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Abstract

Being a tiny component, all the intra-cellular orchestra starting from exosome generation till its escape from the immune cells,

is connected with biogenic dynamicity of molecular signaling in the cells. The biogenesis of exosomes follows the endocytic

pathway thereby releases the intraluminal vesicles in the extracellular space. Exosomes play critical role in oncogenic signaling

in the primary tumor microenvironment as well as distant sites to make a pre-metastatic niche (PMN) for the tumor cells to

cause future metastasis. Moreover, tumor derived exosomes (TDEs) play an important role in invasion-metastasis cascade by

initiating paracrine and autocrine signals in the tumor milieu thus activating the epithelial–mesenchymal transition (EMT)

in the neoplastic epithelial cells. The exosomes taken up by the distally situated organ tissues facilitates the formation of

pre metastatic niche allowing the tumor cells to arrive, extravasate and eventually colonize in the new microenvironment and

thereby promoting distant metastasis (The Seed and Soil Theory). Importantly, secondary metastasis is also achieved by

altering the extracellular matrix by the TDEs as well as by escaping the immune surveillance, which in turn modulate the

host immunity and gradually results in the disease progression. Exosomes exhibiting the properties like high target specificity

combined with low immunogenicity and biocompatibility aids the exosomes to sow its seed in the new field of therapies and

thus all the remarkable properties make it a focus of interest in the research field.

Abstract

Being a tiny component, all the intra-cellular orchestra starting from exosome generation till its escape from
the immune cells, is connected with biogenic dynamicity of molecular signaling in the cells. The biogenesis of
exosomes follows the endocytic pathway thereby releases the intraluminal vesicles in the extracellular space.
Exosomes play critical role in oncogenic signaling in the primary tumor microenvironment as well as distant
sites to make a pre-metastatic niche (PMN) for the tumor cells to cause future metastasis. Moreover, tu-
mor derived exosomes (TDEs) play an important role in invasion-metastasis cascade by initiating paracrine
and autocrine signals in the tumor milieu thus activating the epithelial–mesenchymal transition (EMT) in
the neoplastic epithelial cells. The exosomes taken up by the distally situated organ tissues facilitates the
formation of pre metastatic niche allowing the tumor cells to arrive, extravasate and eventually colonize in
the new microenvironment and thereby promoting distant metastasis (The Seed and Soil Theory). Impor-
tantly, secondary metastasis is also achieved by altering the extracellular matrix by the TDEs as well as
by escaping the immune surveillance, which in turn modulate the host immunity and gradually results in
the disease progression. Exosomes exhibiting the properties like high target specificity combined with low
immunogenicity and biocompatibility aids the exosomes to sow its seed in the new field of therapies and thus
all the remarkable properties make it a focus of interest in the research field.

Keywords: Exosome, Secondary metastasis, Tumor microenvironment, Immune-modulation, Drug resistant,
Anti-cancer therapy
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1



