [34, 35], other
studies have shown the polarization of macrophages to the
M2 phenotype [36, 37]. Contrary to these two opposing
views, some studies suggest the inability of tumor-derived
exosomes to sufficiently evoke macrophage plasticity. For
instance, Ham et al., (2018) revealed that the IL-6 recep-
tor gp130 was found in breast cancer cell-derived exosomes
which could stimulate STAT3 signaling in bone marrow-
derived macrophages (BMDMs) (Table 1). In response to

exosome exposure, these BMDMs could upregulate pro-
and anti-inflammatory cytokines and survive longer [38].
Exposure of macrophages to tumor-derived exosomes was
shown to significantly decrease the mRNA levels of IFNy,
an M1 macrophage marker, whereas IL-1p is upregulated.
Other M1 markers, such as iNOS and TNFa, showed no
change in expression. The expression of Argl, and TGF-p,
which were indicative of M2 macrophage phenotype was
similarly not altered [37]. Together, these results suggest that
cancer-derived exosomes alone are insufficient to generate a
strong, distinct M1 or M2 macrophage phenotype (Table 1).
However, they help in maintaining the TME to mediate pro-
survival and proliferative phenotypes [38]. Additionally,
another study by Piao et al., (2018) revealed that triple-nega-
tive breast cancer (TNBC)-derived exosomes could promote
M2 polarization of macrophages, thus creating favourable
niche for lymph node metastasis. Co-culture of TNBC-
derived exosomes with macrophages exhibited appreciably
elongated morphology of macrophages after exosomes were
internalized by these macrophages. Quantitative real-time
PCR analysis showed a significant increase in M2 markers
(Fizz1, CD206, Arg-1) of macrophages co-cultured with
cancer-derived exosomes. Thus, TNBC-derived exosomes
can act as cellular messengers to orchestrate M2-type mac-
rophage polarization, as evidenced by the enhanced tumor
growth and axillary lymph node metastasis in an orthotropic
TNBC model [37].

Hepatocellular carcinoma (HCC) cells derived
exosomes

HCC is the fourth most common cancer type and mostly
associated with chronic liver disease [39, 40]. Growing evi-
dence suggests the ability of HCC to secrete a large number
of exosomes into their local environment. Mass spectro-
scopic analysis and other molecular analytical techniques
revealed exosomes as small packages, rich in varied con-
tent, which can influence the local or distant environment
[41, 42]. Li et al. [43] reported that HCC cells—derived
exosomes contain elevated levels of the long non-coding
RNA (IncRNA) TUC339, which could crosstalk with neigh-
bouring macrophages to modulate the M1/M2 phenotype.
The biological function of HCC derived exosomes rich in
IncRNA-TUC339 was dissected using ThP1 as a model sys-
tem which can take up the HCC derived exosomes. Suppres-
sion of IncRNA-TUC339 using specific siRNA showed an
enhanced M1 phenotype and increased pro-inflammatory
cytokine production by macrophages [43]. Overexpression
of TUC339 in ThP1 macrophages led to decreased levels of
TNFo and IL1p in response to LPS stimulation compared
to the empty vector-transfected cells [43]. This suggests that
the IncRNA TUC339 can be transported from HCC tumor
cells to neighbouring macrophages to modulate macrophage
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polarization to an M2 phenotype, which has the potential to
dampen an anti-tumor immune response (Table 1).

Lung-cancer derived exosomes

Lung cancer is one of the leading causes of cancer-related
deaths, with the survival of only 17.7% of the patients for
5 years after diagnosis [44, 45]. Studies show that hypoxia
stimulates lung cancer to secrete exosomes rich in microR-
NAs like miR-103a whereby the lung cancer TME shows
enhanced angiogenesis and blood vessel permeability, result-
ing in increased metastasis [46]. Tumor-secreted miR-103a
in exosomes was shown to directly regulate the macrophage
polarization protein PTEN by binding to its 3'-UTRs and
eventually decreasing its expression. Downregulation of
PTEN causes activation of PI3K/Akt and STAT3 signal-
ing pathways finally leads to the enhanced accumulation of
cancer-promoting factors like IL10, CCL2, and VEGF-A
and diminishes the antitumor immune response [47]. Thus,
tumor hypoxia can switch macrophages from tumor sup-
pressing to the tumor-promoting characteristics (Table 1).

Prostate-cancer derived exosomes

Several clinical studies provide evidence of involvement
of hypoxia-related signaling pathways in prostate tumor
growth, progression, and metastasis [48—52]. A recent report
by Panigrahi et al. [36] showed increased concentrations of
exosomes under hypoxic conditions compared to normoxia
in prostate cancer. These hypoxic prostate cancer cells were
shown to secrete exosomes rich in lactate (product of gly-
colysis) which could promote neighboring macrophages
such as TAM towards M2 like characteristics, eventually
developing an immunosuppressive environment for tumor
proliferation and progression [36]. Colegio et al. [53] pro-
vided a detailed mechanistic view on the functional polariza-
tion of macrophages by tumor-derived lactate. Conditioned
medium obtained from tumor cells was rich in lactate that
could upregulate the mRNA expression of VEGF and Argl
in macrophages. VEGF mediates neovascularization of
the tumor, and its expression is regulated by induction of
hypoxia (HIF1a) or by nutrient deprivation [54]. Tumor-
derived lactate was shown to induce VEGF and Argl expres-
sion in macrophages via stabilization of transcription factor
HIF1a in macrophages [53]. HIF1a-deficient macrophages
stimulated with lactic acid failed to upregulate VEGF or
Argl, thus confirming the involvement of HIF1a. Argl is an
essential enzyme in the synthesis of polyamines which regu-
late cell proliferation and thus promote tumor growth [55].
Additionally, enhanced production of Argl by macrophages
can lead to a weak cytotoxic response to a growing tumor
cell. Thus, high levels of Argl can act as a key component
in providing a positive feedback loop to promote immune

suppression at a tumor site: ARG1 enables the generation
of polyamines in macrophages which promote tumor cell
development which secrete lactate thereby maintaining the
HIF-1a in an active state in M2 macrophages which in turn
secrete ARG1 (Table 1) [55].

