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1 |  INTRODUCTION

Long thought of as little more than cell waste, continued 
investigation has placed extracellular vesicles (EVs) at the 
forefront of research into intercellular communication. The 
release of various types of membrane bound vesicles, broadly 
and generically referred to as extracellular vesicles, is an evo-
lutionarily conserved process utilized by prokaryotic and 
eukaryotic cells of diverse origins from plants to bacteria to 
humans.1,2 While the term extracellular vesicle is commonly 
used to classify the entire population of secreted membrane 
encapsulated vesicles, there is a growing list of classes and 
subpopulations highlighting the significant heterogeneity 
that exists and remains to be fully understood in the field.3- 5 
The family of EVs has grown to include nanovesicles,6 ex-
omeres,7 arrestin domain- containing protein 1- mediated 
microvesicles,8,9 large oncosomes,10 and apoptotic bodies.11 
The two most well- characterized classes of EVs, however, 
remain exosomes and the class that is the primary focus of 
this review, microvesicles (MVs). Exosomes and microves-
icles differ in many of the canonical characteristics used to 
define classes of MVs. These include distinct mechanisms of 
biogenesis, cargo composition, and size profiles,1,12,13 as we 
describe in the following sections.

2 |  MICROVESICLE FORMATION 
AT THE CELL SURFACE

The mechanism of biogenesis is one of the predominant and 
defining differences between exosomes and microvesicles. 
Exosomes are formed initially as intraluminal vesicles (ILVs) 
following the invagination of the limiting membrane of an orga-
nelle of the endolysosomal pathway known as a multivesicular 
body (MVB) or multivesicular endosome.12 This process can 
occur repeatedly leading to the accumulation of ILVs within 
each MVB. Mature MVBs can then fuse with lysosomes or 
autophagosomes for degradation or be trafficked to the cell pe-
riphery where they will fuse with the plasma membrane (PM) 
and release the ILV cargo into the extracellular space as ex-
osomes.13 For a more thorough review of exosome biogenesis, 
see references 12– 14, and additional reviews in this series. 
Multiple pathways regulating the pinching and release of mi-
crovesicles have been uncovered thus far, as described further 
below. A common component of many microvesicle regu-
latory pathways is the influence of small GTPases, many of 
which have known roles regulating contractile machinery.14- 16 
In contrast to the initial intracellular events during exosome 
biogenesis, microvesicle biogenesis begins with the direct out-
ward budding of the plasma membrane. Mature microvesicles 
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are then shed from the surface of cells, following a tightly reg-
ulated pinching and scission process that results in the release 
of MVs directly into the extracellular space.

Microvesicles span a significant and heterogeneous size 
range. Unlike exosomes, which are more regular in size, 
ranging from 50 to 100 nanometers (nm) in diameter, mi-
crovesicles span more than an order of magnitude in range. 
Originally thought of as occurring predominantly from 200 
to 1000+ nm in diameter, several reports have highlighted 
the release of smaller particles via a similar outward bud-
ding and pinching.4 These include the formation of ARMMs 
which when imaged by electron microscopy were found to 
have an average diameter of approximately 45 nm.9 At the 
other end of the size spectrum, large oncosomes are released 
by tumor cells into the extracellular space following a sim-
ilar biogenesis paradigm, and can range up to several mi-
crons in diameter.10,17 The specifics of the aforementioned 
cell surface- derived vesicles are further described below.

While increasing evidence suggests that normal cell types 
shed some quantity of MVs, the study of microvesicles has 
been, in large part, guided by the growing understanding of 
their roles during pathophysiological states and in particular 
cancers where MV production is a known means for tumor 
cell invasion and means to stimulate invasion in neighbor-
ing cells.5,18- 21 Malignant transformation of normal cells, 
has long been known to increase the quantity and the cargo 
content of shed MVs.22 Comparative analysis, for example, 
between a normal melanocyte- derived cell line (melan- a) and 
a melanoma counterpart (Tm1) revealed a twofold increase 
in MV shedding by the malignant line.23 This was further ex-
emplified by experiments in which expression of the highly 
oncogenic variant of the EGF receptor (EGFRvIII) further 
increased the number of MVs detected at the cell surface.24 
More recent research has highlighted changes in bioactive 
cargo in MVs shed from transformed cells engineered to ex-
press an oncogenic form of diffuse B cell lymphoma (Dbl). 
Kreger and colleagues demonstrated that the oncogenic trans-
formation of mouse embryonic fibroblasts led to the release of 
MVs carrying novel cargo including focal adhesion kinase.25 
Interestingly, the authors did not identify an increase in over-
all MV release with Dbl expression suggesting that there are 
likely driver and cell type specificities regulating MV release.

