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The Basics and Vision of

Exosome Research
Exosomes are extracellular vesicles of size 30 nm to 200 nm. Since the latter half of the 2000s,
they have been a focus of attention as agents of cell-to-cell communication and as a tool for the
diagnosis and treatment of various diseases, and much research has been carried out into their
modes of secretion and transport, and their contents.
Leading Japan and the world in this rapidly accelerating exosome research is the Group for
Research of Molecular Functions and Targets Division of Molecular and Cellular Medicine of the
National Cancer Center Research Institute
(Japan), and we asked its Chief, Dr. Takahiro
Ochiya, and Researcher Dr. Yusuke Yoshioka,
about the basics of exosomes, the history of
research in the field, and the present state of
exosome research in Japan and the world. We
also asked them about the secrets and points
to watch in selecting and carrying out
u l t ra c e n t r i f u g a t i o n m e t h o d s , w h i c h a re
indispensable in the isolation and preparation
of highly pure exosomes, and about methods
and tips for analyzing exosomes once they
have been isolated. We also solicited their
views on the future direction of exosome
re s e a rc h , a n d t h e p o ss i b i l i t i e s fo r u s i n g
exosomes as biological tools and in
clinical settings.
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I. The Exosome as a Novel Type of
Cell-to-Cell Communication Tool

Crosstalk between Cells via Exosomes
Dr. Ochiya: The tissues and organs of our bodies are made up of many
different types of cells, having different characteristics. It has been
understood that between these cells communication such as signal
transmission is effected by protein factors such as cytokines and
chemokines. However, in recent years, it has become clear that more
frequent communication is being effected also by the extracellular vesicles
known as exosomes.
Cells do not normally secrete all that many exosomes, but it has been
discovered that when a cell is subject to a change in the environment
around it or some kind of stress, such as a change in external temperature,
or nutritional state, or oxygen supply conditions, a change occurs in the
physiological state of the cell and the amount of exosomes it secretes, and
their composition, change1). Although the exact mechanism is unclear, it is
thought that by secreting exosomes when there is a change in the
surrounding environment, the cell is 'conditioning' its own environment.
Dr. Yoshioka: Exosomes contain nucleic acids such as mRNA and miRNA,
and proteins, and it has been found that by transmitting into recipient cells
the information that these carry, the cell is adjusting cell functions such as
gene expression.
Exosomes are transported by body fluids such as blood, and it has also
been found that there are organs and tissues which certain exosomes can
reach easily, so that there seems to be some sort of specificity in their mode
of transportation. For example, it has been shown that cancer cells have a
transport mode which enables them to reach easily the cells to which they
metastasize 2,3) , and it is thought that one reason for this might be a
determination of specificity effected by proteins existing locally in the
membrane of an exosome.
Dr. Ochiya: Cancer cells actively conduct communications with
surrounding cells by way of exosomes, and by doing so positively, try to
create an environment, called a 'tumor microenvironment', in which they
themselves can survive4). For example, it is becoming clear that when they
are trying to survive in the host by secreting exosomes as portions of
themselves to surrounding cells, or trying to resist the actions of anticancer
drugs, or trying to metastasize to other locations to survive, they secrete
large quantities of exosomes 3, 5, 6).
On the other hand, normal cells, when cancer cells have appeared in the
area, insert into exosomes some types of miRNA that they do not normally
contain, and secrete these to suppress proliferation of the cancer cells

Normal
Cells
Creation of Tumor
Microenvironment
Cancer Cells

Suppression of Cancer Cell Multiplication
Fig. 1: An Example of Cell-to-Cell Communication by Exosomes
Both types of cell work to gain advantage using exosomes.

Enabling Rapid Response to Environment Change
and Cell-to-Cell Communication
Dr. Ochiya: Environment conditioning by way of exosomes can be thought
of as an environment response system that works on a shorter time scale
than the central dogma using gene information and epigenetic gene
expression control. An environmental change that is responded to by
means of the expression of a protein such as a cytokine, the central dogma,
wherein mRNA is synthesized on the basis of DNA information and then
translated into a protein, necessitates a long process and time. Whereas, if
you insert miRNA into an exosome and secrete that, it is transported to the
target cells by the bloodstream, and gene expression control by means of
the miRNA can be effected in an extremely short time, whereby very rapid
response is possible (Fig. 2).
In the body this kind of rapid response is thought to be commonly
needed, particularly in the nerve cells of the brain. A nerve cell performs
high-speed signal transmission using an electrical signal and a myelin
sheath, but it is possible that in addition to this they are using miRNA as a
rapid and efficient cell-to-cell signal transmission factor. And the secretion
of exosomes containing various miRNAs from oligodendrocytes and
astrocytes, which form the myelin of nerve cells and the central nervous
system, has actually been reported7,8).
In Alzheimer's disease, we have been finding out that amyloid β, which is
known to cause necrosis of nerve cells, is contained and transported by
exosomes and brings cell death in nerve cells which take them in7). I think
that going forward we will see a great deal of research going into the
functioning of exosomes in brain disease.

