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ABSTRACT

Extracellular vesicles (EV), such as exosomes, are emerging biologic entities that mediate important newly
recognized functional effects. Exosomes are intracellular endosome-originating, cell-secreted, small nano-size
EV. They can transfer cargo molecules like miRNAs to act intracellularly in targeted acceptor cells, to then
mediate epigenetic functional alterations. Exosomes among EV, are universal nanoparticles of life that are
present across all species. Some critics mistakenly hold exosomes to concepts and standards of cells, whereas
they are subcellular nanospheres that are a million times smaller, have neither nuclei nor mitochondria, are far
less complex and currently cannot be studied deeply and elegantly by many and diverse technologies
developed for cells over many years. There are important concerns about the seeming impossibility of
biologically significant exosome transfers of very small amounts of miRNAs resulting in altered targeted cell
functions. These hesitations are based on current canonical concepts developed for non-physiological applica-
tion of miRNAs alone, or artificial non-quantitative genetic expression. Not considered is that the natural
physiologic intercellular transit via exosomes can contribute numerous augmenting carrier effects to functional
miRNA transfers. Some of these are particularly stimulated complex extracellular and intracellular physiologic
processes activated in the exosome acceptor cells that can crucially influence the intracellular effects of the
transferred miRNAs. These can lead to molecular chemical changes altering DNA expression for mediating
functional changes of the targeted cells. Such exosome mediatedmolecular transfers of epigenetic functional
alterations, are the most exciting and life-altering property that these nano EV bring to virtually all of biology
and medicine. .

Abbreviations: Ab, Antibody Ag Antigen; APC, Antigen presenting cells; CS, contact sensitivity; DC,
Dendritic cells; DTH, Delayed-type hypersensitivity; EV, extracellular vesicles; EV, Extracellular vesicle; FLC,
Free light chains of antibodies; Gl, gastrointestinal; IP, Intraperitoneal administration; IV, intravenous
administration; OMV, Outer membrane vesicles released by bacteria; PE, Phos-phatidylethanolamine; PO,
oral administration.
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considered just at the level of transfers of the RNAs alone.
Instead, they should be considered in the context of what
we call the ‘exosome carrier effects’. Thus far, small EV
exosomes provide the dominant mechanisms for intercellu-
lar transfer of molecules like miRNAs. This compares to
much less frequent reports of transfer of function by exo-
some-free RNA complexed with chaperones like
Argonauts [1,2].

In this review, we will focus on the effects of exosome
miRNA transfers to target cells, that often cause epige-
netic changes to mediate resulting in functional altera-
tions. We will especially focus on the controversial
transfer of very small amounts of exosome miRNA. We

Introduction

There are vast numbers of total extracellular vesicles (EVs) and
perhaps trillions of exosome subtypes and billions of EV like
exosomes per millilitre of mammalian blood. Exosomes and
other related EVs, occur in all species; down to and including
bacteria. They participate in an ever increasingly identified vast
array of biologic and clinical functions. It is proposed here that
exosome transfers of small amounts of miRNAs, that seem impos-
sible according to current concepts developed for miRNAs alone,
are dependent on carrier effects of the exosome themselves that
have not been considered previously.

Carrier effects of exosomes on their miRNA transferred
biologic activities is the central point discussed here

We hold that exosome transfers of functioning polyribonu-

point out that this can be ascribed to the carrier proper-
ties of the involved exosomes that are needed to therefore
accomplish non-canonical mechanisms of miRNA
transfers.

cleotides like miRNAs, should in most instances not be
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Summary sentence

Carrier effects of donor exosomes are proposed as likely strong influences on their intercellular transfers of small amounts of miRNAs to recipient cells.
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Carrier effects on intercellular miRNA transfers are both
carrier-delivering and carrier-acting

There are in fact at least two broad areas subsumed under the
umbrella term of ‘exosome carrier effects’. Firstly, there is are
‘carrier-delivering effects’ in the sense of exosomes actually
carrying their contents to targeted cells. These are postulated
effects on such acceptor cell delivery that are enabled by
survival of exosomes produced under very harsh conditions
not suitable for cells; including extracellular milieu like
hypoxia and highly acidic and digestive enzyme environments
like in the stomach. These are considered ‘carrier-delivering
effects’, since without the resistance to harsh conditions the
exosomes would not be able to deliver their miRNA.

Secondly there are exosome ‘carrier-acting effects’ on the
miRNA molecular-acting intracellular transfers, often leading
to epigenetic functional effects on the targeted cells; like
altering DNA expression viva codon conjugations such as by
methylation. These are hypothesized to participate in resulting
special functional aspects of these especially hardy exosomes,
enabling them to affect the target cells beyond just mere RNA
molecular delivery. Thus, external cell to cell ‘carrier-deliver-
ing effects’ and intracellular ‘carrier-acting effects’ of exosome
transfers are able to actively participate in the biologic intra-
cellular events of transferred miRNAs in targeted cells.

Thus, these carrier-acting aspects are predicted to promote
the transfer and subsequent molecular function of their deliv-
ered miRNA, and likely other cargo like proteins and lipids,
on the targeted cells. This can account for unexpected greater
effects of exosome low-level miRNA delivery and actions, that
are not covered by established canonical miRNA-only con-
cepts. Thus, exosome transfers of low amounts of miRNA,
acting via both ‘carrier-delivery’ and ‘carrier-acting’ modes
are the “Elephant in the Room because these exosome carrier
effects have been overlooked by both the miRNA
Cognoscente clinging to conventional miRNA transfer con-
cepts not considering the effects of the exosomes on the
targeted cells and the few remaining anti-exosome Luddites,
who doubt the significance of EVs per se (Fig. 1).

Terminology for of the various EV subsets like exosomes
and micro vesicles

A major recognized broad subset of EV are microvesicles
(MV) that originate by pinching off singly from the donor
cell surface membrane resulting in release of individual vesi-
cles. These large MV are 200-1500 nanometres in diameter,
pellet with centrifugation at only 10,000 g, and thus far med-
iate a minority of EV transferred effects. In comparison, there
are a broad, and very large group of many and multiple
subsets that have been called classical exosomes or small EV,
in comparison to MV [3], that are responsible for the vast
majority of transferred effects of EV. Exosomes are nanove-
sicles pinched off from intracellular endosome membranes
that are 50-150 nanometres in diameter and pellet at
100,000 g. Their cargo can contain many subtypes of RNAs
(miRNAs, mRNAs, IncRNAs, tRNAs, rRNA and tRNA frag-
ments, etc.) [4] and perhaps RNA-binding proteins as well
[5]. Also contained and potentially transferred to also mediate
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biologic effects are contained diverse lipids and a variety of
bioactive proteins like enzymes and signalling molecules.