3 |  MECHANISMS AND 
REGULATION OF MICROVESICLE 
SHEDDING

As described previously, a fundamental property of microvesi-
cles is their biogenesis pathway which stems from the outward 
budding and pinching of the plasma membrane (PM)  releasing 
newly formed MVs directly into the extracellular environ-
ment.26 The plasma membrane itself serves as a highly 

organized nexus, integrating intra-  and extracellular sign-
aling processes. In order to carry out myriad fundamental 
processes, the PM organizes into well- defined domains, the 
dysregulation of which is increasingly linked to oncogenic 
signaling.27 To date, much research has been aimed at un-
derstanding membrane curvature and shape regulation in the 
context of lipid components, phospholipid composition, and 
protein- mediated bending. The biogenesis of MVs, for ex-
ample, is documented to rely on a combination of plasma 
membrane phospholipid redistribution and coordination of 
actomyosin contractile machinery.26,28,29 Further, formation 
of nascent MVs specifically requires cholesterol, as its de-
pletion results in the loss of microvesicle release.28 Though 
our understanding of PM dynamics and MV shedding has 
increased, little work has included analysis of the glycoca-
lyx. This is despite long- chain biopolymers within the gly-
cocalyx frequently found anchored to the surfaces of cell 
surface organelles.30,31 Recently, however, researchers con-
cluded that microvesicles were released as a result of mucin- 
induced membrane instabilities.32 Exogenous expression of 
a construct containing 42 tandem repeats of Mucin 1 led to 
massive increases in particles ranging from 100 to 400 nm in 
conditioned cell culture media. Furthermore, as high mucin 
expression is a common feature of tumor cells, HeLa cells 
with high levels of endogenous MUC1 expression produced 
increased levels of microvesicles.32

Extracellular factors have also been known to influ-
ence the shedding of MVs, including the formation of a 
hypoxic tumor environment which can increase MV re-
lease.19 In solid tumors such as breast cancer, hypoxia is 
a hallmark microenvironmental stimulus that results in 
the expression of hypoxia- inducible factors (HIFs) for 
cell survival.33 In advanced breast cancer, HIF induction 
of RAB22A results in Rab22A- associated MV release.19 
Under hypoxic conditions, RAB22A is a gene target of 
HIF- 1. When breast cancer cells were cultured in 1% of 
oxygen, HIF- 1 binds to a 5’- untranslated sequence in the 
RAB22A gene to induce RAB22A expression. Rab22A 
colocalizes with budding vesicles and knockdown of 
RAB22A eliminates vesicle release suggesting a direct role 
for Rab22A in MV generation.23 Interestingly, use of O2- 
(3- aminopropyl) diazeniumdiolate 3f (referred to as 3f) 
is able to significantly suppress growth and metastasis in 
vivo in triple negative breast cancer (TNBC) by attenuat-
ing MV formation.19 Treatment with 3f compound results 
in epigenetic modification through an increase in levels of 
miR- 203, which acts to decrease RAB22A transcription. 
This decrease in RAB22A expression drastically reduces 
MV release, highlighting the potential for the therapeutic 
targeting of MV shedding.34