(Fig. 1).
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It is thought that for these kinds of diseases, preventing the secretion of
exosomes in order to control undesirable body responses like nerve cell
death might be a route to treatments. In the future, not only in research in
the field of cancer but also in neurological diseases and immunological
diseases, I think the involvement of exosomes will become increasingly
clear, and biological tools which utilize them will be devised.

DNA
Replication

Translation

mRNA

Proteins

Biofunction
Control by Cytokines,
Chemokines, etc.
Rapid Biofunction Control
by miRNA

miRNA

Insertion into Exosomes, and Secretion
Fig. 2: Rapid Biofunction Control by Exosomes (miRNA)

The History of Exosome Research
Dr. Ochiya: The existence of exosomes had already been reported in
1 9 8 7 9 ) , and c el l bi ol o g ist s ha d b e e n aw are of t he e x iste nc e of
nano-size extracellular vesicles for more than ten years before that.
However, it was not clear whether or not these kinds of particle were
biologically significant.
Since then, research has been carried out into the functioning of
exosomes, centering on the dendritic cells of the immune system, which
perform signal transmission such as antigen presentation by way of
secreted granules. In 1998, their use as a vaccine against cancer cells was
studied10), and clinical trials were even carried out, but they did not yield
very useful results.
The discovery that led to exosomes getting a lot of attention was the 2007
report from the Lötvall group that exosomes contain miRNA11). This report
showed the possibility that genetic information was being transferred
between cells by exosomes, and researchers all over the world started to
take an interest in these extracellular vesicles. And since then, exosome
research has been progressing rapidly in various different fields.
In the field of immunology, the role of exosomes in signal transmission
between cancer cells and the killer T cells (CTLs) which attack cancer cells
is now being actively researched. In many cancer patients, the activity of
CTLs is reduced by immune checkpoints which are immunosuppressive
effects caused by the cancer cells12), and the effects of anticancer drugs are
also diminished. To normalize the immune function of a cancer patient it
is necessary to open the CTL immune checkpoints, and we think that
exosomes play a part in that process.
Besides cancer, immunological diseases, and neurological diseases, we are
also seeing more and more signs that exosomes are involved in other
diseases for which the indicators, diagnostic tools and pathogenic
mechanisms are not yet clear. I think we can expect the involvement of
exosomes in the biological phenomena of more and more cell types to
become clear as time goes by.

Standing at the Starting Line of Exosome Discovery
Dr. Ochiya: Since the idea of the exosome as a communication tool came
along in 2007, in relation to cancer, which is the number one cause of

death, a lot of research has been going into the mechanisms of crosstalk
between cancer cells and normal epithelial cells, cancer cells and vascular
endothelial cells, and cancer cells and immune cells. And research is being
actively pursued with the aim of applying knowledge of these mechanisms
to medical treatments.
However, exosomes are not just secreted by cancer cells but by many
kinds of cells, including normal cells. Even now, I think our understanding
of the ‘real nature’ of exosomes is inadequate. For example, why do
exosomes exist? How are they synthesized? How do they come to contain
nucleic acids like miRNA, and proteins? By what mechanism are they
secreted to outside the cell? Why do variations in the amounts secreted
from cells occur? How is the specificity with which exosomes are taken
into cells determined? There are still many things that are unclear to us
about the control mechanisms at all these stages.
Because of this, in the past five or six years there has been a lot of activity
aimed at gaining a deeper understanding of the real nature of exosomes.
Following the Exosome Research Conference held in Paris in 2011, the ISEV
(International Society for Extracellular Vesicles) was formed, and the world's
researchers started to cooperate and work seriously toward discovering the
real nature of extracellular vesicles including exosomes. I personally think of
this as the true starting point of exosome research. I think this research,
including research into the physiological meaning of exosomes, their
application as diagnostic and delivery tools, and their potential as a
treatment tool, will in the course of time lead to the accumulation of a great
deal of knowledge about the real nature of exosomes.

The New Tide of Exosome Research in Japan
Dr. Ochiya: In Japan alone, there are many people doing research into the
physiological functions of exosomes and their potential applications. A lot
of research funding is going into extracellular vesicle research areas,
including exosomes, and young researchers in particular are receiving
positive support.
In 2014 the JSEV (Japanese Society for Extracellular Vesicles) was also set
up, as the Japanese version of the ISEV. I want to use this sort of venue to
deepen exchanges with other researchers and cultivate many Japanese
exosome researchers, and with exosomes as a research theme I expect to
see successful research extending across different fields.
When carrying out exosome research, to isolate and prepare exosomes
secreted from cells to a high purity, ultracentrifugation is indispensable9,13).
Ultracentrifugation is considered by the ISEV to be the gold standard
method for preparing exosomes, and is considered to be the most reliable
exosome purification method. And in our research laboratory as well, we
isolate and prepare exosomes using ultracentrifugation on a daily basis.
Below we will present some techniques and basic points that we keep in
mind in our research lab when isolating and preparing exosomes
by ultracentrifugation.

