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a b s t r a c t

In Japan, a legal framework has been established for the safe and effective application of regenerative
medicine. After eight years of the Act on the Safety of Regenerative Medicine (RM Act), discussions have
been underway in the Ministry of Health, Labor and Welfare of Japan to revise the law owing to
numerous novel technologies and inappropriate case reports not anticipated when the law was enacted.
Therefore, in this review article, we have reviewed the regenerative medicine provision plans and the
contribution of platelet-rich plasma (PRP) therapy, a regenerative medicine technique widely used in
Japan post RM Act implementation, to these plans.

As of January 2022, 97.2% of the regenerative medicine provided under the RM Act had been for private
practice, and most of them were Class III regenerative medicine. Notably, PRP was the most used pro-
cessed cell under the RM Act. PRP therapy accounted for approximately 66% of the regenerative medicine
provision plans in clinical research or private practice and was the most provided regenerative medicine
technology in Japan. PRP therapy was primarily used in dentistry to regenerate periodontal tissue
(approximately 50%), followed by orthopedics, where it is used to treat osteoarthritis. We suggest that
further discussion is essential to determine the factors that should be addressed by the RM act to
evaluate the efficacy and safety of PRP therapy.
© 2023, 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

In 2012, the receipt of the Nobel Prize in Physiology or Medicine
by Professor Shinya Yamanaka, Kyoto University, for discovering
induced pluripotent stem (iPS) cell lines, has increased public
attention to regenerative medicine technology. It has further
caused a breakthrough in regenerative medicine research in Japan.
In addition, regenerative medicine is a crucial field for medical
sting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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strategy in Japan, given that this country is one of the largest aging
populations in the world and is predicted to have an increasingly
aging population in the future.

For these reasons, a framework was established to promote the
safe and appropriate provision of regenerative medicine in Japan. In
2013, the “Act on Comprehensive Promotion of Measures for
Ensuring Prompt and Safe Access to Regenerative Medicine for the
Public (Regenerative Medicine Promotion Act)" was promulgated to
promote measures from research and development to the practical
application of regenerativemedicine. As a result of this legislated law,
two regenerative medicine bills, “the Act on the Safety of Regenera-
tive Medicine (RM Act)" and “Pharmaceuticals, Medical Devices, and
Other Therapeutic Products Act (PMD Act)," came into effect on
November 25, 2014 [1,2]. The RM Act stipulates items the matters
that physicians and dentists must comply with when providing
regenerative medicine, and it is positioned under the Medical Care
Act and the Medical Practitioner's Act, to regulate the safety and
appropriateness of regenerative medical technologies using pro-
cessed cells. In contrast, the PMDAct stipulates items that companies
must comply with when manufacturing and selling regenerative
medical products. Furthermore, the newly approval process for
regenerative medical products was also introduced (conditional
time-limited approval system), under the system, if the clinical trials
predict likely efficacy and confirm safety, the regenerative medicine
products will be given conditional, time-limited approval (Fig. 1).

Eight years have passed since the enactment of the RM Act, and
discussions are underway in the Ministry of Health, Labor and
Welfare (MHLW) to revise the law in response to the advent of
Fig. 1. Institutional framework for promoting the futu
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numerous technologies and inappropriate case reports thatwere not
anticipatedwhen the lawwas enacted [3,4]. In this reviewarticle,we
have summarized the regenerative medicine provision plans.
Furthermore, we have elucidated the contribution of platelet-rich
plasma (PRP) therapy, a regenerative medicine technique widely
used in Japan post RM act implementation, to these provision plans.

2. Act on the safety of regenerative medicine

The RM Act stipulates regulations for regenerative medicine
procedures performed in medical institutions under the re-
sponsibility of physicians or dentists. Specifically, the act ensures
the safety of regenerative medicine therapy in clinical research and
private practice by stipulating sampling procedures, standards for
medical institutions, and cell culturing facilities.

Medical institutions providing regenerative medicine therapy
can have a cell processing facility. The manufacture of specific
processed cells is subjected to a permit system (or notification in
the case of medical institutions). A medical institution may only
outsource cell processing to an external facility that has obtained a
manufacturing permit.

Once a cell processing facility is accredited, each plan for
regenerative medicine provision must be reviewed by the Certified
Committee for Regenerative Medicine according to their risk clas-
sification. Based on the risk to humans, regenerative medicines are
classified into three levels: Class I (high risk), Class II (medium risk),
and Class III (low risk) [2]. Class I regenerative medicine includes
therapies that use iPS, transfected, or allogeneic cells. Class II
re implementation of regenerative medicine [2].
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regenerative medicine includes therapies that use cultured or un-
cultured autologous stem cells. Class III regenerative medicine in-
cludes therapies that use autologous somatic cells (such as
processed cells without culture and cancer immunotherapy using
activated autologous lymphocytes).