In addition to alterations in membrane dynamics or sig-
naling stemming from microenvironmental cues, tumor cells 
frequently exhibit perturbed calcium (Ca2+) homeostasis.35 
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While Ca2+ has long been known as a secondary messenger 
with a regulatory role in EV shedding, particularly from cells 
of the vasculature where it was identified as a mediator of ve-
siculation, it has only recently been implicated in MV shed-
ding from tumor cells.36,37 In a series of experiments, Taylor 
and colleagues investigated the differential regulation of 
MV shedding from malignant and nonmalignant mammary 
cells.38 These same researchers have previously also found 
that in malignant cells, the Ca2+- mediated activation of the 
cysteine protease calpain, resulted in its redistribution to the 
cell periphery, where it can facilitate the focal remodeling 
of the cortical cytoskeleton.39 While the complete signaling 
pathway leading from intracellular Ca2+ to MV release has 
yet to be elucidated, these results certainly warrant further 
investigation given the potential link to members of the S100 
family of proteins, and TRPM7 which is known to mediate 
Ca2+ influx and can interact with calpain.40 Additionally, 
tumor Ca2+ levels may also function as a double- edged 
sword– – working to increase MV shedding in an intra-  and 
extracellular capacity. Elevated extracellular Ca2+ levels in 
line with serum concentrations of patients experiencing hy-
percalcemia, led to an increase in the production of microve-
sicles in vitro.41

Coordination of actomyosin contraction for MV release 
is in part regulated by the ADP ribosylation factor 6 (ARF6) 
signaling axis.26,42 ARF6, a member of the Ras GTPase fam-
ily, plays significant roles in membrane trafficking, actin re-
modeling, and functions during cancer cell invasion.18,43,44 
Importantly, during MV shedding, ARF6 activity is required 
for subsequent phospholipase D activation and recruitment 
of extracellular signal- regulated kinase (ERK) to the plasma 
membrane.26,42 At the plasma membrane, ERK activity re-
sults in an activating phosphorylation on myosin light chain 
kinase (MLCK) which in turn phosphorylates the myosin 
light chain (MLC) to facilitate actomyosin- based contrac-
tility. Phosphorylated MLC is enriched at the “necks” of 
vesicles where it can facilitate fission, releasing vesicles 
into the extracellular space.26 Inhibition of myosin light 
chain phosphatase downstream of RhoA/Rho- associated 
kinase (ROCK) signaling further promotes the release of 
MVs through a parallel pathway.42 RhoA and ROCK sig-
naling was also implicated in MV shedding through the 
activation of Lim kinase (LIMK). LIMK is necessary for 
an inhibitory phosphorylation on cofilin, which limits its 
actin severing capabilities and promotes MV biogenesis.45 
Additional research has demonstrated that the antagonistic 
action of Rab35 and ARF6 regulates MV biogenesis as well 
(Figure 1A). Here, Rab35 inactivation or depletion results in 
the redistribution of the actin bundling protein fascin, away 
from invadopodia, and to the cell cortex.46 Peripheral fascin 
is able to form a ternary complex with ezrin and podoca-
lyxin where it is then readily able to facilitate actin bundling 
and MV pinching in response to ARF6 activation.46 Taken 

together, these results suggest that there are multiple layers 
of GTPase signaling responsible for regulating microvesicle 
release and the specific pathways utilized to form a given 
vesicle likely influence GTPase cargo.

Large oncosomes derived from tumor cells similarly 
bud from the plasma membrane and are associated with the 
transition to an amoeboid morphology.10,17,47 Formation of 
budding oncosomes is triggered by both stimulation with 
epidermal growth factor (EGF) in prostate cancer cells, and 
through overexpression of constitutively active Akt.10,47 
Overlapping roles of intrinsic cell signaling machinery have 
been identified between these large vesicles and other mi-
crovesicle populations. This includes RhoA and ROCK sig-
naling which functions in concert with ARF6 to regulate 
tumor MV- mediated cell invasion, and also acts to trigger the 
membrane blebbing of large oncosomes.17,42,48 Additionally, 
ARF6 is localized to large oncosomes and may carry out 
similar functions for vesicle release.47 Furthermore, the actin 
nucleating protein DRF3 acts as an inhibitor of large onco-
somes formation suggesting that, like ARF6- regulated MV 
shedding, there is a functional role for the actin cytoskeleton 
in regulating their formation.10