P
os

te
d

on
A

u
th

or
ea

15
J
u
n

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

22
54

12
.2

32
07

27
4

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Abs: Apoptotic blebs; ABC:ATP binding cassette; ADCC: Antibody dependent cell cytotoxicity; Ago: Arg-
onaute; AKT: Protein Kinase B; ALG2: Apoptosis linked gene 2; ALIX: ALG-2-interacting protein X;
AMSH: Associated molecular with SH3 domain of STAM; Ang- Angiopoeitin; APC: Adenomatosis polyop-
sis coli; ARG: Arginase; ATF: Activating transcription factor; BMDCs: Bone marrow derived cells; BMP:
Bone morphogenic protein; CAFs: Cancer associated fibroblast; CAM: Cell adhesion molecules; CCL: C-C
motif chemokine ligand; CD: Cluster of differentiation; CHMP: Charged multivesicular body protein; CHD:
Chromodomain-helicase-DNA-binding protein; CME: Clathrin mediated endocytosis; CRP: C- reactive pro-
tein; CXCL: C-X-C motif chemokine; DCs: Dendritic cells; DUBs: Deubiquinating enzymes; EIPA: Ethyl-
isopropyl amiloride; EMT: Epithelial- mesenchymal transition; EphB: erythropoietin-producing human hep-
atocellular B; Ephrins: Eph receptor-interacting proteins; ERK: Extracellular signal regulated kinase; ES-
CRT: Endosomal sorting complex required for transport; ETS: Avian erythroblastosis E26 homolog 1; EVs:
Extracellular vesicles; exo-AnxA2: Exosomal Annexin A2; FasL: Fas ligand; FGF: Fibroblast growth factor;
GCSF: Granulocyte colony stimulating factor; HCC: Hepatocarcinoma cells; HCT: Human colon adenocarci-
noma; HGF: Hepatocyte growth factor; hnRNP: Heterogenous nuclear ribonucleo protein; HNSCC: Human
head and neck squamous cell carcinoma; HPCs: Hematopoetic progenitor cells; HSPGs: Heparan sulfate
proteoglycans; HSPs: Heat shock proteins; ICAM: Intercellular adhesion molecule 1; IL:Interleukin; ILK: In-
tegrin linked kinase; ILVs: Intraluminal vesicles; kDa: Kilo Dalton; LAMP: Lysosomal associated membrane
protein; LBPA: Lyobisphosphaditic acid; LDL: Low density lipoprotein; LEs: Late endosomes; LFA: Lym-
phocyte function- associated antigen; Lnc: Long non-coding; LNP: Lipid nanoparticle; M1/2: Macrophage
1/2; MAC: Membrane attack complex; MCs: Myeloid cells; MDR: Multiple drug resistant; MEK: Mitogen
Activated Protein Kinases; MET: Mesenchymal- epithelial transition; MHC: Major histocompatibilty com-
plex; miRNA: Micro Ribonucleic Acid; Mo-MDSCs: Monocyte myeloid derived suppressor cells; mRNA:
Messenger Ribonucleic Acid; MSC: Mesenchymal stem cell; MTA: Metastasis-associated protein; mTOR:
Mammalian target of rapamycin; MVBs: Multi vesicular bodies; NF: Nuclear factor; NK cells: Natural
killer cells; NKG2D: Natural killer group 2D; NO: Nitric oxide; NSF: N-ethylmaleimide sensitive factor;
nSMase: Neutral Sphingomyelinase; PAR1: Protease activated receptor; PCNA: Proliferating cell nuclear
factor; PDGF: Platelet derived growth factor; PDZ: post synaptic density protein (PSD95), Drosophila disc
large tumor suppressor (Dlg1), and zonula occludens-1 protein (zo-1); P-gp: P-glycoprotein; PH: Pleckstrin
homology; PI3K: Phosphatidyl inositol 3 kinase; PLP: Proteolipid protein; PMN: Premetastatic niche; RAC:
Ras-related C3 botulinum toxin substrate; RANTES: Regulated on Activation, Normal T cell Expressed and
Secreted; RISC: RNA induced silencing complex; ROCK: Rho associated coiled coil containing protein ki-
nase; ROS: Reactive oxygen species; S1P: Sphingosine 1 phosphate; SARS: Seryl- tRNA synthetase; SCF:
Stem cell factor; SDC: Syndecan; SMVs: Shedding microvesicles; SNAP: Soluble NSF-attachment protein;
SNARE: N-ethylmaleimide sensitive factor attachment protein receptor; Sphk: Sphingosine phosphate ki-
nase; STAM: Signal transducing adaptor molecule; STAT: Signal transducer and activation of transcription;
SUMO: Small ubiquitin like modifier protein; TAMs: Tumor associated macrophages; TANs: Tumor as-
sociated neutrophils; Tc cells: T cytotoxic cells; TCR: T cell receptor; TDEs: Tumor derived exosomes;
TDEs: Tumor derived exosomes; TDSFs: Tumor derived secreted factors; TERF: Telomeric repeat bind-
ing factor; TFs: Transcription factors; TGF: Transforming growth factor; Th cells: T helper cells; THBS:
Thrombospondin; TLR: Toll like receptor; TNF (R): Tumor necrosis factor (receptor); tPA: Tissue plas-
minogen activator; TRAIL: TNF related apoptosis inducing ligand; Tregs: T regulatory cells; TSG: Tumor
susceptibility gene; UBPY: Ubiquitin isopeptidase Y; uPA: Urokinase-type plasminogen activator; UTR: Un-
translated region; VAMP: Vesicle associated membrane protein; VEGF: Vascular epithelial growth factors;
Vps: Vacuolar protein sorting; VTA: Ventral tegmental area

Introduction

The intercellular communications were previously thought to be mediated by ligand receptor interactions and
direct cell to cell contacts. With gradual increase in the interest of research, it is discovered that there exist
another mode of interaction between cells conducted by membranous extracellular vesicles (EVs) (Théry et
al., 2002; Mathivanan et al., 2010). EVs are categorized into three main categories namely exosomes, shedding
micro vesicles (SMVs) or ectosomes and apoptotic blebs (Abs) (Gangoda et al., 2015). Despite of having
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similarities, difference lies in mode of formation, variation in sizes and buoyant density (Mathivanan et al.,
2010). Ectosomes >100nm and are released from variety of cells when outward protrusion occurs followed
by pinching of the cytoplasmic content contained vesicles from the plasma membrane (Cocucci et al., 2009)
and Abs (> 0.2 µm) are condensed remains of the apoptotic cells (Hristov et al., 2004) being released by the
dying cells (Théry et al., 2009). The exosomes first noted as microvesicles released by neoplastic cells with
5 nucleotidase activity(Trams et al., 1981) but the microvesicles are of endocytic origin were proved when
their involvement in combing out of transferrin receptors in the later stages of the process of maturation
of reticulocytes was observed (Rajagopal and Harikumar, 2018). Exosomes, biocompatible nanoparticles
(30-150nm) secreted by almost all cells, and ubiquitously present in all bodily fluids (blood, urine, saliva,
semen, cerebrospinal fluid, plasma, amniotic fluid etc) (McKelvey et al., 2015), carrying original specific
cargoes which makes them perform various vital functions in the body (Rajagopal and Harikumar, 2018),
locally or distantly, secreting soluble factors(McKelvey et al., 2015). Delicate researches have focused on
the functions of exosomes likely by affecting the body by manipulating the immune system and marking
their presence in several therapies. Exosomes participate in the process of EMT and causing secondary
metastasis. The different molecules or cargoes that are carried by the exosomes both on their surface as
well as inside the vesicles are responsible for functionality of exosomes. Furthermore, exosomes are also used
as drug delivery vehicles. Epidemiological study supports that EV implied pivotal role for identification of
diseases occurrences by patients’ biofluids (Verma et al., 2015).