Summary
Research into cell-to-cell communication using exosomes has progressed
dramatically since it was reported in 2007 that they contain miRNA. In
particular, there have been remarkable research findings relating to the
effects on normal cells of exosomes secreted from diseased cells such as
cancer cells. However, the actual mechanisms behind such phenomena as
the cell-specific secretion and transport of exosomes, and the biofunction
control resulting from their being taken in by target cells, remain matters
for future research.
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II. Key Factors for Exosome
Preparation and Analysis

Ultracentrifugation - The Method of Choice for
Exosome Isolation
Dr. Yoshioka: From the outset of exosome research, ultracentrifugation
has been the method of choice for exosome isolation and preparation, and
in our lab we use an ultracentrifuge as well (the Optima XE-90, Beckman
Coulter Life Sciences). There are three different ultracentrifugation methods: ① Pelleting Down; ② The Sucrose Cushion Method; and ③ Density
Gradient Centrifugation (Fig. 3).
Centrifugation Method
Pellet down method

Sucrose cushion method Density gradient centrifugation

Exosome fraction of
pellet down method

Exosome fraction of
pellet down method
Pellet
exosomes
fraction

1M/2M
sucrose
solution

Pellet
exosomes
fraction

1.19 g/mL sucrose solution fraction containing exosomes can be separated
from vesicular granules present in other fractions.
In our laboratory, we create a 5%, 10%, 20% and 40% four-stage sucrose
density gradient, layer upon that a solution isolated by pelleting down, and
centrifuge that. By collecting the target density layer it is possible to obtain a
highly pure exosome sample, and because of this, one is sometimes asked at
the ISEV whether density gradient centrifugation was used as the isolation
method, and exosome purification by density gradient centrifugation is
sometimes required at the time of review of submitted papers.
However, because with density gradient centrifugation the recovery rate
is lower than with the pellet down method, and also there are a lot of
working steps in the process and it takes time, we choose the best method
from the three centrifuging methods according to the goal of the analysis
of the isolated exosomes (Table 1). For example, in cases such as when
carrying out an analysis using proteomics, for which a certain degree of
purity is needed, our first choice is density gradient centrifugation, to avoid
the inclusion of protein components such as albumen present in the serum.
Pelleting Down

Exosome fraction
(1.15-1.19 g/mL)

Purity

Fig. 3: Sedimentation Modes of different Centrifugation Methods

The pelleting down method is the simplest method among these, and is a
method for using centrifugation to cause particles of a certain size and
density present in a solution to settle. To make it easy to load and recover
samples, we would recommend thin and clear centrifuge tubes
(Ultra-Clear Tubes, Beckman Coulter Life Sciences). With the pelleting
down method, you can get exosomes of the quality needed for various
kinds of analysis at a high rate of recovery. However, there is the demerit
that fractions other than exosomes will also be included.
Because samples derived from body fluids such as blood serum and urine
contain a lot of proteins, depending on the goal of the analysis which is to
follow the isolation of the exosomes, we sometimes need exosomes of a
higher purity. In these cases, to reduce the amount of impurities other than
exosomes, we can use the sucrose cushion method.
In the sucrose cushion method we fill a centrifuge tube with a 1M or 2M
sucrose solution and layer upon that an exosome solution isolated by the
pelleting down method, and ultracentrifuge that. After centrifuging,
exosomes are obtained as pellets, and because impurities such as lighter
proteins remain in the sucrose solution fraction, we can isolate highly pure
exosomes with few contaminants.
Also, when the purification of exosomes to an extremely high level of purity
is necessary, for example in cases such as when we want to separate exosomes
from vesicular granules originating in other cell organelles, we carry out
density gradient centrifugation. With density gradient centrifugation, a 1.15 ~
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Application

Sucrose
Cushion Method

Low
Analysis of
exosome miRNA
in a culture
medium

Density Gradient
Centrifugation

High
Analysis of exosome
miRNA in a body
fluid sample e.g.
blood serum or urine

Analysis of miRNA as
distinct from
circulating miRNA
etc.; separating
exosomes from other
vesicles; proteomic
analysis

Table 1: Isolation Method by Goal of Exosome Analysis

And when in the case of analyzing contained miRNA we want to perform
an analysis only on miRNA originating in the exosomes, and distinguish
this from other types of miRNA such as circulating miRNA14-16) present in
the blood and combined with proteins and lipids, we regard exosome
purification by density gradient centrifugation as the only option.

