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Am’C{e history: In recent years, extracellular vesicles (EVs)' have attracted attention as a new therapeutic tool. In Europe,
Received 3 April 2022 the United States, and Asia, there is an accelerating trend of moving beyond basic research on clinical
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trials. However, treatment using EVs is still in the research and development stage, and the general
public has insufficient awareness and understanding of the risks involved in ensuring safety and efficacy,
the status of laws and regulations, and global research and development trends regarding their use. The
Japanese Society for Regenerative Medicine, which has promoted the research and development of

Iéi{gggﬁilar vesicle regenerative medicine, an innovative medical technology based on the principle of delivering it safely,
Exosomes effectively, and promptly, including the establishment of laws and regulations, would like to express two
Regenerative medicine positions in light of the rapid development of therapies using EVs: 1) concern about treatments that are
Regulation based solely on the discretion of medical practitioners, and 2) active promotion of treatments based on
Act on the safety of regenerative medicine sound scientific evidence.

Because EVs are released from cells, there are many similarities between EVs and processed cells” in
terms of manufacturing processes and safety hazards. As for efficacy, the mechanism of action of EVs is
still unclear, as is the case with specified processed cells®; in such cases, it is difficult to measure potency,
identify efficacy-related quality attributes, and evaluate the comparability of quality before and after a
change in the manufacturing process. In other words, the number of quality attributes that can be ob-
tained for EVs is limited because of their complex characteristics, and it is difficult to grasp their quality
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1 Extracellular vesicles; the positioning paper of the International Society of Extracellular Vesicles (ISEV) (Minimal Information for Studies of Extracellular Vesicles [MISEV]
2018, Journal of Exarcellular Vesicles [JEV]; Updating MISEV, 2021, JEV) states that authors are urged to consider use of operational terms for EV subtypes that refer to a) the
physical characteristics of EVs, such as size (“small EVs” (sEVs) and “medium/large EVs” (m/IEVs), with defined ranges, for instance, <100 nm or <200 nm [small], or >200 nm
[large and/or medium], respectively) or density (low, middle, high, with each range defined). Therefore, although we use the term EVs in this report, we are particularly
conscious of SEVs and so-called exosomes. In addition, we recognize that EVs include extracellular vesicles of various sizes and production processes other than EVs that may
be included at the time of preparation, as well as protein components included in cell culture supernatants.

2 The term “processed cells” is defined in the Act on the Safety of Regenerative Medicine (RM Safety Act), which regulates individual regenerative medicine and cell therapy
(RM/CT) at the discretion and responsibility of medical practitioners, as well as non-commercial clinical research on RM/CT. In the RM Safety Act, a cell-based therapeutic
product that is manufactured by substantial or more-than-minimal manipulations of somatic/stem cells is called “processed cells.” “Processed cells” other than “cell-pro-
cessed products,” as defined in the Pharmaceuticals and Medical Devices Act (PMD Act), are called “specified processed cells” in the RM Safety Act. In other words, the term
“cell-processed products” in the PMD Act refers to “processed cells” that are intended for marketing.
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through specifications and characterization. Therefore, while designing a quality control strategy for EVs,
it is important to ensure the quality of the final product (EVs) by controlling the raw materials and
manufacturing process.

On the contrary, since EVs do not contain living cell components and are not classified into specified
processed cells, non-commercial clinical research on treatments using EVs and individual medical
treatments with EVs at the discretion of medical practitioners are out of the scope of the Act on the
Safety of Regenerative Medicine of Japan®. At present, there are no relevant laws or regulations for the
use of EVs other than the Medical Practitioners’ Act and the Medical Care Act in Japan. Therefore, there is
a concern that treatment will be performed without sufficient objective evaluation of the scientific basis
for safety and efficacy.