Arrestin domain- containing protein 1 (ARRDC1)- 
mediated microvesicles (ARMMs) are a yet another subgroup 
of microvesicles that are produced directly from the plasma 
membrane.9 ARMM formation is dependent upon ARRDC1 
interaction with tumor susceptibility gene 101 (TSG101), a 
component of the endosomal sorting complexes required for 
transport (ESCRT)- 1 complex. Interaction with ARRDC1 re-
sults in the translocation of TSG101 from the endosome to 
the plasma membrane (Figure 1A). Abscission of the vesicle 
from the plasma membrane ultimately requires the ATPase 
activity of vacuolar protein sorting- associated protein 4 
(VPS4) and ubiquitination of ARRDC1 via E3 ligase family 
member, WWP2.9 Evidence suggests that release of ARMMs 
also requires the ESCRT complex, classically associated with 
MVB formation and viral budding.9 Critical to MV analysis, 
different subtypes have overlapping size profiles and physi-
cal characteristics which makes it difficult to fully separate 
these groups by size or density. Furthermore, a key regulator 
in the formation of microvesicles in tumor cells, ARF6 has 
been identified in oncosomes, and more recently, as being 
enriched 2.5 fold in ARMMs.10,49 Given these results, addi-
tional research is needed to determine what, if any, similari-
ties and differences exist between ARMMs, large oncosomes, 
and shed MVs, and to accurately attribute biological func-
tions to distinct classes of EVs. Moreover, the overlap in mo-
lecular machinery utilized in the biogenesis of what appears 
to be distinct classes of extracellular vesicles highlights the 
need for continued research not only to delineate- specific 
requirements for vesicle release, but also to more accurately 
determine the regulators of individual classes, and the rela-
tionships between them.
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4 |  MICROVESICLE CARGO 
TRAFFICKING AND DELIVERY

Significant progress has been made in recent years toward a 
thorough and complete understanding of MV biology, includ-
ing a more detailed understanding of the complex mixture of 
bioactive MV cargo content. Microvesicles are documented to 
contain a broad array of molecular cargo, which reflects not 
only the cell type from which the MV was released, but also 
the intracellular trafficking pathways delivering that cargo 
to the cell surface. Identified cargoes include multiple forms 
of proteins ranging from integrin receptors, active proteases, 
multiple small GTPases, to multidrug resistance proteins, and 
miRNA processing machinery. Though protein cargo is abun-
dant, it is not the only bioactive cargo contained in shed MVs, 
which are known to also contain multiple forms of nucleic 
acids (both DNA and RNA), active lipids, ROS regulators, and 
mitochondria.50,51 This list is by no means exhaustive, and the 
authors point readers to one of the many outstanding reviews 
on the subject for a more detailed analysis of MV cargo com-
ponents.1,14,52 As knowledge of MV cargo has increased, so 
too has our understanding of the pathways which traffic cargo 
for delivery to sites of MV biogenesis as we describe here.

4.1 | Protein cargo trafficking

In mammalian cells, endocytic membrane trafficking has an 
essential role in the movement of many cellular components 

to distinct intracellular destinations.53 Building on knowl-
edge of the significant cross talk between regulators of endo-
cytic membrane trafficking and MV biogenesis, researchers 
have begun to unravel the movement, sorting, and enrich-
ment of MV cargo. In addition to the previously described 
regulatory functions governing MV pinching and release, the 
small GTPase ARF6 has increasingly been found to facilitate 
the selective enrichment of MV cargo. Activation of ARF6 
led to the shedding of MVs containing MHC class I proteins, 
the active form of membrane type- 1 matrix metalloprotease 
(MT1- MMP), β1- integrin, together with an enrichment of 
active ARF6 itself.26 This report also highlighted selective 
incorporation of vesicular SNARE (v- SNARE) proteins, not-
ing the inclusion of VAMP3 as MV cargo, but undetectable 
levels of VAMP7.26

Subsequent work identified a VAMP3 specific interaction 
that was responsible for the delivery of MT1- MMP to sites 
of MV biogenesis in tumor cells.20 MT1- MMP was found to 
associate with VAMP3 in a CD- 9- dependent fashion, which 
serves to protect the protease from lysosomal degradation 
and allow for trafficking to the cell periphery where the 
VAMP3- MT1- MMP complex is incorporated into nascent 
MVs (Figure  1B). Furthermore, surface antibody labeling 
experiments demonstrated that in addition to newly synthe-
sized protease, recycled MT1- MMP is also included as MV 
cargo in a VAMP3- dependent manner. The identification of 
VAMP3 positive endosomes which also contain both MT1- 
MMP and ARF6 would suggest that ARF6- regulated recy-
cling endosomes are an integration and sorting point in which 

