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Short Review

Exosomes are newly recognized universal minute nano-
size particles made by all cells in all species that transfer genetic
instructions between cells. They additionally can be made immune
specific by antibody coating to achieve dual specific antigen targeting
of particular acceptor cells, as well as being vehicles to deliver genetic
information as RNAs to alter targeted cell function. Because of
exceptional resistance properties, some therapeutic exosomes can be
administered orally.

What are exosomes?

Exosomes are minute nano-sized lipid sacs called vesicles that are
produced and then secreted by all cell types in all animal species. They
are a sensational biologic discovery. As universal nano-particles of life,
they are very small, but a big thing since they seem to be involved in
nearly all biological and clinical processes. Importantly, these Nano-
vesicles may lead to new and highly advantageous therapies. Exosomes
are the most common subset among a large very diverse group that
exists outside of cells called extracellular vesicles. Exosomes are tiny
spheres with an average diameter of 100 Nano meters, or about one
hundredth the sizes of the producing cells (Figure 1). Production
and release of extracellular vesicles, occurs in all animals, plants, fish,
fungi and also in the basic single cell forms of life; such as bacteria and
even most primitive archaea (Figure 2).
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Figure 1. Scanning electron microscopy of individual exosome that are spheres in their
native state but here distorted in processing.
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Figure 2. Staphylococcus aureus outer membrane exosome-like vesicles pinched out from
the surface of the bacteria.’

The exosome nano world

Therefore, exosomes and other diverse extracellular vesicles from
many cell types are present in all body fluids and can be described as
a cloud of mixed nano particles between cells (Figure 4). In humans
and mice, exosomes in the peripheral blood are about a billion
per milliliter compared to white blood cells that are present at ten
thousand per milliliter. Among the myriad of extracellular vesicle
subsets, exosomes have been show to alter functions in targeted cells.
The main and entirely new biologic function of exosomes is their
ability to enter other acceptor cells, near or far via the blood stream, in
order to transfer the genetic-acting molecules they carry [1-5].

In particular, they transfer micro RNAs (miRNAs) that are small
ribonucleotide polymers of only about 22 base pairs (Figure 3). These
exosomes carry and transfer extracellular miRNAs can produce
modifications of the DNA in the nucleus of the acceptor cells to alter
their genetic mediated production of proteins that in turn alters target
cell function. In sum, exosomes are a completely unanticipated nano
entity that can mediate entirely new biological processes, and alter
molecular and metabolic pathways of acceptor cells. As such, they are
likely involved in many diseases.
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Figure 3. Cross section of an individual idealized exosome showing surface signature of
various adhesion molecules that can include antigen specific antibodies. These respectively
can mediate semi-specific binding to comparable receptors on the surface of acceptor
cells, or antigen specific targeting of acceptor cells. Inside the exosome are various RNAs,
including miRNAs and proteins.

Figure 4. Intercellular tissue cloud of various extracellular vesicles between the cells, of

which some are secreted exosomes.

Clinical consequences

As the dominant mechanism for inter cellular transfer of genetic
function, exosomes have great medical importance. They introduce
many new possibilities; such as: better understanding of disease
mechanisms, new ways for making diagnoses after isolation from
blood and body fluids (so called liquid biopsies) and then analyzed
molecularly, and as vehicles for new natural nano vesicle therapies.
Appropois of this last point they have great advantages over the
current numerous problems associated with designing artificial nano
therapeutic particles that lack specificity, are unable to cross tissue
barriers, and are rapidly eliminated by natural mechanisms that detect
their artificiality.

