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Abstract: Microvesicles are extracellular vesicles with diameter ranging from 100 to 1000
nm that are secreted by tumor cells or other cells in the tumor microenvironment. A growing
number of studies demonstrate that tumor-derived microvesicles are involved in tumor initia-
tion and progression, as well as drug resistance. In addition, tumor-derived microvesicles carry
a variety of immunogenic molecules and inhibit tumor response to immunotherapy; therefore,
they can be exploited for use in tumor vaccines. Moreover, because of their high stability,
tumor-derived microvesicles extracted from body fluids can be used as biomarkers for cancer
diagnosis or assessment of prognosis. Tumor-derived microvesicles can also be deployed to
reverse drug resistance of tumor regenerative cells, or to deliver chemotherapeutic drugs and
oncolytic adenovirus for the treatment of cancer patients. This review summarizes the general
characteristics of tumor-derived microvesicles, focusing on their biological characteristics, their
involvement in tumor progression, and their clinical applications.
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Introduction
Extracellular vesicles (EVs) are a heterogencous collection of cell-derived mem-
branous structures' that can be divided into four types: microvesicles (MVs),
exosomes, oncosomes, and apoptotic bodies.”® MVs are produced via shedding
from the plasma membrane and have diameters ranging from 100 to 1000 nm."*
MVs are also known as ectosomes, microparticles, or shedding vesicles.® The
proteins carried by MVs include CD40, B1 integrins, matrix metalloproteinases
(MMPs), ADP-ribosylation factor 6 (ARF6), and Rho family members.”® MV are
secreted into body fluids and have key roles in disease development and progres-
sion via regulation of intercellular signaling and intracellular communication.’
Tumor-derived MVs (TMVs) are MVs released by tumor cells in the tumor micro-
environment (TME).'®'" Components of the TME are closely related to tumor home-
ostasis, for example, tumor cells, immune and inflammatory cells, cancer-associated
fibroblasts (CAFs), and extracellular matrix (ECM) components.'>"> TMVs can be
absorbed by cells in the TME, such as CAFs, and have an influence on target cell
behavior. They can also interact with the ECM by promoting its degradation, thereby
facilitating cancer cell migration and invasion. Once shed, TMVs modulate tumor
characteristics and activities including tumor invasion, metastasis, angiogenesis, drug
resistance, and immunomodulation.' Furthermore, TMVs can transfer bioactive con-
tents including soluble factors, oncoproteins, chemokine receptors, oncogenes, tran-
scripts of proteins, and microRNAs (miRNAs); thus, they are closely related to tumor
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development and progression.'> Moreover, TMVs are used in
tumor vaccines to carry various immunogenic molecules to
targeted tumor cells.'® Accumulating evidence indicates that
TMVs could be used to deliver cancer therapeutics, including
chemotherapeutic drugs and oncolytic adenoviruses. Overall,
these results suggest that TMVs could represent novel med-
iators of oncogenesis, as well as having potential clinical

applications.'”

The Biogenesis and
Characterization of MVs
The Biogenesis of MVs

MVs were first discovered in the 1970s in cell lines derived
from a male patient with Hodgkin’s disease.'® Subsequently,
in the 1980s, Poste et al'® found that MVs spontaneously
secreted by highly metastatic B16 mouse melanoma (F10).
Once the MVs had fused with weakly metastatic B16 mouse
melanoma cells (F1), they could increase the proficiency of
F1 cells to metastasize to the lung. This pioneering research
on MVs laid a solid foundation for numerous future studies,
which have demonstrated the crucial parts played by MVs
(through their molecular cargos) in immunomodulation and
tumor progression.'* It is now well accepted that MVs
originate from outward budding and fission of the cell
membrane and are widely distributed in multiple body
fluids, including urine, peripheral blood, and peritoneal effu-
sions (Figure 1). The functions and components of MVs are
associated with their cells of origin, which include tumor
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cells, stem cells, immune cells, and endothelial progenitor
cells.?® Interestingly, the abscission process is related to
molecular rearrangements of the plasma membrane, which
are affected by protein and lipid composition as well as Ca**
levels.”

An increase in intracellular Ca®" leads to alterations of
the asymmetric phospholipid distribution of the plasma
membrane. Phosphatidylserine and phosphatidylethanola-
mine are located on the inner side of the cytomembrane.”!
The asymmetry is maintained by Ca®-dependent enzymes
including aminophospholipid translocases, flippases and
floppies, and calpain.”” Increased intracellular Ca*" levels
or release of Ca®" by the endoplasmic reticulum can activate
Ca”"-dependent enzymes, leading to the inhibition of trans-
locases and activation of scramblase. As a result, phospha-
tidylserine and phosphatidylethanolamine are not returned to
the inner side of the membrane, and the actin cytoskeleton
remains depolymerized, promoting MV shedding.*>**

The degradation of MVs is controlled by small
GTPases, including ADP-ribosylation factors (ARFs),?
Rab22a”° (also known as Rab22),%” and Rho.*® For exam-
ple, ARF6 is a member of the ARF family of small GTP-
binding proteins,'® and its activation is relevant to MV
recycling and actin remodeling in the peripheral layer of
cells.”*° Notably, activation of ARF-GTP also occurs in
TMVs. In addition, myosin light-chain kinase (MLCK)
can promote the production of MVs via MLCK-mediated
myosin II light chain (MLC) phosphorylation. MLCK,

a Ca®'/calmodulin dependent kinase, can promote the
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Figure | Biogenesis and cargos of MVs. Extracellular vesicles include microvesicles (MVs), exosomes, oncosomes, and apoptotic bodies. MVs are produced via shedding
from the plasma membrane and have diameters ranging from 100 to 1000nm. Increased intracellular Ca®* can activate Ca“-dependent enzymes, leading to depolymerization
of the actin cytoskeleton and membrane remodeling, then promotion of MV shedding. Representative cargos of MVs are shown: P-gp, TF, EGFR, v-SNARE, ARF6, chemokine
receptor, IL-6, IL-13, VAMP-3, Ezrin, CD40, uPA, DNA, microRNA, tTG, EMMPRIN, MMPs, and VEGF.