The Merits and Demerits of Exosome Isolation
Methods
Dr. Yoshioka: As another exosome isolation method, recently various kits
have come onto the market. Exosome isolation methods using kits include
some which cause impurities such as proteins to settle centrifugally as well,
and some which use specific antibodies to isolate particles, including
exosomes having those proteins on their membrane surface.
The merits of using a kit for causing centrifugal sedimentation are that, for
example, when exosomes are to be recovered from a large number of
clinical specimens, rapid processing is possible, and because exosomes can
be recovered at low centrifuge speeds, the operation is simple (Table 2).
On the other hand, there is the demerit that protein factors such as

cytokines and chemokines included in the sample before recovery are also
collected, and consequently you get more impurities than with the pellet
down method, and compared to ultracentrifugation the purity is low. For
example, in the case of an experiment that involves adding a recovered
product to a cell and evaluating its effect, if you use a sample isolated using
a kit, effects caused not by the exosomes but by impurities may appear, and
cons e quent ly in t he end it is ne cess ar y to us e pur if ic at ion by
ultracentrifugation. In this way, one can choose between ultracentrifugation
and a kit according to the goal and application of the analysis which is to
follow the recovery.
Isolation Kits

Merits

Demerits

Ultracentrifugation

Centrifugal
Sedimentation Kits

◦ High purity
◦ Low running
costs

◦ Low-speed
centrifugation
possible
◦ High
throughput

◦ Can isolate
exosomes
having a specific
marker with
good purity

◦ Throughput
depends on
rotor
processing
capacity
◦ Machine is
expensive

◦ Inclusion of
protein factors
such as
cytokines and
chemokines,
with similar
properties to
exosomes
◦ High running
costs

◦ Comprehensive
analysis not
possible,
because
exosomes not
having the
surface marker
used cannot be
isolated
◦ High running
costs

Antibody Kits

With a benchtop ultracentrifuge, there are the advantages that
centrifugation time is short and the cost of the centrifugation tubes are
cheaper than with a floor-standing ultracentrifuge. On the other hand,
when you are isolating exosomes from about 200 mL of cell culture
medium, if you use a benchtop ultracentrifuge you end up with a lot of
samples and the working time increases, so it is not ideal.
As the rotor of the ultracentrifuge, in our lab we mainly use a swinging
bucket rotor (the SW 41Ti, Beckman Coulter Life Sciences). With a
fixed-angle rotor, because the tubes are at a fixed angle, during
centrifugation the exosomes hit the wall of the tube and are adsorbed
there, or settle near the bottom of the tube after hitting the wall, and it can
be difficult to know where they have settled. Because of this, you can get a
reduced exosome recovery rate or an increase in the amount of impurities
(Fig. 4).
On the other hand, with a swinging bucket rotor, because the tubes
become horizontal during centrifuging and the particles settle straight to
the bottom of the tube, you get a better recovery rate of the settled
particles. The ISEV also recommends the use of a swinging bucket rotor,
and because in our lab we have found that using a swinging bucket rotor
and using a fixed-angle rotor lead to different profiles of particles isolated,
we regard the use of a swinging bucket rotor as important in the isolation
of exosomes.
Centrifugal force
Fixed-Angle Rotor

Table 2: Merits and Demerits of Exosome Isolation Methods

Also, with a kit of the type which isolates particles using a binding
reaction between a protein locally present in the membrane of the exosome
and a specific antibody, it is in the nature of the method that only a certain
group of exosomes can be recovered. For example, when the protein locally
present in the exosome membrane is a known cancer-derived protein, the
exosome can be isolated using a kit; but when the antigen protein to be
binded to is not known, this method cannot be used.
Basically, when comprehensive exosome recover y is necessar y,
ultracentrifugation is the standard method. The truth is that although
CD63 is said to be a membrane marker protein of exosomes, in our lab we
have seen data suggesting that CD63 is not locally present in all
exosomes17). This point needs further investigation, but I think what it all
adds up to is that you should use the appropriate method for the situation.
First of all, start your analysis with a sample isolated using pellet down
ultracentrifugation, and then use an exosome isolation kit utilizing a
specific antibody, once you have, to some extent, pinned down the
characteristics of the exosomes you want to analyze.
There are two disadvantages that are common to all these isolation kits.
The first is that when submitting a research paper, one may be asked by a
reviewer whether or not ultracentrifugation was used. The second is that
because the kits are expensive, they increase your costs. For example, when
you are recovering exosomes from 100 mL of culture supernatant, if you
use a kit, it will cost over US$370. On the other hand, when you recover
exosomes from 100 mL of culture supernatant by ultracentrifugation,
although the machine itself is of course expensive, the only running cost is
the roughly US$2.80 cost of the Ultra-Clear tubes, so you can isolate the
exosomes much more cheaply than with a kit.

