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The History of Juntendo Medical Journal

This Juntendo Medical Journal has been published under the Japanese name Juntendo Igaku (NERHES) from
1964 to 2012. However, the origin of Juntendo Medical Journal dates back to the oldest medical journal in Japan,
Juntendo Iji Zasshi (AR #8653 4E5E), which had been published between 1875 and 1877 (total of & issues). Between
1885 and 1886, Juntendo issued a limited release of a research journal titled Houkoku [Juntendo Iji Kenkyukai] Gss)
for a total of 39 issues.

In 1887, Juntendo Iji Kenkyukai Houkoku (WK 3EEEHNFFE &) was published with the government's approval
and we used to regard this as the first issue of Juntendo Medical Journal. Since then, Juntendo Medical Journal has
undergone a series of name changes: Juntendo Iji Kenkyukai Zasshi (AR BEFMFIE X MR, Juntendo Igaku Zasshi
MR 4 B 27 338) , and Juntendo Igaku (NER 3:E%E).

Now in commemoration of the 175" anniversary of Juntendo University, starting with the first volume issued in
2013 (Volume 59 Number 1), we return to Juntendo Medical Journal's original Japanese title in 1875-Juntendo Iji
Zasshi (ER 5853 4E3E) . We also reconsidered the numbering of the journal and set the first issue in 1875 as the
initial publication of Juntendo Medical Journal. The Volume-Number counting system and the English name Juntendo
Medical Journal started in 1955 from the January 10 issue. Although this is not our intension, we will retain the
Volume-Number counting system to avoid confusion. However, Volume 59 Number 1 will be the 882" issue,
reflecting the sum of all issues to date: 8 issues of Juntendo Iji Zasshi (NEK 4 B&FHEZE), 39 issues of Houkoku
Uuntendo Iji Kenkyukai] (#15) (47 issues combined), and 834 issues from Juntendo Iji Kenkyukai Houkoku (AR %
BEHAFZe &3y ) in 1887 to the present.

Hidt - NI (OGAWA Hideoki, MD., Ph.D.) : EK# B3 HRE (Juntendo Medical Journal) 2013 5 59 : 6-10.

FEIXMEAIZO4E (19644F) 25 FRI244E (20124F) KF T MEKR#EES] & LTCHITEhT&4 LaL, 20
HEEEIZIHR SR (18754E) A5 104F (18774F) 122 THHI SNz H AT O R 2EEE [NHR L BEFMEE] GH8%&) 12
HbH. S5HIZHIE184E (18854FE) 75 194F (18864E) T, HHMTEEAL L CIHKEEBEMI G OME ]
(F1394) MRATENTWA.

Zo#H EREBHEMEEHRE] BPIE204E (18874F) WCEHZZITTANEIN/-0T, ERETIEI % BT
15& LC& Dok NEREEFNESME], EREEFME], MEREES] 4R EEBE L CITEINTE
7=,

S, WER DB 175 FE %2 M2 5T 254 (20134F) D59&1 52 LT, KRROXMHTH S [ERKEEFH
] AL, FoRETHAHHAESME (18754F) H1E5%2 b - TAITIS GETIELS) 312k & L. Eknk
TR, BAI304E (19554E) 1HI0HREITODIDOZ1&1 7 LTEY, MIGEZD NI VHITHD D
DTARARETHHH, RELZMIT B0 E/MKRT S, 72770, BREIZWHAESE (18754E) 5 194E (1886
) 2P THATE Nz NERSBEEMERR] 844 L ER s B HF e & o Miak [HE] 394, 47405 % W@%834 5
WZhnZ, 59%1%5 %@ 88245 & L.

W NI, EFE Y Y IEREES 1980 5 26 ¢ 414-418.
ANNFEE 2 R 5B MERE 2013 5 59 @ 6-10.
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A Personal Historical Perspective on Psychiatry in Japan During the Last 4 Decades

TosHmiErTo SUZUKIN 2

DDepartment of Psychiatry, Juntendo University Koshigaya Hospital, Saitama, Japan
2)Department of Psychiatry & Behavioral Science, Juntendo University Graduate School of Medicine, Tokyo, Japan

After graduating from University of Tsukuba in 1982, I joined the Department of Psychiatry at the same university. Due to
the anti-psychiatry social movement and reports of incidents involving violence against in-hospital patients at psychiatric
hospitals, psychiatric associations in Japan faced questions related to ethical awareness, making it a challenging environment
for conducting clinical research. For this reason, the first half of my journey—my 20 years at the University of Tsukuba—was
spent conducting basic research on animal models of schizophrenia. With respect to the onset of schizophrenia, I studied
dopamine and related neuropeptides in the brain, as well as abnormalities in neurotransmission in the excitatory and inhibitory
amino acid neurotransmission systems.

In April 2002, I was appointed as a Department Chair at Juntendo University Koshigaya Hospital. I was responsible for
overseeing many medical staff, including the clinical education of practicum students and resident physicians, as well as the
training of psychiatric specialists. I was also involved in the management and operation of medical services provided at the
mental health clinic that had 350 outpatients per day and saw the admission and discharge of 500 patients annually. Meanwhile,
I became actively involved in activities related to perinatal mental health. In 2018, I was appointed as the Director of the
Japanese Society of Perinatal Mental Health and worked diligently to improve medical care related to perinatal mental health
in Japan through the development of perinatal mental health guidelines.

Key words: animal models of schizophrenia, Juntendo University Koshigaya Hospital, perinatal mental health,
development of guidelines

of Mississippi Medical Center (chaired by Professor

Introduction Ing Kang Ho), I became an Associate Professor at

On the occasion of my retirement, I would like to
impart some insights on my 40-year journey thus
far and provide an overview of the transition that
took place in the field of psychiatry in Japan during
this period. After graduating from the School of
Medicine, University of Tsukuba in 1982, I joined
the Department of Psychiatry (chaired by Professor
Junzo Koizumi) at the same university. Upon
returning from studying abroad at the Department
of Pharmacology and Toxicology at the University

the Department of Psychiatry, University of
Tsukuba. In April 2002, under the Chief Professor,
Dr. Heii Arai, I was appointed as a Department
Chair at Juntendo University Koshigaya Hospital.
In 2008, I became a professor (intradepartmental)
at the Department of Psychiatry of Juntendo
University Koshigaya Hospital which then led to
my appointment as the Hospital Director at this
hospital in April 2021, a position I still hold today.
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Basic research and clinical activities during my
years at the University of Tsukuba

In the early 1980s, when I first started at the
Department of Psychiatry, University of Tsukuba,
Japan’s psychiatric associations were experiencing
the rippling effects of the anti-psychiatry social
movement. The Japanese Society of Psychiatry and
Neurology suspected several domestic clinical
studies of ethical violations. Furthermore, even in
the field of psychiatric care, reports of violent inci-
dents perpetrated by mental health providers
against in—hospital patients were surfacing. It was
a time when these incidents concerning human
rights issues involving psychiatric patients were
being condemned. Associations in biological psychi-
atry, which developed into Japanese Society of
Biological Psychiatry later, were forced to cancel
their academic conferences in some years. This is
why the Japanese Society of Psychiatry and
Neurology established the “Committee on Research
and Human Rights” in 1984 to monitor clinical
research ethics. However, these were days during
which the understanding with regard to research
ethics in psychiatry was still undeveloped, and it
was a challenging environment for conducting
psychiatric clinical research. This historical back-
drop significantly impacted the direction of my
subsequent research life.

Research of abnormal neurotransmission systems
in the brain in animal models of schizophrenia

After joining the department, I devoted myself
to basic research, conducting animal experiments
on schizophrenia models. Through repeated admin-
istrations of psychostimulants such as metham-
phetamine (MAP) to rats, we created rats that
exhibited reverse tolerance or behavioral sensitiza-
tion—the animal model of schizophrenia. My
doctoral thesis focused on the cholecystokinin
(CCK) system—a neuropeptide system that regu-
lates dopaminergic neuronal systems—and I
reported about the receptor abnormalities in the
frontal cortex of the same nervous system.