Abbreviations: TF, tissue factor; EGFR, epidermal growth factor receptor; v-SNARE, vesicular soluble N-ethylmaleimide-sensitive factor attachment protein receptor;
ARF6, ADP-ribosylation factor 6; IL-6, interleukin 6; IL-1B, interleukin IB; VAMP-3, vesicle-associated membrane protein 3; CDA40, cluster of differentiation 40; uPA,
urokinase plasminogen activator; tTG, tissue-type transglutaminase; EMMPRIN, extracellular matrix metalloproteinase inducer; MMPs, matrix metalloproteinases; VEGF,
vascular epithelial growth factor.
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contraction of the actin-based cytoskeleton via MLC
phosphorylation.31 The activation of ARF6 can promote
the activation of MLCK via phospholipase D and extra-
cellular signal-regulated kinase (ERK), contributing to the
production of MVs. %32 However, MV shedding is
blocked by MLC phosphorylation, in a process mediated
by protein kinase C and ARF-6-GDP.>> Rab22a has also
been implicated in the formation of MVs*® and is asso-
ciated with ARF6-regulated MVs trafficking.>® For exam-
ple, the activation of Rab22a increased the production of
MVs in breast cancer. Interestingly, Rab22a knockdown
decreased hypoxia-induced generation of MVs but had
only a slight effect on MV biogenesis under non-hypoxic
conditions.>*

Rho-family GTPases are also important mediators of
MV production.’® Activation of RhoA is particularly
effective for promoting the formation of MVs. The activa-
tion of RhoA has been shown to upregulate the down-
stream gene ARF6°° or ARFI1.*7 Thus, RhoA can
indirectly accelerate the activation of MLCK, leading to
the release of MVs into the extracellular space.*® RhoA
can also activate Rho-associated coiled-coil-containing
kinases and LIM kinase, which promotes actin—-myosin-
based contraction for MV formation.”>~® In general, inhi-
bition of ARF6 or its targets reduces the release of MVs.?

Characterization and Cargo of MVs

MVs can carry various proteins, some of which are present
on their surfaces.*® Therefore, MVs can be identified by
certain markers: CD40, MMPs, ARF6, and extracellular
matrix metalloproteinase inducer (EMMPRIN).”#3%40 The
cargos of MVs include membrane protein enzymes,
growth factor receptors, cytokines, chemokines,*' lipids,
and nucleic acids, including miRNAs, genomic DNA, and
oncogenic genes.''"** (Table 1). Lo Cicero et al** demon-
strated that Hsc70 was specifically concentrated on MVs,
and MVs even contained Hsc70 constitutive partners at
low levels. Bioactive molecules such as proteins, RNAs,
and miRNAs are involved in tumor invasion and metasta-
sis, and can change the function and phenotype of the
receptor cells.** EMMPRIN (also termed CD147),
a transmembrane glycoprotein present on the surface of
tumor cells,** stimulates surrounding fibroblasts or tumor
cells to produce MMPs.** These MMPs can decompose
the basement membrane, and facilitate the proliferation,
invasion, and metastasis of malignant tumor cells.*
Menck et al* showed that EMMPRIN could be used as
a marker of MVs. EMMPRIN in a highly glycosylated

form could activate the P38/mitogen-activated protein
kinase (MAPK) signaling pathway of tumor cells and
directly facilitate their invasion and metastasis.

Methods for MVs Isolation and Detection
Isolation of MVs

Two methods have been developed for the isolation of
MVs: traditional centrifugation and magnetophoretic sort-
ing or immunoaffinity chromatography. The former
approach is based on the physical properties of MVs and
relies mainly on centrifugation and flotation in sucrose
gradients, occasionally combined with size-exclusion
chromatography.'' It is well accepted that the centrifuga-
tion should be performed at 10,000-20,000 g for 30—60
min.*’ As the size distribution of MVs overlaps with that
of other extracellular vesicles, isolation by centrifugation
may lead to low purity of MVs. Cell sedimentation also
depends on the density and cargo of vesicles.*”*®
Therefore, some researchers have proposed combining
differential centrifugation with sucrose gradient ultracen-
trifugation to remove exosomes, or carrying out immune
separation. The latter approach is based on MVs’ bio-
chemical features and uses magnetophoretic sorting or
immunoaffinity chromatography to isolate MVs.'!

Detection of MVs

Once MVs have been isolated, they require further character-
ization. ELISA and fluorescent-activated cell sorting are fre-
quently used methods for quantifying MVs.?!** ELISA can
capture a specific protein and produce a color change that is
related to the concentration of the target protein. Annexin
V is a commonly used marker for MV quantification by
ELISA.?' Fluorescent-activated cell sorting can be used to
detect MVs via conjugation with specific fluorescent
antibodies.***° In addition, electron microscopy provides
direct evidence for the presence of MV structures and is
more popular in the detection of MVs.*®

Tumor-Derived Microvesicles

TMVs can be separated from a patient’s biological fluids,
such as peripheral blood, urine, saliva, and ascitic fluid.’ !
TMVs contain many surface determinants, including
CD44H, major histocompatibility complex I (MHC 1),
EMMPRIN, chemokine receptors (CCR6, CX3CR1), and
epithelial cell adhesion molecules. TMVs also contain
growth factors including vascular endothelial growth fac-
tor (VEGF) and hepatocyte growth factor.’> These sub-
stances can promote tumor cell proliferation and adhesion
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Table | Biomarkers of MVs
Biomarker Name MYV Origin Function Target of Cargo Ref.
Class
Membrane- ARF6 Tumors Remodeling of actin, regulation of MV shedding VAMP3, MHC |, B [25,28,29]
associated |-integrin
molecules
B l-integrin | Tumors Cell adhesion NA [166]
CD41 Plasma of CRC Platelet aggregation and adhesion NA [167]
patients
Tissue Activated platelets | Thrombus formation, activation of cancer stem cells, angiogenesis | NA [168,169]
factor (TF)
EGFR Tumors Signal transduction, oncogenic growth factor receptor, activation NA [60]
EGFRuvIII Tumors (glioma) of transforming signaling pathways (AKT and ERK) NA [57]
VAMP3 Tumors Promotion of matrix invasion by tumor cells MT1-MMP [28,170]
V-SNARE Tumors Interaction with Rab22a, mediation of additional cargo trafficking | Rab22a [28]
that converges on vesicle blebbing and shedding
P-gp Tumors (ALL) Promotion of chemotherapeutic resistance NA [102]
Ezrin Tumors (leukemic Co-localizes with P-gp and assists interaction of plasma membrane | NA [96,171]
and BC) with cytoskeleton
PS All cells Membrane phospholipids NA [172]
SM All cells Membrane phospholipids NA [53]
CCL5, Tumors (BC) Metastasis, proliferation NA [173]
CCR6
CCRé Tumors (GC) Cancer cell-induced angiogenesis, promotion of cancer cell NA [173,174]
growth
CCRé, Tumors (CRC) AKT kinase activation, antiapoptotic effects on monocytes NA [52]
CX3CRI,
CCL2
CCL2 Tumors (OC) Improving survival rate Doxorubicin [175]
Intracellular MMP2 Tumors (BC, OC) Degradation of extracellular matrix NA [176]
components
MMP9 Tumors (BC, OC) Degradation of extracellular matrix NA [176]
uPA Tumors (BC, OC, Degradation of extracellular matrix, promotion of tumor invasion NA [84,176]
PC)
EMMPRIN Tumors (OC) Production of extracellular matrix metalloproteinases, induction NA [45,177]
(CD147) of proangiogenic, proliferation, and invasion activities
VEGF Tumors (BC) Proangiogenic factor NA [178]
IL-1 B Glial cells Inflammation cytokine NA [179]
TGF-B Tumors (AML) Decreasing cytotoxicity of NK cells NKG2D [180]
tTG Tumors (BC, Cross-linking with FN, induction of recipient fibroblast FN [94]
glioblastoma) transformation
(Continued)
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Table | (Continued).