Oral squamous cell carcinoma (0SCC) derived
exosomes

Oral squamous cell carcinoma (OSCC) belongs to head and
neck squamous cell carcinoma (HNSCC) and accounts for
24% of all head and neck cancers. Additionally, more than
50% of OSCC patients exhibit lymph node metastasis which
is one of the most common adverse prognostic factors in
OSCC patients [56-58]. The OSCC matrix is rich in immune
cells, such as macrophages, which can differentiate into M 1
or M2 subtype depending on the TME. Recent investigations
show that OSCC cells release a high amount of circulating
exosomes rich in microRNAs [57, 59-63]. One of such study
showed higher expression of miR-29 (including miR-29a-3p,
miR-29b-3p, and miR-29¢-3p) in the developing OSCC tis-
sue [60, 64]. Out of these three microRNA subtypes, OSCC
secreted exosomes showed high levels of miR-29a-3p [59].
Co-culture of OSCC derived exosomes with naive mac-
rophages showed elevated expression of macrophage M2
markers (CD206, Argl, and IL10) with no significant change
in M1 markers (IL1p and CXC10), thus emphasizing that
exosome-enclosed miR-29a-3p can promote macrophage
polarization towards the immunosuppressive M2 pheno-
type. Transfection of miR-29a-3p mimics into macrophages
resulted in a decrease in SOCS1 mRNA and protein expres-
sion which ultimately increased the phosphorylation of
STAT1, an important transcription factor for M2 markers
(Table 1). Thus, this study revealed that miR-23a-3p rich
tumor-secreted exosomes could act as cellular transmitters
to modulate the naive macrophage towards M2 phenotype
by activating SOCS1/STAT1 signaling that subsequently
enhances the proliferation and invasion of OSCC cells [59].
In the recent past, it was established that the expression
of microRNA in solid tumors is highly dependent on the
TME. Hypoxia, the master regulator of cancer metastasis,
can stabilize and activate hypoxia-inducible factors (HIF),
especially HIF1a and HIF2a, which ultimately activate a
set of genes that facilitate tumor growth, angiogenesis, and
metastasis [65]. Many lines of evidence suggest that hypoxia
may promote the release of functional exosomes by can-
cer cells in a HIF1a dependent manner [65-67]. Li et al.
[65], determined the miRNA profiles of exosomes derived
from normoxic and hypoxic OSCC using miRNA-seq and
reported that a high number of common miRNAs (approxi-
mately 214) existed in these two groups. Out of these 214
miRNAs, 105 miRNAs were differentially upregulated in
hypoxic exosomes compared to normoxic exosomes. Among
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all the upregulated miRNAs, HIF1 dependent activation and
stabilization resulted in significant high-level expression
of miR-21 in the hypoxic exosomes (Table 1). Thus, this
study postulates that hypoxic OSCC cells released exosome
rich in miR-21, which, when recognized by TLRs of nor-
moxic immune cells promote their premetastatic behavior
by activating immune-suppressive genes like IL.10 and also
an enhanced expression of Snaill and vimentin, the key
epithelial-mesenchyme transition (EMT) regulatory factors
[65, 68]. TME remodelling by EMT is a major event for
regulating epithelial plasticity to ensure cancer progression.
The key EMT transcription factor Snail can undergo CBP
mediated acetylation at Lysine 146, and Lysine 187, leading
to its stabilization [69]. Over-expression of Snail in can-
cer cells can activate the expression of different cytokines
such as IL-6, IL-8, CCL2, and CCL5, which act as chem-
oattractants for the recruitment of TAMs [69, 70]. Addi-
tionally, Snail expressing cancer cells were also shown to
secrete exosomes rich in miR-21 into the TME. Mechanisti-
cally, chromatin immunoprecipitation studies revealed that
Snaill could directly bind to the promoter of miR-21 and
increase its expression at the transcriptional and translational
level [70]. Exosomal miR-21 is known to polarize TAMs
to M2-Like phenotype to promote tumor progression by
utilizing two signaling events. In one event, miR-21 favors
pre-metastatic niche formation by inhibiting the expression
of a variety of tumor suppressors such as PTEN, PDCD4,
and IGFBP3 through direct binding to the 3’-UTR of tar-
get transcripts in macrophages and cancer [71-76]. miR-21
mediated downregulation of intracellular kinases like PTEN
and PDCD4 which contribute to a tumor-promoting micro-
environment. PTEN and PDCD4 are important regulators of
PI3K/AKT pathways which activate pro-survival signals by
enhancing the expression of classical M2 markers, Argl, and
IL10 [68, 77, 78]. A second mechanism by which miR-21
contributes to cancer progression is by increasing the secre-
tion of chemokines like CCL2, CCLS5, and IL-8. These lead
to the recruitment of TAMs which further recognize exoso-
mal miR-21 leading to the up-regulation of M2 markers like
MRCI1, CD163, and IL10, thus providing an immunosup-
pressive microenvironment for cancer cell survival and inva-
sion [69, 70, 79]. Taken together, these studies suggest that
cancer cell-derived exosomes containing microRNAs (mir-
21, miR-29, and others) provide a positive feedback loop
to amplify the TME signals to facilitate tumor progression.