The RNAome of MVs can resemble the intracellular pro-
file, whereas the exosome RNA profile is quite different from
that of the donor cells; reflecting distinct intracellular sorting
processes to be more fully unravelled. Prior to their release,
increasing numbers of exosomes pinching off of the endoso-
mal membranes are in expanding groups that accumulate in
the progressively dilated multivesicular endosomal body
(MVB) near the cell surface. They then are released extracel-
lularly in bunches via compound sequential exocytosis of the
MVB; and thus were named exosomes. Although it is thought
that despite many overlaps between MV and exosomes, there
should be distinguishing markers and properties between
them. This has not emerged until a recent deeper study that
fractionated vesicles by multiple means found that the surface
molecule Annexin A-1 was characteristic of the MVs com-
pared to classical exosome small EVs [3].

There is great heterogeneity of exosomes and the
possibility that no two are exactly alike; thus contributing
to a potential great variety of carrier effects

As noted, exosomes and MV are quite separate in cell genesis
and cell compartment of origin, but their surface molecule
arrays and contained cargo can have great overlap. It is
emerging that there is a continuum of many EV types [6,7];
with the largest peaking at MV, next classical small nano-sized
exosomes, and then the smaller exomeres [8]. It thus seems
that there are millions of EV subsets [3,6,7]. This brings up
the possibility that in fact no two exosomes are precisely alike
for the billions of subsets, analogous to what now seems true
for cells considering recent findings employing single cell
analysis [9-11]. Currently there is no way to precisely exam-
ine EV separately, but there are emerging appropriate techni-
ques; including flow cytometry [12-16].

Thus, when one says the term exosomes, one is in fact
speaking of a very diverse mixture of very great numbers;
millions and billions of nanovesicles. Thus, current descrip-
tive and phenotypic methods certainly cannot adequately
describe their great individual diversity into undoubtedly
many many subsets [3,6,7]. Using current descriptive aspects
of the vesicles, the exosome group account for most docu-
mented transfers of functional macromolecules like miRNAs
[17]; whereas transfers by MV are less common [18-20], as
are transferred by related microparticles [21,22]; and possibly
even DNA transfers by the non-canonical autophagy-related
amphosomes [3], as well as the very small exomeres [8,23].

A very early evolutionary history of exosome origins in
‘the primordial soup’ may account for the carrier effects
of their resistance to harsh conditions

Of great importance, exosomes likely are descendants of very
ancient conserved nanoparticles that seemingly are funda-
mental to life [24,25]. Their carriage and transfers of
miRNAs are hypothesized to likely have arisen amid the
early events in the evolution of life [26]. Thus, we propose
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Figure 1. Obvious carrier effects on intercellular miRNA transfers have
been vastly overlooked and thus are ‘The Elephant in the Room’. The
carrier-delivering and carrier-acting aspects of exosomal transfer of miRNAs to
targeted cells are predicted to promote the transfer and subsequent molecular
functions of their delivered miRNA on the targeted cells. This can account for
unexpected greater effects of exosome miRNA delivery and subsequent intra-
cellular actions, than conceptualized by established canonical concepts of
miRNA of only direct addition to targeted cells or genetic expression of
miRNAs. Thus, exosome transfers of what are considered low amounts of
miRNA, acting via both ‘carrier-delivery’ and ‘carrier-acting’ modes are the
‘Elephant in the Room'. This is because these obvious exosome carrier effects
have been overlooked by both the miRNA Cognoscente clinging to conventional
miRNA transfer concepts and thus, not considered as crucial to miRNA transfers
to acceptor cells, and by the few remaining anti-exosome Luddites, who doubt
the significance of EV per se. These carrier ‘Elephant in the Room’ aspects of
these issues should be obvious, but are overlooked because it makes some
uncomfortable, who are clinging to conventional canonical concepts; as out of
this box (non- canonical). The point is that something as conspicuous as an
elephant can be overlooked amid codified canonical concepts of such
interactions.

that exosome antecedents preceded cells in evolution, as
others have postulated [25]. These ancient vesicles may have
arisen among the ‘RNA world’ in the harsh conditions of the
‘primordial soup’. They resemble postulated early developing
protocells that evolved to have bi-lamellar surface membranes
containing RNA polynucleotides with enzymatic and self-
replenishing properties [26-28]. As a consequence of such
postulated very early origin amid very noxious conditions,
descendent current day exosomes have outstanding abilities
to withstand very harsh conditions, that are not resisted by
prokaryote and eukaryote cells, and can provide carrier effects
for miRNA transfers. In this regard, it is important to note
that some types of EV carrying proteins and RNAs exist in all
species; completely across all phyla, from prokaryote bacterial
outer membrane vesicles (OMV), to exosomes in archaea,
fungi, worms, insects, plants and all vertebrates including
mammals [29].

Conservation of such resistance properties of EV protocells
developed early in evolution are likely in part due to their
unusual protective membranes, that consists of a unique
phospholipid lipid composition [30-35]. The specific lipid
composition and tight lipid packing can vary by pH, featuring
asymmetrical distribution of phosphatidylethanolamine, with
a rapid exchange of lipids between the two membrane leaflets;
distinguishing exosomes from cells and other types of vesicles
[32]. These unique membrane characteristics may be respon-
sible for the outstanding ability of exosomes from activated
cells and those present in mothers’ milk to resist very low pH,
together in a strong mixture of digestive enzymes in the
stomach, and similarly in the hypermetabolic hypoxic micro-
environment of cancer tissues [36].

Resistance of some exosomes to harsh conditions like
hypoxia and acid/enzyme mixtures are important likely
ancient carrier properties

Exosome aspects that likely contribute to carrier effects are
those enabling their unusual abilities to withstand degenera-
tion in toxic conditions without loss of contained RNAs. One
example of the need for carrier effects on delivery of miRNAs
is that there are many studies cells stimulated under hypoxic
conditions that release exosomes resistant to hypoxia. This is
pertinent to their ability to operate in the noxious microen-
vironment of cancers. Thus, local cancer hypoxia increase
exosome release [37], and these hypoxia resistant exosomes
Darwinian select for enhanced tumour survival [38,39],
aggressiveness, chemoresistance [40] and invasiveness [41].
Besides general tumour promotion [42,43], there is enhanced
angiogenesis [44-46], promotion of tumour favouring local
M2-type macrophages [47,48] and even transfer of particular
oncogenic miRNAs to convert normoxic cells towards malig-
nancy [49] and other sites of ischaemia and injury [50]. In
fact, because hypoxia promotes production of exosomes with
superior activities [39,43], it is generally advised to use
hypoxic conditions of culture when producing exosomes for
study or for therapies. Further, there also is exosome resis-
tance to hyperoxia [51,52].

Carrier effects of exosomes in dietary milk permit
resistance to the profound acidic and digestive enzyme-
rich environment of the stomach

Thus, we postulate that remarkable current day exosome
hardiness is due to their evolutionarily descent from ancient
resistant nanovesicles that evolved in the primordial condi-
tions near to the origin of life. These properties can allow for
resistance to unusual noxious conditions in the environment
of exosome-producing or the receiving cells, and can serve for
survival and function of exosomes in ingested foods, such as
those in mothers’ milk. This constitutes both carrier-delivery
and likely carrier-acting functions of exosomes contained in
maternal milk, to likely promote eventual function of their
contained miRNAs after transfers to developing targeted cells
in neonate recipients.