In 1989, using the in vitro quantitative receptor
autoradiographical technique, changes in the
binding parameters of [propionyl-®H] propio-
nylated CCK-8 ([®*H]pCCK-8) binding sites in the
rat forebrain were investigated following acute and

chronic administration (14 days) of MAP (4mg/
kg/day)V. The (Kd)app values of [*H]pCCK-8
binding sites in the frontal medial cortex and ante-
rior cingulate cortex were significantly reduced
after a single injection of 4 mg/kg MAP. On the
other hand, chronic treatment with MAP at this
dose significantly decreased the B,,, value of [*H]
pCCK-8 binding sites in the anterior cingulate
cortex accompanied by supersensitivity of loco-
motor effects to MAP (Figure 1(A), (B)). These
findings suggest that dopamine neurons in these
two regions are functionally related to intrinsic
CCK-containing cortical neurons, and that CCK
subsensitivity, perhaps due to an alteration in DA
transmission, is involved in MAP sensitization.
These findings may be relevant to the DA hypoth-
esis of schizophrenia.

While studying abroad in the United States (1995
to 1996) at the Department of Pharmacology and
Toxicology, the University of Mississippi Medical
Center, I researched the changes in gamma-amino-
butyric acid (GABA)-benzodiazepine receptors in
barbiturate dependence. During this process, I
mastered the in-situ hybridization method, which
led to my subsequent research on the role of
receptor mRNA subunits.

In 1995, changes in benzodiazepine binding sites
labeled by [PH]flunitrazepam (FNZ) in twenty
discrete brain regions of rats made tolerant to and
dependent upon pentobarbital were examined?.
Animals were rendered tolerant by intracerebro-
ventricular infusion with pentobarbital (300 micro-
grams/ 10 microliters/hr for six days) through
pre-implanted cannulae connected to osmotic
mini-pumps. The pentobarbital dependence was
assessed 24 hr after abrupt withdrawal from pento-
barbital. In the tolerant rats, a significant increase
in [*H]JFNZ binding sites was found in the frontal
cortex and the molecular layer of olfactory bulb.
[*H]FNZ binding sites in the pentobarbital depen-
dent rats were significantly increased in the frontal
cortex, caudate-putamen, olfactory tubercle, globus
pallidus and ventral pallidum, in addition to those
observed in the tolerant group. Taken together
with characteristics of subtypes of benzodiazepine
receptors and changes in GABA-benzodiazepine
receptor complexes elucidated in previous studies,
these findings suggest that both types of benzodi-
azepine receptors are involved in the development
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(A)

(B)

Figurel (A) The rating score after methamphetamine injection at every test session. The behavioral changes were manifested
much more rapidly and the mean peak values were increased with the number of injections. It means behavioral sensitization

or reverse tolerance (cited from ref. 1).

(B) Autoradiographic images of [PH]pCCK-8 binding sites in the rat brain. Brain section images of physiologic saline-treated
rats (on the right side) and those of methamphetamine-treated rats (on the left side) are shown (cited from ref. 1).

of pentobarbital intoxication mediated by GABA,
receptors.

Upon returning to Japan, I conducted research
related to receptor mRNA subunits of excitatory
(glutamatergic) and inhibitory (GABAergic) amino
acid neurotransmission systems in the brain of
animal models of schizophrenia. At the time, the
amino acid neural transmission was a research
area of increased focus since antipsychotics, which
are dopamine receptor blockers in drug therapy
for schizophrenia, were not effective among some
patients with positive symptoms and also lacked
effectiveness against negative symptoms themselves.

In 2000, the effects of intermittent intraperitoneal
(i.p.) administration of cocaine (20 mg/kg/day) on
GABA ,-benzodiazepine (BZD) receptors labeled
by t-[*S]butylbicyclophosphorothionate (TBPS),
and on several types of mRNA subunits were
investigated in rat brain by in vitro quantitative
receptor autoradiography (Figure 2(A)) and in
situ hybridization (Figure 2(B))®. There was a
significant decrease in the level of al, a6, 52, (3,
and y2 subunits mRNA, with no alteration of [%S]
TBPS binding in any regions in the brain of rats at
1 h following a single injection of cocaine. In chron-
ically treated animals, the mean scores of stereo-

286

typed behavior were increased with the number of
injections. The level of B3 subunit mRNA was
decreased in the cortices and caudate putamen, at
24 h after a final injection of chronic administra-
tions for 14 days. These findings suggest that the
disruption of GABA,-BZD receptor formation is
closely involved in the development of cocaine-re-
lated behavioral disturbances. Further studies on
the physiological functions on GABA ,-BZD receptor
complex will be necessary for an explanation of the
precise mechanisms underlying the development
of hypersensitization of cocaine.

In 2001, the following animal studies regarding
phencyclidine (PCP), which induces psychotic
symptoms in humans, have suggested that metabo-
tropic glutamate receptors (mGluRs) represent a
novel target for the treatment of PCP psychosis.
We used in situ hybridization to investigate the
gene expressions of the mGIuR 1-5 subtypes
following repeated administration of PCP in rats®.
After repeated PCP administration for 14 days, the
mGluR2 mRNA expression of group II mGIuR in
the anterior cingulate cortex and the mGluR4 mRNA
expression of group III mGluR in the cortical
regions, the caudate putamen, thalamus, and subic-
ulum were significantly decreased (Figure 3).
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(A)

(B)

Figure 2 (A) Autoradiographic images labeled by [**S]TBPS in rat brain published on the cover of the journal “Molecular Brain

Research” (cited from ref. 3).

(B) The distributions of mRNAs of each of al (upper portion) (A), a2 (lower portion) (B), a6 (C), 2 (D), B3 (E), and y2 (F)
subunits. Each mRNA subunit shows a differential distribution (cited from ref. 3).

These results indicate that it is of particular interest
that mGluR2 and mGluR4subtype is involved in a
development of behavioral abnormality following
repeated PCP administration.

In 2002, we subsequently investigated the effects
of ip. injections of cocaine (20 mg/kg/day) on
subunit mRNAs of N-methyl-D-aspartate (NMDA)
receptors (NR1/NR2A-2C) in the rat brain by in
situ hybridization using phosphor screen analysis®.
The level of NR1 subunit mRNA significantly
increased in hippocampal complexes 1 h after a
single ip. injection of cocaine. After repeated
cocaine injection, the mean scores of stereotyped
behaviour were increased with the number of
injections. The level of NR1 subunit mRNA was
obviously decreased in the striatum and cortices 24
h after a final injection following 14 days of
subchronic administration. Levels of NR2B subunit
mRNA were reduced in the cortices and striatum.
These findings suggest that the disruption of NR1
and NR2B subunits in the discrete brain regions
occurs under the cocaine-related behavioral abnor-
malities and would be closely implicated in the initi-
ation and expression of behavioral sensitization
induced by repeated cocaine administration.

A memorable clinical report

In the 1980s in Japan, case reports were more
actively reported than large-scale clinical studies,
and borderline personality disorder and eating
disorders were attracting much attention. A
personally memorable case for me was a patient
who had long been diagnosed with schizophrenia.
The results of a detailed examination revealed that
this patient had mitochondrial encephalomyopathy,
and this case appeared as a case report in an inter-
national journal below.

In 1989, the author reported a case of a 37-
year-old man with mitochondrial encephalomyop-
athy?. The recurrent mental disorder with audi-
tory hallucination, delusion of reference was the
main remarkable symptom during the earlier stage
of illness. These symptoms were regarded as a
schizophrenia-like symptoms. The present case
was finally diagnosed as mitochondrial encephalo-
myopathy with schizophrenia-like symptoms.
Ragged-red fibers and crystalline inclusions in
mitochondria were revealed by biopsy of the stri-
ated muscle of the patient (Figure 4 (A), (B)).
Mitochondrial myopathy, encephalopathy, lactic
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Figure3 The autoradiograms of mGluR mRNA in horizontal
upper and lower sections in rat brain after repeated
administration. The left side (A, C, E) is treated with saline
and the right side (B, D, F) is treated with phencyclidine
(cited from ref. 4).