Choosing the Right Ultracentrifuge and Rotor by
Recovery Rate
Dr. Yoshioka: In the exosome isolation and preparation process we also
use different ultracentrifuges, mainly on the basis of the volume of the
sample. For example, because the volume of a body-derived sample such as
a urine or ser um sample is about 1 ~ 2 mL, we use a benchtop
ultracentrifuge (the Optima MAX-XP, Beckman Coulter Life Sciences).

Swinging bucket
rotor

Movement of
particles with a
fixed-angle
rotor

Movement of particles with a
swinging bucket rotor
Fig. 4: Differences in Sedimentation Mode between Rotor Types

Also from the point of view of the variety of applications, whereas with a
fixed-angle rotor you cannot use the sucrose cushion method or density
gradient centrifugation, with a single swinging bucket rotor you can use
the pellet down method, the sucrose cushion method, or density gradient
centrifugation. So we recommend a swinging bucket rotor.
It depends on what the isolated exosomes are going to be used for, but in
our lab, taking into account recovery rate, purity, and the number of
working steps in the process, the thing we do most frequently is pellet
down centrifuging using a swinging bucket rotor.
Because even with the density gradient method of centrifugation, we
place a solution isolated using the pellet down method on the sucrose
solution, the pellet down method can be thought of as the most
fundamental step in exosome isolation.

Points for Increasing Recovery Rate and Purity
Dr. Yoshioka: To raise the recovery rate and purity of the exosomes
isolated, the most important thing is the process of preparing the sample
containing the exosomes. One factor to bear in mind when isolating
exosomes from a cell culture medium is the density of the cells. To isolate
exosomes efficiently, ideally we should use a culture with a good density of
cells. So we do our isolation from a culture medium that is ready for
passaging and has, for example, 80 to 90% confluence in the culture dish.
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Also, it is extremely important not to allow cell components to get mixed
in with the sample solution. For example, when there is mixing in of blood
corpuscles in the preparation of serum from blood, or mixing in of bladder
epithelial cells in urine samples, because these cell-derived components are
also collected, the analysis profile changes. In our lab, we remove foreign
components and unwanted cells by doing things like pre-centrifuging the
sample at about 2,000 x g and filtering it using a 0.22 μm filter before the
ultracentrifuging operation.
And, because bovine exosomes are present in FBS (Fetal Bovine Serum)
in a cell culture medium, we are careful in the choice of serum that we use.
We are careful about taking precautions such as ultracentrifuging FBS for
about 16 hours to remove the exosomes before using it in a culture,
or, depending on the cell type, using a non-serum medium which contains
no FBS.
Also, to avoid the problem of exosomes adsorbing electrostatically
to plastic tubes, we isolate ultracentrifuged exosome solutions in
low-adsorption tubes.

Summary

One advantage of dynamic light scattering is that because we can easily
measure the approximate particle density in a solution and the distribution
of particle sizes, we can easily make a judgment of whether or not our
exosome isolation and preparation has been successful. On the other hand,
there is the disadvantage that because we are not specifically measuring
exosomes only, impurities such as small particles in the solution and
protein aggregations of similar size to exosomes are detected at the same
time. Therefore, we have to be mindful of the fact that in samples which
contain a lot of impurities, we will not get measured values that reflect the
concentration and particle size of our exosomes correctly.
As another way of checking exosomes, image observation of lipid bilayer
membrane particles under an electron microscope is also carried out (Fig.
6). The ISEV does not insist on the checking of exosome particles with an
electron microscope, but it is sometimes required when a research paper is
being examined. By observation with an electron microscope, it is possible
to confirm the presence of exosome particles and their particle size.
However, it doesn't give you any information about the number of
exosome particles present in the solution, and not all facilities have access
to an electron microscope. Because of this, analysis is often carried out
with information from dynamic light scattering being supplemented.

Ultracentrifugation is indispensable in the isolation and preparation of
exosomes, and is recognized as the gold standard by the ISEV. We aim for
high recovery rates and the isolation of highly pure exosomes by choosing
our ultracentrifuge, our rotor, and our ultracentrifugation method in
accordance with the volume of the sample from which the exosomes are to
be isolated and the goal of the analysis to follow, and by paying attention to
key points in the isolation and preparation process.

Methods for Checking Isolated Exosomes
Dr. Yoshioka: In our lab, we use dynamic light scattering to measure the
particle numbers and particle sizes present in recovered exosome solutions.
In dynamic light scattering, we direct a laser at the recovered solution and
calculate particle sizes on the basis of the light scattering caused by the
particles18), and because image analysis with a CCD camera is also possible,
there is the merit that we can calculate an apparent particle density (Fig. 5).
con
/ml
E6

128

Fig. 6: Exosome Form Observation with Phase-Contrast Electron Microscope.
An exosome Secreted by an Adipose-Derived Mesenchymal Stem Cell
and Isolated by Ultracentrifugation is Observed. Scale Bar: 100 nm,
(Image: Dr. Yoshioka)

When checking the amount of exosomes in a recovered solution, we
calculate the volume of exosomes isolated by using as a guide a density of
proteins in the solution that we know is correlated with the quantity of
exosomes. So, we evaluate the purity of our exosomes on the basis of both
① the distribution of particles in the target size range (about 30 nm ~ 200
nm) in the isolated solution, and ② a protein density concentration which
serves as a guide to the quantity of exosomes in the solution.