After the examination and approval by the Certified Committee
for RegenerativeMedicine, the provision plan must be submitted to
the Japanese government, and periodic reports on the status (such
as the implementation status) must also be updated. The govern-
ment can monitor their actual status through the licensing, review,
approval, and periodic reports of cell processing facilities.

3. Actual situation of providing regenerative medicine under
the RM act

We determined that the annual trend of the number of regen-
erative medicine provision plans in clinical research had gradually
Fig. 2. Current status of regenerative medicine provision plans under the RM Act in Japan. a,
b, Annual transition of the number of regenerative medicine provision plans on private prac
November 2021. d, Ratio of research and private practice in each class of provision plans a
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increased from 2016 to 2019 and gradually decreased from 2019 to
2021 after the implementation of the RM Act (Fig. 2a). This is
mainly attributed to a substantial increase in provision plans for
Classes II and III (Fig. 2a). In private practice, the number of Class III
regenerative medicine provision plans had markedly increased and
accounted for approximately 95% of all the provision plans in 2018
(Fig. 2b). Subsequently, the number of Class II regenerative medi-
cine provision plans had gradually increased from 2019 to 2021 and
accounted for approximately 20% of all the provision plans as of
November 2021 (Fig. 2b).

Total cases as of November 2021 had been 4565 (Fig. 2c). Among
these, class III and Class II provision plans accounted for 77.3% (3527
cases) and 22.2% (1013 cases), respectively. Further breakdown of
the classification revealed that class I provision plans accounted for
80% of total provision plans in clinical research, and class II and III
provision plans accounted for over 95% of total provision plans in
private practice. (Fig. 2d).
Annual transition of the number of regenerative medicine provision plans on research.
tice. c, Ratio of the number of plans by type to the total number of provision plans as of
s of November 2021.



Fig. 3. Types of specific processed cells used in regenerative medicine under the RM act in Japan. We used the information on the regenerative medicine provision plans published
by the Ministry of Health, Labor and Welfare as of Jan 2022. a, c, e, types of specific processed cells for regenerative medicine in clinical research. b, d, f, types of specific processed
cells for regenerative medicine in private practice. PRP, platelet-rich plasma. ASCs, adipose-derived stem cells. BMSCs, bone marrow-derived stem cells.
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Next, we examined the specific processed cells that had been
used to target diseases in both clinical research and private practice
under the RM Act as of January 2022 (Figs. 3 and 4).

Under Class I, allogenic or autologous immune cells, donor-
derived islets, iPS cells, and transgenic patient's cells were used in
40
clinical research (Fig. 3a). In contrast, only donor-derived islets
were used in private practice (Fig. 3b). In target diseases in Class I,
insulin-dependent diabetes mellitus (Fig. 4 a and b) was the most
common target disease in clinical research (4 out of 14 cases, 28.6%)
and only target disease in private practice (all 5 cases, 100%). Under



Fig. 4. Types of diseases targeted by regenerative medicine in private practice under the RM act in Japan. We used the information on the regenerative medicine provision plans
published by the Ministry of Health, Labor and Welfare as of Jan 2022. a, c, e, target disease of regenerative medicine on clinical research. b, d, f, Target disease of regenerative
medicine in private practice. DM, diabetes mellitus.
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Class II, allogenic blood cells, mesenchymal stem cells (adipose-
derived stem cells (ASCs), and somatic cells were the most
commonly used cells in clinical research (Fig. 3c). In contrast,
autologous PRP (425 out of 1019 cases, 41.7%) and ASCs (462 out of
1019 cases, 45.3%) were the most commonly used cells used in
private practice (Fig. 3d). Joint disease such as osteoarthritis (Fig. 4 c
41
and d) was the most common target disease in Class II in both
clinical research (9 out of 42 cases, 21.4%) and private practice (466
out of 1019 cases, 45.7%).

Under Class III, autologous immune cells (29 out of 45 cases,
64.4%) and PRP (2600 out of 3496 cases, 74.4%) were the most
commonly used cells in clinical research (Fig. 3e) and private
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practice (Fig. 3f), respectively. Cancer (28 out of 45 cases, 62.2%) and
periodontal disease tissue loss (1590 out of 3496 cases, 45.5%) were
the most common target diseases in clinical research (Fig. 4e) and
private practice (Fig. 4f), respectively.

4. Actual situation of providing PRP therapy under the RM act

PRP is the portion of the plasma recovered by centrifuging the
autologous blood. As PRP is rich in multiple growth factors and
cytokines, it is used for wound healing, pain relief, skincare, and
anti-aging treatment. Furthermore, PRP treatment is used in
various fields, such as dentistry, orthopedics, plastic surgery, and
dermatology [5e8]. Plasma rich in growth factor (PRGF) [9,10] is
obtained by centrifuging the anticoagulant-added blood at a lower
speed and for a shorter time than in PRP centrifugation. Concen-
trated growth factor (CGF) [11] and platelet-rich fibrin (PRF) [12],
which are produced by the centrifugation of blood without adding
an anticoagulant, are also used for the treatment. In addition, PRP
treatment under the RM act is one of themost popular regenerative
medicine techniques in Japan owing to its simple and short time
(without culturing) manufacturing process.