(A)

acidosis and stroke-like episodes (MELAS) was
diagnosed clinically. In addition to severe atrophy
and degeneration of the generalized striated
muscles, many foci of laminar necrosis of the cere-
bral cortex and the abnormalities of general organs
were observed. We suggested that mitochondrial
encephalomyopathy can cause the organic brain
syndromes showing schizophrenia-like mental
symptoms.

Clinical activities and education at the
Juntendo University Koshigaya Hospital and
transitions in psychiatry

I joined the Juntendo University Koshigaya
Hospital in April 2002, and for 21 years until my
retirement, I served as a Department Chair and
endeavored to enhance clinical activities and ensure
medical safety at our hospital’s mental clinic. Being
a 226-inpatient-bed psychiatric hospital, we were
committed to offering clinical education for the 5%
grade medical students under the on site training
and resident physicians and assisting young physi-
clans aspiring to become psychiatrists in obtaining
their qualifications as specialists and designated
physicians (Figure 5). In the 2000s, a new trend
swept across the field of psychiatry. In the field of
psychiatric care, the concept of dementia started to
gain attention. The Japanese name of the illness
changed from “chihosho”, which is a pejorative word
for dementia, to “ninchisho”, which is a descriptive

(B)

Figure 4 (A) Ragged red fibers with red granular material in the subsarcolemmal region from biopsied muscle tissue of the

quadriceps. Modified Gomori-trichrome stain (cited from ref. 6).

(B) Electron microscopic examination revealed enlargement of mitochondria and aggregation of abnormal mitochondria with

paracrystalline formation (x63000) (cited from ref. 6).
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Figure 5 Medical staff in the Department of Psychiatry, Juntendo Koshigaya Hospital

word for neurocognitive disorder, and the thera-
peutic drugs for schizophrenia and depression tran-
sitioned from first-generation to second-generation
therapeutic drugs. Further, in daily clinical prac-
tice, a decline in adverse events related to antipsy-
chotics and antidepressants dramatically improved
medication adherence, leading to more proactively
conducting clinical studies on schizophrenia and
depression than before. Our hospital also reported
the results of a clinical study on depression. Less
attention has been given to sex differences in the
underlying biological mechanisms of depression.
The adrenal androgens, dehydroepiandrosterone
(DHEA) and its sulfate derivative (DHEA-S), play
a critical role in controlling affect, mood, and anxiety.

In 2013, a clinical study examining the role of
male sex hormones in depression is presented. The
objective of the present study was to investigate
differences in serum levels of adrenal androgens in
male and female patients with major depressive
disorder (MDD)?. Participants included 90 inpa-
tients with MDD at the psychiatric ward of Juntendo
University Koshigaya Hospital who were receiving
antidepressants. Matched controls included 128
healthy individuals. Serum DHEA levels were
significantly increased in both male and female

MDD patients compared with controls. Serum
levels of DHEA-S in male patients were signifi-
cantly decreased compared with male controls. No
significant correlations were seen between adrenal
androgens and HAM-D scores in male or female
patients. Multiple regression analysis showed that
both hormones were affected by the age at onset of
depression. Elevated levels of serum DHEA may
be associated with the biological pathophysiology
of depression, as DHEA administration has been
found to be effective for the treatment of depression.

Contribution to perinatal mental health in Japan

In the field of psychiatry, and among the various
areas therein, after 2010, a concept referred to as
“unmet needs” began to draw attention. One of
these areas was perinatal mental health in the
psychiatry. In 2014, Juntendo University Hospital
established an outpatient clinic specializing in peri-
natal mental health. At the time, this drew atten-
tion and was featured in the mass media (Figure 6).
I was appointed as the Director of the Japanese
Society of Perinatal Mental Health in 2018, and I
have contributed many reviews in domestic jour-
nals about the challenges to and prospects for
improving perinatal mental health in Japan. In
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Figure 6 An outpatient clinic specializing in perinatal
mental health was featured in the mass media. The photo
(Oct. 27, 2014) is reprinted by courtesy of THE YOMIURI
SHIMBUN.

2017, as the Deputy Chairperson, I was involved in
creating the Consensus Guidelines on Perinatal
Mental Health 2017 (Figure 7(A)). Through a
joint collaboration between the Japanese Society of
Psychiatry and Neurology and the Japan Society of
Obstetrics and Gynecology, a committee was then
formed to develop perinatal mental health guide-
lines. I served as the Chairperson of the Guidelines
Preparation Committee, and the committee devel-
oped the overview in 2020% and subsequently the
detailed contents in 2021? (Figure 7 (B)). Recently,
Guideline for pharmacological therapy of schizo-

(A) Perinatal mental
health consensus guide

(B) Clinical guide for
women with mental
2017 health problems during
the perinatal period

phrenia 2022 was created by the Japanese Society
of Neuropsychopharmacology and the Japanese
Society of Clinical Neuropsychopharmacology.
(Figure 7(C)). I acted as an adviser in the field of
perinatal mental health of schizophrenia.

Keeping in mind the limitations of animal disease
models in the field of perinatal mental health, basic
research was conducted with a focus on clinical
conditions of perinatal mental health. In pregnant
women with epilepsy, it is imperative to balance
the safety of the mother and the potential teratoge-
nicity of anticonvulsants, which could cause impair-
ments such as intellectual disability and cleft lip.

In 2019, we examined behavioral and hippocampal
neurogenesis alterations in male offspring of rats
exposed to valproic acid (VPA) during pregnancy'?.
Pregnant Wistar rats received daily intraperitoneal
injections of VPA (100 mg/kg/day or 200 mg/kg/
day) from embryonic day 12.5 until birth. At post-
natal day 29, animals received an injection of
bromodeoxyuridine (BrdU). At postnatal day 30,
animals underwent the open field (OF), elevated
plus-maze, and Y-maze tests. Of the offspring of
the VPA200 mothers, 66.6% showed a malforma-
tion. In the OF test, these animals showed loco-
motor hyperactivity. In the elevated plus-maze,
offspring of VPA-treated mothers spent signifi-
cantly more time in the open arms. The number of
BrdU-positive cells in the dentate gyrus of the

(C) Guideline for
pharmacological
therapy of
schizophrenia 2022

Figure 7 (A) Perinatal mental health consensus guide 2017. The Japanese Society of Perinatal Mental Health, the Japan
Association of Obstetricians and Gynecologists and the Japan Society of Obstetrics and Gynecology collaborated on this project.
(B) Clinical guide for women with mental health problems during the perinatal period. The guideline was created by cooperation
of the following two fields, the Japanese Society of Psychiatry and Neurology and the Japan Society of Obstetrics and Gynecology.
Overview in May 2020, and its Detailed Contexts in April 2021 have been reported, respectively.

(C) Guideline for pharmacological therapy of schizophrenia 2022. The guideline was created by the Japanese Society of
Neuropsychopharmacology and the Japanese Society of Clinical Neuropsychopharmacology.
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Figure 8 Hippocampal cell differentiation with BrdU and doublecortin (DCX)
hippocampal dentate gyrus sections double immunostained for BrdU and DCX was

shown (cited from ref. 10).

offspring of VP A-treated mothers increased signifi-
cantly in a dose-dependent manner compared with
the control (Figure 8).In conclusion, VPA adminis-
tration during pregnancy results in malformations
and attention-deficit/hyperactivity disorder-like
behavioral abnormalities in the offspring. Repeated
use of high doses of VPA during pregnancy may
increase the risk of neurodevelopmental abnormal-
ities dose dependently and should be carefully
considered.