Accordingly, it is well documented that maternal breast
milk colostrum contains great numbers of exosomes that



survive the acid digestion of the neonatal stomach to then act
in development of various systems in the neonates. These can
include: participation of the ingested exosomes and their
contents in generation of the neonatal intestine [53,54], and
development of the neural [55,56] and endocrine systems [57-
60], and most importantly the neonatal immune system; espe-
cially in relation to subsequent development of allergies. This
can involve immune regulation [61,62], thymic regulatory T
cell maturation preventing the development of atopy [63,64],
and differences in human breast milk exosome populations in
relation to allergic sensitization [65], as well as content of
immune-related microRNAs [66], some identified as GI
absorbed in from cows milk and able to affect gene expression
in recipient peripheral blood mononuclear cells [67].
Therefore, effects of maternal milk exosomes on generation
of a mature immune system in neonates include development
of immune tolerance to diverse foreign antigens (Ag) in the
diet [60,65,66,68], and especially to Ag of the newly establish-
ing neonatal microbiome [69-71]. Interestingly this has
recently been shown to include direct effects of the dietary
milk exosomes on the microbiome itself [72].

Therefore, milk exosomes are enriched in contents that are
involved in neonatal development; including mothers milk
from humans, and other species like cows and pigs [57-
60,73,74,75,76]. Thus, exosomes in milk [59,73,77], and con-
sequently their contained miRNAs [77-79], are able to resist
the very harsh conditions when passing the human neonatal
stomach. There are many detailed studies confirming and
extending these concepts by Hirschi [80-84], Vance [81],
and Zempleni [66,78,79,85-88] on bovine milk exosomes or
miRNAs. However, there are limits. Even though these milk
exosomes can resist harsh stomach conditions as well as even
boiling and multiple freeze thawing, they do not survive
greater harsh treatments of milk like Pasteurization and
homogenization [88], as well as microwave cooking [89] and
fermentation [90]. As a consequence, there are continually
increasing studies elegantly confirming the presence of allo-
geneic milk miRNAs in the blood of humans ingesting milk.
Such data now extend to additionally showing functional
significance  of these miRNAs [63,65-68,78,91-94].
Therefore, these new data confirm that development of var-
ious neonatal organ systems depends in part on consumption
of exosome-rich mothers breast milk and thus on miRNA
transfers that depend on the carrier functions of these exo-
somes [60,65,75,81,95,96].

There even are recent suggestions of possible therapeutic
applications of these milk exosomes [81,84,97-99], to make
use of their carrier effects for delivery of drugs. This concept
is increasingly being shown for xenogeneic exosomes derived
from plants in the diet. These new data extend to demonstrat-
ing peripheral blood or tissue presence of miRNAs derived
from ingested xenogeneic plants in humans and mice
[82,84,97,100-103], and even in human breast milk after
maternal plant digestion [100,104]. In some cases, the data
confirm the concept of cross-kingdom and cross-species
exchanges by additionally showing functional significance of
the miRNAs from the ingested plants in the human recipients
[94,98,105-107], or orally ingested exosome carrier miRNAs
[108,109]. These new, diverse and upgraded studies, favour
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the concept of allogeneic milk and even xenogeneic plant
exosome cross kingdom mediated informational transfer
across species via carrier-acting exosomes. As a result, the
carrier effects of the involved exosomes that we postulate are
a crucial contributor to enable the final transfer of exosomal
miRNAs to achieve functional alterations in the targeted cells
of neonatal recipients.

Our related immunology experiments on oral transfer of
suppressive exosomes that can pass the stomach, to
inhibit recipient T cell mediated skin responses in both an
Ag and miRNA-specific manner

There are questions and controversies concerning the postu-
lates above about systemic effects of maternal milk exosome
RNAs transferred to neonates, that are thought to act on the
development of various functional neonatal systems. Related
to this area are our studies of exosome mediated immunor-
egulation of classical effector T cell mediated delayed-type
hypersensitivity (DTH). Here, is a clear example of oral sys-
temic transfer across the acid/enzyme stomach environment
of exosome carrier-delivering and functional carrier-acting
transfer of a specific miRNA type. The miRNA transferred
is in remarkably small amounts systemically far from the
intestinal site of absorption to mediate suppressive functions
in the ear skin [109] (Fig. 2A) [108,110] (Fig. 2B).

In these studies, we orally administered antibody (Ab) light
chain-coated, and thus Ag-specific, CD8P** suppressor T cell-
derived exosomes, that we show deliver inhibitory miRNA-
150 to inhibit cutaneous elicited contact sensitivity and DTH
in the ear skin of recipients [108,109]. In experiments that are
notably relevant to this discussion, oral administration of
these inhibitory exosomes was compared to conventional
systemic intravenous (IV) and intraperitoneal (IP) treatment
routes. The suppressor exosomes given by all three routes
acted strongly to inhibit immune inflammatory DTH
responses in the ear skin by 90-95%, over the succeeding 4
days, following a single physiological dose, that was given only
at the peak of the in vivo response [109] (Fig. 2A) [108]
(Fig. 2B). Very importantly, in all instances oral exosome
treatment was even more effective than the widely experimen-
tally used, but less clinically applicable, IV or IP routes
[108,109].

We later discuss our concept that such unusual biologic
effects of exosomes, that allow them to withstand such harsh
conditions, in order to mediate carrier effects, are a subpopu-
lation that we call ‘activated’. They seem to be produced by
activated cells and are thereby induced to have unusual hardi-
ness properties. The resistance of such subpopulations of
exosomes to harsh conditions are postulated to be due to
special exosome membrane lipid changes [30-35].