Epithelial ovarian cancer (EOC) derived exosomes

Because of lack of early clinical symptoms and progressive
development of drug resistance, EOC remains the 5th most
common cause of malignant death in women [80]. Com-
munication between the cancer cells and TAM within the
TME is considered to be essential for the progression and
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development of EOC [81]. These communications can be
mediated through exosomes released from the tumor cells
[82]. High expression of exosome markers (CD63 and
CD81) and M2 markers (CD163) was reported to be asso-
ciated with poor clinical outcome [83]. A recent study by
Chen et al., (2017) demonstrated the secretion of a large
number of exosomes from EOC cells into the TME that were
taken up by TAM-like macrophages. Gene expression analy-
ses in the same study also showed a significant increase in
cancer-derived exosomal microRNAs from EOC cells under
the hypoxic conditions as compared to normoxic conditions.

In a microRNAs array analysis, exosomes isolated from
patients with benign ovarian cancer showed a higher level
of miR-940 [84, 85]. A co-culture of non-polarized mac-
rophages with normoxic exosomes or hypoxic exosomes
isolated from epithelial ovarian cancer cells showed mac-
rophage polarization towards tumor supportive M2 phe-
notypes confirmed by the higher expression of CD163 and
CD206 (M2 type markers). Transwell migration and MTS
proliferation analyses revealed that M2-phenotype mac-
rophages from miR-940 conditioned medium could aug-
ment cancer cell proliferation and migration [84]. The same
group showed that under hypoxic conditions, the expression
of 3 microRNAs, namely miR-21-3p, miR-125 b-5p, and
miR-181 d-5p were increased in the EOC-derived exosomes
[86]. The co-culture of the naive macrophage with hypoxia-
induced microRNA containing exosomes could lead to a sig-
nificant increase in CD163, CD206, and IL10 (M2 markers)
at the translational level, thus demonstrating macrophage
polarization towards M2 phenotype. These microRNA-rich
exosomes recognized by macrophage and were found to
regulate the SOCS/STAT pathway in the latter cells. Trans-
fection of macrophages with these three microRNA mim-
ics resulted in decreased SOCS4 expression and a subse-
quent increase in p-STAT3, which promoted macrophage
M2 polarization, along with cancer cell proliferation and
distant migration [86]. Similarly, EOC-derived exosomes
enriched with miR-222-3p was shown to inhibit the mac-
rophage SOCS3 expression and induce phosphorylation of
STAT3 which ultimately increased CD206, Argl, and IL10
expression and decreased TNFa and IL12 expression in
macrophages, promoting them to develop into the M2 phe-
notype (Table 1). These cancer supportive M2 macrophages
could promote the growth and metastasis of ovarian cancer
cells [87].

Glioblastoma (GBM) cell-derived exosomes

Glioblastoma represents an aggressive form of cancer affect-
ing the adult primary central nervous system and accounting
for 52% of all primary brain tumors. In untreated patients
diagnosed with this aggressive neoplasm, the median sur-
vival period is only three months [88, 89]. Moreover, the
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situation remains grim in patients undergoing surgical,
chemo-radiotherapeutic and anti-angiogenic therapy with a
median survival of only 15-16 months [90, 91]. One of the
major reasons for the low efficacy of GBM immunotherapy
could be the development of tumor-mediated immunosup-
pression by the release of anti-inflammatory cytokines
and expansion of regulatory T-cells [92-94]. Recent work
done by Manda et al. [95] showed the abundant presence of
exosomes secreted by glioblastoma cells in the peripheral
blood of glioblastoma patients. Moreover, these research-
ers also identified that glioblastoma-derived exosomes were
rich in tumor markers like epidermal growth factor receptor
(EGFR), EGFR variant III (EGFRvVIII), and IDH1-R132H
which ultimately fuel glioma transformation/progression.
Several studies have revealed that patients with glioblastoma
show an elevated number of monocytes relative to healthy
donors [96-99]. Tumor-derived factors, such as TGF-f, can
recruit macrophages and preferentially skew them to adopt
the immune-suppressive phenotype capable of mediating
tumor growth and promoting invasion [100, 101]. Mass
spectroscopy analysis performed by Gabrusiewicz et al.
[102] revealed that GBM-derived stem cells (GSCs) derived
exosomes (GDEs) were enriched with EIF2, mTOR, and
ephrin-B signaling related pathway proteins. Analysis of
the cargo carried in the GDEs showed elevated levels of
phospho-STAT?3, which has macrophage polarizing activity.
GDE-treated monocytes showed elevated expression of pro-
grammed death-ligand 1 (PD-L1), which was accompanied
by increased p-STATS3 levels. This finding is in agreement
with the observation that CD14* monocyte/macrophages
derived from the GBM tissue of patients showed upregu-
lated PD-L1 expression, whereas no significant expression
was seen in CD14" cells isolated from the blood of GBM
patients and control counterparts. Macrophages exposed to
GDEs showed increased expression of CD163 and CD206
(M2 markers). Thus, the study demonstrates that GDEs
could modulate macrophage M2 polarization and STAT3
mediated induction of immune-suppressive PD-L1 expres-
sion [102] (Table 1).