Conclusion

My 40 years as a psychiatrist were split into two
phases: the first 20 years at the University of
Tsukuba and the second 20 years at Juntendo
University. Basic research was the focus during
my days at the University of Tsukuba, while my
activities at Juntendo University were concen-
trated on clinical research, education, and medical
practice. I believe that the transition that I experi-
enced as a psychiatrist reflects the changes of a
psychiatrist who aspired to work in the field of

biological psychiatry.

In April 2021, T was appointed as the Hospital
Director at Juntendo University Koshigaya Hospital,
where I have since been engaged in realizing a
restructuring project. I plan to restructure the
Juntendo University Koshigaya Hospital, a psychi-
atric hospital, into a general internal medicine
hospital. From now on, I intend to focus my time on
restructuring the Juntendo University Koshigaya
Hospital from a psychiatric hospital into a new
semi-general internal medicine hospital. I am
committed to continue contributing to this develop-
ment to the best of my capacity and aim to create
a branding that sets us apart from other affiliated
hospitals.
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My 40-year Career as a Hematologist — Facing Clinical Challenges and Changing My Research

- Focus from Glycolipids to Therapy Resistance -

MASAAKI NOGUCHI

Department of Hematology, Juntendo University Urayasu Hospital, Chiba, Japan

It has been about 40 years since I graduated from Juntendo University School of Medicine in 1983. For 5 years after
graduation, I was engaged in research on glycolipids in the Biochemistry Unit of the University of Tokyo. Later, I wrote and
published papers on glycolipids. Eventually, I began to work here at the Department of Hematology. In 2000, in the 17th year
after my graduation, I began to work at the Department of Hematology, Juntendo University Urayasu Hospital, as the only
physician stationed there. I had to work long hours, until late night, to manage the many inpat As described in our department’s
homepage, 145 (64%) of the 227 presentations made at professional society meetings were made by residents. During this
period, 15 new residents joined this department. In 2015, contributions by residents were accepted for publication by high-
impact-factor journals, such as the Journal of Clinical Oncology. With the support of our Chairman Ogawa, in April 2023, I began
to work as a specially appointed professor at the current department. Recently, I have begun to feel deeply grateful for
Juntendo university’s academic motto of “Benevolence,” its principle of “Uninterrupted Advancing,” and its academic position of
“three noes principle, Sanmu Principle (no discrimination based on gender, nationality, or academic background)”. I hope that
you will all remain active under these principles and ideas, while taking due care of your own health. I wish to express my
appreciation for your continued support and cooperation.

Key words: glycolipid, resident-centered professional society presentation, hematopoietic tumor, mechanism for
therapy resistance

Department of Collagen Disease and Rheumatology.
In those days, close attention was being paid to
research on serum phospholipid autoantibodies in
patients with systemic lupus erythematosus (SLE).
Under such circumstances, I began to engage in

Preface

I am pleased to announce that I will be retiring
at the end of March 2023. T would like to express
my sincere gratitude to Chairman Hideoki Ogawa
and the many others who have guided and supported
me throughout the years.

research on glycolipids under the guidance of Asso-
ciate Professor Iwamori (Second Department of
Biochemistry, School of Medicine, University of

Before Urayasu Hospital Tokyo). My research was later focused on antigen

I graduated in 1983, about 40 years ago, from
Juntendo University School of Medicine. During
the first 5 years after graduation, I worked at the

epitopes recognizing autoantibodies to glycolipids
rather than phospholipid autoantibodies, and I
published several papers (Figures 1-4). All of these
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Figure 1 TLC immunostaining of intact and neuramini
dase-treated gangliosides from spleens (BALB/c and NZB
mice) stained with sera from NZB mice, followed with
peroxidase-conjugated goat anti-mouse 1gM antibody?
The bands were stained with orcinol-H2S04 reagent (lanes
1to 3), and by TLC-immunostaining without (lanes 4 and 5)
and with neuraminidase treatment (lanes 6 to 9) of the
TLC plates. Standard gangliosides, GMI, GDla, and GT1b
(lane 1), gangliosides from fresh weight 100 mg of BALB/c
mouse spleens (lanes 3,5 and 9) and NZB mouse spleens
(lanes 2,4 and 6), monosialogangliosides (lane 7) and di plus
trisialogangliosides (lane 8) from fresh weight 100 mg of
NZB mouse spleens were spotted on the plates, respectively.
At least, three monosialogangliosides A,B, and C (shown by
arrows) from NZB mouse spleens as well as BALB/c mouse
spleens were reacted with 1gM autoantibodies in sera from
NZB mice only after neuraminidase treatment (lanes 6,7,
and 9).

studies were based on analyses using thin-layer
chromatography and immunostaining.

Figure. 1 shows the antigen-recognizing site of
autoantibodies from NZB mice (a model of SLE
being studied by Prof. Shirai, Second Department
of Pathology) explored by immunostaining on thin-
layer chromatograms. Orcinol staining indicates
the control position. Neuraminidase is an enzyme
that digests the sialic acid at the sugar chain
terminalV.

In 1990, I received my PhD degree in medicine.
My doctoral thesis was entitled “Analysis of
Anti-lymphocyte Antibodies and Corresponding
Glycolipid Antigens in Blood of Patients with
Systemic Lupus Erythematosus by Means of TB
Cell Lines and Cellular Enzyme Antibody Tech-
nique.” As shown in Figure 2, an anti-lymphocyte
antibody was detected in the blood of patients with
SLE, and the antigen-recognizing site of this anti-
body was shown to be glycolipids, including at least
3 types of sialic acid. The presence of these glyco-
lipids, accompanied by hypocomplementemia, seemed
to be responsible for the lymphopenia in SLE?.

Figure 3 and Table 1 illustrates that in mouse
fetuses, the thymus lymphocytes show gradual
extension of the sugar chain of the cell surface
glycolipids, as these lymphocytes undergo differen-
tiation during the course of intrauterine develop-

Figure 2 Thin layer chromatography immunostaining of acidic glycosphingolipids?
From P12 cells with serum samples from a patient with SLE and a normal control

subject.

The acidic glycosphingolipids from P12 cells are abbreviated to P12. The monosialo- and
disialo glycosphingolipids from P12 cells abbreviated to P12Mo and P12Di, respectively.
The left hand plate was stained with orcino-H2SO4 reagent. The right hand plate was
immunostained with a serum sample containing the highest detected titer of IgG
antibodies to P12 and a normal control. Monosialogsphingolipids A, B, and C were stained
by serum samples from the patient but not the normal control subjects.
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Figure 3 Ganglioside synthetic pathways during T cell
developecnt in mice?

Gangliosides are produced by the sequential addition of
sugars to ceramide dihexosides (CDH). Three ganglioside
synthetic pathways (I, H, and III) are used during T cell
development in micc: I, (a series) CDH plus NeuAc or NeuGce
(neuramic acid, GM3), GM3 plus N-acctylgalactosamine
(GM2), and GM2 plus galactose (GMla); II, (GMIb- type).
CDH plus NeuAc_acctylgalactosamine (asialo GM2), asialo
GM2 plus galactose (asialo GMI), and asialo GM 1 plus
neuramic acid (one; GMIb, two; GMla, or GMlc and III,
(GM1b-GalNAc-Cal-type).

ment?,

Figure 4 illustrates that the anti-GM1 and anti-
GD1b antibodies in the blood of a patient with
B-cell lymphoma induced multiple peripheral
neuritis through reactions with the peripheral
nerve myelin sheath. This seemed to play a signifi-
cant etiological role?.

To expand my clinical knowledge and skills, I
also worked at the Tokyo Metropolitan Matsuzawa
Hospital, the Koshigaya Municipal Hospital, etc.
Then, I began to work at the Department of Hema-
tology. Moving from such departments to the

department of hematology seems to be a rare

career choice for physicians. I also worked at the
departments of hematology, etc., at the Shizuoka
Hospital, Kameda Medical Center, etc, for the
purpose of clinical training.