Biogenesis of exosomes

Origin

The internalization of various cellular components by invagination of plasma membrane in clathrin or caveolin
dependent manner (Xu et al., 2018), and the process of forming vesicles, is known as endocytosis (Huotari
and Helenius, 2011). Firstly, the vesicles formed as early endosomes followed by the biochemical modulations
to form the late endosomes (LEs) or considered as multivesicular bodies (MVBs), and intraluminal vesicles
(ILVs). These MVBs could be the precursors of exosomes (Kim et al., 2018) as they secrete the ILEs outside
the cells, as the exosomes. The early endosomes are involved in sorting the cellular components whereas the
late endosomes exhibit the properties of MVBs and can either be degraded or gets assembles in Golgisome
(Wan et al., 2018). The signal for undergoing the path of degradation is the ubiquitylation of the cargoes
being loaded in the ILVs (Williams and Urbé, 2007). Cytosolic proteins and nucleic acids are uptaken in
the ILVs, in a selective and non-selective manner and one of such process is microautophagy (Huotari and
Helenius, 2011). The MVBs have a two destined fate, either they undergo degradation or secretion (Xu et al.,
2018) . Generally MVBs that are rich in cholesterol are destined to fuse with the membrane of the cell to be
released out and the cholesterol deficient ones undergoes the lysosomal degradation process (McGough and
Vincent, 2016). As they incorporate the cellular components during the maturation of LEs, the exosomes
reflect the nature of the cell from which it has originated.

Generation

The exosome generation mainly occurs through two distinct pathways: (i) Endosomal sorting complex requi-
red for transport dependent pathway (ESCRT dependent) and (ii) Endosomal sorting complex independent
pathway (ESCRT independent) (Figure 1).

ESCRT dependent pathway

The ESCRT apparatus comprises of four subunits - ESCRT 0, -I, -II and -III which are loaded on the
endosomal membrane. The protein sorting in the ubiquitin dependent pathway involves all the subunits of
the complex ESCRT 0 is loaded first as it recognizes the mono-ubiquitinated cargoes via its subunits. It then
recruits the ESCRT I subunit, which in turn recruits the ESCRT II subunit to the endosomal membrane and
both help the ESCRT 0 subunit to bind to the ubiquitinated cargoes with high specificity and impels the
endosomal membrane to deform, constrict and invaginate, resulting in release of vesicles in to the endosome.
The ILVs with bound ubiquitinated cargoes, that are released into the endosomes undergo the lysosomal
degradation unless they are deubiquinylated by the DUBs (Mashouri et al., 2019). In mammals, a ubiquitin
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isopeptidase named AMSH performs deubiquitination and another enzyme named UBPY maintain ubiquitin
levels in the cell (Henne et al., 2011). In ubiquitin free mechanism, ALIX protein binds directly with the
CHMP4 subunit of ESCRT III complex and incorporates deubiquitinated cargoes to the ILVs. ALIX binds to
GPCR- PAR1 and syntenin which in turn binds to syndecans and tetraspanin CD63, thereby sorting all these
components as cargoes to the ILVs without any ubiquitylation (McGough and Vincent, 2016). Disassembly of
ESCRT complex mediated by ATPase Vps4 and VTA1 can terminate the pathway and recycles the ESCRT
subunits for next cycles (McGough and Vincent, 2016).

ESCRT independent pathway

Depletion of the ESCRT complexes but presence of MVBs throws a light on the fact the biogenesis of MVBs
can also take place in the absence of the ESCRT complexes (Stuffers et al., 2009) which is conducted by lipids
and tetraspanins (Kim et al., 2018). The trafficking of PLP aids in elucidating the pathway. The endosomal
membrane possess certain microdomains rich in sphingolipids that forms ceramide by hydrolytically removing
the phosphocholine moiety of sphingomyelin aided by sphingomyelinases and inhibition of sphingomyelinases
secreted less exosomes (Trajkovic et al., 2008). The cone shaped structure of the ceramide deforms the
endosomal membrane which sorts the PLPs leading to abscission of vesicles to the endosomal compartment
(Trajkovic et al., 2008).

Exosomal cargo sorting

Exosomes being bioactive molecules harbors a variety of molecules on its membrane like lipids, proteins and
nucleic acids (DNA, RNA, lncRNAs, mRNA, miRNA). Table 1 (Whiteside, 2015; Li et al., 2017; Reclusa et
al., 2017; Sumrin et al., 2018; Wang et al., 2018a; Yousafzai et al., 2018; Huang and Deng, 2019; Jalalian et al.,
2019; Meng et al., 2019) provides an account on cancer specific proteins and nucleic acids, respectively, carried
as cargoes by the exosomes. The cytosolic proteins being uploaded are tubulin, actin, cofilin; the actin binding
proteins as well as the proteins which are engaged in membrane fusion and transport – Annexins and Rab
proteins (Théry et al., 2002). Enzymes like peroxidases, enolase-I and molecules like 14-3-3, heterotrimeric
G protein, Gi2α and HSPs are loaded into the interior of the exosome (Théry et al., 2002). Exosomes possess
MHC class proteins (Rajagopal and Harikumar, 2018) and tetraspanin proteins (CD9, CD63, CD81, CD82)
are on the exosomal surface. Both mRNAs and miRNAs are loaded as exosomal cargo where the mRNA
content differs from the parent cell while the miRNA content remains the same (Rajagopal and Harikumar,
2018). The uploading of miRs depends on a specific shuttle sequence GGAG. A SUMOylated hnRNPA2B1
specifically binds to the miRs with GGAG sequence, controlling their upload into the exosome (Villarroya-
Beltri et al., 2013). Exosomal mRNAs, are rich in 3 UTR region depicting that it may sort mRNA into
the exosomes (Hessvik and Llorente, 2018). The fact that the exosomal membrane is rich in cholesterol,
sphingolipids and glycosphingolipids comparison to parent cells, depicts that lipids components may help in
cargo sorting and signaling too (Lingwood and Simons, 2010; Record et al., 2014). CD63, CD81, floitilin are
sorted by S1P which is formed by the phosphorylation of sphingosine by Sphk1 and Sphk2 and inhibition of
this signaling reduces CD63 signals on exosomes as it limits the size of exosomes suggesting involvement of
S1P in cargo sorting (Kajimoto et al., 2013).