Despite these concerns, the development of therapies using EVs is underway worldwide. This could
potentially lead to a wide variety of new therapeutic areas if the methods needed to stably secure and
mass cultivate cells as raw materials and the technologies needed for the mass production of EVs can be
developed, in addition to understanding the risks involved and developing relevant laws and regulations.
As part of the Japanese Society for Regenerative Medicine, we will continue to work on the development
of these methods and technologies and hope that such a promising field will be promoted with a high
level of safety before reaching the public.
© 2022, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is

an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Introduction relevant laws and regulations, and insufficient awareness of global

research and development trends [12]. More specifically, in Japan,

Recently, it has become clear that extracellular vesicles (EVs),
which are released not only by cultured human cells but also all
kinds of cells such as those of plants, fruit, bacteria, and yeast, have
various effects on our biological activities as transmitters of infor-
mation between cells [1]. Since EVs are unique to the cell from
which they are released, a wide range of research on EVs is being
conducted in the field of cancer, from diagnosis to therapeutics
[2—4]. In particular, small EVs (or exosomes, as they are more
frequently called in Japan) with a particle size of approximately
100 nm are attracting attention as new therapeutic tools [5—11]. In
addition to basic research, there is a rapidly growing trend in
Europe, the US, and Asia to move toward clinical trials, while the
global market for exosome diagnosis and treatment is expected to
grow rapidly. However, therapies using EVs are still in the research
and developmental stages; in addition, there is insufficient
awareness and understanding of the risks involved in ensuring
safety and efficacy regarding their use, insufficient development of

clinical applications of unlicensed EVs (or cell culture supernatants
containing EVs) solely at the discretion of medical practitioners are
not regulated by any relevant laws other than few very funda-
mental laws on medical practices, i.e., the Medical Practitioners’ Act
and the Medical Care Act®. This contrasts with the fact that the
clinical use of processed cells without manufacturing/marketing
authorization is strictly regulated by the Act on the Safety of
Regenerative Medicine. This further raises concerns that current
treatments with EVs are being conducted in environments in which
the scientific basis for their safety and efficacy has not been
objectively or sufficiently evaluated. The Japanese Society for
Regenerative Medicine, which promotes the development of laws
for regenerative medicine and cell therapy, held a year-long dis-
cussion in its Working Group on EV-based Therapies and
Manufacturing of EVs. In this report, it has compiled a consensus on
the concerns about the safety and efficacy of EV-based therapies,
which can be performed solely at the discretion of medical

3 The scope of the RM Safety Act is non-commercial clinical research on treatments using specified processed cells and individual medical treatments with specified

processed cells at the discretion of medical practitioners.

4 The Medical Practitioners' Act regulates the examination, licensing, and professional rights and duties of physicians. The Medical Care Act is the core of Japan's medical
care system. It governs the establishment and management of hospitals, clinics, and midwifery centers; the maintenance and management systems of these medical fa-
cilities; medical plans established by prefectures; regulations concerning medical corporations; provision of information on medical care; etc.
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Fig. 1. Production pathways and classification of extracellular vesicles (EVs). EVs exist in heterogeneous populations cells with different origins and release processes, with a variety
of sizes and properties (exosomes, microvesicles, apoptotic vesicels etc.). The International Society of Extracellular Vesicles (ISEV) states that authors are urged to consider use of
operational terms for EV subtypes that refer to a) the physical characteristics of EVs, such as size (“small EVs” (sEVs) and “medium/large EVs” (m/IEVs), with ranges defined, for
instance, < 100 nm or < 200 nm [small], or > 200 nm [large and/or medium], respectively) or density (low, middle, high, with each range defined). As for exosome production,
endosomes are formed by engulfing receptors in the cell membrane, while intraluminal membrane vesicles are formed inside the endosomes. The multivesicular body is then
formed, fusing with the cell membrane, and is further released as an exosome. Exosomes are approximately 100 nm in size and contain cholesterol, sphingomyelin, ceramide, and

lipid rafts in their membranes, and many proteins, mRNAs, and miRNAs in the interior.

practitioners in Japan®, and on the need to promote therapies
whose safety and efficacy are ensured.