Biomarker Name MYV Origin Function Target of Cargo Ref.

Class

Nucleic acids miR-19b Tumors (RC) Promotion of invasion and metastasis NA [90]
miR-29¢ Tumors (RC) Promotion of invasion and metastasis NA [90]
miR-151 Tumors (RC) Promotion of invasion and metastasis NA [90]
miR-145 Tumors (CRC) Drug resistance NA [106]
miR-34a Tumors (CRC) Drug resistance NA [106]
miR-1246 Tumors (CRC) Promotion of angiogenic activities NA [18l1]
miR-92a Tumors (CRC) Tumor angiogenesis, cell proliferation Down-regulated DKK-3 [181,182]
Let-7 Tumors (GC) Oncogenesis, metastasis NA [183]
miRNA
family
miR-1289 Tumors (GBM) Enhancement of MV enrichment Zipcode-like 25-nt [184]

sequence, GALR3, MK/
MDK
miR-21 Tumors (lung and Induction of myoblast apoptosis TLR7 [185]
pancreatic cancer)
miR-143BPs | THPI monocytes/ RNA drug delivery system NA [186]
macrophages
miR-150 Tumors Promotion of tumorigenesis Upregulation of VEGF [187]
miR-23a Hypoxic tumors Decrease of NK cells’ anti-tumor response CD107a (LAMPI) [188]
miR-1227 Tumors (PC) Promotion of migration NA [174]
cDNA Tumors Leads to mutations, deletions, rearrangements, and changes in NA [151]
gene expression

gDNA Tumors Role in genetic communication between cells NA [I51]
ssDNA Tumors Role in genetic communication between cells NA [151]
c-Myc Tumors Oncogene NA [151]
pDNA Tumors Transfer of reporter function to recipient cells NA [189]

Abbreviations: MVs, microvesicles; ARF6, ADP-ribosylation factors 6; MHC |, major histocompatibility complex class I; VAMP3, vesicle-associated membrane protein 3;
CD4l, cluster of differentiation 41; CRC, colorectal cancer; TF, tissue factor; EGFR, epithelium growth factor receptor; MT|1-MMP, membrane-type | matrix metallopro-
tease; v-SNARE, vesicular soluble N-ethylmaleimide-sensitive factor attachment protein receptor; P-gp, P-glycoprotein; ALL, acute lymphoblastic leukemia; PS, phosphati-
dylserine; SM, Sphingomyelin; CCL5, CC chemokine ligand 5; CCR6, CC chemokine receptor 6; BC, breast cancer; GC, gastric cancer; CRAC, colorectal adenocarcinoma;
CCL2, CC chemokine ligand 2; OC, ovarian cancer; MMP2, matrix metalloproteinases 2; MMP9, matrix metalloproteinases 9; uPA, urokinase plasminogen activator; PC,
prostate cancer; EMMPRIN, extracellular matrix metalloproteinase inducer; VEGF, vascular epithelium growth factor; IL-1, interleukin-IB; TGF-B, transforming growth
factor-B; AML, acute myeloid leukemia; tTG, tissue-type transglutaminase; GBM, human primary glioblastoma multiforme; FN, fibronectin; DKK-3, dickkopf-3; GALR3,
galanin receptor 3; MK/MDK, midkine; TLR7, toll-like 7 receptor; NK cells, natural killer cells; LAMPI, lysosomal-associated membrane protein |; gDNA, genomic DNA;
pDNA, plasmid DNA; ssDNA, single-stranded DNA; NA, not acquired.

and decomposition of the ECM to facilitate tumor metas-
tasis. Several in vivo and in vitro experiments have con-
firmed that the amount of MV secretion is linked to tumor
aggressiveness. Kim et al’> demonstrated that sphingo-
myelin is the active component in MVs that induces
endothelial  cell tube and

migration, formation,

angiogenesis.

TMVs and the TME

The occurrence and development of cancer strongly
depend on the surrounding microenvironment, which con-
tains both cellular and non-cellular components.’* TMVs
have important roles in the TME because they can effi-
ciently transfer bioactive contents.'""'> TMVs can also
regulate the immune response in the TME and are
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important mediators of tumor  progression.’>>°

Muralidharan Chari et al** showed that TMVs released
from invasive prostate cancer PC3 cells promoted the
phosphorylation of ERK and upregulated MMP9, thereby
increasing the apoptosis resistance of fibroblasts. In turn,
the activated fibroblast-derived MVs promoted the inva-
sion and metastasis of PC3 cells. This feedback phenom-
enon indicated that prostate-cancer-derived MVs activated
stromal cells in the TME.

It is widely accepted that epidermal growth factor
receptor variant III (EGFRVIII) is a truncated and onco-
genic form of the epidermal growth factor receptor. Al-
Nedaw et al’” found that TMVs from aggressive glioma
containing EGFRVIII merged with the plasma membrane
of indolent glioma cells, resulting in induced activation of
MAPK and Akt, increased expression of EGFRvIII-
regulated genes (VEGF, Bcl-x(L), p27), morphological
transformation, and an increase in anchorage-independent
growth. Overall, the TMVs caused a transfer of oncogenic
activity.”” Tumor growth requires a continuous blood sup-
ply to satisfy the demand for nutrition and metabolism
through angiogenesis.”® TMVs also contain regulators of
angiogenesis such as VEGF, bFGF, and EGFR.”®" Al-
1° reported that TMVs stimulated stromal
fibroblasts to secrete angiogenic precursors and delivered
the activated EGFR from A431, A549, and DLD-1 cells to
surrounding fibroblasts. Notably, VEGF expression in

Nedaw et a

endothelial cells and autocrine activation of VEGF recep-
tor-2 were attributed to intercellular transfer of EGFR.

VEGF, which is released from tumor cells, is a potent
factor that promotes tumor angiogenesis.®> MV-containing
tissue factor (TF) has been reported to induce the secretion
of VEGF and stimulate angiogenesis.> Szubert et al®'
showed that TMVs could carry EMMPRIN (CD147) and
promote the secretion of VEGF, thereby inducing angiogen-
esis of ovarian cancer.®' By contrast, Zhang et al’® found
that TMV-delivered miR-29a/c suppressed vascular cell
growth via inhibition of VEGF expression in gastric cancer
cells. Therefore, they speculated that miRNA-containing
MVs could be developed to inhibit tumor growth by block-
ing angiogenesis, a novel anti-tumor strategy. TMVs have
also been shown to support thrombosis. It is well known
that cancer cells can express TF and deliver TF-positive
TMVs to the circulation. Geddings et al** observed that TF-
positive TMVs induced platelet activation, contributing to
thrombosis in cancer patients. TF-positive TMVs could also
destroy the function and structure of normal tissues and
organs.