Exocytosis of exosomes

As described earlier DUBs in ESCRT dependent pathway enables exosomes to get released but a post
transcriptional modification, ISGylation of the TSG101 limits the secretion by directing the MVBs towards
lysosomal degradation (Villarroya-Beltri et al., 2016). RabGTPases, the largest family of small GTPases,
regulates their secretion, although their mechanism is still uncovered. Investigation shows that the expression
of cortactin accompanied by Rab27 and coronin1B can regulate the release of the exosome (Sinha et al., 2016).
Silencing of five RabGTPases namely Rab2b, Rab5a, Rab9a, Rab27a and Rab27b by shRNA minimized
exosome secretion whereas silencing of Rab6 does not affect exosome secretion level (Ostrowski et al., 2010).
Rab27a and Rab27b is keenly involved in exosome and their decrease also accounts for lesser exosome
release but with the unchanged protein content of the cell (Blanc and Vidal, 2018). Both Rab27a/b are
also involved in determining the size of the MVBs (Blanc and Vidal, 2018). The docking of the MVBs to
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the plasma membrane is also regulated by several Rab effector molecules namely synaptotagmin-4/7 (Ca2+

dependent phospholipid binding protein), exophilin-5(Slac2B), granuphilin-a/b (Slp4) whereas the fusion
event is regulated by Rab11, Rab31, R-SNARE protein YKT6, three members of t-SNARE protein family
(SNAP23, syntaxin3, syntaxin4), v-SNARE protein family (VAMP 7/ VAMP 8/ TI-VAMP) (Théry et al.,
2002; McKelvey et al., 2015; Yousafzai et al., 2018). Some soluble factors like NSF and SNAP are important
for the fusion of intracellular fusion events (Théry et al., 2002). Rab11 and Rab35 participate in both exosome
release and recycling the membrane components (Blanc and Vidal, 2018).

Internalization of exosomes

The internalization of exosomes begins with adhesion of primary cells where the protein – protein interactions
play a vital role through endocytosis (Villarroya-Beltri et al., 2013). CAMs are grouped under five categories
namely cadherins, immunoglobulins, a lectin family subclass called selectin, mucin and integrins, differences
among them lies in their mode of interaction (Gonda et al., 2019). The presence of tetraspanins, integrins,
proteoglycans and lectins on the exosomal membrane facilitates their interactions with the recipient cells
(Mulcahy et al., 2014). Exosomal integrins and immunoglobulins mediate the interaction between cells and
participate in exosomal uptake by dendritic cells, macrophages, T cell (Villarroya-Beltri et al., 2013; Hessvik
and Llorente, 2018). In CD4+ cells, exosomes are internalized via interaction between TCR- MHC and LFA1
–ICAM1. Heparan sulfate proteoglycans (HSPGs) with attached sulfated glycoaminogly can polysaccharides
facilitates exosomes adherence. Heparinase treatment on EVs did not affect their uptake suggesting that
HSGPs on the cell surface contribute to internalization (Christianson et al., 2013). Syndecan and glycipan are
the two main types of HSPGs that function in (i) cell adherence, motility exosomal binding, content delivery
and (ii) role in endocytosis for delivery of the ligands (Villarroya-Beltri et al., 2013). HSPGs act as fibronectin
receptor when it binding to fibronectin either present on exosome or on the target cells(Purushothaman et
al., 2016). Lectins function in recognizing and binding to glycan moieties. Lectins are categorized under (i)
the transmembrane C-type lectins and selectins, (ii) sialic acid binder named Siglecs and (iii) a galactoside
binder named galectins (Villarroya-Beltri et al., 2013). C-type lectins (DC-SIGN, DEC-205, MUC16 ) and
galectin (Galectin-5) are related with EVs adhesion (Hessvik and Llorente, 2018).

The cellular responses induced by membrane bound or soluble FasL, TRAIL or TNF do not require the
internalization of exosomes rather they are cleaved by MMPs to form soluble cytokines so that they can
adhere to the receptors of the target cells for juxtacrine or soluble signaling (McKelvey et al., 2015). Soluble
signaling involves proteolytic cleavage of the ligands where as juxtacrine signaling requires juxtaposition of
the exosomal ligands and receptors on the recipient cells (Su et al., 2018). Fusion between the exosomes
and the recipient cell occurs when the vesicles fuses with the plasma membrane of the recipient cell forming
hemi-fusion stalk that leads to a fusion pore formation, through which its content is released (McKelvey
et al., 2015)(Hessvik and Llorente, 2018). Fusogenic lipids like phosphatidic acid, BMP on the exosomal
membrane causes “lipid interdigitation”, facilitating fusion(Villarroya-Beltri et al., 2013).