Thus, as in the neonate consuming exosomes in milk, the oral
route for administration of a particularly resistant activated
subset suppressor T cell-derived exosomes allows them to
strongly inhibit cutaneous DTH. There is systemic distribution
of these carrier-delivering and carrier-acting functional immu-
nosuppressive exosomes. In this case, they are able to transmit
miRNA-150 into distant targeted antigen presenting cells regu-
lating effector T cells [111] at the skin site of these immune
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Figure 2. A. Oral and other systemic routes of administration of CD8P°° suppressor T cell-derived exosomes strongly inhibit cutaneous OVA protein-
induced DTH in actively immunized hosts. The Figure shows that oral (PO) administration of a single physiological dose of suppressive exosomes (10" vesicles)
from CD8+ suppressor T cells from ovalbumin (OVA) protein antigen (Ag) immune high Ag dose tolerized mice are inhibitory of active T cell mediated delayed-type
hypersensitivity (DTH) elicited by on day 4 after optimal immunization by intradermal OVA Ag injection of only five micrograms into the ears of murine hosts
immunized with an optimal 100 pg dose of OVA intradermally. Further, this single systemic transferred physiological dose of Ag tolerance induced inhibitory
exosomes, can last very significantly for at least 120 h (4 days), when such systemic treatment is begun just after the peak of the maximal elicited 24 h active ear
swelling response of the recipients. The Figure shows that the strong and prolonged suppressive results of administered suppressive exosomes are similar among
various conventional systemic treatment routes (IP, intraperitoneal, green line; IV, intravenous, blue line; and even ID, intradermal, black dashed line), that all very
strongly inhibit elicited existing active DTH by 50-90% over the subsequent 4 days (120 h); with oral administration the most profoundly suppressive (red line). B.
CASEIN milk protein-induced active in vivo elicited DTH, is suppressed by Casein-specific B1a B cell, miRNA-150-associated suppressor exosomes, given systemically
by various routes, in a single physiological dose at the 24 h peak of response; lasts at least for 4 days; especially the most powerful inhibitory response to oral
exosome administration. Suppression of delayed-type hypersensitivity (DTH) to soluble casein (Cas) Ag by miRNA-150- associated B1 B cell-derived small exosome
EVs of Cas-Ag-immunized mice. For supernatant exosomes, mice had been intradermally (ID) immunized with saline solution of soluble Cas antigen 3 days before
harvest of lymph nodes and spleens containing Cas-immune B1 B cells, that were cultured for a subsequent 48 h. The resulting supernatant was ultra-filtered and
then ultracentrifuged to concentrate Cas-specific B1a B cell-derived exosome extracellular vesicles, that then were supplemented with miRNA-150 by association in
vitro at 37° C with miRNA-150 and then washed free of unattached miRNA-150 by another round of 100,000 g ultracentrifugation. Mice that had been optimally ID
immunized with saline solution of soluble Cas antigen (100 pug per mouse) 5 days before challenging by ID ear administration of the same Cas solution (at only 5 pg
per ear lobe). Then, after measurement of the 24-h ear swelling responses, miRNA-150-supplemented, Cas-Ag specific Bla B cell-derived exosome EVs were
administered either intraperitoneally (IP, purple line), ID (green line), intravenously (IV, orange line) or orally (PO, redline), and subsequent ear swelling responses
were measured daily up to 120 h post ear challenge, and expressed as delta = SEM [units (U) x 1072 mmY; all compared to the control treated group (black line). All
routes of administration were suppressive, but the oral route clearly was the most powerful.

responses. Accordingly, activation properties of an orally admi-  cells of the small intestine. This is followed by systemic distribu-
nistered exosome subset enable carrier-delivery for stomach tion in the recipients, for exosome carrier-acting promotion of
transit, and then ability to cross postulated specialized absorptive



quite low-dose miRNA-150 transfers to targeted cells to func-
tionally suppress cutaneous DTH responses [108,109,111-113].

There is doubt of successful transfers by low levels of
exosome miRNAs, that may be due to the accompanying
exosome carrier-acting effects

There are important judgements by authoritative leaders in
the RNA field, who conclude that exosome transfers of
miRNAs are ineffective; especially the low doses. These cri-
tiques from the miRNA cognoscente are correct according to
the established point of view generated by conventional
experiments of just adding miRNA alone to cells or artificial
genetic expression of a particular RNA. However, both of
these conventional approaches of are non-physiological.
Further, genetic expression via vector treatments can induce
intracellular background alterations; often involving changes
of endogenous miRNAs [114-117]. Therefore, these current
paradigms, that are relevant to miRNA levels and their func-
tion when transferred via exosomes, ignore the more physio-
logical participation of exosomes in the delivery and
subsequent intracellular carrier-mediated actions of the exo-
somes after uptake.

Current conventional canonical concepts, that these expert
opinions are based on, are independent of any exosome car-
rier effects on miRNA transfers. They are based on high dose
non-physiological experimental transfers of miRNA acting
alone, or artificial gene expression to modulate expression of
targeted cell genes via their seed sequence complementarity
with the 3’ untranslated sequences of silenced intracellular
cytoplasmic mRNAs. This inhibits gene translation, leading
to functional consequences of decreased expression of specific
DNA encoded proteins. However, these conclusions based on
current canonical concepts do not consider the likely numerous
physiological carrier-delivering effects on small amounts of
transferred miRNAs, and also subsequent exosome carrier-act-
ing effects on target cell activation via likely promotion of
intracellular miRNA functional mechanisms of the delivered
miRNA; possibly involving effects beyond mere binding to
mRNA:s.

Ingested small amounts of xenogeneic plant miRNAs
exemplify potential carrier effects of exosome transfers in
humans

As example, it is said to be impossible that the very low copy
numbers of miRNA transferred across species, say by plants in
the diet [118], are able to mediate function. This view is
correct according to established data analysis and canonical
concepts, but as noted above do not consider the exosome
carrier aspects. A prescient initial study in this cross-kingdom
transfer area, dealt with xenogeneic dietary plant miRNAs in
humans. It was reported that plant (rice) miRNA in the high
rice diet of Chinese subjects transferred biologic function in
humans [118]. Confounding to some investigators was a very
large range of plant-derived miRNAs found in the blood of
subjects by an assay that could detect as little as femtomoles
(107** M) of miRNA [118].
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Crucial here was RNA measurements of the total small RNA
isolated from human serum after treatment with the oxidizing
agent sodium periodate. This is because plant miRNAs are 2'-O-
methyl modified on their terminal nucleotide, that renders them
resistant to periodate compared to mammalian miRNAs that
have free terminal nucleotide sites sensitive to periodate.
Further, the data were interpreted by the authors as showing
that on dietary ingestion, these particular cross kingdom plant
miRNAs entered the human GI tract that produced miRNA-
carrying exosomes that then pass into the host systemically, to
then be transmitted via the blood to subsequently target liver
hepatocytes to favourably influence lipid metabolism [118].
Specifically, a host mRNA transcript encoding a lipid-associated
receptor protein in the liver, had an 3’ untranslated sequence
targeted by the exosome transferred plant miRNA.

Quantitation of the involved exosome transferred plant
miRNA was at only femtomole amounts (107™"). This very
small, transferred amount of miRNA was found sufficient to act
on the calculated copy number of target mRNA in the liver [118].
Opverall, this was said to be the first demonstration of potential
cross animal kingdom transfer of miRNA functions; here from
plants to people involving carrier function of exosomes. Since
then there have been many other examples of such cross-king-
dom-acting exosomes and their miRNAs mediating such carrier-
aided transfers in variety of instances. These have been interac-
tions between nematode [119] and protozoan [104,120] parasites
and their mammalian hosts, fungi parasitizing plants [121-123],
parasitic plants and hosts [124], as well as between ticks and
arthropod hosts [125]. Improved detection of plant miRNAs in
mammalian hosts [110,126,127] has allowed demonstration of
several more instances of plant exosome carried cross-kingdom
transferred regulatory miRNAs [103,128-130].