2. Definition of terms and scope of application

The term “exosome” is often used in Japan, but as exosomes are
part of extracellular vesicles, we first clarify the background and
definition of the term. Since the 1980s, various cells have been
observed to secrete vesicles, which have been termed exosomes,
ectosomes, microvesicles, shedding vesicles, apoptotic bodies,
oncosomes, and prostasomes, depending on their size and cellular
origin. Therefore, the International Society for Extracellular Vesicles
(ISEV), an international society for the study of vesicles, recom-
mends the use of extracellular vesicle (EV) as a general term for
vesicles secreted by these cells [13,14]. EVs are divided by physical
characteristics of EVs in Minimal Information for Studies of Extra-
cellular Vesicles (MISEV) 2018, such as size (“small EVs” (sEVs) and
“medium/large EVs” (m/IEVs), with ranges defined, for instance, <
100 nm or < 200 nm [small], or > 200 nm [large and/or medium],
respectively) or density (low, middle, high, with each range
defined) [14]. Among the EVs, so-called exosomes (very close to
sEVs) have received the most attention and are vesicles that form
intraluminal membrane vesicles (ILVs) by endocytosis, which
engulf receptors on the cell membrane to form endosomes, as
shown in Fig. 1. Subsequently, the multivesicular body (MVB),
which contains a large amount of IVL, fuses with the cell membrane
and is released from the cell. MVBs are known to contain choles-
terol, sphingomyelin, ceramide, and lipid raft components in their
membranes and many proteins, mRNAs, and miRNAs in their
interior. Although these are known to vary from cell to cell as their
sources, common markers that characterize most sEVs include
membrane transport and fusion proteins (e.g., GTPases, annexins,
and flotillin), heat shock proteins (e.g., HSP60, HSP70, and HSP90),
tetraspanins (e.g., CD9, CD63, and CD81), MVB formation and

transport proteins (e.g., TSG101, ALIX, and Annexins), and cyto-
skeletal proteins (e.g., actin and tubulin), as per the following Ta-
ble 3 from the MISEV 2018 [1,14]. sEVs with these properties are not
only used for the diagnosis of various diseases, including cancer,
but also for novel therapeutic applications as a drug delivery sys-
tem because of their lipid bilayer coating and the stability of their
internal components [11,13,14]. The action mechanism of sEVs is
still unknown; however, surface glycans and integrins have been
reported to be involved [15].

In addition, it is often difficult to strictly collect sEVs because
vesicles of similar size can be mixed during the ultracentrifugation
and ultrafiltration processes used to collect them [13,14]. Further-
more, some papers use the term ‘secretome’ because current
collection methods include proteins and other components that are
not contained in the EVs secreted by cells [16]. In this study, since it
is difficult to extract only sEVs from cell culture supernatants, we
used the term EVs to include EVs of various size and protein
components that may be mixed during preparation (Fig. 1).

3. Risks in ensuring safety and efficacy (manufacturing
process, quality)

The potential risks of the clinical use of EVs include: 1) trans-
mission of infectious diseases due to contamination with adventi-
tious agents such as viruses, bacteria, or fungi; 2) undesirable
immune reactions such as allergy and rejection; 3) adverse effects
of components other than EVs administered simultaneously; 4)
variation in efficacy and quality; and 5) undesirable distribution in
the body. Because EVs are released by cells, the manufacturing
process has many similarities with that of cell therapy products,
and they share many of the risks involved regarding safety and
efficacy. For example, a common safety challenge is that it is diffi-
cult to thoroughly purify the product and to inactivate/remove vi-
ruses during the manufacturing process, as is the case with cell

5 In Japan, a private medical practice can perform an EV-based therapy using an unlicensed medicinal product at the discretion of a medical practitioner under the Medical
Practitioners' Act and the Medical Care Act. This is similar to that based on the “specials” scheme in Article 5 (1) of the Directive 2001/83/EC in the EU and the UK (https://

www.legislation.gov.uk/eudr/2001/83/contents).
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Examples of therapeutic applications of extracellular vesicles
(actual production and characterization)

The definition of MSC cells (ISCT: International Society for Cell Therapy)

1. MSCs are attached to plastic culture and maintained in standard culture methods.

2. MSCs have markers for CD105, CD73, and CD90 and do not have CD45, CD34, CD14,
CD11b, CD79alpha, CD19, or HLA-DR surface molecules

3. MSCs are cells that differentiate into osteocytes, adipocytes, and chondrocytes in vitro.
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Points to consider simultaneously