Colorectal cancer-derived exosomes

Colorectal cancer (CRC), the second-highest death-caus-
ing cancer disease worldwide, is one of the most prevalent
malignant tumors where metastasis account for around 90%
of total CRC-related deaths. Metastasis primarily occurs
in the liver [35, 103]. CRC is common in the aging pop-
ulation in developed countries and the risk of developing
CRC increases in those with unfavorable dietary habits,
low physical activity, obesity and smoking [104]. Glob-
ally, it is the third most common cancer in men and sec-
ond in women [105, 106]. CRC is accompanied by immune
responses at all stages. TAMs, conventionally considered as

pro-tumorigenic, are present abundantly in both primary and
metastatic sites of CRC [107, 108]. These macrophages cre-
ate a favourable TME by providing cytokines, chemokines,
and angiogenic factors in the CRC. However, the mecha-
nism of cellular communication between CRC cells and
macrophages or other cells in the TME is unclear with
exosomes been strongly implicated. Infiltrating monocytes
in the TME may differentiate to either anti or pro-inflamma-
tory macrophages upon priming with cancer cell’s secretion.
CRC derived exosomes have the potential to educate mac-
rophages to differentiate into anti-inflammatory pro-tumoral
M2 phenotype [106, 108]. Being a messenger in cellular
communication and associated with various processes like
tumor invasion, angiogenesis, cell death and immune eva-
sion, exosomes are the key initiators of pre-metastatic niche
formation in multiple cancer types including CRC [21, 109].
SILAC based mass spectrometry was used to trace the pro-
teome of the cargo transported by CRC-exosomes. CT-26
cells derived exosomes were shown to educate macrophages
to secrete significantly more TNF and MCP-1, both known
to promote CRC cell growth, while no significant differences
in IL-6, IL-1f, IL-12p70, and IL-10 expression were seen.
Additionally, the transported proteins from these exosomes
were abundant in proteins involved in cytoskeleton rear-
rangement, mediating elongation and F-actin polarization
in macrophages. These exosomes were recognized by FcR
of macrophages as confirmed by FcR-blocking experiments
that diminished cytoskeleton rearrangement in macrophages
[21]. In another study, colon cancer cell lines, HCT8 or
HCTI16 when co-cultured with THP-1, were shown to con-
tribute to M2 polarization as confirmed by high expression
of Arg-1 and I1-10 level and reduced expression of IL-6 and
IL-1p [110]. Furthermore, the conditioned medium from
THP-1 was reported to contain a high level of TGF-p, HGF
(hepatocyte growth factor) and EGF (epidermal growth fac-
tor) which can promote M2 polarization of macrophages
via activation of the EGFR/PI3K/AKT/mTOR pathway
[110]. In addition to above study, miR-203 was identified
as the signaling messenger between tumor cells and mono-
cytes in metastatic colorectal cancer (CRC) patients [111].
In vitro studies suggest that CRC cell-derived exosomes
with miR-203 cargo could promote higher expression of M2
markers thereby switching monocyte polarization toward
M2 TAMs. Both co-culture of miR-203 transfected CRC
cell lines (RKO and CaR-1), as well as isolated exosomes
from miR-203 transfected CRC cell lines with monocyte
like cell line THP-1, resulted in higher expression of M2
markers (CD163 and STAT3) and downregulation of M1
markers (CXCL-10 and NOS2) (Table 1). Injection of miR-
203 transfected RKO cells along with THP-1 cells into the
splenic vein of a xenograft mouse model showed a nodule
generation in all mice when compared to injection of miR-
203 transfected RKO cells without THP-1 [111]. Similarly
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miR-145 carrying EVs (exosomes and shed microvesicles)
were also capable of inducing M2 polarization of mono-
cytes in CRC [112]. Mechanistically, miR-145 targeted
HDACI11 and TLR4 to upregulate the expression of anti-
inflammatory cytokines such as IL-10. CRC cell line DLD-1
derived exosomes were shown to carry miR-145, which,
when cultured with THP-1 or NOMO-1 cells, increased the
transcription of IL-10 and VEGF-A while the expression of
IL-12p40 and TNF-a were reduced (Table 1). The popula-
tion of surface markers CD11b*, CD68", and CD206™ on
the macrophages also increased in the presence of DLD-1
derived exosomes. Previous studies suggested that miR-145
could target the histone deacetylase HDAC11 and regulate
IL-10 production [113]. Disruption of HDAC11 expression
was shown to enhance the acetylation of histone H3 and H4
followed by the recruitment of Sp1 and STAT?3 transcription
factors, which transcriptionally upregulated IL-10. DLD-1
derived exosomes carrying miR-145 could target HDAC11
and promote M2 polarization. Conversely, the overexpres-
sion of HDACI11 could reverse the process and downregulate
IL-10 expression significantly. Meanwhile, overexpression
of miR-145 in DLD-1 cells highly promoted the surrounding
monocytes to acquire a M2 phenotype [112-114].