Isolated Exosome Analysis and Quantities Required

100

200

300

400

500

600

700

800

900

nm

Particle Diameter / Concentration
Fig. 5: Particle Diameter Measurement by Dynamic Light Scattering. The
particle diameter distribution of a fraction containing exosomes isolated
by ultracentrifugation was checked by dynamic light scattering. The
vertical axis shows number of particles, the horizontal axis shows
particle diameter. There are many particles in the range 100 ~ 200 nm.
(Image: Dr. Yoshioka)
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Dr. Yoshioka: Sometimes, after isolating some exosomes, we concentrate
the exosomes by means of immunoprecipitation, using an antibody on a
membrane marker protein of the exosome. Then we may do things like
using Western Blotting to detect contained proteins that we are interested
in, or perform experiments that involve adding the concentrated exosomes
to cells. However, when we want to obtain ‘free’ exosomes from which the
antibody used in the exosome concentration process has been detached, we
face the issue that detaching the antibody is difficult and also that if the
conditions for processing the antibody are too harsh, the exosomes will
disintegrate. One disadvantage of immunoprecipitation is that because only
the exosomes having the specific membrane marker protein are
concentrated, to obtain the necessary quantity of exosomes you need to use a
considerable number of cells for the exosome isolation at the beginning.

To analyze substances such as proteins and nucleic acids like miRNA
contained in the exosomes, we dissolve the isolated exosomes to extract the
contents. When analyzing miRNA we use a reagent for dissolving out RNA, and
when analyzing proteins we use a surfactant to dissolve the exosome particles
and then put the extracted proteins through mass spectrometry, for example.

Evaluation of Take-up of Exosomes into Cells

In our lab we work mainly with exosomes of diameter 30 to 200 nm
secreted from breast cancer cells, but extracellular vesicles of as much as
300 nm in size are sometimes secreted from cells, and it is not clear as yet
whether or not the properties of these differently sized particles are the
same. If ultracentrifugation technology and exosome separation methods
are improved further, I expect that, for example, functional differences due
to differences in the sizes of exosomes will be found.
(a)

Dr. Yoshioka: When analyzing the take-up of exosomes into cells, there is
the method of marking the exosomes by adding a fluorescent dye to them
and then following their behavior (Fig. 7). However, with this method there
are the issues that you lose most of the exosomes that you have spent time
and effort isolating, and evaluating the in-cell functioning of the exosomes
taken in is difficult.

Exosome Solution

(b)

miRNA

A recipient cell having combined with its
genome a construct made by linking a
complementary strand of the miRNA under
evaluation downstream of the luciferase gene

Within the Cell

(c)
miRNA

AAA

AAA

Complementary strand of
miRNA taken into the cell

Fig. 7: Observation of Take-up of Fluorescently Marked Exosomes. Isolated
exosomes were fluorescently marked and added to a cell culture
medium. The green areas shown with red arrows are marked exosomes,
while the blue areas show nuclei. (Image: Dr. Yoshioka)

Because of this, as a form of functional evaluation of exosomes taken into
cells, at our lab, we construct a cell system for measuring the influence of
exosomes on the expression of a reporter gene such as luciferase19) (Fig. 8).
In a first step, we take some exosomes containing siRNA, which suppresses
the expression of luciferase, add them to cells having a luciferase reporter
expression system, and evaluate whether or not there is luciferase activity. In
this evaluation system, although we have to make luciferase reporter
expressing cells and cells producing siRNA to act on the luciferase gene, once
the cell lines have been constructed, the operation of isolating exosomes from
the cells can be carried out in the same way as ordinary exosome isolation.
There is much that is not yet known about how exosomes are taken up
into cells, and a lot of new knowledge is expected to come from future
research, including analysis of take-up mechanisms within the body.

The Changing Role of Ultracentrifugation as a
Preparation Tool, and its Future
Dr. Ochiya: The demand for some research techniques changes markedly
along with developments in research. For example, as the need for nucleic
acid sequence analysis grew, the capabilities of the automatic sequencers
which appeared in the 1980s rose dramatically, and these days we are
seeing next-generation sequencers. On the other hand, ultracentrifuges are
an example of a device which used to be used frequently but has gradually
come to be used less.
However, as you would expect of the method recommended by the ISEV,
ultracentrifugation is the most reliable method for preparing exosomes, and as
exosome research has grown, it has come to be used more often than before.

When the miRNA
contained in the exosomes
taken in functions, the
luciferase activity drops.