Endocytosis mechanisms responsible for internalization are (i) macropinocytosis, (ii) phagocytosis, (iii) cla-
thrin mediated endocytosis, (iv) caveolin mediated exocytosis and (v) lipid raft mediated endocytosis. Mi-
cropinocytosis gives rise to micropinosomes by uptaking extracellular fluids (Villarroya-Beltri et al., 2013).
Attenuation of the Na+-H+ ion exchange activity and PI3K pathway by inhibitors like EIPA results in the
decreased uptake of exosomes suggesting that macropinocytosis relies on Na+ and PI3K, with involvement of
Rac1, Ras and Src (McKelvey et al., 2015; Hessvik and Llorente, 2018). TDEs are internalized by phagocytic
cells by phagocytosis whereas the TDEs remain on the bound to the surfaces of the non-phagocytic cells, thus
they are internalized more effectively by phagocytic cells than by non-phagocytic cells (Feng et al., 2010).
CME involves a protein clathrin that form a cage like structure around the exosome which invaginates the
plasma membrane of the recipient cells, matures and pinches off to form a vesicle bud followed by shedding
off the clathrin protein and fusing with the endosome where the vesicles (120nm) empties all its content.
Caveolin mediated endocytosis is similar to CME but the protein caveolin coats vesicle of smaller size, even
less than 60nm, , aided by insulin and albumin, which are present on the exosomal surface (Villarroya-Beltri
et al., 2013, 2016). Lipid rafts are composed of protein receptors, cholesterol and glycosphingolipids that float
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in aggregated form and is assisted by flotillins aiding in exosomes uptake in clathrin/caveolin independent
mode (Hessvik and Llorente, 2018). Histones proteins on the exosomal surface interact with cell surface
protein syndecan-4 (SDC4) facilitating exosome internalization (Ochieng et al., 2018).

Exosomes mediated secondary metastasis

The entire mechanisms that promote tumor cells growth, proliferation and spread can be summed up in
a word “metastasis” and is a potent cause for mortality from cancer. Metastasis begins when the primary
tumor cells starts to disseminate from the local site and migrate to a distantly located site and since the
exosomes play a crucial role in the intercellular crosstalk, they mark themselves in promoting metastasis.
TDEs come into play their role at every stage of the process of metastasis. The stages that are involved in
the process of metastasis have been schematically represented in Figure 2.

Exosomes in initiation of Epithelial-Mesenchymal transition

EMT can be broadly defined as a process that comprises of molecular changes, minimized cell recognition
and adhesion, thereby promoting cell motility (Heerboth et al., 2015). During EMT the cancer cells lose
their epithelial attributes and gain mesenchymal characters, which are required for dissemination, invasi-
on and metastasis (Conigliaro and Cicchini, 2018). The gain of mesenchymal attributes is due to crosstalk
between cells, where exosomes comes into action (Vella, 2014a). Exosomes concentration released from trans-
formed cells is greater compared to untransformed cells, with increased mesenchymal markers like vimentin,
N-cadherin, fibronectin, decreased epithelial markers like E-cadherin, EpCam, occludins, etc. and increased
EMT inducing TFs like ZEB1, SIP1/ZEB2, Twist1/2, Snai1/2/3 (Snail/Slug/Smuc), which mainly suppres-
ses of epithelial genes and reprogram gene expression during EMT/MET plasticity (Vella, 2014b; Conigliaro
and Cicchini, 2018). EMT inducers like TGFβ, TNFα, IL-6, TSG101, Annexin2, caveolin1, integrin3, ILK-
1, MMPs, PDGFs are associated with exosomes. TDEs released under hypoxic condition have increased
EMT transducers than those released under normoxic state (Vella, 2014b; Syn et al., 2016). Novel EMT
markers like FOX, GATA family, SRY (SOX) family transcription markers, are also reported that work in
association with Snai1/Snai2 (Yuan et al., 2014). TDEs induce EMT by activating signaling pathways e.g.
HCC cells derived exosomes confer properties of invasion and migration to low metastatic cells by activating
MAPK/ERK signaling pathway or by carrying unique protein molecules on their surface which can remodel
the recipient cells (Vella, 2014b; Conigliaro and Cicchini, 2018). Moreover the lncRNAs activated by TGFβ
can upregulate ZEB1/ZEB2 expression in HCC cells, thereby inducing EMT (Yuan et al., 2014). OSCC
derived TDEs express EGFR on their surface and these TDEs when gets internalized by the epithelial cells
induces them to acquire mesenchymal like characteristics (Fujiwara et al., 2018). The exosomal MMPs
(mainly MMP-13) activate the Wnt signaling pathway which transcriptionally activate upregulation of the
factors responsible for EMT (Blavier et al., 2010). MMP-3 aids in generation of ROS in the cytoplasm
that upregulates expression of Snai1 and along with MMP-7 and MMP-14, can cleave the ectodomain of
E-cadherin that facilitates cell invasion , whereas MMP-9 participates in increasing the level of mesenchymal
markers (Gonzalez-Avila et al., 2019). IGFR, EGFR etc. expressed by exosomes induces EMT in which
IGFR upregulates the expression of ZEB, which activates TGF-β whereas EGFR participates in phosphory-
lation of β-catenin so that it destabilize the tight junction (Heerboth et al., 2015). FAK, a tyrosine kinase
molecule can also phosphorylate β-catenin followed by its translocation to the nucleus to transcribe the
target genes responsible for EMT (Heerboth et al., 2015). Exosomal TGFβ also participates in inducing
EMT by activating the Smad dependent pathway resulting in overexpression of Snail inside the nucleus,
thereby downregulating E-cadherin(Heerboth et al., 2015). The alterations occurring to a cell during EMT
are not genetic mutations rather they are epigenetic changes like histone methylation, histone deacetylation,
O-glycosylation because they are reversible and all these changes are induced by the transcription factors
generated by the EMT inducers like Snai1, ZEB, Twist which can silence E-cadherin and integrinα4 by
hypermethylation (Kevin Range, 2012; Heerboth et al., 2015)..