These recent additional studies confirmed this concept; show-
ing exosome and miRNA function in such interspecies transfers
in a variety of systems [103,123,124,129-134]. One such study
showed that miRNAs mediate plant—plant interactions; silencing
host genes to facilitate parasitic plant growth [124], but mediation
via exosomes was not evaluated. However, another study of plant-
fungal microRNA interactions suggested that plant exosome-like
EV transport small RNAs into a fungal pathogen that suppresses
its pathogenicity by silencing fungal virulence genes [124]. In yet
another such instance in mice, plant exosomes shaped the GI
microbiome with preferential uptake by Lactobacillus rhamnosus,
leading to host IL-22 production that improved barrier function
in a model of colitis [123].

Low quantitative miRNA copy number issues are thought
to make exosome functional transfers doubtful

Relevant here is a widely quoted quantitative analysis of
miRNA abundance in exosomes, mentioned previously
[135]. Human body fluids and various cell supernatants
were studied by excellent quantitative assays and found on
average to have only one copy of miRNA per exosome [135].
Therefore, a particular given miRNA, on average is in a
distinct minority of exosomes. Even for the most abundant
of miRNAs, across six different cell sources of exosomes;
showed as few as 1 molecule per 10,000 exosomes.
Considering functional transfers, this is quite daunting, since
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if miRNAs were distributed homogenously across an exosome
population, then on average, more than 10,000 (10*) exo-
somes would be needed for delivery of one copy of a given
miRNA to an acceptor cell!

This suggests that most individual exosomes do not have
biologically significant numbers of given miRNAs and thus
are unlikely to mediate particular functional transfers, leading
to consideration of special exosome subsets. Current concepts
hold that 100-1000 miRNA copies of a particular miRNA are
needed for miRNA to be transferred per targeted cell to
mediate function [136-144]. Accordingly, for the minimum
of the 100 copies needed, on average a total of one million
exosomes would be needed (100 x 10,000 = 10°). At a phy-
siologic transfer dose of a billion exosomes (10'%), then one
ten-thousandth (0.001%) of the total exosomes would be
needed per target cell, to achieve a functional effect; that is
extreme but seems possible.

However, since the 1 miRNA copy of a particular sequence
in 10° exosomes is a calculated number [145], it could instead
be 10 copies per exosome or even 100, that would progres-
sively be a rarer and rarer exosome subset mediating transfers
to satisfy the rules at 100 copies required per exosome
(respectively, 0.0001%) or 1 per hundred thousand exosomes
of the total for 10 copies, or 1 copy per million exosomes of
the total for the high 100 copy special exosomes. Therefore, a
rare heavily miRNA loaded subset would, as a single exosome,
be able to transfer miRNA function to one target cell. These
do seem to be unlikely frequencies to target a given cell, but as
noted are possible. Thus, either the low occupancy (1 per 10*
of a physiological transfer dose of 10'® exosomes), or very
much more likely the high occupancy model of very rare,
specialized exosome subsets of 100 miRNA copies each,
would achieve the needed 100 copies per targeted cell, as
proposed previously [135].This would be an aspect of exo-
some-carrier-effects, as it is a very special exosome subset of
very low frequency, likely with a specific surface array signature
of ligands for semi-specific binding to the surface of targeted
cells to engender carrier-delivery of an unusually high miRNA
copy number for uptake by particularly receptive target cells.

Target acceptor cell receptive properties can select
particular carrier-delivering aspects of exosomes

Such transfers of function by very rare exosome nanovesicles
with large numbers of copies of a given miRNA raises the
concept of target cell receptive recognition of a specific sig-
nature of particular adhesin and receptor molecules on the
surface of particular exosome subsets. Thus, an aspect of
special carrier properties for exosome-delivery, is that an
extremely rare special high miRNA carrying exosome subset
would be need to also have a rather infrequent array of semi-
specific exosome surface membrane components able to
strongly bind to an unusual combination of surface entities
on particularly receptive target cells. One example might be
specific Ab surface coating of exosomes that we discovered on
immunosuppressive exosomes that can bind specific Ag deter-
minants of peptides complexed in MHC on the surface of
targeted APC [109,112,113], consisting therefore of rare exo-
some subsets binding to rare target cells.

Other analogous situations that are like this could include
exosomes surface expression of various special ligands such
as: heat shock proteins [146,147], heparan sulphate [148], kit
ligand [149], fibronectin [150], fas ligand [151], epidermal
growth factor receptor (EGFR) [14], amphiregulin [152], sig-
nalling molecules like wnt [45,153,154], and Ephrin [155];
cytokines like TGF-B [156-158], and IFN-y and its receptor
[159]. Thus, instances of such special binding exosomes could
satisfy the copy number rules met by rare exosome subsets
binding rare target cells, that might then stimulate augmented
transfers via an exosome carrier-acting intracellular miRNA
molecular cascade to possibly achieve a functional effect. This
would be analogous to the surprising previous immunological
finding that as few as one Ag-specific T cell is sufficient to
mediate in vivo elicitation of classical Ag-specific DTH in the
footpad of mice [162]. Indeed, these special molecular binding
and receiving properties would seem to be the raison d’étre of
such unique exosome coatings. Thus, perhaps these uncom-
mon surface expressed entities are evolutionarily on the surface
to serve the function of rare exosomes carrying unusual con-
tents to specifically receptive targeted cells, as postulated here.

As little as femtomoles of a given miRNA associated with
exosomes can be sufficient to transfer functional activity

As mentioned above, and unbelievable to many, are our find-
ings showing that the carrier properties allow exosome trans-
fer of a very low femtomole level of a particular miRNA, to
function to mediate immune suppressive activity measured in
vivo and in vitro [160] (Fig. 3B). In this system, inhibitory
miRNA-150, that is a minor portion if the total RNA cargo of
the pertinent exosomes, mediates transferred carrier func-
tional effects of these nano EV. Transfer is via antigen (Ag)-
specific targeting due to the Ab coating of the exosomes,
rendering them functionally Ag-specific. Here, a physiological
dose of 2 x 10" genetically miRNA-150" and thus non-
suppressive exosomes are specific surface Ab positive as
derived from Bla cells activated by light immunization of
donor animals. These surface Ag-specific B cell-derived exo-
somes could be associated ex vivo with just 50 femtomoles of
miRNA-150, that was the limit of transferred suppressive
function in an miRNA dose-response experiment [160].

This carrier delivered and carrier functioning transfer of a
very low amount of miRNA-150 enabled strong exosome
suppression of a mixture of immune effector cells containing
rare actually targeted APC and yet rarer particularly Ag-spe-
cific effector T cells when combined in vitro. When adminis-
tered in vivo, what was inhibited was the effector T cell
mediation of immune inflammatory ear skin responses of
contact sensitivity (CS) in adoptive cell recipients [160,161].
In newer work in another related system of classical DTH
immunity to the protein Ag ovalbumin, we found instead that
nanomoles of miRNA-150 were the limiting effective number
of copies in a similar dose-response experiment [109]. This
large quantitative difference may be due to the target Ag being
a hapten conjugated to MHC in CS and a peptide complexed
in MHC in the DTH responses [discussed in (111)].