If the exosomes are not
taken in, or if the target
miRNA is not contained in
the exosomes, the luciferase
activity is maintained.

Fig. 8: Schematic View of Evaluation of Take-up of miRNA Contained in
Exosomes (Image: Dr. Yoshioka)
(a) A plasmid with a complementary strand of the miRNA under
evaluation combined downstream of the luciferase expressing
gene is prepared and combined with the genome of a recipient cell.
(b) Exosomes are added to the recipient cells, and after a period of
culturing the luciferase activity is measured.
(c) The case where exosomes have been taken into the cells and the
miRNA they contain is acting on the target. Because the miRNA
bonds with the complementary strand and translation of the
luciferase gene is suppressed, the luciferase activity falls.

And, I think there will be increasing needs coming from techniques that
require higher purities, such as those for purifying only a specific exosome,
such as an exosome secreted by a certain kind of cancer cell. Then, if we add
improvements to existing techniques, and combine them with techniques
such as flow cytometry for exosome sorting, I think the day will come when
clues to clarifying the mechanisms of biological phenomena we now find
difficult to understand will appear.

Summary
Through the analysis of, for example, contained proteins and miRNA , as
well as exosome take-up into cells, the physiological functions and
biological significance of exosomes will become clear. And in that process,
the contribution of improvements to equipment and new combinations of
equipment, including ultracentrifuges, as tools for isolating, preparing and
analyzing exosomes, will be indispensable.
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Interview

III. Future Direction of Exosome Research
and its Applicability as a Biological Tool

Future Understanding of ‘Exosome Disease,’ and
Expectations on the Real Nature of Exosomes
Dr. Ochiya: Up to now in research in the biological field, genome analysis
and the analysis of gene expression control by epigenetic control has been
the main approach, and various life phenomena, such as for example
genetic mutation in cancer cells, and abnormal methylation control of
histone proteins and DNA, have become clear. And in the last few years, a
broad range of in-body control mechanisms based on exosomes and other
extracellular vesicles have also been understood.
As far as exosomes are concerned, I think the existence of ‘exosome
disease,’ caused by the secretion of exosomes from normal cells being
blocked, or the quality of exosomes changing, will become more and more
clear. Not only in the cases of cancer, neurological diseases, and
immunological diseases, where a great deal of research has already been
done toward treatments, but also for diseases of which at present the causes
and mechanisms are unclear and treatment is regarded as difficult, we
might find that exosomes are involved.
I think that going forward, research aimed at finding the ‘real nature’ of
exosomes, in other words the basic mechanisms of their biological
functions, secretion, and take-up, will yield more crucial knowledge.

Promise as a Diagnostic Tool
Dr. Yoshioka: Both normal cells and diseased cells secrete exosomes
autonomously in response to stress and the environment around them.
Many of the tumor markers that have been used up to now, for example as
in the mutation detection of K-Ras, p53, are released after the death of the
cell or indirectly from the cell20), and it has not been clear whether they are
reflecting the exact situation within the body or not. Cancer cells insert
into exosomes and secrete specific molecules which we do not see in
normal cells21), and these exosomes are seen as a promising tumor marker.
Also, because exosomes are extracellular vesicles which reflect the state of
cells immediately and directly, they have the merit that by detecting and
analyzing them we can evaluate the situation inside the body more accurately.
And, because cells associated with different diseases secrete different
exosomes, they are likely to be useful when we want to distinguish different
diseases having similar pathologies. And we are also finding out that the
characteristics of exosomes secreted vary from patient to patient. As the
needs of personalized medicine increase more and more going forward,
exosomes are likely to become a powerful tool for providing treatment
plans personalized for the individual patient.
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Value as a Drug Delivery System (DDS)
Dr. Yoshioka: Even if a drug useful for treating a disease has been
developed, if you can't deliver it to the target organ or tissue inside the
body at the right time, you cannot achieve optimal treatment of the
disease. One of the main reasons why nucleic acid medicine is being held
back at the moment is the lack of this sort of delivery system. Delivery
systems which make use of virus vectors have been studied, but for reasons
such as their low cell-specificity and rejection by the immune reactions of
cells, delivering drugs in a timely way with them has been difficult.
Exosomes, on the other hand, are a natural transport system that has a
high specificity to target cells. So, it seems that by adding some specificity
to the contents of exosomes and their delivery behavior, it should be
possible to build a natural delivery system for delivering things like nucleic
acids or proteins exclusively to targeted cells22).
However, even when we have cleared the issue of delivery specificity,
when it comes to treatments which involve inserting exosome particles into
the body we still have problems such as the possibility of the immune
system rejecting the foreign exosomes. So in these areas and others, I think
more research and technological innovation will be needed before we are
able to realize treatments using exosomes as drug delivery systems.