Exosome therapies

Exosomes are a very promising therapy because of their very
small size, their ability to cross natural tissue barriers such as those
that protect the brain, and when administered into the circulation
have prolonged life over days. This is because they are natural nano-
vesicles that are able to avoid host cells that remove the artificial
particles. Compared to cells used for therapy, exosomes have unusual
stability; resistance to noxious environments, and long storage
ability of biologically active genetic contents. Exosome vesicles
are a physiological natural system for delivering genetic and anti-
inflammatory molecules; thus constituting new treatment modalities
for a variety of diseases.
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Exosomes can be isolated from healthy individuals and easily
enriched for delivery to individuals with a disease. Further, exosomes
in some instances can be used across species, or even from plants can
be used without concern for immunologic or genetic incompatibility,
since the miRNAs are often universal across species. They usually
contain no DNA and thus are without danger of transformation to
cancers; compared to therapies with cells. New work in a variety of
fields indicates that exosomes may be effective therapy for cancers,
arthritis, stroke, spinal cord injury, myocardial infarction, lung fibrosis,
and other diseases. Also, investigations have begun in autoimmune
conditions, such as multiple sclerosis, and in degenerative conditions,
such as Alzheimer’s or Parkinson’s diseases, and even in autism.

Exosomes have unusual durability, stability and ability to
resist harsh conditions

Unlike cells, exosomes have special membranes composed of
unusual proportions of lipid components, resulting in high surface
viscosity and rigidity. This enables them to resist harsh conditions that
cells cannot survive. These properties of resistance are postulated to
be derived from their ancient origins near the beginning of biologic
evolution. Some current exosomes are proposed as being related
to the “pro cells” from that primordial era that existed before the
development of bacteria.

Other unusual related properties of some current day exosomes,
that are derived from activated immune cells, include the ability to
bind antigen-specific antibody chains on their surface, and further
accept added selected miRNAs. Together, these abilities can achieve
unprecedented combined immune antigen-specific cell targeting via
the surface antibodies binding the acceptor cells, as well as subsequent
exosome delivery of particular gene-altering functional miRNAs.

Exosomes in milk survive harsh conditions of gastric
digestion

Mothers breast milk is an outstanding example of the strong resistance
of exosomes to harsh conditions. Milk is loaded with exosomes carrying
diverse and unusual miRNAs, and have strong resistance to the noxious
environment in the neonatal stomach. This consists of the combined
actions of a variety of digestive enzymes in high acidity. Surviving this
noxious gastric environment, the breast milk exosomes can be intestinally
absorped by the neonate for subsequent transfer of their miRNAs to
potentially regulate a variety of developing systems.

Successful therapy with exosomes; including dual immune
and gene specific oral treatment

The unusual property of resistance to stomach degradation can
allow oral administration of therapeutic exosomes to patients. These
natural nano-vesicles can be constructed to be immune Ag-specific
suppressive exosomes by surface sbinding of chosen antibody for
specific acceptor cell targeting. Further, these exosomes can be
constructed to carry chosen particular inhibitory miRNAs. After
intestinal absorption, such exosomes can strongly suppress immune
inflammatory antigen-specific T cell allergy responses in the skin of
recipients for several days, as demonstrated in Figure 5
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Figure 5. The figure shows experiments with milk protein (casein) allergy, expressed
as swelling in the ear skin of mice following local injection. Systemic treatments with
exosomes from suppressor T cells were begun at the 24 hour height of the positive ear
swelling response (black line). These immune allergic tissue swelling responses and were
strongly inhibited for the subsequent four days by administration of exosomes that were
casein antigen-specific via surface antibody chains, and miRNA-150 transferring. They
were adminisered by several routes, and were most strongly inhibitory when given orally
(PO, red line), compared to the usually employed systemic routes of administration; such
as intravenous (IV; orange line), or into the peritoneum (IP, purple line), or subcutaneous
at a skin site distant from the ears (intradermal, ID, green line).

The oral route of administration has been superior (black line)
compared to the usual intravenous, intraperitoneal and subcutaneous
routes. This evidence suggests that oral treatment is a more
physiological route of administration, compared to the usual injection
routes. To our knowledge, such chosen dual antigen-specific and
selected miRNA mediated gene expression altering exosome therapy
has not been achieved previously. The prospect of efficacious oral
administration would undoubtedly have greater patient acceptance
and comfort, especially in children. For example, in treatment of
cancers, exosome’s ability to target specific cells and regulate protein
synthesis in combination with chemotherapy and radiotherapy, likely
will allow their reduced dose which in turn lessens toxicity of these
existing therapeutic approaches. (1114 words)
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