TMVs and Immunosuppression

Tumor cells can induce immunosuppression via TMVs so
that abnormally proliferating tumor cells are not recog-
nized and attacked by the immune system. TMVs partici-
pate in immunosuppression in two ways. TMVs regulate
the proliferation and differentiation of various types of
immune cells by delivering specific ligands for binding
to immune cells. Tumor-associated macrophages, which
are among the important immune cells in the TME, can
be divided into the M1 population (pro-inflammation) and
M2 population (anti-inflammation). Thus, M2-polarized
macrophages can inhibit the anti-tumor immune response
mediated by T cells and promote metastasis.®>*® Ma et al®’
demonstrated that the development of M2-type macro-
phages via TMVs was mediated by the cGAS/STING/
TBK1/STAT6 with
inflammation and immunosuppressive effects. IL-1p is an

pathway, subsequent  anti-
important proinflammatory cytokine.®®’ In the TME, IL-
1B is involved in the malignant behavior of tumor cells.”
Chen et al”’

(L-MPs) could induce macrophages to release IL-1j,

found that lung cancer microparticles

which in turn promoted the development of the immuno-
suppressive TME. The underlying mechanism was related
to the activation of Toll-like receptor 3 and the Nod-like
receptor protein 3 inflammasome via L-MPs.

TMVs have been reported to have a positive effect on
the immunogenicity of dendritic cells (DCs) via reprogram-
ming their antigen-processing mechanism and intracellular
signaling transduction pathway, thereby promoting the anti-
tumor response.’ Valenti et al’® reported that TMVs pro-
moted the generation of myeloid-derived suppressive cells
(MDSCs) via impairing the differentiation of monocytes to
DCs. MDSCs further exert inhibitory effects on T cell pro-
liferation and function through the secretion of transform-
(TGF-§).%*®  TMVs
immunoregulation ability and have effects on multiple

ing growth factor-beta have
aspects of regulatory T cells (Tregs), including induction,
promotion of expansion, upregulation of the suppressor
function, and reinforcement of resistance to apoptosis. It is
also possible for TMVss to present TGF- to CD4" Tregs to
promote immunosuppression.”* TMVs inhibited IL-2 to
weaken the anti-tumor response of natural killer cells (NK
cells) and CD8" T cells. Conversely, TMVs enhanced the
immunosuppressive ability of CD4/CD25"/Foxp3"* Tregs
via TGF-B.”* In addition, Taylor et al”> showed that TMV's
could promote T cell apoptosis through Fas ligand (FasL;
CDI95L).
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FasL is a transmembrane protein that is a member of
the tumor necrosis factor (TNF) superfamily and regulates
apoptosis in the immune system.’® It has been reported
that activated T cells with co-expression of Fas and FasL
leads to activation-induced cell death.”” TMVs promote
apoptosis through binding of FasL to the corresponding
receptors on CD4" T cells. Kim et al”® proved that the
level of FasL-related MVs was related to tumor burden
and lymph node involvement. TMVs could help cancer
cells’ evasion of the immune response. Reports have
shown that TMVs could induce apoptosis in activated
CD8" T cells by exposing FasL and TNF-related apopto-
sis-inducing ligands.””®' Cancer-cell-derived MVs con-
tain miRNAs that regulate various immune components,
including cytotoxic T lymphocytes, NK cells, MDSCs and
Tregs to shape immune microenvironment.** For example,
Cui et al®® reported that leukemia-derived MVs induced
T cell exhaustion through delivery of multiple exogenous
miRNAs into T cells by interfering in the NF-xB pathway.

TMVs and Invasion

Tumor invasion depends on the degradation of the ECM,
which is mainly caused by proteases including MMP-2,
MMP-9, and urokinase-type plasminogen activator (uPA).
These proteases can degrade basement membrane collagen
and various components of the ECM including fibrin.***
TMVs have been shown to contain these proteases.
Angelucci et al® reported MVs derived from aggressive
prostatic carcinoma cells released uPA, which adheres to
and degrades collagen 1V, and reconstructed the basement
membrane. Graves et al®> found that MVs from ovarian
cancer and malignant ascites contained activated MMP-2,
MMP-9, and uPA, which resulted in ECM degradation and
tumor invasion. In contrast, inhibition of MMP-2 and

MMP-9 reduced tumor invasion.5®

TMVs and Tumor Metastasis-Related
Phenotypes

Tumor metastasis is one of the leading causes of death and
the predominant challenge in the treatment of cancer
patients.®” Metastasis is a process of multiple cascades,
starting with the loss of adhesion of cancer cells at the
primary tumor site. These cells then invade the surround-
ing tissue and enter the blood circulation. After evading
the cytotoxicity of the host immune system, the cells
extravasate and colonize a distant site for secondary
growth. TMVs have been shown to be involved in this

process.*® Al-Nedaw et al®’ demonstrated that TMVs
could promote the horizontal transmission of oncogenes
and transformation phenotypes among subpopulations of
tumor cells. In addition, an EGFRVIII kinase inhibitor
significantly reduced the signal responses of receptor
cells mediated by TMVs, indicating a correlation between
EGFRVIII carried by TMVs and the cascade reaction of
receptor cells.

Lung cancer and breast cancer cells can absorb plate-
let-derived M Vs and obtain platelet-related adhesion mole-
cules, which are beneficial to tumor cell adhesion and

1*! found that brain microvascular

metastasis.*” Skog et a
epithelial cells could absorb MVs containing mRNAs and
miRNAs secreted by malignant glioma cells. It was specu-
lated that tumor cells could change the phenotype of
stromal cells via miRNAs; this change was conducive to
the survival and expansion of tumors. Tumor cells inter-
fere with the gene stability of surrounding or distant cells
via TMVs and destroy the structure and function of normal
tissues and organs.

Given their high expression of the c-Myc oncogenic
gene, TMVs may be involved in reverse transcription.
Abnormal initiation of retrotransposon and insertion of
complementary DNA may mediate gene mutation, rear-
rangement, and deletion.”® Grange et al®® reported that
lung metastasis of renal carcinoma was promoted by
MVs from CD105" cancer stem cells. The molecular char-
acterization of CD105" MVs was used to identify a group
of angiogenic mRNAs and miRNAs, including miR-19b,
miR-29¢, and miR-151, which were related to tumor pro-
gression and metastasis. Finally, cancer stem cell-derived
MVs were identified; these could trigger angiogenesis
switching and coordinate metastasis during tumor
progression.

Zhang et al’' demonstrated that circulating TMVs
could easily enter the lung parenchyma, where they were
absorbed by local macrophages and induced the produc-
tion of CC chemokine ligand 2 (CCL2). CD11b" Ly6C™~
macrophages were attacked by CCL2, matured into an F4/
80" phenotype producing IL-6, and triggered fibrin deposi-
tion. Therefore, circulating TMVs favor cancer metastasis
to the lung, because IL-6 and fibrin deposition can provide
chemical and mechanical signals that promote the survival
and growth of lung cancer regenerative cells. The lipid
receptor CD36 is the major mediator of the engulfing of
pancreatic tumor-derived MVs by myeloid immune cells.
Pancreatic tumor-derived MVs also promoted metastasis,
which was related to CD36-regulated immune cell
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invasion and extravasation of MVs.”> Moreover, stimula-
tion with TNF-a markedly increased the ability of TMVs
to induce immigration of tumor cells.”