What Exosomes are Closest to Clinical Application?
Dr. Ochiya: In the field of regenerative medicine, the scheme mainly being
followed is to carry out induced differentiation from iPS cells to target cells
and then use the tissue so constructed as a treatment by transplanting it.
Meanwhile, as stem cells that can be made to act as a drug themselves,
mesenchymal stem cells (MSCs) have been attracting attention.

III. Future Direction of Exosome Research and Applicability as a Biological Tool

MSCs are mesodermal stem cells having an action of promoting the
repair of damaged tissue, and the use of MSCs present in bone marrow, fat,
and the umbilical cord as a source for regenerative medicine and cell
treatments is being studied23). As factors having therapeutic effects, protein
factors such as MSC-derived cytokines and growth factors have been the
ones considered up to now. However, in recent years data oriented toward
clinical application relating to therapeutic effects on heart disease has been
presented on the use of exosomes secreted from MSCs 24) , and it has
become clear that exosomes themselves have therapeutic effects.
It has also been shown that when exosomes secreted from MSCs are
introduced into the brains of model animals with stroke, the growth of
stem cells is promoted and nerve damage is moderated 25,26) . Our own
research group has reported the possibility of treating Alzheimer's disease
with exosomes secreted from adipose-derived MSCs27).
In moving toward the practical application of disease treatments using
MSC-derived exosomes, quality control, including that pertaining to
the isolation and preparation of the exosomes to be administered, is a
key factor. I think that possibilities for using exosomes in medicine,
including MSC-derived exosomes, will open up in more and more areas
going forward.

Summary
As the real nature of exosomes becomes clearer, we expect the usefulness
of exosomes as biological tools such as diagnostic tools and drug delivery
systems to increase. And in the field of regenerative medicine, it looks like
the day will come when as well as the reconstruction of tissues and organs
with iPS cells, which is the main practice now, we will see the clinical use of
disease treatments based on the administration of MSCs, with exosome
secretion as the salient mechanism.
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Introduction to the Center

National Research and
Development Agency
National Cancer Center
Research Institute
Location: Tokyo Chuo-ku Tsukiji 5-1-1
At the National Research and Development Agency
National Cancer Center Research Institute Division of
Molecular and Cellular Medicine, approximately 25 staff
from various backgrounds, such as pharmacy, agriculture,
science and engineering postdoctorates, technical
assistants, clinicians, students, international students, and
pharmaceutical and food industry researchers, are
energetically carrying out research into new methods for
the diagnosis and treatment of cancer. At the center we
work on multiple research themes, and with the keywords
of exosomes, miRNA, and cancer stem cells as our base
we pursue various approaches, from identifying the
mechanisms of cancer malignancy through to applications
to diagnosis and treatment.
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Exosome-Related Products
Floor-Model Ultracentrifuge

Optima X Series

The Ideal Model for Recovering Exosomes in a Culture Medium
A 15-inch touch-screen provides intuitive control, and the sample volume can be
set visually. This is the ideal model for recovering exosomes from a growth
medium. The swinging bucket rotor SW 41 Ti makes for efficient exosome
recovery. Also, the high-capacity swinging bucket rotor SW 32 Ti can be used in
this unit, enabling the ultracentrifugation of a up to six 38.5 mL tubes.
Specifications

Max Speed

Optima XPN-100： 100,000 rpm
Optima XPN-90：
Optima XPN-80：
Optima XE-100：
Optima XE-90：

Max g Force
802,000 x g

90,000 rpm

694,000 x g

80,000 rpm

548,300 x g

100,000 rpm

802,000 x g

90,000 rpm

694,000 x g

Tabletop Ultracentrifuge

Optima MAX Series

The Ideal Model for Recovering Exosomes from Small
Samples of Serum
A large touch-screen provides intuitive control. The sample volume can be set
visually, making for easy ultracentrifugation. Because it has the smallest-in-class
swinging bucket rotor TLS-55, exosomes can be recovered from samples of
115 mL ~ 2.2 mL.
Specifications

Max Speed

Max g Force

Optima MAX-XP：
Optima MAX-TL：

150,000 rpm,
120,000 rpm,

1,019,000 x g
657,000 x g

Combination Dynamic / Static Light Scattering Instrument

DelsaMax CORE

Real-Time Particle Diameter Analysis of Ultra-Small Samples
With two independent detectors and a 100 mW high-output laser, the
DelsaMax Core can measure the particle diameter and molecular weight of
low-concentration samples. Because it can measure using ultra-small samples
of only 1 QL, this model is ideal for measuring the particle diameters of
precious exosomes. And, the sample can be recovered after the measurement
is complete.
Specifications
Measurement Range: 0.4 nm ～ 10 Qm (Particle Diameter) 300 ～ 1,000,000 Da
(Molecular Weight)
Sample Volume:
Quartz Cell (1 QL, 45 QL), Disposable Cell (4 QL, 50 QL)
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