F I G U R E  1  Mechanisms of microvesicle formation at the cell surface and cargo delivery. (A) ARF6 regulates actomyosin contraction at the 
necks of nascent microvesicles via activation of ERK and Rho signaling pathways. Mutually antagonistic Rab35 and ARF6 signaling govern the 
intracellular localization of the actin bundling protein, fascin, which in turn modulates microvesicle pinching and release. Similarly, ARRDC1- 
mediated recruitment of TSG- 101 from endosomes to the plasma membrane facilitates microvesicle the shedding and release. (B) ARF6- regulated 
endosomes serve as a nexus integrating newly synthesized and recycling the protease MT1- MMP for delivery to nascent microvesicles in a 
VAMP3- dependent manner. (C) The pre- miRNA transporter Exportin- 5 serves as a chaperone to link the movement of TMV pre- miRNA cargo to 
the ARF6- endosomal network. Upon exit from the nucleus, Exportin- 5 together with pre- miRNA cargo, is shuttled to a trafficking complex of ARF6 
and cytohesin- 3 (GRP1) for incorporation into shedding microvesicles. Additionally, O- GlcNAcylation of the RNA- binding protein hnRNPA2B1 in 
response to ROS- mediated oxidative stress and 14Y- phosphorylated Caveolin- 1 regulates the binding of a distinct miRNA repertoire. The resulting 
complex including bound miRNA then traffics to the plasma membrane where it is included within shed vesicles. Figure created with BioRender

(c)(b)(a)
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reserves of MT1- MMP are held for rapid delivery to sites of 
active matrix degradation, and the multiple points at which 
ARF6 regulates MV biogenesis likely stem from its well- 
documented roles regulating actin cytoskeletal remodeling 
and endocytic membrane trafficking.20,44

The intricacies of the endocytic network extend deeply 
into the EV field through this regulated shuttling of cargo 
to sites of biogenesis. These elegantly choreographed move-
ments result in the specific enrichment, inclusion, or exclu-
sion of a host of transiting protein components. It has long 
been known that cargo which is preferentially recycled to 
the plasma membrane is less likely to be present on exo-
somes.54,55 Interestingly, the same is potentially true for mi-
crovesicles, as the transferrin receptor, despite trafficking 
through ARF6- regulated endosomal compartments in some 
cell types, appears to be excluded from tumor- derived mi-
crovesicles.26 Additionally, while currently only understood 
in the context of exosomes, the syndecan– syntenin– ALIX 
axis also functions to link the endosomal targeting of EV 
cargo. Syndecan interacts with syntenin, which also interacts 
with ALIX, through LYPX(n)L motifs, to support the biogen-
esis of ILVs and the recruitment of syndecan cargo to nascent 
exosomes.56 Similarly, syntenin acts to recruit CHMP4 via 
ALIX and more recently, ALIX was identified as a binding 
partner for cSrc within exosomes, and an ALIX- ESCRT- III 
pathway promotes the sorting and delivery of tetraspanins to 
exosomes, highlighting the intersection of the EV biogenesis 
and the canonical ESCRT pathway.56- 58 Previous reports have 
also linked syndecan recycling to ARF6, and while little is 
known about syndecan content in microvesicles, both syn-
decan and ARF6 have been identified in a mixed population 
of EVs isolated from glioma patient plasma.59,60 Additional 
research is needed to elucidate the role of ESCRT proteins 
in cargo recruitment to microvesicles, though emerging data 
from the ARMM subpopulation suggests this may be a com-
mon mechanism shared between exosomes, and small MVs.