After Urayasu Hospital

In 2000, in the 17" year after my graduation, I
began to work at the Department of Hematology,
Juntendo University Urayasu Hospital, as the only
physician stationed there. The number of patients
visiting my office increased gradually, and I became
rather busy. Before long, the number of inpatients
at this department increased to about 30, and I had
to work long hours, until late night, to manage the
many inpatients as well as outpatients. I was often
called at night and also on weekends or holidays,
including while I was bathing or asleep, to manage
sudden changes in the conditions of patients. After
about two years, another physician was sent to this
department as a rotation staff member from the
medical office. In 2007, I was appointed as a Senior
Clinical Associate Professor at the Department of
Hematology, Juntendo University Urayasu Hospital.
The number of physicians working at this depart-
ment then increased gradually, and many residents
and physicians working here began actively commit-
ting themselves to making presentations at profes-
sional society meetings and writing papers in
English for publication.

In 2013, I was appointed as Professor at the
Department of Hematology, Juntendo Urayasu
Hospital. As described in our department’s home-

Table 1 Summary of T Cell Surface Markers during Ontogency in Mice?

Days of gestation

Surface markers 13-14 14-15 15-17 17 days to 4 weeks
GMla (a series) + + + _
GMIb-type + + + _
GM1b-GalNAc-Gal - - + +
Asialo GMI - + + +
Thy-1 + + + +
TCR (y9) * + - -
IL-2R - + — _
CD4 - - + +
CD8 - - + +
TCR (af) - - + "

Note. +, increased; =, slightly changed; -, decreased.

295



Noguchi M: My 40-year career as a hematologist

Figure 4 Thin-layer chromatography (TLC) immunostaining of an extract from the patient's
neural tissues stained with patient serum IgM A antibody in the patient's serum preferentially

bound glycolipids GM1 and GD1b*.

(A) TLC immunostaining with serum followed by anti-IgM antibody (lanes 2-13): lanes 1-6,
purified glycolipid mixture as a standard [sialylparagloboside (SPG), GM1, GDla and GDIb];
lane 7. lipids from the patient’s lymphoma cells; lane 8, brain; lane 9, spinal cord (Th4); lane 10,
spinal anterior root; lane 11, spinal posterior roots; lane 12, spinal dorsal root ganglion: lane 13,

fibular (common peroneal) nerve.

(B) TLC immunostaining with serum followed by anti-human immunoglobulin antibodies:
anti-« light chain (lanes 2-4), anti-A light chain (lanes 5-7), anti- 4 heavy chain (lanes 8-10),
anti- y heavy chain (lanes 11-13) and anti-a heavy chain (lanes 14-16).

Figure 5 Annual conference presentations by Urayasu
Hospital hematology interns

Home page URL: https:.//www.hosp-urayasu.juntendo.ac.jp/
medicalcare/hematology />

page which we further enriched, 145 (64%) of the
227 presentations made at professional society
meetings were by residents. During this period, 15
new residents joined our department. Figure 5
shows the annual number of presentations made at
professional society meetings by the residents of
Urayasu Hospital. The number is large and I served
as a guide to many of these residents when they
made presentations of diverse cases”.

Figure 6 and Table 2 shows a very rare case
encountered at our hospital. The paper on this case
was accepted for publication in the Journal of Clin-
ical Oncology, which has a high-impact-factor.

Figure 6 A brain magnetic resonance imaging examination (T1-weighted image) revealed a tumorous lesion (30 x 30 mm)
showing a homogeneous and intense gadolinium enhancement in the right frontal to parietal lobe, surrounded by edema.
Bleeding inside the tumor was also (Figure 6A, noted, axial; Figure 6B, sagittal; Figure 6C, coronal)®
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Table 2 Summary of primary CNS mantle-cell lymphomas in the literature®

Patient (YAeifs) Sex Location Markers PCNSL IPI  Treatment Outcome Reference
Frontoparietal CD5" CD20" .
1 74 F region/CSF CD10- CD23- High MTX Dead, 1 month 4
+ +
2 29 M CSF CD5TCD20 Low* ASCT CR 5
1gG*
Frontal lobe/ CD5* CD20* .
3 55 M CSF CD10* CCNDI* Low MTX,Ara-C  Dead, 4 months  Current article

Abbreviations: Ara-C, cytarabine; ASCT, autologous stem—cell transplantation; CCNDI, cyclin D1;CR, complete remission; 1gG, immunoglobulin
G; IPL, International Prognostic Index; LI, low intermediate; MTX, methotrexate; PCNSL, primary CNS lymphoma.

*Concerning.

Figure 7 Structures of GM1, GD1b, GD3, GT1b, and GQ1b
gangliosides”

Structures of GM1, GD1b, GD3, GT1b, and GQ1b gangliosides.
Three terminal residues of NeuNAc (a2-8) NeuNAc (a2-3)
Gal in GD3 and GQ1b gangliosides (solid lines) and three
internally located terminal residues of NeuNAc(a2-8)
NeuNAc (a2-3) Gal residue in GD1b, GTlb, and GQlb
gangliosides (dotted lines) are shown.

This was a case of double hit mantle cell lymphoma
of the central nervous system?.

Figure 7 demonstrates that the anti-glycolipid
antibody in the blood of patients with mantle cell
lymphoma reacted with the peripheral motor
nerves. This seemed to be a significant etiological
factor”.

Table 3 illustrates our finding that malignant
lymphoma itself produces cytokines (TGFbetal,
TNFalpha) and thereby induces fibrosis. This
seemed to serve as a significant etiological factor®.

Around 2018, T began to study the mechanisms
of resistance of hematopoietic tumors to treatment.

At present, I am submitting a paper on therapy
resistance of large B-cell lymphoma (Figure 8).
The new histological prognostic index is important
for predicting the responses of large B—cell lymphoma
to treatment. Prediction of the treatment response
involves 6 factors (GRP94, CYP3A4, AKRIC3,
MDRI1 and MRP1 P53)?.

Thanks to our Chairman Ogawa, in April 2023, I
began to work as a specially appointed professor at
the current department (Department of Hema-
tology, Juntendo University Urayasu Hospital).
From now on, I plan to work actively to extend
cooperation for the attempts of residents and other
medical members of our department to make
presentations, publish papers, etc., about their
research.

Recently, I have begun to feel deeply grateful for
Juntendo university’s academic motto of “Benevo-
lence,” its principle of “Uninterrupted Advancing,”
and its academic position of “three noes principle,
Sanmu Principle (no discrimination based on gender,
nationality, or academic background).” I hope that
you will all remain active under these principles
and ideas, while taking due care of your own health.
I wish to express my appreciation for your
continued support and cooperation.
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Table 3 Evaluation of the odds ratios for fibrosis associated with positive immunostaining regarding TGF-betal, TNF-alphal,
and combination of TGF and TNF®

Fibrosis vs TGF Fibrosis vs TNF Fibrosis vs TGF+TNF
n Odds Ratio Odds Ratio Odds Ratio

(95%CD) prvalue (95%CD) prvalue (95%CD) pvalue
All tissue 104 12.80 (4.94-33.20) <0.001* 1.75 (0.79-3.90) 0.171 3.35 (1.87-6.00) <0.001*
Bone marrows 27 13.70 (2.05-92.00) 0.007** 2.75 (0.55-13.70) 0218 4.60 (1.31-16.1) 0.017*
AML 7 - - - - 1.00 (0.11-8.75) 1.000
ALL 7 - - - - - -
DLBCL 40 12.80 (2.48-66.00) 0.002** 2.04 (0.52-8.00) 0.308 445 (1.43-13.80) 0.010*
FL 11 350 (0.15-84.70) 0441 1.25 (0.06-26.90) 0.887 1.54 (0.27-8.69) 0.626
T-cell lymphoma 8 - - 0.50 (0.02-12.90) 0.676 251 (0.23-27.40) 0451
Others 14 - - 1.33 (0.14-12.80) 0.803 391 (0.79-19.30) 0.094
Notes:

CI, confidence interval
Odds ratios are relatively accuracy in fibrosis of all disease vs TGF betal, especially in DLBCL.