These minute femtomole amounts of miRNA could not
possibly survive in vivo nor mediate effects alone (i.e. exosome



carrier acting) without their carrier-delivery by exosomes.
Further, the exosome Ab coating, able to bind Ag peptides
complexed to MHC on the targeted APC surface, is required
for this exosome mediated transfer [109,161]. Unusually, here
the Ab exosome coating is free immunoglobulin light chains
(FLC). Note that these individual chains are monovalent in
binding, but when displayed as multiples on the exosome
surface, would gain significant avidity for effective high-affi-
nity binding. This surface display induces activating function
via cross-linking Ag at the target cell membrane, for the
distinct exosome carrier-acting effect. This likely leads to
epigenetic functional alterations due to the exosome trans-
ferred miRNA acting on endogenous mRNA encoding pro-
teins involved in the expression of the appropriate DNA
genes. These combined exosome carrier-delivery and carrier-
acting mechanisms likely explain the exosome mediated quan-
titative in vivo and in vitro functional response at this very low
dose of miRNA that were demonstrated definitively.

However, the experimental data here is incomplete, as it is
not yet possible to determine the percent association of the
added femtomoles or nanomoles of the associated miRNA-
150 with the total 2 x 10" exosomes of the exosome transfer-
ring dose. For calculations, we assume miRNA association to
the exosomes at 100%, but it certainly is likely less for the
postulated rare acting exosome subset that actually is
involved, at least by a factor of ten. Further, it is not yet
determined whether the low dose of miRNA-150 applied is
associated with the exosome surface, or more conventionally
became internal. Note the very interesting recent findings that
there can be abundant polynucleotides on the exosome sur-
face; most being RNAs compared to DNAs [163,164]. As
background, the total miRNA concentration in serum/plasma
is about 2-6 femtomoles per ml [165]. Accordingly, although
the low levels of miRNA we have found are functional when
delivered by exosomes, that according to canonical non-exo-
some concepts are thought non-functional, in this instance
given the Ab FLC activating effects of the delivering exosomes
at the surface of the targeted cells, enables mediation of
function.

There are three related quantitative aspects of exosome
carrier aspects that greatly enhance effects of transferred
miRNAs

These are:

1). The minute attoliter volume inside these small exosome
nanovesicles causes a high concentration of contained miRNA

2). The crucial transferred miRNA is highly likely present
in a minority of exosomes,

3). These few minute volume exosomes transfer their con-
tained specific miRNA to a minority cell subset among the
targeted population.

1). The minute attoliter volume inside these exosome
nanovesicles causing a high concentration of contained
miRNA

The particular miRNA is significantly molecularly concen-
trated in the relevant exosomes for potential activity in the tar-
geted cells because it is in a minute intra exosome volume. We
have calculated this to be 150 attoliters (10™'® Litres) per average

RNA BIOLOGY (&) 2045

100 nanometres diameter exosome sphere, taking into account
the space occupied by membrane components. This produces an
unexpectedly high Molar concentration of the involved miRNA
for transfer of biologic activity by the exosomes.

As an illustration, note that if one adds one femtomole of
an miRNA to just one millilitre of medium the concentration
is one femtomole per ml (107 litres). In contrast, if the added
one femtomole is present in 10'° exosomes at a volume of 150
attoliters per exosome, then the concentration in the exo-
somes with rounding off is one femtomole per 107° litres
(10'° exosomes x 1078 litres each = 107® Litres). Therefore,
exosome carriage brings a 100,000-fold (10°) increased con-
centration, i.e. the miRNA in 107> litres is now in 107° litres
to thus a 100 nanomolar concentration (10™*> moles or fem-
tomoles to 107" Molar) thereby constituting an obvious highly
increased carrier-acting effect due to a hundred-thousand-fold
concentration of the contained miRNA, with thus great
potential augmentation the exosome transfer of biologic
function.

2). The crucial transferred miRNA is proposed to be
present in a minority of exosomes

Another important ‘carrier effect’ is that only a small sub-
set of the applied exosomes actually participate in the miRNA
transfers. In the analysis above concerning miRNA copy
numbers transferred, we noted that a small subset of exo-
somes with high specific miRNA content would be needed to
have sufficient miRNA copies to meet the intracellular quan-
titative requirements for miRNA mediated molecular pro-
cesses. Here, we consider this from a transfer perspective.

In our system of T cell mediated immune suppression of
the CS type of DTH mediated by TNP-hapten-Ag-specific
exosomes, their anti-hapten Ab-FLC surface coating is
required in order for miRNA-150 to be delivered to then act
epigenetically. As noted, 50 femtomoles of miRNA-150 were
found to be the quantitative limit for 10'° delivering exosomes
when employing functional dose-response testing [160]
(Fig. 3B). An important related finding was that because of
the Ab coating specific Ag-linked affinity columns clearly
separated the active vs. the non-functional exosomes [161],
we found that only about 10% of the miRNA-150-associated
exosomes that bound and then were eluted from the Ag-
affinity column were biologically inhibitory [108,161].
Similar findings emerged from use of anti-CD9 tetraspanin
affinity column chromatography [108,109] and flow cytome-
try showed that the Ag-specific Ab FLC and CD9 were on the
surface of the same nanovesicles [109].

Further note that control exosomes from normal, non-
immune unmanipulated animals were inactive, had little sur-
face Ab FLC and significantly less expressed CD9, as were the
non-active exosomes from immune animals that passed the
Ag- and Ab-affinity columns [108,109]. These biologically
inactive exosomes are a distinct and differing subset not able
to associate with miRNA-150 nor able to bind Ab FLC to their
surface. Thus, exosomes eluted from binding to the Ag-affi-
nity or Ab-affinity columns, were uniquely able to surface
bind Ab-FLC and therefore Ag-specifically transfer miRNA-
150 to mediate targeted cell suppression. Therefore, these are
considered an ‘activated’ subpopulation of carrier exosomes.
It seemed that the activation properties were conferred by
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Figure 3. A. Added miRNA-150 reconstitutes suppression mediated by exosomes from Ag-tolerized mRNA-150~"" mice. miRNA-150"" mice show definitively
that miR-150 is the suppressive entity in the exosome-like nanovesicles derived from CD8+ suppressor T cells of high dose Ag-tolerized mice. Nanovesicle small
exosomes from OX-hapten-Ag tolerized miRNA-150"" mice associated by in vitro incubation at 37° C with added miR-150, mediated suppression of immune ear
swelling responses (Group D, 82% suppression) like exosomes from wild type Ag-tolerized mice (Group B, 78% suppression), both vs. Group A positive wild type
controls, 0% suppression), whereas exosomes associated instead with control miRNA-150* (Group E) or with miRNA-mimic control (Group F) did not result in
suppression; respectively 3% and 1% suppression.