It is well accepted that epithelial-mesenchymal transi-
tion (EMT) has a crucial role in tumor metastasis. Recent
studies have shown that TMVs also regulate EMT.
Antonyak et al’* found that MVs released by breast cancer
or glioma cells could mediate the transfer of crosslinking
fibronectin and tissue transglutaminase to recipient cells,
activating mitotic signal activity and endowing normal
fibroblasts and epithelial cells with characteristics of cancer
cells, such as anchorage-independent growth and enhancing
survival capability. In addition, Castellana et al>> found that
TMVs could induce fibroblast activation via phosphoryla-
tion of ERK1/2 and upregulation of MMP-9. The activated
fibroblasts also promoted the release of MVs and repro-
grammed them into CAFs. CAF-derived MVs may partici-
pate in the process by which CAFs induce EMT or stemness
in cancer cells by releasing certain soluble factors.”

TMVs and Drug Resistance

Drug resistance refers to the ability of cancer cells to
survive the effects of anti-tumor drugs. Anti-tumor treat-
ment often fails owing to multidrug resistance (MDR),
which is mainly mediated by a plasma membrane multi-
drug efflux transporter, P-glycoprotein (P-gp).>* MDR
enables tumor cells to evade the cytotoxic effects of che-
motherapeutic drugs through the active efflux of intracel-
lular drugs.’® Experimental and clinical patient studies
have indicated that TMVs are associated with drug resis-
tance in various types of cancer, including breast cancer,
ovarian cancer, colorectal cancer, and acute lymphoblastic
leukemia (ALL).”” In addition, TMVs can be used to
monitor disease burden, progression, and MDR develop-
ment in myeloma.”® It has been reported that P-gp-
mediated MDR can be acquired via TMVs, in a novel
“non-genetic” acquisition process involving intercellular
transfer. This finding indicates that TMVs represent an
important medium for the transmission of MDR and sug-
gests a new type of strategy to prevent MDR.”

In breast cancer, a protein carried by TMVs has been
reported to promote drug resistance. For example, the
transient receptor potential channel 5 (TRPCS5) has been
shown to regulate P-gp expression.'”” TMVs transferred
TRPCS5 to human mammary epithelial cells (HMECs) and
induced P-gp expression by activating nuclear factor of
activated T cells subtype C3. Consistent with these results,
a TRPCS-blocking antibody, TSE3, downregulated MDR1

expression and reduce P-gp production in HMECs.'""!

Circulating TMVs containing TRPCS5 may transfer drug

1°7 found

resistance to non-drug-resistant cells. Namee et a
that over-expression of ubiquitin C-terminal hydrolase L1,
a deubiquitinating enzyme, induced MDR in breast cancer
via upregulation of P-gp through the MAPK/ERK path-
way. Bebawy et al'®? co-cultured MVs of drug-resistant
tumor cells with drug-sensitive tumor cells; the results
suggested that the TMVs could bind to the drug-sensitive
tumor cells and express P-gp, driving resistance to anthra-
cycline. TMVs released by vinblastine-resistant leukemic
cells, which overexpressed the MDRI1/P-gp gene, con-
ferred resistance on the sensitive ALL cell line CCFR-
CEM by the transfer of P-gp protein.

Drug resistance has been shown to be related to
a reduction in the accumulation of P-gp substrate rhoda-
mine 123 or doxorubicin.'®® Some evidence also suggests
that TMVs carrying P-gp are involved in the spread of
195 miRNAs mediate
inducing EMT and
stemness.'** A study by Klumper'® suggested that miR-

drug resistance in ovarian cancer.

therapeutic resistance through
142-5p expression in both peripheral blood and bone mar-
row samples could predict the response of treatment-naive

1'% estab-

chronic myeloid leukemia to imatinib. Akao et a
lished 5-fluorouracil (5-FU)-resistant human colon cancer
DLD-1 cells (DLD-1/5-FU cells) from 5-FU-sensitive
DLD-1 cells. Their results showed that intracellular and
extracellular miR-145 and miR-34a were closely related to
5-FU resistance, and that the resistance was partly due to
increased secretion of miR-145 and miR-34a by TMVs,

resulting in lower intracellular levels of the two miRNAs.

MVs and Intercellular Communication

MVs are important mediators of intercellular communica-
tion. They perform this function in the following ways: 1)
they deliver proteins, bioactive molecules, and mRNAs to
target cells; 2) they fuse with target cells to transfer sur-
face receptors from them, and perform biofunctions via
binding between receptors and ligands; and 3) they stimu-
late target cells via surface ligands, functioning as
a signaling complex.'®” For example, Melzani et al'*®
found that MVs shed from melanoma can express FasL
on their surface, enabling them to induce apoptosis by
binding to CD95 on T-lymphocytes. This may be
a mechanism by which cancer cells escape from tumor-
infiltrating lymphocytes. There is also evidence that TMVs
increase the survival of tumor-infiltrating lymphocytes.
TMVs undergo changes in their immunophenotype and
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biological activity through communication with these
cells.

Baj-Krzyworzeka et al’? found that MVs derived
from human cancer cell lines transferred many tumor
determinants (such as CCR6/CD44v7/8) to monocytes;
these could protect monocytes from apoptosis by activat-
ing AKT kinase—phosphatidylinositide 3'-OH kinase.
This suggested that TMVs might function as mediators
of communication between monocytes and tumor cells.

Samii et al'®

proposed that miRNA-containing MVs
could directly affect the phenotypic and functional char-
acteristics of target cells. For example, miR-21 was
reported to be overexpressed on cells of hematological
malignancies such as leukemia, lymphoma, and multiple
myeloma.''®"'? Transfer of miR-21 by leukemia MV to
hematopoietic stem and progenitor cells (HSPCs) led to
their overexpression, which induced HSPCs prolifera-
tion. It was shown that miR-29a regulated early hemato-
poiesis by inducing self-renewal capacity of myeloid
progenitors and promoting their conversion into leuke-
mia stem cells. Upregulation of an oncogenic miRNA
(miR-29a) in MVs resulted in the transformation of
normal HSPCs into leukemia-like cells.'®®'"3

An increasing number of miRNAs have been shown to
mediate proliferation, EMT, and cancer stemness through
diverse targets.'® For example, Le et al''* demonstrated
that MVs derived from murine and human breast cancer
cells could be used to deliver miR-200 to nonmetastatic
cancer cells, promoting mesenchymal-to-epithelial transi-
tion. Tumors expressing miR-200 and MVs from murine
cancer and human xenograft models facilitated metastasis
of poorly metastatic cells at both nearby and distant sites,
and endowed these cells with the ability to colonize distant
tissues in a miR-200-dependent manner. Finally, the
results clarified that metastatic ability could be transferred
via the uptake of MVs.

MVs and Other EVs
Differences Between MVs and Other EVs

As mentioned above, EVs include MVs, exosomes, onco-
somes, and apoptotic bodies. EVs are commonly identified
by their cellular origin, size, density, markers, molecular
cargos, and so on''® (Table 2).