Figure 8 Overall survival of large B-cell lymphoma patients with and without the prognostic factors Kaplan-
Meier survival curves and between-group comparisons”
M. GRP94- CYP3A4- n =4 Groupl Very good (5-year OS 100%)

GRP94+ CYP3A4-n =35
In the Group 4 (Very poor, n = 3) consisting of 3 patients with positivity for both GRP94 and CYP3A4. All the
3 patients died within a short period. p < 0.01
N. AKR1C3- or MDRI1- negative n = 15, positive n = 20, p < 0.01
0. P53 or MRP1 negative n = 18, positive n = 17, p < 0.05
Group 1 (n=4), the “Very good” group, consisted of 4 patients who showed negative staining for both GRP94
and CYP3A4, including 2 patients who were censored. This group had an extremely good prognosis, and all the
4 patients survived (5-year OS: 100%). On the contrary, Group 4 (n = 3), the “very poor” group, consisted of 3
patients who showed positive staining for both GRP94 and CYP3A4. This group had a very poor prognosis and
all the 3 patients died within a short period of time. The prognosis of patients in the Group 2 and 3 (n = 35)
was intermediate, with the median survival of about 51 months. In Figure 1N and O, the intermediate prognosis
group, that is, Group 2 (n=35), is subdivided into “Group 2 (Good),” consisting of patients who showed
negative staining for both AKR1C3 and MDRI1, and “Group 2 (Good)” consisting of patients who showed
negative staining for both p53 and MRPI1. The remaining of Group 3 had a poor prognosis.
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Oligodendrocyte Cell Line OLP6 Successfully Differentiates on Decellularized Brain Tissue

Kana KATOV* HINATA NISHIMURAP*, Yujt SUZUKIV, TAKAHIRO TANAKAY, RYUSEI ABEY,
AURELIEN KEREVERY, ER1 ARIKAWA-HIRASAWAL?2

DResearch Institute for Diseases of Old Age, Juntendo University Graduate School of Medicine, Tokyo, Japan
2)Department of Neurology, Juntendo University Graduate School of Medicine, Tokyo, Japan

Objectives: The mechanisms of mental and neurological diseases have been proposed to be related not only to disorders of the
neurons but also to the environment surrounding neurons, such as glial cells and the extracellular matrix (ECM). The chondroitin
sulfate (CS) chain, which comprises CS proteoglycans (CSPGs), is one of the major sulfated glycosaminoglycans in the brain.
CSPGs play an important role in the development, aging, and pathological conditions of the central nervous system. In particular,
CSPGs play critical roles in oligodendrocyte differentiation and cell activity. Conventional two-dimensional culture in a glass
chamber hardly replicates the complexity of the ECM structure or mimics ¢z vivo conditions. Therefore, to solve this issue, this
study aimed to use a culture system with decellularized tissue as a scaffold of organized ECM, thereby enabling the observation
of cell differentiation and interactions between cells and the surrounding ECM.
Materials and Methods: We investigated the differentiation potential of the OLP6 cell line using decellularized brain tissue as
the substrate.
Results: We observed that OLP6 differentiated faster on decellularized brain tissues than on conventional 2D-coated surfaces.
The relative mRNA expression levels of CNP, PNP, and MBP as well as CSPGs were increased under 3D culture conditions.
Conclusions: Our study provides the first evidence of the advantages of cell culture on decellularized tissues for the investigation
of oligodendrocyte differentiation and cell/ECM interactions.

Key words: oligodendrocyte, cell culture, decellularized brain tissue

cytes that do not form myelin have been shown to

Introduction contact neurons and play a variety of roles in

In recent years, the pathological mechanisms of
psychiatric and neurological disorders have been
suggested to be related not only to neuronal defects
but also to the environment surrounding neurons,
such as glial cells, oligodendrocytes, and extracel-
lular matrix (ECM). Oligodendrocytes, a glial cell
type, form myelin sheaths in the central nervous
system (CNS), and their main function is to induce
saltatory conduction and increase the conduction
rate of action potentials. In addition, oligodendro-

neuronal signaling"?.

Several oligodendrocyte cell lines have been
established using human oligodendrocytes®, rat
oligodendrocytes?, and mouse oligodendrocytes®.
In this study, we used the OLP6 cell line derived
from adult rat oligodendrocytes®. This immortal-
ized oligodendrocyte cell line harbors the tempera-
ture-sensitive Simian virus 40 large T-antigen
gene, which allows the differentiation of oligoden-
drocytes in a timely manner when the culture

*These authors contributed equally to this work.
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temperature is increased from 33 °C to 39 °C. In
recent years, the importance of the interaction
between oligodendrocytes and ECM has been high-
lighted, in addition to the relationship between
oligodendrocytes and neurons, iz vivo. For example,
chondroitin sulfate proteoglycan (CSPG), one of
the components of the ECM, is produced by oligo-
dendrocyte precursor cells (OPCs), and their chon-
droitin sulfate glycosaminoglycans (CS-GAGs) have
been reported to inhibit oligodendrocyte differenti-
ation”. Thus, the relationship between oligodendro-
cytes and the ECM is of research interest to clarify
the pathology of mental and nervous disorders.
CSPGs have also been shown to inhibit OPC process
outgrowth and differentiation iz vitro®. Currently,
a 2D culture method using dishes has been estab-
lished for culturing oligodendrocytes, and ECM
molecules, such as laminin, fibronectin, and Matrigel,
have been used as surface coatings to study their
effects on oligodendrocyte primary culture”. However,
such 2D cultures fail to replicate the complexity of
the ECM structure that exists in living organisms;
therefore, it is not an appropriate tool to reproduce
living organisms three-dimensionally and to observe
the relationship between oligodendrocytes and the
ECM. In addition, it was recently proposed that
ECM stiffness plays a critical role in OPC activity'?.
Thus, the complexity of ECM composition and struc-
ture cannot be investigated in a 2D culture setup.
Decellularization of tissues to obtain ECM with
native composition and mechanical properties has
recently been used to study the role of the ECM in
stem cell differentiation!*'?. Therefore, the present
study aimed to present a protocol for brain tissue
decellularization, in which only cellular components
are removed from the tissue, and establish a 3D
culture system for oligodendrocytes using the
decellularized brain tissue as a substrate to culture
oligodendrocytes in a three-dimensional environ-
ment that is closer to the iz vivo conditions than
conventional artificial culture substrates.

Materials and Methods

Animals

Eight ten-week-old C57BL/6] male mice, purchased
from Jackson Laboratory, were used to create the
decellularized brain tissue. All animal protocols
were approved by the Animal Care and Use
Committee of Juntendo University.

Cell line

The OLP6 cell line (Neuroscience 2005; 136: 115~
121) was obtained from the Riken Cell Bank (Cell
No. RCB2864) and was grafted on the decellular-
ized brain tissue.

Decellularization

The procedure for mouse brain section decellu-
larization was modified from that reported by De
Waele et al. (2015). Mice were perfused with 25
mL of ice-cold phosphate-buffered saline (PBS)
containing 1% heparin. The brains were dissected,
and 500 um-thick coronal sections of the brain
(between bregma 1 and bregma -1.5 mm) were
obtained using a vibratome (VT1200S; Leica,
Weltzar, Germany). The sections were first placed
in demineralized water (dH,O) for 10 min and then
incubated in dH,O containing 4% sodium deoxycho-
late (Fujifilm Wako Pure Chemical Industries Ltd.,
Tokyo, Japan). After washing with PBS, the
sections were placed in dH,O and 5% Triton X-100
(Nacalai Tesque Inc., Kyoto, Japan), followed by
another wash with PBS. This incubation sequence
was repeated three times. Finally, DNA was elimi-
nated by incubating the sections with 40 kU/mL
DNasel (D4263; Sigma-Aldrich, St. Louis, MO,
USA) diluted in 1M NaCl during the last cycle. The
decellularized brain tissues were stored at 4°C in
PBS containing 2% penicillin/streptomycin (cat.
15140122; Gibco™, Thermo Fisher Scientific, Waltham,
MA, USA) and 0.8% amphotericin B. All incuba-
tions were at room temperature in a sterile envi-
ronment in 24-well plates placed on a rotary shaker
(NA-301N; Nisshin Rika Co., Ltd.,, Tokyo, Japan) at
100 rpm.