Exosomes in modulation of tumor microenvironment and establishment of pre-metastatic niche

The cellular environment accompanied by tumor cells with other cells like fibroblasts, macrophages, dendritic,
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immune/inflammatory cells is regarded as TME, with other factors like proteins, soluble cytokines and EVs
(Rajagopal and Harikumar, 2018). The metabolic crosstalk between the cancer cells and other cells in the
TME initiates tumor metastasis. In gastric cancer, CD97 present on the TDEs induce cell proliferation
through MAPK signaling (Maia et al., 2018). Among all the cells present in the TME CAFs, stromal
fibroblasts and macrophages are important for their function. TDEs can also manipulate the stromal cells
in the TME that gastric cancer cell derived exosomes can translocate EGFR in liver stromal cells and
can suppress mir-26a/b, thereby activates HGF (Zhang et al., 2017). The macrophages in the TME show
plasticity in their phenotype in response to their environmental conditions and TDEs are found to be one of
the factors responsible for their polarization in the TME, which are recognized by their Fc receptors (Maia
et al., 2018; Rajagopal and Harikumar, 2018). TDEs also elevate the migratory property of the host cells
(Blanc and Vidal, 2018). Under hypoxia, miR-21 from OSCC derived exosome induced pre-metastatic senses
in normal cells and miR-200c-3p, of OSCC derived exosomes can silence CHD9 and WRN and increase the
invasive properties in squamous tongue carcinoma (Zorrilla et al., 2019). TDEs make the TME an absolute
habitat for the cancer cells for the interaction with the other cells to perform the normal functions to maintain
the pre-metastatic niche and TDSFs, EVs, BMDCs, suppressive immune cells and host stromal cells also
enrich the environment (Guo et al., 2019).

The primary tumor cells induces the secretion of soluble cytokines and growth factors (TDSFs like VEGF,
TNFα, IL etc.) which influences the process of metastatic by stimulating and recruiting the myeloid cells
in a paracrine fashion, thus the migration rate increases towards the target site (Greening et al., 2015a).
TDEs also modulate the BMDCs already recruited to the target site to gain a pro-vasculogenic phenotype
to influence the metastasis. Extracellular matrix also get demodulated in presence of oncogenic exosomes as
they harbor several proteins and MMPs on their surface that facilitates the migrating tumor cells to evade
the host stroma of the pre-metastatic niche (Tickner et al., 2014).

Dual role of exosomes in immune modulation

The ways of immune surveillance escape of cancer cells could be altered by exosomal involvements like
hypoxic tumor-derived microvesicles facilitate immune escape by blocking the receptors of NK cells and
CD8+8 (Ludwig and Giebel, 2012). Exosomes shows heterogeneity i.e. metastatic or non-metastatic (Figure
3). Non-metastatic exosomes recruit immune cells to patrol the pre-metastatic niche whereas the metastatic
ones mediates immune regulation and recruits immune suppressive cells aided by ROS, NO, ARG1, TNFR-2
in reduced immune surveillance(Guo et al., 2019). TDEs possess tumor specific antigens presentation to DCs
(Webber et al., 2015) and direct and cross presentation pattern for T cell activation. Direct presentation
occurs when the exosomes are directly present antigens to T cells via MHC I/II – peptide complexes whereas
indirect presentation followed by APCs internalization or fusion of TDEs with APCs. The further processing
and expression of antigens in activating CD4+ and CD8+ T cells are carried by exosome(Greening et al.,
2015b).

The exosome on the mast cell surface derived exosomes present processed antigen peptides to activate DCs
and NK cells derived exosomes secretes granzyme B and perforins which mediate cytotoxic effect on the
various tumor cells (Othman et al., 2019). TDEs when interact with the monocytes, induces higher secre-
tion of various cytokines like IL-6, IL-8, IL-1β, TNFα in activating TFs like NF-κB and STAT3 to promote
immune surveillance escape(Bretz et al., 2013). PD-L1 expression is also directed by TDEs with induction of
monocytes to secrete pro-tumorigenic cytokine-chemokine like CCL2, CCL3, CCL4, IL-6, CXCL10 (Haderk
et al., 2017). Furthermore a novel paracrine loop has been established in contact with OSCC and associate
TAM derived exosome that can induce M1 by transferring THBS1 to the TAMs and activating p38, AKT,
SAPK/JNK signaling (Chen et al., 2018). In breast cancer, NF-κB is activated when palmitoylated ligands
on TDEs interacts with TLR2 on macrophages and stimulates the secretion of pro-inflammatory cytokines
like GCSF, IL-6, IL-8, IL-1b, CCL2, TNFα (Chow et al., 2014). Under hypoxic condition of pancreas can-
cer, miR-301a-3p of TDEs induces M2 phenotype polarization by activating PTEN/PI3Kγ signaling(Wang
et al., 2018b). In pre-metastatic niche, the normal fibroblast possess reprogramming under the effect of
TDEs, and the acidic environment proves fatal for the immune cells to survive in TME. A monocyte myeloid
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derived-suppressor cells phenotype (Mo-MDSCs) is generated when TDEs suppress monocyte maturation
and reduces immune surveillance (Domenis et al., 2017). TDEs induce accumulation MDSCs in the TME
when they are internalized by the bone marrow precursor cells and switches their differentiation pathway to
MDSCs pathway and because TDEs carry PGE2 and TGFβ, they induce the secretion of Cox-2, promoting
tumor growth and exosomal Hsp-70 and Hsp-72 also promotes the gathering and stimulation of MDSCs in
the TME, which significantly increase the level of pro-inflammatory cytokines like IL-6, TNFα, CCL2, VEGF
etc. (Othman et al., 2019). MDSCs derived exosomes can induce polarization of M1 to M2 macrophages
via IL-2 production (Burke et al., 2014). In case of impairment of innate immunity, TDEs decrease im-
mune surveillance by diminishing ADCC by inhibiting the NK cells cytotoxicity by reducing perforins and
granzymes and decreasing MAC formation and cell lysis. Whereas, exosome impairs adaptive immune re-
sponse by inhibiting T cell and B cell function and their differentiation from progenitor cells by inducing
apoptosis of the Tc cells due to overexpression of FasL, TNF related apoptosis inducing ligand, CD95L,
galectin 9 on exosomal surface and promoting Tregs differentiated from Th cells, induced by TGFβ-1 and
IL-10 (Tickner et al., 2014; Steinbichler et al., 2019).