As of January 2022, among 4621 regenerative medicine provi-
sion plans in clinical research and private practice in Japan, 3041
Fig. 5. Purpose of using PRP in clinical research and private practice under the RM act in Japa
the Ministry of Health, Labor and Welfare as of Jan 2022. a, class II, research. b, class II, pr
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provision plans (65.8%) had been for PRP therapy, contributing to
the maximum number of provision plans.

Subsequently, we classified the regenerative medicine provision
plans for PRP therapy by risk. We observed that PRP therapy was
provided as Class II and Class III regenerative medicine. In clinical
research, provision plans for PRP therapy were provided as Class II
for 5 out of 42 cases (11.9%) (Fig. 3c) and Class III for 11 out of 45
cases (24.4%) (Fig. 3e). In private practice, provision plans for PRP
therapy were provided as Class II for 425 out of 1019 cases (41.7%)
(Fig. 3d) and Class III for 2600 out of 3496 cases (74.4%) (Fig. 3f). As
of January 2022, most PRP therapies had been provided as Class III
in private practice.

The breakdown of PRP-related therapies in Class III private
practice (2600 out of 3496 cases, 74.4%) suggested that the treat-
ment for 1200, 1139, 150, 108, and 3 cases were with PRP, CGF, PRF,
PRGF, and others, respectively. Almost all CGF, PRF, and PRGF
therapies were provided in dentistry.

Next, PRP therapy was categorized by its percentage utilization
in a department (Fig. 5). PRP therapy is mainly used in dentistry
(e.g., tissue regeneration in periodontal disease), orthopedics (e.g.,
treatment of osteoarthritis and other joint diseases), plastic surgery
(e.g., treatment of intractable skin ulcers), and cosmetic surgery
(e.g., anti-aging). In Class II, PRP therapy contributed to 80% and
n. We used the information on the regenerative medicine provision plans published by
ivate practice. c, class III, research. d, class III, private practice.
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79.5% of orthopedic disease treatment (intra-articular administra-
tion) in clinical research and private practice, respectively. It
contributed to 20% and 19.5% of obstetrics and gynecology (infer-
tility) treatment in clinical research and private practice, respec-
tively. (Fig. 5a and b). Approximately 50% of Class III PRP therapies
in both clinical research and private practice were provided for
diseases in the dental field, which contributed to the maximum
utilization of PRP therapy in Japan (Fig. 5c and d).

5. Conclusions

In this review article, we have summarized the regenerative
medicine applications based on eight years of data generated after
the enactment of the RM act in Japan. As of January 2022, 97.2% of
the regenerative medicine provided under the RM act had been for
private practice, and most of them were for Class III regenerative
medicines. Notably, PRP was the most substantially used type of all
specific processed cells.

PRP therapy accounted for approximately 66% of regenerative
medicine provision plans in clinical research or private practice and
was the most provided regenerative medicine technology in Japan.
PRP therapy was significantly utilized in orthopedics (as class II)
and dentistry (as class III) for treating osteoarthritis and peri-
odontal tissue loss, respectively. PRP can be manufactured as PRF,
CGF, and PRGF; each type is applied depending on the requirement
for target disease treatment in dentistry.

Although a safety reporting requirement exists under the RMAct,
serious adverse events have not been observed thus far in Japan. In
contrast, in other countries, a case of local Staphylococcus aureus
infection after PRP injection to treat ruptured gastrocnemius muscle
was reported inTurkey [13]. In addition, clinical studies in Iran, Egypt,
France, and Spain have reported cases of infection after PRP therapy
[14e18]. The causal relationship between PRP administration and
infection is controversial. Furthermore, in PRP therapy for anti-aging,
severe cases of serum sickness after PRP administration in Poland
[19] and a case of blindness after PRP administration in an American
spa facility [20] have been reported. Therefore, further careful ex-
amination is required to ascertain whether PRP and other regener-
ative therapies performed in Japan are truly safe as a treatment.

Currently, MHLW is considering legal revisions to the RM Act in
response to several new technologies and inappropriate case re-
ports that were not anticipated when the law was enacted. Strate-
gies for the efficient evaluation of efficacy and ensuring the safety of
PRP therapy are currently ongoing. In regenerative medicine ther-
apy, collecting treatment results and adequately evaluating the ef-
ficacy and safety is crucial. Therefore, an improved system,
including the development of a treatment registry,may be required.
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