Pancreatic-cancer derived exosomes

One of the hallmarks of pancreatic cancer is the presence
of a persistent, mild inflammatory TME with high num-
bers of TAMs, which is directly related to patient mortality
[115, 116]. In the TME, the TAMs receive multiple sig-
nals from the tumor as well as surrounding cells. Exosomes
from PDAC (Pancreatic Ductal Adenocarcinoma) cells
were shown to play a significant role in this cellular com-
munication [117]. Linton et al. [116] demonstrated that
various pancreatic cancer cell-derived exosomes could
influence macrophage polarization and function. These
macrophages further facilitated metastasis by producing
and secreting several soluble factors. A comparative analy-
sis of exosomes derived from multiple pancreatic cancer
cell lines (like AsPC-1, BxPC-3, PANC-1, and MIA PaCa-
2) and healthy pancreatic epithelial cells (H6c7) revealed
that AsPC-1 (ascites-derived metastatic human PDAC cell
line) derived exosomes had a higher expression of surface
proteins involved in cell-to-cell interaction and a stronger
pro-tumorigenic phenotype [116]. AsPC-1 derived exosomes
were rich in ICAM-1 and known to mediate cell—cell inter-
action [118] and arachidonic acid (AA) (Table 1). Both
were found to contribute to the interaction and fusion of
exosomes with macrophages. AsPC-1 derived exosomes
incubated with non-polarized macrophages (THP-1 cells)
caused higher expression of surface proteins CD14, CD163
and CD206 as well as higher secretion of pro-tumorigenic
factors like VEGF, MCP-1, IL-6, IL-1p, MMP-9 and TNF-a
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corroborating with its polarization to a M2-like phenotype
[116, 119]. ICAM-1 derived from AsPC-1 exosomes was
shown to mediate docking with non-polarized PMA treated
differentiated THP-1, which have higher surface exposed
CDl11c, when compared to undifferentiated THP-1 which
has undetectable levels of CD11c [120]. This elevated inter-
action between the ICAM from exosomes and differenti-
ated THP-1 was indicative of the uptake of exosomes by the
macrophages [121]. However, very low rate of interaction
and uptake was also reported in the exosomes with low or
undetectable levels of ICAM-1 which suggest the involve-
ment of other methods of interaction between exosomes and
macrophages. Linton et al. [116] also suggested that the AA
content of the exosomes contributed to the fusogenicity of
these exosomes with THP-1 macrophages. High AA-con-
taining phosphatidylinositol membranes in colorectal can-
cer cells [122] as well as high levels of phosphatidylserine,
phosphatidylinositol, and phosphatidylcholine containing
membranes in metastatic MDA-MB-231 breast cancer cells
contribute to enhanced fusion of exosomes with the cancer
cells [123]. The high AA content in the phospholipids of
the AsPC-1 derived exosomes similarly enhance their fusion
to the target macrophages. M2 macrophages in the PDAC
secrete higher level of the eicosanoid metabolizing enzymes
Microsomal prostaglandin E synthase-1 (mPGES-1) and
5-Lipoxygenase (5-LOX) both of which are considered to
be oncogenic. Phospholipase A, (PLA,) activity releases
AA from membrane phospholipids; the free AA can then
be converted into PGE, by the catalytic activity of 5-LOX.
PGE, is considered to impart pro-tumorigenic effect to can-
cer cells. AsPC-1 cells secrete negligible levels of PGE,;
however, exosomes derived from the cells when fused
with macrophages triggered the secretion of significantly
increased amount of PGE,. Interestingly, pre-treatment of
AsPC-1 derived exosomes with PLA, was shown to cleave
out the AA and hence decreased the fusogenicity with mac-
rophages [116].

Exosomes in the activation of M1-like macrophages

Johnstone and Stahl group in the 1970s described the con-
cept of exosomes as nano-sized vesicles involved in cellular
communication of various types of cells [124]. The three
main EVs naturally formed in a variety of cells and secreted
by exocytosis or engulfed by endocytosis are apoptotic bod-
ies, microvesicles, and exosomes, whose sizes range from as
large as 5 pm to as small as 10 nm [125, 126]. Cellular and
molecular analyses have provided evidence that EVs can be
found in many different cell types and mainly characterized
by their sizes, constituents, biogenesis, and cellular func-
tions [125]. Extensive studies carried out with exosomes in
the recent past have revealed that exosomes can be released
by both normal and diseased cells (e.g., cancer cells) [127,
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128]. Most cells of the immune system (B-cells, T-cells,
dendritic cells, mast cells, neutrophils, macrophages, etc.)
originating from progenitor hematopoietic cells release
exosomes in the extracellular environment [129]. These
exosomes which release either from macrophages them-
selves or from other immune cells, or other normal or dis-
eased cells, have shown the potential to polarize the naive
macrophages toward a M1 phenotype. Exosomes released
from cells can serve as a vehicle to transport both biologi-
cal constituents as well as signals for various intracellular
communications. Cancer cell derived exosomes are rich
in multiple proteins and RNAs which stimulate the mac-
rophages to classically activated form and lead to increased
pro-inflammatory cytokine production via different signaling
pathways [34, 63, 130].

The tumor stroma also referred to as the tumor microenvi-
ronment (TME) is a complex junction of different cell types
where cancer cells participate in intricate interaction with
these surrounding cells. The important component of this
tumor stroma is Tumour-associated macrophages (TAMS)
which are the most abundant crucial non-neoplastic immune
cells and account for around 30-50% of the total tumor mass
[131]. The fundamental event in the establishment of tumor
microenvironment as pro-tumorigenic or anti-tumorigenic
highly depends on the polarization of macrophages in either
anti-inflammatory pro-tumorigenic M2 phenotype or pro-
inflammatory anti-tumorigenic M1 macrophages which
majorly depend on microenvironmental signals or stimuli
[132]. Briefly, TAMs are the collection of different mac-
rophages, including infiltrating and resident macrophages
originated from various cellular sources. It is suggested
through many studies that TAMs have polarization plastic-
ity and can exhibit either of the phenotypes. The major-
ity of studies provide ample evidence that TAMs acquire
M2-like polarized macrophage phenotype which promotes
the tumor progression by facilitating angiogenesis, immu-
nosuppression and growth factors eventually leading to
metastasis [131, 132]. Potential strategies to counter the
tumor growth has been studied and designed, major one of
these include the strategy to use the TAM-associated immu-
notherapy. Several studies have confirmed the depletion in
TAMs survival and suppression in M2 polarization hold
as a potential therapeutic strategy [133]. TAMs targeted
immunotherapy involves three effective strategies for can-
cer treatment—(a) repolarization of M2-like TAMs to anti-
tumorigenic M1-phenotype, (b) inhibiting the infiltrating
macrophages recruitment and (c) interfering with the TAMs
survival. The most straightforward method is inducing or re-
polarizing TAMs towards the M1-like phenotype in tumor
stroma. The re-polarization of M2-like TAMs can be done
through various means such as by using a; (a)TLR agonist,
MI-stimulating agents and cytokines, (C)by application of
antagonistic antibodies to shut down M2-related pathways

to further force macrophages to adopt pro-inflammatory M1
phenotype, (d) by employing antisense miRNA (e.g., miR-
155 and miR-125) to inhibit M2-related pathways or (e) by
using small inhibiting molecules (e.g., COX2 (cyclooxyge-
nase) inhibitor, histone deacetylase (HDAC) inhibitor, etc.)
[130, 132, 134-137].