Exosomes in promoting angiogenesis

Angiogenesis can be defined as formation of new blood vessels in an already existing vascular network
and activation of the endothelial cells by various angiogenic molecules (Aslan et al., 2019). All the effectors
molecules including EphB, VEGF are responsible for angiogenesis, either carrying by the TDEs or the tumor
cells themselves. The mechanisms involved in stimulation of angiogenesis by EVs is transfer of miRNA (e.g.
miRNA 126/ 214/296/150), proteins like VEGF, FGF-2, PDGF, SCF, RANTES, CRP, MMPs, uPA lipids
(S1p) and transcription factors like STAT3, STAT5 and also the activating signaling pathways like PI3K,
ERK1/2, Wnt4/β-catenin. Whereas the inhibition of angiogenesis is mainly modulated by CD36-dependent
uptake of EVs and induction of oxidative stress plus LDL receptor-mediated endocytosis (Todorova et al.,
2017). Ang1 contributes to invasion plus survival of endothelial cells whereas Ang2 accompanied by VEGF
participates in proliferation and migration of the endothelial cells (Aslan et al., 2019). MMP like MMP-1, -2,
-7, -8, -9, -14 are actively involved in the process of angiogenesis(Gonzalez-Avila et al., 2019). In addition,
Hsp-90α carried by TDEs also induces the overexpression of MMPs in the pre-metastatic niche (Maxson &
Mitchell, 2016).

TDEs derived from different cells induce angiogenesis in different ways. In endothelial cells, the exosomal
integrinβ1 interacts with the target endothelial cells, conferring proangiogenic effect by activating RAC1-
ERK1/2-ETS and CCL-2 production (Arderiu et al., 2015). Exosomal δ like4/Notch signaling also induces
blood vessel formation, without having direct cell-cell interaction (Sheldon et al., 2010). Exosomes produces
CRP, plasmin, stimulated by VEGF, FGF-2 increases the amount of exosomal MMP-2/9 and transfer of
different miRNAs to contribute in the process (Todorova et al., 2017). The transcription of several proan-
giogenic factors occurs due to the transfer of growth factors like SCF, c-kit, PDGF etc. to the recipient
cells. Moreover the miRNAs like mi-R31, mi-R125 elevates the HIF-α secretion and inhibits δ like4, thereby
promoting the tip cell specification, respectively (Todorova et al., 2017).

Role of exosomes in drug resistance

TDEs mediate drug resistance by: (i) exclusion of the drugs through exosome pathway, (ii) by neutralizing
antibody based drugs and (iii) by transfer of miRNAs (Giallombardo et al., 2016). Exosomes secreted from
cisplatin resistant ovarian cancer cell contain 2.6 fold more cisplatin than the exosomes released by cisplatin
sensitive cancer cells thereby indicating that endocytic compartments involved in exosome pathway act as
a vector for the exclusion of the drugs (Safaei et al., 2005). Drugs can also be excluded out via exosomal
pathway mediated by ABC transporters (Giallombardo et al., 2016). In neutralizing antibody based drugs,
the proteins on TDEs bind to the drugs thereby making them unavailable to the tumor cells to be treated
e.g. breast cancer derived exosomes carry HER2, which adheres to trastuzumab thereby nullifying its effect
(Ciravolo et al., 2012). Exosomes can reduce ADCC by binding to cancer reactive antibodies (Yousafzai et
al., 2018). TDEs transfer of MDR-1/P-gp from resistant to sensitive cells was observed in breast cancer and
prostate cancer cells, gaining resistance to docetaxel (Giallombardo et al., 2016). TDEs transferred miRNAs
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render multiple drug resistance in cancer e.g. in cervical cancer resistance to cisplatin is provided by exomiR-
25. In neuroblastoma, resistivity occurs when the cancer cells release oncomiR-21 which gets internalized by
monocytes and these monocytes in turn transcribe oncomiR-155, releasing it via their exosomes. OncomiR-
155 target TERF-1 gene (a telomerase inhibitor) and increases the resistance towards DNA damage of the
tumor cells, induced by cisplatin (Challagundla et al., 2015). Acidic TME also contribute to chemoresistance
by altering cell cycle control and accelerating anti-apoptosis mechanisms, furthermore, EMT inducers also
render drug resistance e.g. in metastatic HCT-8 colon cancer cells undergoing EMT showed decreased
chemosensitivity (Zhang et al., 2018). MDR cells secrete greater amount of exosomes that drug sensitive
cells (Yousafzai et al., 2018). Moreover, the expression of P-gp on the recipient cells is proportional to the
release of exosomes from the resistant cells (Steinbichler et al., 2019). Evidences reveal that TDEs mediate
drug resistance in cancer cells and more studies are required to identify the exosomal biomarkers responsible
for it so that they can be targeted for therapy.

Exosomes in anti-cancer therapy

TDEs are of current interest because they carry proteins and nucleic acids from the parental cell and serving
as potent diagnostic biomarkers (Table 1). Likely, under hypoxia, the overexpression of Rab5 and Rab7
induces tumor cell invasion in lung cancer, breast cancer, melanoma patients. Rab11 is a potent biomarker
for colorectal and pancreatic cancer with poor prognosis. Flotilins, HSPs, ALIX protein and TSG101 are
also potent diagnostic and prognostic biomarkers. TSG101 helps in assessing amount of secreted exosomes
(Jalalian et al., 2019). These biomarkers can also be advantageous for the detection of secondary metastasis
sites like GFP-tagged CD63 is utilized to detect the secondary metastatic site for breast cancer (Suetsugu
et al., 2013).