B. Added miRNA-150 for dose response suppression by 10'® Ag-Specific B1a B cell-derived exosomes; femtomole associated exosomes suffice in vivo. Suppression
of CS immune ear swelling responses by extracellular miRNA from TNP Ag-specific Ts cell-derived supernatant that was freed from lysed exosomes, or a dose
response of miR-150 added alone, that were associated with B1a B-cell derived Ag-specific exosomes. Treatment of the TNP Ag- specific-CS-effector mixed cells
(shown alone in Group A) with 2 day immune B1a B cell-derived TNP-Ag-specific exosomes that were associated by in vitro incubation at 37° C with the soluble
Qiagen RNA fraction from TNP CD8 + T suppressor cell-derived exosomes (Group D) vs. control normal cell derived exosomes (Group B), or similar extract from
normal cell exosomes (Group C), results in significant suppression of the adoptive immune cell transfer of an OX Ag-specific CS effector cell mixture (49% suppression
vs 0-6% suppression of the control groups A, B and C). Similarly, 2 day immune Ag-specific B-1a B cell-derived exosomes, supplemented with serial decreasing doses
of miR-150 alone, mediated suppression of TNP-CS-effector cell adoptive transfer of CS ear swelling responses (Groups E, F and G), down to a dose of 750pg miRNA-
150 added per eventual recipient, which is 50 femtomoles per eventual recipient (Group G). Similar results were obtained in two other experiments in the CS system.

exosome-producing donor cells that were activated by stimu- At 10% of the total, these ‘activated’ exosomes are 10° of
lating processes association with immunization of these cell the total 10'° exosomes we used as a treatment dose. This
donors per se. This has been noted in other systems dose was chosen because it is the number of exosomes per ml
[166-168]. of mouse blood. This 10% activated subpopulation was thus



actually the fraction of the total exosomes that associated with
the 50 femtomoles of miRNA-150 for mediation of the func-
tional endpoint of the dose-response experiment [160]
(Fig. 3B). Specifically, when this minor 10% of ‘activated” Ab
FLCP® and miRNA-150P°* exosome subpopulation, was used
to pulse the total targeted CS effector cell mixture, they
mediated all of the suppression [108,109,161]. Thus, for cal-
culations, the amount of actually transferred miRNA per
exosome, now at 10> augmented concentration, can therefore
be increased by a factor of 10, since only about 10% of the
total have these activated transferring properties.

3). These few minute volume exosomes transfer their
contained specific miRNA to a minority cell subset among
the targeted population

Yet another important quantitative ‘carrier effect’ is that only a
small subset of the total recipient cell population may actually be
targeted for the miRNA transfers. In our suppressor immune
system, we determined that the inhibitory miRNA-150 carrying
exosomes actually target rare antigen presenting cell (APC)
macrophages and dendritic cells (DC), and not the effector T
cells of the effector cell mixture [113]. These T cells are subse-
quently suppressed by these APC via their production of second-
ary suppressive exosomes with specific peptide Ag/MHC surface
complexes that finally act on the effector T cells at the immune
synapse formed between their ab-TCR and the specific peptide
Ag/MHC surface complexes on the APC or their secreted second-
ary suppressive exosomes [112].

For experiments on inhibition of the adoptive cell transfer of
protein Ag-induced DTH, these actually targeted APC recipients
of miRNA-150, are a minor subpopulation, along with the actual
Ag/MHC-specific effector T cells they eventually suppress. These
APC and the particular OVA-peptide-Ag/MHC-specific effector
T cells are among the treated immune effector lymphoid cell
mixture pulsed in vitro with the 10% of ‘activated” Ab FLCP*,
miRNA-150P" suppressive exosome subpopulation among the
10" total exosomes applied [113]. These APC are a distinct
minority population of about only 0.1% of the total employed
immune spleen and lymph node effector cell mixture of 10” pooled
DTH-effector spleen and lymph node cells.

Summarizing these quantitative considerations

The 150 x 10™" femtomoles limiting effective dose is augmented
overall by 10° -fold by consideration of exosome carrier effects.
Thus, there is 10° augmentation per volume considerations x 10"
per fractional proportion of involved exosomes x 10° per the
fractional proportion of targeted APC = overall: 10° x 10" x 10° = 10°
-fold augmentation. Thus, this 10° -fold augmentation of the 10~
femtomoles of miRNA-150 applied via the activated exosome
subset results in 10™® equivalent moles, or potentially a concentra-
tion to hundreds of micromolar by these exosome carrier
considerations.

Exosome subsets like those surviving harsh conditions, or
those involved in the immune tolerance system are
considered to be ‘activated’

We noted that this exosome subpopulation that was generated in
high Ag dose-induced immune tolerance was different from
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exosomes produced by normal cells; thus, we called them
immune ‘activated’. In addition, we found that in vitro culture
of exosome producing cells, that were harvested from animals
immunized in various ways had acquired the ability to produce
such a subpopulation of exosomes with these unusual properties.
They are thus called ‘activated’ because they are from seemingly
activated donor cells derived from immunized hosts. The exo-
some properties induced could therefore mediate unprecedented
interactions of the exosome surface influencing interactions with
also rare particularly receptive targeted acceptor cells that were
not abilities of exosomes derived from cells of unmanipulated
normal donors.

These ‘activation’ properties contribute significantly to
the exosome carrier effects

They include ability to surface bind either in vivo available or
investigator selected Ab free light chains (FLC) to render the
exosomes desired Ag-specific [108,109,111,161], and further
ability to associate with added miRNA of choice
[108,111,160,161]. These abilities are postulated due to an
altered composition of their surface membrane lipids [34-
39], that can be significantly changed rapidly by particular
activating conditions of mice immunized or likely treated in
various ways; including Ag-tolerization. The unusual lipid
composition of activated exosomes may result in relative
increased size and most importantly distinctly greater viscosity
of activated exosome membranes [36,172]. This increased
membrane viscosity and resulting stiffness [36] may account
for the unusual and specific Ab FLC binding and selected
mRNA association, as well as resistance to harsh conditions
like hypoxia and survival in the acid/enzyme mixture of the
stomach; compared to exosomes derived from non-stimulated
cells. There are other modes of activation besides immuniza-
tion, such as the donor cell stage of maturation [168]. It is
noteworthy that prior studies by others have shown that
human lymphocytes and leukocytes also can demonstrate sur-
face binding with Ab FLC [169,170,171].

To summarize findings in our system, this Ab FLC coating
allowed Ag-specific binding of a 10% functional subpopula-
tion of exosomes to Ag-linked affinity columns. Compared to
the remaining non- Ag-binding, non-functional exosomes the
Ag-column, these eluted exosomes had shared activation
properties. These were molecular expression of the particular
miRNA-150 mediating suppressive function when evaluated
both by in vivo and in vitro assays and the ability to resist the
strong acid/enzyme environment of the stomach.