Interestingly, as delineated below in detail, the exosomes
alone carry all such components and features mentioned
above to stimulate and remodel the TAMs in the tumor
microenvironment against cancer. Due to their complex
interaction with diverse cargo, they are accepted as key
players in TAMs remodelling and hence are also considered
for extensive study to understand their role as a nanocar-
rier to stimulate an immune cell response against cancer.
Apart from their natural potential, the therapeutic strategy
is to load exosomes with proteins guiding them to target
site-specific cancer to create anti-tumorigenic pro-inlamma-
tory M1 macrophage environment. This can be effectively
done by studying exosome donor cells. The benefits of
such exosomes over any other drug-carrying nanoparticles
is its non-toxic and non-immunogenic nature due to their
endogenous origin [132, 138-140]. Hence, we believe that
exosome-based immunotherapy to immunomodulate mac-
rophage phenotype from immunosuppressive pro-tumori-
genic to M 1-phenotype can be a great prospect in controlling
tumor growth.

Oral squamous cell carcinoma (0SCC)-derived
exosomes

The oral squamous cell carcinoma (OSCC) belongs to head
and neck squamous cell carcinoma (HNSCC) which is char-
acterized by its transformation of normal epithelium cells to
epithelial precancerous and hence to the cancerous lesion.
The secretory products from OSCC cells were reported
to educate macrophages via paracrine loops [141-143].
Exosomes isolated and identified from the conditioned
medium of the OSCC cell lines SCC25 and Cal27 were
reported to be taken up by the human macrophage cell line
THP-1 [63]. PBMC-derived macrophages treated with CM
of OSCC, with and without exosomes, revealed that CM
with exosomes played a significant role in M1 polarization
and increased expression of M1 signature cytokines (such
as TNF-a, IL-1f, and IL-6). However, CM from normal epi-
thelium or leukoplakia cells failed to do so. Mechanistically,
significant activation of p38 MAPK, Akt and SAPK/JINK
were observed at the early time points after exosome stimu-
lation. Proteomic analysis by mass spectrometry of OSCC
cells derived exosome indicated the presence of around 891
proteins, which are believed to contain effector proteins that
mediate macrophage activation. Among this pool of pro-
teins, THBS1 (thrombospondin 1) was highly enriched and
was considered a potent regulator of macrophage activation.
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THBS1, which is also produced by macrophages, is con-
sidered to induce potent pro-inflammatory signals for mac-
rophages. Knock down of THBS1 in OSCC cells signifi-
cantly reduced the expression of TNFa, IL-1f, and IL-6 in
exosome stimulated THP-1 macrophages [63] (Table 2).

Breast cancer-derived exosomes

Considerable advancement has taken place in the last 5 dec-
ades about diagnosis, prognosis, and treatment of breast can-
cer patients, leading to a remarkable 40% decrease in breast
cancer deaths [144]. The molecular analysis of breast cancer
provided insights into their biologically driven heterogene-
ous subtypes [145]. This heterogeneous nature of breast can-
cer is the result of tumor metastasis to secondary sites in the
body. The 5-year survival rates are 99% for localized breast
cancer, 84% for regional stage (nearby lymph nodes), and
23% for metastases (distant organs and lymph nodes) [146].
EGCG (Epigallocatechin gallate) has been reported to have
anticancer activity by inhibiting cell proliferation and induc-
tion of apoptosis. Jang et al. [34] demonstrated that EGCG
reduced tumor progression by switching macrophages
from M2 like TAM to M1. These authors also revealed that
EGCG upregulated cellular and exosomal microRNA levels
in breast cancer cells. Further, quantitative real-time PCR
analyses provided evidence of up-regulation of miR-16 in
EGCG-treated breast cancer-derived exosomes [34]. These
secretory exosomes rich in miR-16 could skew the TAM
phenotype, either towards tumor-suppressive immunologi-
cal type, referred to as M1, or tumor-promoting inflamma-
tory/immune-suppressive population. miR-16 was shown to

reduce the expression of IKKa expression, a well-known
negative regulator of NF-kB signal transduction pathway
in macrophages [147]. EGCG-treated cancer cell-derived
miR-16 containing exosomes resulted in decreased IKKa
protein expression and subsequent accumulation of the IkB
in TAM leading to the suppression of IL-6 and TGF-p (M2
associated cytokines) and increased production of TNF-a
(M1 associated cytokine) (Table 2). Moreover, breast can-
cer cells treated with EGCG showed reduced expression
of two significant attractants and growth factors for TAM,
namely colony-stimulating factor-1 (CSF-1) and Chemokine
(C—C motif) ligand 2 (CCL-2). Thus, EGCG-treated can-
cer cell-derived miR-16 exosome had the potential to sup-
press macrophage infiltration; promote TAM polarization
towards immunosuppressive subtype M1, ultimately leading
to reduced tumor growth [34].