2D and 3D Cultures

OLP6 was maintained in culture buffer containing
neurobasal medium (cat. 21103049; Gibco™) supple-
mented with 5% fetal bovine serum, B27 supple-
ment (cat. 17504044; Gibco™), 0.5 mM glutamine
(cat. 25030081, Gibco™), 20 ng/mL epidermal growth
factor (EGF; 100-15; Peprotech, Thermo Fisher
Scientific), fibroblast growth factor (FGF)-2 (100-
18C; Peprotech), and 1% penicillin/streptomycin
(cat. 15140122; Gibco™). The cell line was cultured
under 5% CO, at 33°C for proliferation and 39°C for
differentiation. 2D and 3D cultures were performed
according to the schedule shown in Figure 1. The
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Laminin

Figure 1 Confocal image of the decellularized brain tissue stained with laminin (white), Wisteria floribunda
lectin (WFA) (green), and the nuclear marker Hoechst (blue).

cell proliferation period was 48 h. The medium was
changed once every two days. In both the 2D and
3D samples, the time point for observation and anal-
ysis was set at 24 h from the start of differentiation.

2D culture

OLP6 cells were cultured on 100 mm collagen
I-coated dishes (cat. 4020-010; Iwaki, AGC Techno
Glass Co. Ltd., Yoshida, Japan) at 33°C until conflu-
ence was achieved. For 2D culture observation, 500
uL of a medium at a density of 5 X 10° cells was
placed in each well of a Collagen I 8-well Culture
Slide (cat. 354630; Corning BioCoat, Glendale, AZ,
USA) and subjected to immunostaining.

Graft on the decellularized brain tissue for 3D culture

The decellularized brain tissue was rinsed in a
chondroitinase buffer (50 mM Tris-HCl, 60 mM
sodium acetate, 0.02% bovine serum albumin, pH =
80) containing 200 mU/mL chondroitinase ABC
(C3667; Sigma-Aldrich) for 2 h at 37°C in to decom-
pose and remove the chondroitin sulfate chains
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before the graft and then washed with PBS
containing 2% penicillin/streptomycin and 0.8%
amphotericin B. For the graft, 40 uL of a medium
at a density of 2 X 10° cells was poured onto half of
the brain tissue. All animal experiments followed
the Fundamental Guidelines for Proper Conduct of
Animal Experiments and Related Activities in
Academic Research Institutions under the jurisdic-
tion of the Ministry of Education, Culture, Sports,
Science and Technology (Notice No. 71, 2006) and
were approved by the Committee for Animal
Experimentation at Juntendo University (Approval
No. 2022300).

Immunohistochemistry

Samples were fixed in cold 4% paraformaldehyde
(in PBS) for 20 min and washed with PBS. The
samples were then placed in 0.5% Triton X-100/
PBS solution for 15 min, followed by 15 min incuba-
tion in blocking solution (0.2% gelatin/PBS). Each
antibody, diluted at a ratio of 1:400 in blocking solu-
tion (0.2% gelatin/PBS), was applied to the samples
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overnight at 4°C and then washed with PBS. The
following primary antibodies and markers were
used: laminin (rabbit polyclonal; Cat#1.9393; 1:1000;
Sigma-Aldrich), sox10 (rabbit monoclonal IgG; Cat#
11570; 1:1000; Abcam, Cambridge, UK), CNPase
(mouse monoclonal IgGl; MAB326; 1:200; Merck
KGaA, Darmstadt, Germany), Wisteria floribunda
lectin (biotinylated; Cat#L1516; 1:800; Sigma-Al-
dric), Phalloidin-alexa488 (Cat# 11570; 1:400; Thermo
Fisher Scientific). The sections were then rinsed,
and secondary antibodies were applied for 60 min
at 25°C. The secondary antibodies used were goat
anti-rabbit Alexa Fluor-647, goat anti-mouse IgG1l
Alexa Fluor-546, and streptavidin Alexa Fluor 488
(1:400 dilution in PBS; Thermo Fisher Scientific).
After immunostaining, the cultured samples were
incubated with nuclear dye (1 uL/mL in PBS;
Hoechst, H3570; Thermo Fisher Scientific) for 20
min at 25°C. After extensive washing in PBS, the
sections were mounted on a fluorogel with Tris
buffer (Electron Microscopy Sciences, Hatfield, PA,
USA). Imaging was performed within 24 h on an
LSM780 microscope (Zeiss, Jena, Germany).

Quantitative real-time PCR

RNA cell lysates were extracted using the Rneasy
Mini Kit (Qiagen, Valencia, CA, USA). cDNA was
synthesized using the RT2 First strand (#330404;
Qiagen). Real-time PCR was performed using Fast
SYBR Green Master Mix (#4385612; Applied
Biosystems) on a Fast 7500 Real-Time Cycler
(Applied Biosystems, Foster City, CA, USA). The
gene GAPDH was used as an endogenous control.
The primers used are listed in Table 1.

Statistical analysis
Statistical analysis was performed using PRISM
statistical software (Prism 9, GraphPad Software,

San Diego, CA, USA). Data are presented as mean
+ standard error of the mean. Unpaired f-test or
analysis of variance (ANOVA) with Tukey's
multiple comparison test were performed.

Results

ECM structures are preserved after tissue decel-
lularization

We first confirmed the removal of cell compo-
nents and the condition of the ECM after decellu-
larization. Hoechst staining of the decellularized
tissue showed that all nuclear contents were
cleared, while laminin immunostaining showed that
the vascular basement membrane remained intact.
In addition, Wisteria floribunda lectin staining
showed that even fine ECM structures, such as
perineuronal nets, were intact after the decellular-
ization process (Figure 1).

Differentiation of OLP6 in 2D and 3D cultures
To compare the differentiation of oligodendro-
cytes in 2D and 3D cultures, we cultivated OLP6
cells under differentiation conditions for 24 h (39
°C, with serum, EGF, and FGF-2). A significantly
higher proportion of soxl0-positive cells also
expressed the mature oligodendrocyte marker
CNPase in the 3D culture (1.325 + 0.1702% in 2D;
18.37 = 0.1568% in 3D; p < 0.0001, unpaired #-test;
Figure 2A-C). In addition, the RNA expression
levels of the mature oligodendrocyte markers CNP,
PLP, and MBP, were not significantly increased
after differentiation for 24 h under 2D conditions
(Figure 2D-F). However, the relative expression
levels of CNP, PNP, and MBP on day 1 under 3D
culture conditions increased by 3.5-fold (adjusted
p = 0.0002, ANOVA with Tukey’s multiple compar-
ison tests; Figure 2D), 5.2-fold (adjusted p = 0.0002,
ANOVA with Tukey’s multiple comparison tests;

Table 1 List of primers used for quantitative real-time PCR

Gene Forward primer Reverse primer
GAPDH ACTCTACCCACGGCAAGTTC GATGGTGATGGGTTTCCCGT
CNPase TTTGCCCGAAAAAGCCACACA CACCGTGTCCTCATCTTGAAG
MBP ACACAAGAACTACCCACTACGGC CCAGCTAAATCTGCTGAGGGA
PLP CCAGAATGTATGGTGTTCTCCC GGCCCATGAGTTTAAGGACG
Tenascin-R TCATCTCCATTACTGCTGAGAGG AGTGCAAGTGGGAGATAGGG
Phosphacan AACCATCCTTGGAAAACACG CATTGGTGAGATTTATTTCCACTGT
Brevican AGCAGAACCGCTTCAATGTC TCAGAGGAAGCAGAGGGATG