. Cell source for MSCs (umbilical cord tissue, adipose tissue, etc.)
. Age of donor, number of cell passages

. Differences in individuals to be sampled

. Autologous or allogeneic MSCs

. Methods for MSC isolation

. MSC heterogeneity

. Culture conditions such as preconditioning and hypoxia

. Effects of genetic modification and immortalization

Definition of extracellular vesicles (defined by ISEV in MISEV2018)

(around 100 pm), etc.

itis important to evaluate whether or not the target species has been isolated.
For sEVs, we should use multiple methods such as cell surface markers CD63, CD81, size

N

Confirmation of physiological substances and
activities (different for each cell)
1. Protein concentration and profile
2. miRNA/RNA profile

1. Viral and bacteria testing
2. Endotoxin test
3. mycoplasmatest, etc.

Evaluation of safety

3. Suppression of T-cell activity
4. Anti-fibrosis activity
5. Anti-inflammatory activity, etc.

Fig. 2. Standards and characterization of mesenchymal stem cell (MSC)-derived EVs. Evaluation items during the clinical application of MSC-derived EVs assumed when developing

treatments.

therapy products®. Therefore, it is necessary to take consistent
measures during all manufacturing processes, including the
development of starting materials to prevent contamination with
infectious agents. In addition, the phenotypic traits of the cell
substrates used for manufacturing may be easily changed, which
significantly affects the quality, efficacy, and safety of the EVs
released from the cells during the manufacturing process; thus,
process control is critical. Furthermore, the mechanism of action of
EVs is often unclear, as is the case with cell therapy productsf,
where it is difficult to measure the potency of the products, identify
efficacy-related quality characteristics, or evaluate quality before
and after changing the manufacturing process. In other words,

owing to their complex characteristics, only limited quality attri-
butes can be observed in EVs, as well as in cell therapy products,
which makes their specification and characterization difficult. For
this reason, the quality of EVs must be ensured via the quality
control of the raw materials and the control of the manufacturing
processes, in addition to controlling the final product (e.g., EVs) via
their specification and characterization. Therefore, to ensure the
quality, efficacy, and safety of EVs, quality and manufacturing
controls should be established. In Japan, these should be defined in
accordance with the Good Practices for the Provision of Regener-
ative Medicine under the Act on the Safety of Regenerative Medi-
cine (Section 1, Chapter II of the Ordinance of the Ministry of

6 The term “cell therapy products” is used here to refer to “processed cells” as defined in the Act on the Safety of Regenerative Medicine.

22



A. Tsuchiya, S. Terai, I. Horiguchi et al.

Health, Labour and Welfare No. 110 of the 2014 Ministerial Ordi-
nance for Enforcement of the Act on the Safety of Regenerative
Medicine [last revised in 2020]) or the Good Practices for the
Quality Control and Manufacturing Control of Regenerative Medical
Products (GCTP: Good Gene, Cellular, and Tissue-based Products
Manufacturing Practices) under the Pharmaceuticals and Medical
Devices Act.

4. Relevant laws and regulations in Japan

In Japan, under the Pharmaceuticals and Medical Devices Act,
whose scope is the manufacture and distribution of therapeutic
products intended for marketing, cell therapy and gene therapy
products are classified into an independent product category called
“regenerative medical products”, and an unique conditional and
time-limited approval system may apply to those products [17]. In
contrast, EVs containing no living cell component are not classified
into regenerative medical products or medical devices, but most
likely into drugs, which act principally by pharmacological,
immunological, or metabolic action. Furthermore, non-commercial
clinical research on EVs and medical treatments with EVs con-
ducted solely at the discretion of medical practitioners are out
of the scope of the Act on the Safety of Regenerative Medicine
because they are not regarded as specified processed cells as long as
they do not contain any viable cell components. Therefore, in Japan,
clinical applications of EVs without manufacturing/marketing
authorization are conducted solely at the discretion of medical
practitioners, leading to the concern that treatments are provided
without adequate regulatory oversight other than the Medical
Practitioners’ Act and the Medical Care Act and without sufficient
scientific safety and efficacy evaluation. Since EVs, like cell therapy
products, require risk management againt infectious agent trans-
mission and have complex characteristics, it is necessary to take
relevant measures (e.g., enactment of laws, issuance of adminis-
trative notices, etc.), which achieve the safety level of EVs, similar to
that of specified processed cells under the Regenerative Medicine
Safety Acts, in order to protect patients from inappropriate
manufacturing and clinical use of EVs. In addition, it is also
important to disseminate good practices for the quality and
manufacturing controls of EVs based on scientific and clinical
expertise to medical practitioners through relevant academic
societies.