ARMMs, which like ARF6- mediated MVs, shed directly 
from the surface of the plasma membrane were initially iden-
tified based on their ARRDC1- dependent mode of biogen-
esis. ARRDC1 localizes to the cytosolic side of the plasma 
membrane, where it recruits TSG- 101, a component of the 
ESCRT- I complex frequently found on late endosomal mem-
branes, to initiate budding. TSG- 101, together with ARRDC1, 
are both subsequently included as cargo in the shed ARMM.9 
Interestingly, fusion proteins containing ARRDC1 fused to 
the N- terminal of p53, resulted in the efficient loading of p53 
into ARMMs. Similar work has exploited ARRDC1 interact-
ing domains to load CRISPR- Cas9 for secretion as ARMM 
cargo.8 Additional research, however, identified 177 proteins 
which were significantly enriched (>1.5 fold) in ARMMs.49 
These included members of the integrin family, proteasome 
components, additional components of the ESCRT com-
plexes including CHMP6, proteases, NEDD4 E3 ligases, 

and plasma membrane proteins including NOTCH2. The 
incorporation of NOTCH2 is dependent upon the E3 ligase 
ITCH, and the metalloprotease ADAM10, both of which 
are also secreted as ARMM cargo.49 It remains to be deter-
mined whether ESCRT- III and ALIX function in the biogen-
esis of ARMMs, though the enrichment of multiple ESCRT 
proteins, coupled with the previously described recruitment 
identified in exosomes certainly suggests it is possible.

Additional understanding of cargo enrichment within 
shed MVs, has come from understanding responses to cellu-
lar stress. Hypoxia, a hallmark feature of the tumor microen-
vironment, leads to alterations in gene expression mediated 
by the hypoxia- inducible factor family of transcription fac-
tors.61,62 As described previously, hypoxia results in an in-
crease in MV shedding, stemming from elevated expression 
of RAB22A. However, immunofluorescence studies demon-
strate that under hypoxic conditions, RAB22A also colo-
calizes with enriched pools of transglutaminase- 2 (TGM2) 
at sites of MV budding. Together with data indicating that 
RAB22 knockdown only abrogates hypoxia- induced MV 
shedding, these results suggest that RAB22A actively re-
cruits protein cargo to sites of MV release.19 Furthermore, 
cell stress or injury can also lead to the release of endogenous 
signaling molecules, including ATP. Macrophage stimula-
tion with ATP was recently reported to result in a shift from 
soluble TNF release to packaging of membrane TNF within 
shed MVs. This shift bypasses the traditional ER and Golgi- 
dependent transport pathway, and instead is dependent upon 
acid sphingomyelinase.63

4.2 | Nucleic acid cargo

Counted among the myriad bioactive cargos identified 
within shed MVs are multiple forms of nucleic acids.1,64 
While significant work has shed light on that cargo con-
tent, to date, we are only beginning to tease apart the traf-
ficking mechanisms utilized to deliver nucleic acid cargo 
to sites of EV release. A pair of recent studies highlight the 
genomic (gDNA) content of shed EVs, and outline a possi-
ble trafficking mechanism enabling its release within EVs. 
Vagner et al. demonstrated that large EVs (L- EVs) derived 
from prostate cancer cell lines or patient plasma contain 
large fragments (up to 2  million base pairs) of chromo-
somal DNA.65 Whole genome sequencing of prostate can-
cer L- EV DNA revealed that the gDNA within L- EVs can 
be interrogated for the same genomic aberrations found in 
the shedding cell. In parallel, Reis- Sobriero et al. showed 
that dysregulation of the nuclear envelope protein emerin in 
aggressive amoeboid tumor cells leads to nuclear shape in-
stability. Alterations in nuclear shape were associated with 
disruption of the nuclear envelope; the formation of nu-
clear blebs and cytosolic nuclear fragments (micronuclei); 
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and the release of large extracellular vesicles containing 
nuclear material.66 While the authors demonstrate the for-
mation of micronuclei within the cytosol, and the forma-
tion of nascent EVs containing nuclear material, precisely 
how the material moves from the juxtanuclear region to the 
cell periphery is yet to be determined.