Exosomes are implicated as a potent vector for drugs, immunotherapy, vaccination, adjuvant therapy and
gene therapy (Table 3). It also possess innate biocompatibility, ability to suppress tumor gene expression
by their cargoes and less therapeutics toxicity(Saari et al., 2015). Exosomes mediated drug delivery has
gained access over liposomal approaches because of their smaller size, ubiquitous presence, greater shelf-
life and higher efficacy (Tomasetti et al., 2017). Moreover, liposomes can be recognized as foreign particle
due to their synthetic nature (Batista and Melo, 2019). Hybrid nanoparticles generated by incubating
exosomes with liposomes can help in unresolved treatment strategies e.g. delivery of CRISPR-Cas9 system
to MSCs (Liu and Su, 2019). The immature DC derived exosomes exhibit low immunogenicity as the
lack of surface markers and can be easily isolated from patient’s peripheral blood (Liu and Su, 2019).
Exosomes biogenesis and their uptake can be targeted for cancer therapy e.g. usage of diannexincan block
the TDEs internalization (Tomasetti et al., 2017). Exosomes exhibit increased stability and structural
deformities of the loaded drug in systemic circulation to show the better efficacy (Bunggulawa et al., 2018).
Improvised chemosensitivity could be targeted by transducing respective miRNAs with the stromal cells
e.g. ADSCs derived exosomes may possess miRNAs of interest that can modulate chemoresistant gene to
confer chemosensitivity. Interestingly, paclitaxel loaded MSCs secrete exosomes with minimizes metastasis
as reported (Steinbichler et al., 2019). A new aspect of biomimetics has been implemented in case of ovarian
cancer where exosome based metastatic trap (M-Trap) device serve as preferential site for the tumor cells
to adhere, thereby disturbing the communication of tumor cells with the TME (De La Fuente et al., 2015).
Exosomes bound to RNA nanoparticles (like antibodies) called “aptamers” confirms specific delivery of
siRNA to cancer cells e.g in breast cancer binds to EGFR, in colorectal cancer binds to folic acid receptor
and in prostate cancer binds to PSMA and all these targets and suppress survivin in the cancer types,
thereby inhibiting metastasis (Fengmei Pi1, 2, 3, 4, Daniel W. Binzel1, 2, 3, 4, Tae Jin Lee3, 5,£, Zhefeng
Li1, 2, 3, 4, Meiyan Sun6, Piotr Rychahou7, Hui Li1, 2, 3, 4, Farzin Haque1, 2, 3, 4, Shaoying Wang1, 2, 3,
4, Carlo M. Croce3, 5, Bin Guo6, B. Mark Evers7, and Peixuan Guo1, 2, 2018).

Although exosomes are potent as diagnostic biomarkers and cancer therapeutics but the main challenge lies
in the fact of isolation of the exosomes, contamination with the other microvesicles and shortening of lifespan
of the exosomes once they are out the living habitat (Rajagopal and Harikumar, 2018). Monolithic silica
microtips coupled with anti-CD9 antibody has been implemented for fast and increased isolation of exosomes
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from patient samples (Ueda et al., 2014). However, recent advances in technologies have propelled out more
sophisticated ways for exosome isolation like use of microfluidics techniques like Ex-Chip or Exo-Screen
system or ExoSearch etc (Rajagopal and Harikumar, 2018).

Concluding remarks

Exosomes have emerged out as critical functional mediators of TME and thus the review focuses the every
important attributes of exosomes. Here we have tried to withhold a picture of how exosomes play a vital
role in secondary metastasis of cancer and its role in progression and regression of cancer and its therapy.
Exosomes have also been reported to exhibit anti-tumor properties as well as in therapeutic approaches.
Depending on the cellular conditions and type, exosomes are directed to perform their specific functions.
Thus, exosomes have emerged out as a double-edged sword which marks their presence in both promotion
and demotion of cancer and thus spotlighted in recent researches.
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Figure 1. Exosomes biogenesis

Figure 2. Role of exosomes in secondary metastasis

Figure 3. Dual role of exosomes in immune modulation

15



P
os

te
d

on
A

u
th

or
ea

15
J
u
n

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

22
54

12
.2

32
07

27
4

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Hosted file

Table 1.docx available at https://authorea.com/users/333134/articles/459393-dynamicity-of-

exosomes-as-immuno-oncological-biomarkers-in-secondary-metastasis-and-cancer-therapy

Hosted file

Table 2.docx available at https://authorea.com/users/333134/articles/459393-dynamicity-of-

exosomes-as-immuno-oncological-biomarkers-in-secondary-metastasis-and-cancer-therapy

16

https://authorea.com/users/333134/articles/459393-dynamicity-of-exosomes-as-immuno-oncological-biomarkers-in-secondary-metastasis-and-cancer-therapy
https://authorea.com/users/333134/articles/459393-dynamicity-of-exosomes-as-immuno-oncological-biomarkers-in-secondary-metastasis-and-cancer-therapy
https://authorea.com/users/333134/articles/459393-dynamicity-of-exosomes-as-immuno-oncological-biomarkers-in-secondary-metastasis-and-cancer-therapy
https://authorea.com/users/333134/articles/459393-dynamicity-of-exosomes-as-immuno-oncological-biomarkers-in-secondary-metastasis-and-cancer-therapy