Article 37 of the Declaration of Helsinki (Ethical Principles for
Medical Research Involving Human Subjects) states the following
regarding unproven treatments in clinical practice: “In the treat-
ment of an individual patient, where proven interventions do not
exist or other known interventions have been ineffective, the
physician, after seeking expert advice, with informed consent from
the patient or a legally authorized representative, may use an un-
proven intervention if in the physician's judgement it offers hope of
saving life, re-establishing health or alleviating suffering. This
intervention should subsequently be the object of research
designed to evaluate safety and efficacy. In all cases, new infor-
mation must be recorded and, where appropriate, made publicly
available.” It is a matter of course that any therapy using EVs with
unproven efficacy and safety, even if it needs to be conducted, must
follow the Declaration of Helsinki and be based on the high ethical
standards of medical professionals.

5. EV-based therapies

Mesenchymal stem cell (MSC)-derived EVs have recently been
implicated in the mechanism underlying the therapeutic effects of
MSCs [6,9,11,18,19], with both merits and demerits. The advantage
of MSC therapy is that the risks to safety and efficacy are clear,
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regulations are in place, and the path to clinical practice is well-
defined. The disadvantages include the effects caused by the size
of the cells, especially when administered intravascularly, and the
need to prevent complications of embolization. In addition, alter-
ations to the local environment at the site of administration, such as
inflammation, may affect the production of EVs, which, in turn, may
affect the predicted therapeutic effect. In addition, because most of
the cells are primary cultured cells, there are differences among
organs of origin and lots, and difficulties in quality control during
the manufacturing process due to cell aging. On the contrary,
among the merits, EVs themselves are isolated and purified cell-
secreted components, there is no risk of the therapeutic effect be-
ing affected by local conditions, and the possibility of embolization
is theoretically low due to their small size compared with that of
cells. In addition, EVs are easily transferred to the target tissue,
multiple administrations are possible (unlike in cell therapy), and
they can be easily quantified as the active ingredient that exerts a
therapeutic effect. The disadvantages include the need for a larger
number of cells than that required for cell administration and the
unclear risks in terms of safety and efficacy; and immaturity in
terms of quality control, manufacturing control, and legislation.
Altogether, predicting the path to a clinical trial is difficult
[1,6,9,11,18—22].

The Journal of Extracellular Vesicles, the official journal of the
ISEV, defined the treatment of MSC-derived EVs in 2019 [13,14,23].
Although the cells used as the sources of EVs may vary in charac-
teristics from cell to cell, examples of the current standards and
characterization of EVs used in therapy can be found (Fig. 2).

6. Conclusions

Although EV-based therapy is still in its infancy, it is expected to
become a new treatment for intractable diseases, and the compe-
tition for its development will be global. Because this is a new
concept, there is currently insufficient regulation of clinical
research and free medical treatment using EVs, which raises the
concern that treatments may be carried out without sufficient
evaluation of the scientific basis for their safety and efficacy.
However, if a stable supply of cells is used as the raw material along
with the development of mass culture and an appropriate extrac-
tion technology for EVs, a clarification of the risks in terms of safety
and efficacy, and an improvement in relevant laws and regulations,
EVs may be used as a new treatment method for many diseases. In
addition, further progress and development is expected in this field
by modifying EVs with sugar chains and introducing target proteins
or nucleic acid drugs, which will be necessary to respond to the
progress in technological development [24,25]. In summary, the
Japanese Society for Regenerative Medicine is concerned about the
implementation of free medical treatment using EVs that lacks
scientific evidence in terms of ensuring efficacy and safety. It is our
hope that new and promising therapies will be developed and
promoted in an environment in which laws and manufacturing
processes are in place to ensure safety and reach to the public.
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