Exosomes, which range from 40 to 160 nm in
diameter,® originate from invagination of the endosomal
limiting membrane and form as intraluminal vesicles
(ILVs), resulting in the generation of multivesicular bodies

(MVBs). When an MVB has been generated, it can fuse
with the plasma membrane to release ILVs, which are
referred to as exosomes.''® The classical mechanism of
the biogenesis of exosomes relies on the endosomal sort-
ing complex required for transport (ESCRT). The ESCRT
is a protein complex that is essential for the scission of
ILVs into the MVB lumen."""” It is well accepted that
exosomes can be distinguished via their markers, for
example, ALIX, CD9, CD63, CD81, and heat shock
protein.® The cargos of exosomes include mRNAs and
non-coding RNAs, and cytoplasmic and membrane pro-
teins such as receptors and major histocompatibility com-
plex molecules.”'"®'" The methods used to isolate
exosomes include ultracentrifugation, density gradient
centrifugation, immunoprecipitation, and size-exclusion
fluorescent-

chromatography.'*®  Electron microscopy,

activated cell sorting with CD68 capture, and Western
blotting are used for the detection of exosomes.’
Exosomes are important carriers in signal transduction
among different types of cells in the TME. Multiple stu-
dies have confirmed the role of exosomes in the develop-
ment and progression of hepatocellular carcinoma
(HCC).™!

Oncosomes, like MVs, are derived from the plasma
membrane, which is shed from aggressive cancer cells.
There are two types of oncosomes, including oncosomes
(100-4000 nm in diameter) and large oncosomes (LOs, 1—
10 um in diameter).'** Minciacchi et al’ found that the
formation of LOs relied on the activation of the AKT1 and
EGFR pathways. The markers of oncosomes include
caveolin-1,'** and their cargos of oncosomes include
oncogenic proteins, mRNAs, and non-coding RNAs.'**
There are currently no standardized methods for the isola-
tion of oncosomes; however, they are commonly identified

by electron microscopy and confocal or

124

optical
microscopy.

Apoptotic bodies are outward blebbings of the apopto-
tic cell membrane, with diameters of 50-2000 nm.'??
Apoptotic bodies contain nuclear fractions and cell organs.
They can be identified by hallmarks including annexin V,
DNA, and histones.'?* Similar to the case of oncosomes,
there are no standardized methods for isolation of apopto-
tic bodies.” They are usually observed by electron

microscopy.

Cross-Talk Between MVs and Other EVs

JAK-STAT signaling mediates many immune regulatory
processes, including recognition of tumor cells and
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Table 2 Distinctions Among Microvesicles, Exosomes, Oncosomes, and Apoptotic Bodies (Classification of Extracellular Vesicles)

Vesicle Microvesicles Exosomes Oncosomes Apoptotic Bodies
Type
Origin Plasma membrane Multivesicular bodies (MVBs) Plasma membrane Plasma membrane
Biogenesis | Shedding from the plasma Fusion of endosomes with the plasma membrane Shedding from Outward blebbing of
membrane (exocytosis of MVBs) aggressive cancer apoptotic cell
cells membrane
Size (nm) 100-1000 40-160 1004000 (large 50-5000
oncosomes, 1000—-
10,000)
Markers CD40, ARF6, EMMPRIN, integrin, Tetraspanins, ALIX, CD9, CDé3, CD8I, HSP, Cav-1, CKI8, Large amounts of
selectin ESCRT, TSG101, flotillin HSP70, HSP90 phosphatidylserine,
annexin V, DNA,
histones
Contents mRNA, non-coding RNAs, mRNA, non-coding RNAs, cytoplasmic and Oncogenic Nuclear fractions, cell
cytoplasmic and membrane membrane proteins, including receptors and major | proteins, mRNAs, organelles
proteins, including receptors histocompatibility complex molecules and non-coding
RNAs
Major Ca”"-dependent ESCRT- dependent AKTI and EGFR Apoptosis-related
pathway pathways pathway
Detection EM, FACS EM, FACS with CDé8 capture and Western blotting | EM, confocal, or EM, FACS
methods optical microscopy
Isolation Centrifugation (10,000-20,000 g) Ultracentrifugation (2100,000 g), No standard No standard method
methods magnetophoretic sorting or immunoprecipitation (ExoQuick), SEC method
immunoaffinity chromatography
References | [I,4,7,8,21,23,24,41,47-50] [1,3,7,118,120,123] [7,123,124,190] [7,122,123]

Abbreviations: CD9, cluster of differentiation 9; CD63, cluster of differentiation 63; CD8I, cluster of differentiation 81; EM, electron microscopy; EMMPRIN, extracellular
matrix metalloproteinase inducer; ESCRT, endosomal sorting complex required for transport; FACS, fluorescence-activated cell sorting; HSP, heat shock protein; SEC, size

exclusion chromatography; PS, phosphatidylserine.

immune escape.'*” Interferon-y (IFN-y)-induced STATI
activation is related to the anti-tumor immune response;
STAT]1 is generally regarded as a inhibitor of tumor activ-
ity. Conversely, STAT3 is mainly associated with cancer
cell survival, immunosuppression, and inflammation in the
TME."*° Bourdonnay et al'?’ reported that alveolar macro-
phage-derived MVs could secrete SOCS3, whereas exo-
somes secreted SOCS1; these proteins were absorbed via
alveolar epithelial cells (AECs) and inhibited STAT activa-
tion. Moreover, SOCS3-containing MVs absorbed via
AECs could suppress IL-6, leading to STAT3 activation.
However, SOCS1-containing exosomes taken up by AECs
could inhibit IFN-y-induced STAT1 activation.

EGFR signaling mediated by EVs influenced tumor
progress and metastasis. TMVs transferred oncogenic
EGFR to other cancer or epithelial cells, increasing the
growth and survival of glioma cells,”” and led to

angiogenesis in human squamous cell carcinoma.®
Moreover, gastric cancer-derived exosomes also contained
the oncoprotein EGFR, which eventually localized to the
plasma membranes of liver stromal cells. Exosome-
mediated EGFR activated liver hepatocyte growth factor,
bound to c-Met on tumor cells, and promoted the seeding
and proliferation of cancer cells in metastasis.'?®
Amphiregulin is an EGFR ligand that facilitates the inva-

1'% jllu-

sive ability of cancer cells. Higginbotham et a
strated this phenomenon in breast and colon cancer-
derived exosomes. Subsequently, they found that the exo-
somes expressed EGFR and amphiregulin in colon
cancer."*° Tumor-derived EVs have procoagulant proper-
ties that might cause tumor-associated thrombosis, which
is related to metastasis. Gomes et al'*>' found that EVs
(including MVs and exosomes) released by MA-MB-231

cells were enriched in TF, which induced the generation of
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Figure 2 The cross-talk between MVs and exosomes. MVs and exosomes are released from many cells, including tumor cells, CAFs, and TAMs. They can secret MVs-
containing EGFR and exosomes-containing EGFR, which influence tumor progression, for example, transforming normal cells into tumor cells, promoting angiogenesis and
metastasis. Moreover, normal cells, which take up MVs and exosomes can increase the growth and survival of tumor cells by activating the MAPK/AKT pathway.
Abbreviations: CAFs, cancer-associated fibroblasts; TAMs, tumor-associated macrophages; EGFR, epidermal growth factor receptor.

thrombin and subsequent plasma clotting and platelet
aggregation (Figure 2).