Pancreatic-cancer derived modified exosomes

In the United States, pancreatic cancer is projected to claim
the second leading cause of death from cancer in the next
10 years [148]. Globally, pancreatic cancer is the cause of
7th highest mortality [149]. Pancreatic Ductal Adenocar-
cinoma (PDAC), an aggressive malignancy, constitutes
almost 80-90% of total pancreatic cancer cases leading to
4th highest death rate in the United States and is predicted
to rise at 2nd in between 2020 to 2030 [130, 150, 151]. The
non-transformed cells such as fibrotic stromal cells and
excessive myeloid cells infiltration are a hallmark in PDAC
which make interaction amongst each other and hence cre-
ate TME. Tumor-associated macrophages (TAMs) are the

Table 2 Role of tumor-derived exosomes in M1-like macrophages polarization and pathological significance

Cancer type derived exosomes Exosomal cargo

Macrophage cell type/phenotype Major outcome

References

Oral squamous cells carcinoma  THBS1 THP-1 and PBMC-derived Knock down of THBS1 in Xiao et al. [63]
(0OSCO) macrophages /M1 OSCC led to inefficient
polarization of THP1 cells to
M1-like phenotype
Breast cancer miR-16 RAW264.7/M1 Exosomes released from Jang et al. [34]

Pancreatic ductal adenocarci-
noma (PDAC)

Colorectal cancer (CRC) miR-21

(SW480 and SW620 cell lines)

miR-155 and miR-125b  J774.A1/M1

RAW264.7 and THP-1/M1

EGCG-treated breast cancer
cells promoted M 1phenotype
and increased levels of TNFa
and reduced levels of TGFf
production

miR 155 & miR-125b trans-
fected PDAC cells-derived
exosomes polarized mac-
rophages to M1-like phenotype

Su et al. [130]

miR-21 containing exosomes Shao et al. [35]
polarized macrophages to

M1 type secreting IL-6 and

TNF-a. miR21 and IL-6 levels

could be positively co-related

to CRC metastasis
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most abundant among these myeloid cells whose interaction
and communication with pancreatic tumor cells results in
M1 or M2 phenotypic polarization [152, 153]. Recent stud-
ies have shown that these tumor cells secrete exosomes in
excess as compared to untransformed normal cells and are
involved in cell-to-cell communication [154-156]. PDAC
cells overexpressing certain microRNAs were reported to
change their exosomal payload, which in turn could alter the
macrophage polarization from M2 to M1 phenotype [130].
Macrophages infiltrating tumor stroma mostly differentiate
into TAMs, which are predominantly of the M2 phenotype
[157]. Moreover, wild type Panc-1 cells co-cultured with
classically activated M1 macrophages can change them to
alternatively activated M2 macrophages. Based on this fact,
investigators hypothesized that transfection of PDAC cells
with M1 specific miRs (such as miR-155 and miR-125b)
may skew macrophage polarization (Table 2). Both miR-155
and miR-125b were upregulated in macrophages in response
to LPS and IFN-y, respectively, and are known to play an
important role in innate immunity [158, 159]. Plasmids
encoding these miRNAs were transferred to Panc-1 cells
by encapsulation in HA-PEI/HA-PEG nanoparticles, which
transferred the DNA more efficiently than Lipofectamine,
used as a positive control. J774A.1 macrophages are known
to be polarized to M1 phenotype when incubated with LPS/
IFN-y or M2 phenotype when incubated with IL-4. The
transfected Panc-1 cells were co-cultured with J774A.1
macrophages, which repolarized their phenotype from
alternative activation to classical activation. The exosomes
analyzed from Panc-1, and miR transfected Panc-1 cells had
similar cargoes except for the increased load of miR-155 and
miR125b in the exosomes isolated from the transfected cell
line. When J774A.1 cells were directly incubated with these
exosomes, M2 polarized macrophages were re-programmed
toward an M1 phenotype as confirmed by an increase in the
IL-1p/Arg-1 and iNOS/Arg-1 ratio [130].

Colorectal cancer-derived exosomes

Colorectal cancer (CRC) derived exosomes have the poten-
tial to inactivate macrophages when incubated with mixed
M1 and M2 macrophages. This is also dependent on the
duration of contact of the exosomes with macrophages [35].
EVs derived from the isogenic CRC cell lines SW480 and
SW620 were reported to be internalized by human THP-1
monocytes. The uptake is mediated by dynamin-dependent
endocytic pathway and resulted in the differentiation of
THP-1 towards both M2 and M1 phenotypes hallmarked
by the secretion of ROI, CXCL10, IL-6, IL-23, IL-12 or
IL-10 and TGF- B [160, 161]. Interestingly, a study by Ying-
kuan Shao et al. (2018) suggests that exosomes from CRC
cells specifically targeted liver tissue, which induced liver
resident macrophages to polarize toward pro-inflammatory

phenotype predominantly secreting IL-6 (Table 2). These
exosomes were found to be rich in miR-21, which in turn
created a pro-inflammatory environment in the liver and
aided niche formation. Exosomes derived from SW480, and
SW620 cells were incubated with RAW264.7 and THP-1
macrophage like cell lines for 24 h (long term incubation)
revealed a significant increase in pro-inflammatory cytokines
IL-6 and TNF-a while the levels of the anti-inflammatory
Arg-1 and IL-10 remained similar to the control. The incu-
bation of miR-21 analogs with macrophages resulted in
increased expression of IL-6 and TNF-«, while incubation
with miR-21 antagonists resulted in the opposite. Similarly,
knocking out miR-21 by CRISPR/Cas9 resulted in decreased
expression of IL-6 and TNF-a. Moreover, labelled miR-21
binds to TLR7 in RAW 264.7 macrophages. The knockdown
of TLR7 in RAW 264.7 cells was shown to diminish activa-
tion of the miR-21-TLR7-IL-6 signaling axis. Additionally,
the levels of miR-21 in the CRC derived exosomes and mac-
rophage IL-6 expression were found to positively correlate
with liver metastasis [35].