Ability of subpopulations of activated exosomes to
associate with added miRNA is an important carrier effect

When we showed that T cell suppression of CS and DTH in
Ag hi dose tolerized mice was due to Ag-specific exosomes
delivering miRNA-150, we then showed this more definitively
by demonstrating that miRNA-150 deficient, but Ag-specific
exosomes could be restored to suppression by merely adding
miRNA-150. Thus, for eventual T cell suppression, we har-
vested exosomes from CD8P® suppressor T cells of tolerized
mice that were miRN-150 genetically deficient and added
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miRNA-150 by association during incubation in vitro in a 37°
C water. We then washed away free miRNA-150 and showed
restoration of suppressive activity [45] (Fig. 3A). Further, and
very importantly, having shown that the essential properties
of the suppressive T cell-derived exosomes were Ag-specificity
due to surface Ag-specific Ab FLC and carriage of miRNA-
150, we induced production of solely Ag-specific exosomes by
B cells of lightly Ag-immunized hosts that were not suppres-
sive, but were rendered so by association with miRNA-150
during similar associating in vitro incubation [20]. In this case
a dose-response of the added miRNA-150 was done. As noted
above, the limiting dose of associating miRN-150 was as little
50 nanomoles for this hapten-Ag-specific CS system [20]
(Fig. 3B).

These results were not confined to such artificial experiments
of adding a single miRNA but were confirmed with the mixture
of Qiagen column enriched RNA extracted from the exosomes
of which miRNA-150 was a rare constituent. When this mixture
of RNAs was used in vitro or in injected in vivo, there also was
mediation of Ag-specific and miRNA-150-dependent suppres-
sion of CS by the contained miRNA-150 acting via host Bla cell
derived Ag-specific exosomes [160] Fig. 3B.

All together the ability of subpopulations of activated exo-
somes to associate with added chosen or mixed miRNA is a
clear demonstration of the essential carrier property of exo-
somes for delivery and then functional action of transferred
miRNA; in this case very small miRNA doses way beyond
conventional concepts based on mere addition or genetic
expression of miRNA.

Overall summary

This review focused on the carrier roles of exosomes partici-
pating in their mediation of miRNAs transfers to targeted
acceptor cells. It is posited that these inherent aspects of
such physiologic exosome transfers likely provide underap-
preciated assistance for resulting biological functions of the
transferred miRNAs. We have considered the doubts of
miRNA experts that exosomes cannot mediate such transfers
because the amounts involved are below conventions of the
field that were established without consideration of the role of
exosomes. Especially doubtful to these experts are the
reported successful low-dose miRNA transfers. However,
these conventional views ignore exosome carrier effects that
thus are “The Elephant in the Room’. The conventional nega-
tive opinions are based on current canonical rules derived
from mostly non-physiologic prior studies, simply adding
naked miRNAs or also non-physiologic genetic expression
that additionally is non-quantitative.

Thus, carrier effects of exosomes on their miRNA trans-
ferred biologic activities is the central point of this review.
These carrier-delivering and carrier-acting exosome aspects
are predicted to promote the transfer and subsequent
mediated molecular functions, often crucial for epigenetic
alterations on DNA gene expression in the targeted cells,
induced by their transferred miRNAs. Thus, exosome
miRNA transfers acting via both ‘carrier-delivery’ to the
acceptor cells and then ‘carrier-acting’ intracellular functions

are the “Elephant in the Room; i.e. over looked by both the
doubting scientists of the miRNA cognoscente and generally
by anti- exosome scientific luddites who perhaps cannot bear
contemplating new exosome mediated processes that might be
involved in their own systems.

Contributing to advantageous carrier effects is the great
heterogeneity of EV, such as exosomes resulting in the possi-
bility that no two of these natural nanoparticles may be
exactly alike. These many different subsets are relevant to
their varied functional carrier properties in their mediation
of transfers of miRNAs, since rare subpopulations may have
special properties, like carriage of large amounts of a given
miRNA. Extracellular carrier effects of the exosomes likely are
contributed to by the myriad of binding and agonist surface
signature entities that can molecularly target especially recep-
tive particular acceptor cells via their corresponding surface
ligands and receptors. These then activate the target cells to
express intracellular processes allowing exosome carrier sti-
mulated functions of the low doses of the transferred
miRNAs.

Exosome survival amidst harsh conditions is another
obvious extracellular carrier effect since no survival means
no transfer. A very early evolutionary history of exosome
origins in the ancient pre-cell noxious environment of ‘the
primordial soup’ near to the origin of life, more than three
billion year ago may account for their unusual resistance as
carriers in harsh microenvironmental conditions. This
includes resistance to exposure to strong hypoxia, even hyper-
oxia and to acid/enzyme mixtures, say at hypermetabolic sites
of growing cancers. The latter has been demonstrated repeat-
edly in the ability of exosomes in milk to pass the recipient
neonatal stomach to then enable subsequent intestinal uptake
and then participation in the development of various biologic
systems of the newborn baby.

The involved exosomes are considered to be ‘activated’ as
they are derived from especially activated cell donors. They
are suggested to be descendants of pro cells with resistant
bilamellar membranes that arose in the noxious primordial
soup environment of early evolutionary history, that may have
brought to modern times subpopulations of exosomes with
membranes of unusual lipid composition. This likely has
resulted in high surface viscosity, allowing mediation of
some carrier effects. One example is demonstrated in current
experiments showing oral transfer of activated inhibitory exo-
somes from immune activated suppressor T cells, that can
pass the adult stomach to transfer systemically inhibitory
miRNA-150 to suppress recipient effector T cell mediated
skin immune inflammatory responses in an Ag-specific and
miRNA gene-specific manner for several days after a single
physiological dose.

Some experts doubt successful transfers by low levels of
exosome miRNAs that may in fact be due to the accompany-
ing carrier-acting effects; previously not accounted for. Our
work demonstrates that subpopulations of activated exosomes
are able associate in vitro or in vivo with added chosen
miRNA to represent a clear carrier property. Quantitative
miRNA copy number issues are thought to make exosome
functional transfers doubtful. In fact, we have shown that as
little as femtomoles of a given miRNA associated with



exosomes can be sufficient to transfer functional activity. To
account for this, a very important and obvious exosome-
carrier quantitative effect is the minute attoliter volume inside
these nanovesicles causing a high concentration of contained
low-dose miRNAs. Another is that only a small subset of the
applied exosomes actually participates in the miRNA trans-
fers. An additional related ‘carrier effect’ is that only a small
subset of the total recipient cell population is actually targeted
for the miRNA transfers. All together, these various recog-
nized and postulated carrier properties of exosomes are pro-
posed to enable miRNA transfers not contemplated as
possible by classical canonical thinking that does not consider
the biologic roles of the transferring exosomes.
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