Clinical Applications of TMVs

Cancer Vaccines

The basic principle of tumor vaccines is to enhance the anti-
tumor immunity of T cells using the characteristics of tumor
antigens presented by MVs. TMVs are potential carriers for
antigen delivery because they can carry many immunogenic
molecules, for instance, proteins, nucleic acids, and poly-
saccharides. Moreover, TMVs can directly target cancer
cells.'® EV vaccines were first used to prevent infectious
diseases, including diphtheria, Mycobacterium tuberculosis,
and Bordetella pertussis.'** '** Subsequently, investigators
found that EV vaccines could be adapted for tumor

therapy.'*

MVs released by macrophages infected with
Listeria monocytogenes were shown to transfer Listeria
monocytogenes antigens to DCs, thereby inducing protec-
tive T cell immunity.'*® Dong et al'*” suggested that an oral
anti-tumor TMV-based vaccine could be absorbed by ileal
epithelial cells (IECs). On the one hand, the TMVs could
activate nucleotide-binding oligomerization domain 2 and
downstream MAPK and NF-kB, causing IECs to release
chemokines to recruit CD103" CD11c” DCs. On the other
hand, they could be transported by IECs to the basolateral
part, where DCs could capture the contents of TMVs cross-
presenting antigen. Thus, TMVs could transfer antigens or
innate signals (such as DNA) to intestinal mucosal DCs.

Tumor cells containing DNA and TMVs were exposed
to ultraviolet light to induce release of antigen fragments.
After being absorbed by DCs, the TMVs’ DNA induced the
expression of IFN-I by activating the cGAS/STING path-
way. In turn, IFN-I enhanced the maturation of DCs by
upregulating CD80, CD86, and MHCII. Then, the “armed”
DCs activated tumor-specific T cells, resulting in the lysis of
tumor cells. Zhang et al'** ' proposed TMVs as ideal
candidates for use in developing novel and effective tumor

1"*! used non-irradiated and irradiated

vaccines. Pineda et a
TMVs derived from C6 glioma cells to immunize rats with
glioma. Compared with the control group (immunized with
non-irradiated TMVs), the group treated with irradiated
TMVs (IR-TMVs) showed increased release of TMVs
with the specific antigen. The IR-TMVs were also condu-
cive to the expansion of effector T cells, enabling them to
migrate into tumors and promote the death of tumor cells via
immunogenicity. Therefore, the authors speculated that IR-
TMVs could be used as therapeutic anti-tumor vaccines.

Parenky et al'*?

prepared an oral tumor vaccine using
TMVs extracted from mouse prostate cancer cells and
evaluated its anti-tumor effects in vivo combined with
cyclophosphamide and granulocyte-macrophage colony-
stimulating factor. The tumor vaccine based on the
TMVs in combination with two drugs significantly
reduced Tregs in vivo, indicating that the vaccine would
have a strong anti-tumor effect. Pack et al'** combined
TMVs 4T1  tumor cells with

derived  from
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immunostimulatory molecule B7-1 (CD80), anchored by
glycosylphosphatidylinositol (GPI) and IL-12 molecules,
to make a vaccine; then, tumor-bearing mice were treated
with the TMV vaccine alone or in combination with an
anti-cytotoxic T-lymphocyte-associated protein 4 mono-
clonal antibody. The combined therapy improved the sur-
vival rate of mice and reduced lung metastasis. In addition,
it was verified that the vaccines exerted their effects
through tumor-specific CD8" T cell immunity.

TMV-mediated immunotherapy has been shown to be
a potential enhancer of immunosuppressants for the treat-
ment of metastatic triple-negative breast cancer.
Bommireddy et al'** found the same effects of TMV
vaccines in a mouse model of head and neck squamous
cell carcinoma (HNSCC). They also found that the TMV
vaccines could effectively inhibit tumor growth in MOC1
and MOC2 murine oral cancer models and cooperate with
anti-PD1 to prolong the survival time of tumor-bearing
mice. Moreover, TMV vaccines could be used to develop
immunotherapies for HNSCC and to enhance the efficacy
of immune checkpoint inhibitors.

Biomarker

Owing to their stability, TMVs extracted from body fluids
of cancer patients can provide diagnostic information.*''*
Hou et al'*® found that pyruvate kinase M2 (PKM2) could
be isolated from the plasma of patients with HCC, sug-
gesting that PKM2 in TMVs could be used as a potential
diagnostic marker of HCC. Muralidharan-Char et al®’
found that the activation of ARF was directly related to
tumor progression and thus may represent a disease bio-
marker. A pilot study by Smalley et al'*’ identified eight
tumor-related proteins in TMVs, comprising five proteins
related to the EGFR pathway, the a-subunit of GsGTP-
binding protein, resistin, and retinoic acid-induced protein
3. Thus, the protein composition of such TMVs could be
used in the early detection of bladder cancer.

HER-2/neu is upregulated not only in breast cancer but
also in other related carcinomas, for example, gastric can-
cer and ovarian cancer.'**'*’ Baran et al'** found higher
expression levels of HER-2-/neu, MAGE-1, ¢-MET, and
EMMPRIN in plasma samples of gastric cancer patients
compared with control samples, suggesting that these pro-
teins could be used as diagnostic markers. Zhong et al*®
proposed EMMPRIN as a novel potential tumor marker
that could be used to evaluate the prognosis of patients
with malignant tumors at an early stage and to adjust the
treatment plan, thereby improving the quality of life of

cancer patients. Balaj et al'>! observed amplification of the
oncogene c-Myc in TMVs, suggesting that TMVs contain
genetic information that could be a source of potential
cancer biomarkers. Sun et al'>* isolated and characterized
TMVs from saliva of patients with lung cancer and found
that they contained informative proteins, including BPI
fold-containing family A member 1 (which is involved in
the innate immune response), MUCS5B (which is involved
in the pathogenesis of pulmonary fibrosis), and Ras
GTPase-activating-like protein (which is involved in
tumor cell proliferation and transformation); these markers
could be used to detect lung cancer in a non-invasive
manner. Elevated levels of saliva MVs (SMVs) are asso-
ciated with unfavorable clinicopathological features and
decreased survival rate in patients with oral squamous
cell carcinoma (OSCC). A study by Zhong et al'>® sug-
gested that SMVs from OSCC were potential biomarkers
of malignant progression.