Exosome and ADCC

The immunological function of antibody-dependent cell-
mediated cytotoxicity (ADCC) executed by immune effector
cells like NK cells and macrophages are the major mecha-
nism utilized as a therapeutic approach for cancer immuno-
therapy [162]. The macrophages mostly involve in antibody-
dependent cellular phagocytosis (ADCP), are characterized
to have PtdIns 3-kinase/Akt pathway activation, which
significantly increases its ability to mediate ADCC [163].
The ADCC/ADCP responses are mediated through the Fcy
receptor (FcyR) and in contrast to NK cells, macrophages
are known to express all categories of these Fcy receptors
[164]. In cancer immunotherapies, tumour-targeting antibod-
ies activate macrophages and NK cells mediated cytotoxicity
via FcyRs, a key method of many antibodies therapies. The
exosomes secreted from cancer cells are largely favour pro-
cancer activities and help in immune suppression [165]. In
the context of ADCC, the tumor-derived exosomes are the
major resistance to antibody-based therapy. As discussed
above, exoxomes bulging out from tumor cells carry various
immunosuppressive payloads from the parent tumor cell. In
addition to MHCs and co-stimulatory proteins, exosomes
stimulate the immune response due to presence of tumor
associated antigen. These tumor associated antigens with
exosomes interfere with ADCC by sequestering the anti-
tumor antibodies and significantly reducing the binding to
the tumour cells. The HER2+ (human epidermal growth fac-
tor receptor 2) carrying exosomes derived from breast can-
cer cells sequester the anti-HER2+ antibody Trastuzumab
(brand name Herceptin) and reduces the bioavailability to
the target cell [162, 165]. Similarly and as discussed above,
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the monoclonal antibody therapy for B cell lymphoma using
anti-CD20 antibody rituximab is intercepted by its derived
exosomes and hence impairs the ADCC [166]. The seques-
tering of the anti-tumour Abs by tumour-derived exosomes
strongly suggest the exosomes as a potential target which
could be beneficial in unmasking the efficacy of ADCC.

Conclusion

In conclusion, exosome reflects a great promise towards
cellular therapy and disease diagnostic. Being involved
in cell-to-cell communication, it regulates both normal
and pathological processes to regulate body homeostasis.
Extensive studies in the last decade show the association of
exosomes with cancer metastasis and infectious diseases.
These exosomes serve as biomarkers for early detection
and diagnosis of diseases. For instance, urine exosomes are
used to detect prostate cancer. Analysis of tumor exosomes
content (RNA and protein) allows for delineation of tumor
status, both for tumor genotype/phenotype and metastatic
potential. Cancer cell-secreted exosomes provide immuno-
suppressive signals to local macrophages to promote tumor
progression and metastasis to distant organs. Thus, target-
ing metastasis-associated exosomes opens up a new win-
dow for the development of active anti-tumor therapeutic
agents. Additionally, in terms of therapeutics, the immune
cells derived exosomes cargoes can be artificially modulated
to provide pro-inflammatory, anti-tumorigenic microenvi-
ronment to suppress the tumor growth and metastasis. For
instance, the growth factors released by macrophage favour-
ing tumor growth, can be modified artificially to produce
tumor-Kkilling cytotoxic chemokines.

Apart from recruiting exosomes to precondition tumor
microenvironment with cytotoxic chemokines to reduce
metastasis, exosomes can be also be used as an effec-
tive drug delivery system. One of the major advantages
of employing exosomes as a drug delivery system is that
there is no unwanted homing of exosomes in the liver; it
can easily avoid the first pass metabolic effect and can be
effectively delivered to target sites. Encapsulating anti-
cancer drugs with exosomes have shown potential delivery
to the targeted tumor in the animal model. The functional
exosomes with its natural ability to contain a therapeutic
agent and its intracellular cargo would have significant
potential to reduce cancer metastasis. To our best knowl-
edge, this review provides compiled information on recent
advancement in understanding the cancer progressions via
cancer-derived exosomes providing immunosuppressive
microenvironment. Hence they could be utilized to immu-
nomodulate the tumor microenvironment through exosome
targeted modifications for effectively promoting anti-tumor
phenotype.
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Targeting immunosuppressive elements of exosomes to
destroy TAM-cancer cell-secreted exosomes provide immu-
nosuppressive signals to local macrophages favoring pro-
gression and metastasis to distant organs. Thus, targeting
metastasis-associated exosomes opens up a new window
for the development of active anti-tumor therapeutic agents.
Immune cells derived exosomes to produce a tumor cyto-
toxic effect-in terms of therapeutics, the immune cell derived
exosome cargoes can be artificially modulated to provide
pro-inflammatory, anti-tumorigenic microenvironment to
suppress the tumor growth and metastasis. For instance,
the growth factors released by macrophages favor tumor
growth and can thus modified artificially to produce tumor-
killing cytotoxic chemokines. One of the major advantages
of employing exosome as drug delivery system is that there
is no unwanted homing of exosomes in the liver as it can
avoid the first pass metabolic effect and can be effectively
delivered to target sites. Encasulation of exosomes with anti-
cancer drugs have been shown to target tumor effectively in
animal model. The functional exosomes with its natural abil-
ity to contain a therapeutic agent and its intracellular cargo
would have significant potential to reduce cancer metastasis.
Although modulating exosome cargo, targeting its secretion
in a tumor microenvironment and loading of tumor-derived
antigens/drugs onto exosomes remain the plausible therapeu-
tic strategy; there remain several unopened questions about
their role in tumorigenesis and normal state. For instance,
targeting critical proteins likes GTPase Rab27a, Rab11 and
Rab35 (via RNAi) which are involved in exosome release
shows a reduced rate of tumor growth and development. In
addition, one of the potential fields to explore is to develop
techniques to yield high concentrations of exosomes with
maximum purity and techniques to identify the accurate
exosomal content that impacts tumorigenesis. Uptake of
exosomes loaded with drug by host immune is one of the
critical gaps to study. Rejection of injected exosomal cargo
may elicit further immunological reactions in a host body,
leading to hypersensitivity and adverse disease development.
Thus, understanding the exosome-mediated signalling path-
way and its machinery, remains an exciting area for further
interrogation.
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