Like DNA, extracellular vesicles, and particularly exo-
somes, have been reported to carry miRNA cargo.1 While 
multiple trafficking pathways have been reported in exosomes, 
including the sequence- specific mechanisms for targeting miR-
NA,67- 70 current understanding of miRNA loading into MVs 
has only recently begun to be elucidated with the publication 
of two manuscripts linking components of the endocytic ma-
chinery to miRNA trafficking. In the first report, Clancy and 
colleagues outlined a trafficking pathway linking Exportin- 5, 
the indispensable transport receptor for pre- miRNA, to the 
ARF6- regulated transport pathways.71 The authors report that 
activation of ARF6 signals through casein kinase 2 (CK2) 
resulting in the phosphorylation of RanGAP1, which allows 
for the transfer of cargo exported from the nucleus into the 
ARF6- regulated shuttling complex (consisting of ARF6- GTP 
and GRP1, a member of cytohesin family of ARF GEFs) for 
anterograde movement (Figure 1C). Interestingly, the authors 
found that the exchange factor functions of GRP1 were dis-
pensable, and its function instead was primarily as a scaffold.

In the second study, Lee et al. uncovered a link between 
caveolin- 1 phosphorylation and incorporation of miRNA 
into MVs in response to oxidative stress (hyperoxia).72 
Oxidative stress induces the O- GlcNAcylation of the RNA- 
binding protein hnRNPA2B1 in a cav- 1 pY14- dependent 
manner, which leads to a robust interaction between the 
two proteins, and their co- trafficking together into MVs 
(Figure 1C). The O- GlcNAcylation modification of hnRN-
PA2B1 resulted in alterations to associated miRNA, and in-
creased the miRNA content in shed MVs. It is worth noting 
that both of these reports uncovered a miRNA trafficking 
pathway which was dependent on an RNA- binding protein 
serving as a chaperone. This is also in line with previous 
reports detailing miRNA loading into exosomes. It remains 
to be determined whether these or other as yet unidentified 
pathways are disease, cell type, or even EV- type specific. 
If the exosome field is any indication, it is likely that as we 
continue to clarify the heterogeneity of MV populations we 
will similarly decode distinct mechanisms of miRNA sort-
ing into the respective vesicles.67

5 |  LOOKING AHEAD

The study of shed microvesicles is an active area of re-
search and uncovering the defining and distinct character-
istics of each subpopulation of MVs is critical to advancing 
our understanding of the field. Unfortunately, due to the 

overlapping physical properties which directly influence 
the commonly utilized methods of MV isolation, there re-
main outstanding questions regarding whether and/or how 
the various subpopulations of vesicles pinched from the 
surface of cells relate to one another. While MV formation 
and release governs several physiological processes, it is 
now clear that under pathophysiological conditions such 
as cancer, diseased cells usurp these processes. Yet, we 
have minimal understanding of the intrinsic signals that 
ramp up MV biogenesis in tumor cells. Although there is 
some evidence in the literature, it is unclear if oncogen-
esis is always accompanied by a shift in MV subtype or 
cargo recruitment and the nature of the signals that may 
drive these changes. The activation of oncogenes or loss 
of tumor suppressors are key drivers of tumor initiation 
and are likely linked to alterations in EV profiles during 
disease onset and progression. In this regard, EGFRvIII, 
mutant K- Ras, B- Raf, and loss of p53 have all been cou-
pled to altered EV biogenesis and/or composition.10,73- 76

Much of the interest in EV biology stems from their un-
tapped clinical potential. A growing body of evidence, pre-
dominantly utilizing exosomes, highlights the potential for 
EV- based liquid biopsies for the identification and longitudi-
nal monitoring of cancer, and more recently the development 
of clinical grade exosomes for use as therapeutics.12,77,78 
While much of the research into liquid biopsy technology has 
centered around examination of protein, DNA, or RNA cargo 
a pair of recent publications highlight the expanding reper-
toire of technology which can be deployed against disease. 
Researchers utilized microfluidic devices to examine pheno-
typic changes in melanoma extracellular vesicles to monitor 
treatment response, or to quantify the proteolytic activity of 
MT1- MMP for monitoring of in vivo tumor progression and 
metastasis.79,80 As such, it is tempting to speculate on the fu-
ture of EV clinical applications in exploiting the biochemical, 
physical, and functional makeup of EVs to improve diagnos-
tics and real- time monitoring of disease.
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