Other Clinical Applications

Stem-cell-like tumor repopulating cells (TRCs) play a vital
part in reprogramming the tumor immunosuppressive
microenvironment.'** Ma et al'*> showed that TMVs
loaded with anti-tumor drugs could reverse the drug resis-
tance of TRCs or stem-cell-like cancer cells. In addition,
TRCs had greater flexibility than differentiated cancer
cells, and they preferentially absorbed TMVs with antic-
ancer drugs, leading to the death of TRCs. Tang et al'*®
packaged chemotherapeutic drugs into TMVs, which
could be collected and used to effectively kill tumor cells
in mouse models without typical side effects. Studies have
shown that TMVs are well-tolerated in clinical practice,
and they achieved objective clinical efficacy in patients
with lung cancer. A variety of therapeutic drugs, including
oncolytic adenovirus, chemotherapeutic drugs, nucleic
acids, antibodies, and antigens, have been carried to the
targeted area for corresponding tumor treatment.'’
Autologous tumor-cell-derived MVs packaged with che-
motherapeutic agents have been approved as a new biolo-
gic therapy for the treatment of malignant tumors after
proving to be safe and well-tolerated.">’

1'7 found that TMV's were a good carrier system

Raneta
that could deliver oncolytic adenovirus to tumors and induced
highly efficient cytolysis. This delivery of oncolytic adeno-
virus by TMVs had various advantages. First, it avoided the
host to develop antiviral effects. Second, it was highly efficient,
because the entry of the virus into tumor cells was not limited

by the need for a virus-specific receptor. Finally, TMVs could
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deliver oncolytic adenovirus to the nucleus of tumor cellsand  Conclusion and Pe rspective

stem-like TRCs. Saari et al'*® clarified that MVs derived from MV are special extracellular vesicles that are widely
prostate cancer cells could be used as carriers of paclitaxel,  present in various body fluids. Many factors increase the
delivering drugs to the recipient cells via endocytosis, with an  pumber of MVs shed from cells, including hypoxia, irra-
increased cytotoxic effect. Krishnan et al'*® reported that the diation, chemotherapy, and cell activation.>*!>*!°! MVs
levels and phenotypes of CD138"/CD41a” MVs originating carry large amounts of biological information that can be
from multiple myeloma could be used as indicators of disease  acquired by non-invasive technology; thus, they have
state and therapeutic outcomes in multiple myeloma patients.  proad applications as clinical tumor biomarkers. Both nor-
Their study demonstrated that TMV could be used as anovel 51 cells and malignant tumor cells can produce MVs;
prognostic biomarker to monitor malignant cells. Chen et al'® however, the numbers and nature of the MVs are different,
proposed a donor-cell-assisted membrane biotinylation strat-  apq the biomarkers are also distinct. The protein molecules
egy to achieve biocompatible quantum dot labeling of TMVs.  ¢ontained in MVs may reflect the molecular properties of
By further encapsulation with small interfering RNAs, the  the tumor cells from which they originate; therefore, they
TMVs were converted into intercellular mediators as functio-  can be used as prognostic factors for TNM stage and
nalized carriers for combined bioimaging and tumor-targeted response to therapy.

therapy. Their investigation may have changed the field with Owing to their phospholipid bilayer structure, MVs can
the analysis and application of TMVs and provided a novel fuse with the target cell membrane and thus transport anti-
idea for the preparation of nanocarriers (Figure 3). tumor drugs into cells. Therefore, MVs with targeted
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Figure 3 Applications of tumor-derived microvesicles (TMVs). TMVs are released by tumor cells in the tumor microenvironment (TME). TMVs can be used as a delivery
system, for instance, carrying chemotherapeutic drugs (paclitaxel), oncolytic adenovirus, P-gp, or miR-145a to the target area for cancer treatment. TMVs carrying P-gp
reverse the drug resistance of tumor cells. Owing to their stability, TMVs can provide diagnostic information when extracted from body fluids of cancer patients, including
patients with lung cancer, hepatocarcinoma, gastric cancer, and ovarian cancer. Examples of markers include PKM2, resistin, EMMPRIN, and MAGE-1. TMVs can carry
a variety of immunogenic molecules, including proteins, nucleic acids, and polysaccharides. TMVs can transfer antigens or innate signals (DNA or others) to dendritic cells
(DC); then, the armed DCs activate tumor-specific T cells, resulting in the lysis of tumor cells.

Abbreviations: PKM2, pyruvate kinase M2; EMMPRIN, extracellular matrix metalloproteinase inducer.
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properties may be good carriers for anti-tumor therapies. Local
invasion and distant metastasis are important factors associated
with poor prognosis in patients with malignancy. MVs can be
used as carriers to carry biological signals or molecules that
promote invasion and metastasis of tumor cells and can serve
as biomarkers to predict the prognosis of cancer patients.
Although MVs have broad application as biomarkers, there
are still some challenges to be resolved. For example, the
release of MVs may be affected by age, infection, and inflam-
mation. In addition, the sensitivity of detection is a major

obstacle in the development of tumor-specific markers.'®*

The diameters of exosomes range from 40 to 160 nm,'*’
whereas MV have diameters ranging from 100 to 1000 nm;
thus, exosomes overlap with MVs in terms of size. Therefore,
studies should carefully distinguish between exosomes and
MVs. So far, methods for isolation of MVs have been based
on primary centrifugation, which collects the supernatant to
abolish cell fragments. This is followed by separation of cell-
free extracts using size-exclusion chromatography, filtration,
precipitation, magnetophoretic sorting, and immunoaffinity
chromatography. However, there is still a need for high-
efficiency methods to be developed. In particular, the current
methods for isolation of MVs pose obstacles to achieving
clinical-grade quality.

MVs serve as mediators of intercellular communication
by delivering components to target cells, thereby modifying
phenotypes and reprogramming cell function. Therefore, it is
worth exploring the effects of MV-mediated intercellular
communication on tumor progression. Tumor vaccines
related to exosomes, including ascitic cell-derived exosome
vaccines and DC-derived exosome vaccines, have entered
Phase I clinical trials and are expected to show excellent
results.'®'%> However, there are no TMV vaccines currently
moving to clinical trials.
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microvesicles; TME, the tumor microenvironment; CAFs,
cancer-associated fibroblasts; ECM, extracellular matrix
components; miRNAs, microRNAs; MLCK, myosin light-
chain kinase; MLC, myosin II light chain; ERK, extracellular
signal-regulated kinases; ELISA, Enzyme-linked immuno-
sorbent assay; EGFRVIII, epidermal growth factor receptor
EMT,
EMMPRIN, extracellular matrix metalloproteinase inducer;

variant 11, epithelial-mesenchymal transition;
APCs, antigen-presenting cells; FasL, Fas ligand; HSPCs,

hematopoietic stem and progenitor cells; L-MPs, lung cancer

microparticles; MAPK, mitogen-activated protein kinase;
MHC 1, major histocompatibility complex [; CCR6, CC
chemokine receptor 6; VEGF, vascular endothelial growth
factor; IL-8, interleukin-8; TNF, tumor necrosis factor; TF,
tissue factor; ILVs, intraluminal vesicles; MVB, multivesi-
cular body; ESCRT, endosomal-sorting complex required for
transport; CD9, cluster of differentiation 9; CD63, cluster of
differentiation 63; CD81, cluster of differentiation 81; LOs,
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