303



Kato K, Nishimura H, et al: OLP6 successfully differentiates on decellularized brain tissue

A OPC Immature OL mature OL

CNPase
PLP
MBP

Phalloidin

T

C D CNP E PLP

MBP

g b c c c
£ Fkokk o S o
H —— g 2 ;
8 & & &
£ 15 3 x 5
° o [ L]
B 2 H 2
g s 5 5 -
b 8 e e
B - :
2D 3D
G phosphacan H brevican I TNR
= rrx foq NS, 200
c c s
20
g g £ 150
£1s g
g g
F] H] X 100
g 10 g 2
s n.s. ® £ s
o — g ®

T T T

o N N

& & .\@0
)

A

\2
N 3
) oy

o'b

Figure 2 A. Schematic depiction of oligodendrocyte lineage and associated markers. B. Confocal images of OLP6 under 2D and
3D culture conditions after a 24-h differentiation period. C. Bar graph displays the ratio of soxlO-positive cells that also
expressed CNPase after 24 h of differentiation under 2D and 3D culture conditions. D-F. Bar graphs display the relative
expression of oligodendrocyte differentiation markers on day 0 and after 24 h of differentiation under 2D and 3D culture
conditions. (** p = 0.0002; * p = 0.0035 in E and 0.0045 in F, ANOVA with Tukey’s multiple comparison test). G-I. Bar graphs
display the relative expression of chondroitin sulfate proteoglycans phosphacan, brevican, and tenascin-R on day 0 and after 24
h of differentiation under 2D and 3D culture conditions. (*** p < 0.0001, ANOVA with Tukey’s multiple comparison test).

304



Juntendo Medical Journal 69 (4), 2023

Figure 2E), and 13-fold (adjusted p = 0.0045, ANOVA
with Tukey’s multiple comparison tests; Figure 2F),
respectively, compared those on day 0. We also
observed that the expression levels of CSPGs
dramatically increased under 3D conditions. The
relative phosphacan expression level on day 1 in
the 3D condition increased by 17-fold compared to
that on day 0 (adjusted p < 0.0001, ANOVA with
Tukey’s multiple comparison tests; Figure 2G).
Additionally, the relative brevican and temnascin-R
expression levels were high on day 1 under 3D
conditions but barely detectable on day 0 or day 1
under 2D conditions (Figure 2 H, I).

Discussion

Oligodendrocyte differentiation markers, such as
CNP and MBP, have been previously used to char-
acterize immature and mature oligodendrocytes
during OLP6 differentiation®. In this study, we
found that mature oligodendrocyte markers were
more rapidly expressed when OLP6 cells were
allowed to differentiate on decellularized tissues
rather than on commonly used coated surfaces.
The production of CSPGs, such as tenascin-R, by
oligodendrocytes has been implicated in neural cell
recognition'®. In addition, CSPGs, such as versican,
are produced by oligodendrocyte lineage cells in
response to an injury’®. In this study, we report
that the ECM expression profile of different CSPGs
was significantly increased when OLP6 was differ-
entiated on decellularized tissues. Although decel-
lularized brain tissue has been previously used as a
scaffold for the long-term growth of undifferenti-
ated neural stem cells', to the best of our knowl-
edge, the present study is the first to report oligo-
dendrocyte cell line differentiation on decellularized
brain tissues.

This preliminary study focused on the onset of
OPC differentiation into mature oligodendrocytes.
However, further studies in which OLP6 can be
differentiated for a longer period are necessary to
fully understand the benefit of growing them on
decellularized tissue. Nonetheless, this study high-
lights a new model of 3D i vitro oligodendrocyte
culture that contains ECM with all of its chemical
and mechanical complexities. Our study provides
important insights into the development of models
to investigate the OPC/ECM interaction.
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Objectives: Despite the rapid aging of the population in Japan, clinical predictors for major adverse cerebrovascular and
cardiovascular events (MACCE) in patients with new onset of acute coronary syndromes (ACS) have not been well studied.
This study therefore aimed to identify the predictors of MACCE in the first onset of ACS patients requiring care.
Materials and Methods: Using the Yokohama Original Medical Database, we identified 3,373 patients who experienced a first
onset of ACS and had certified care information from April 2014 to March 2016. The incidence proportion of MACCE from June
2014 to March 2018 was retrospectively investigated. Each patient’s independence of daily living (IDL) was classified as one of
three categories (reference, mild and severe).
Results: Predictors of MACCE were identified using multivariate logistic regression analysis. Impaired IDL was associated with
increased MACCE, with adjusted odds ratios for reference, mild and severe of 1.00, 1.35 (95% confidence intervals 1.14-1.60)
and 2.12 (95% confidence intervals 1.61-2.80; P for trend < 0.001), respectively.
Conclusions: This study revealed that male sex, chronic kidney disease, atrial fibrillation, high-intensity statin use, low-
intensity statin use, and lower IDL (representing less independence) were the predictors of MACCE requiring care for a first
onset of ACS. Further research will be required to understand the results of interventions for the identified predictors of
MACCE.
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Introduction

The role of long-term care insurance has become
more important in Japan with the emergence of its
super-aging society. The number of persons certi-
fied as requiring care under the long-term care
insurance system has increased approximately 2.5
times since the start of the long-term care insur-
ance system in 2000, from 2.56 million persons to
approximately 6.41 million persons in 2018, and
long-term care benefit expenditure has increased
approximately 2.9 times, from 3.2 trillion yen ($23.7
billion) to 9.2 trillion yen ($68.1 billion), showing an
especially rapid increase in the most recent dataV.
The average life expectancy of Japanese people is
among the highest in the world. However, healthy
life expectancy is considerably shorter, with a gap
of approximately 9 years for men and approxi-
mately 12 years for women, meaning that many
elderly people require support and care for some
10 years in late life. Cerebral and cardiovascular
disease account for 16.6% and 4.6%, respectively, of
the causes leading to this need for care, together
representing the highest proportion, 21.2%, from
any reported cause?. Therefore, the prevention of
cerebral and cardiovascular disease is important
for the suppression of expenditures on national
healthcare and long-term care benefits.

National healthcare expenditure in Japan continues
its increasing trend, and total national healthcare
expenditure in 2018 was 43 trillion yen ($319
billion) . When medical expenses are examined by
injury/disease category resulting from primary
injury/disease, cerebral and cardiovascular disease
is the most expensive category, at 6.1 trillion yen
($44.9 billion; composition ratio: 19.3%), and among
both men and women represents the greatest
impact on medical expenses.

Among cardiovascular diseases, ischemic heart
disease in the form of acute coronary syndromes
(ACS) is often the cause of heart failure. Several
studies conducted in Japan in patients with acute
heart failure have reported that ischemic heart
disease accounts for more than 30% of the major
causative diseases leading to acute heart failure®™.
In another report of 7,733 patients aged 65 years or
older who were hospitalized for a first onset of
myocardial infarction without a history of heart
failure, approximately 75% of patients developed
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heart failure within 5 years, and approximately
40% of them died®. These reports suggest that
prevention of ACS may also contribute to preventing
the development of heart failure.

In a recent registry study of ACS in Japan,
27%-40% of patients with ACS were reported to
have cerebral or cardiovascular events within 3
years?. Independent predictors for 3-year major
adverse cardiac events have been reported as
higher age, dyslipidemia, chronic kidney disease,
stroke, peripheral artery disease, previous myocar-
dial infarction, and Killip class > 2'9. In addition, a
prospective multicenter study investigating the
prevalence and clinical outcomes of polyvascular
disease including stroke in patients with ACS
showed that ACS patients with polyvascular disease
had poorer clinical outcomes, including recurrent
myocardial ischemia, heart failure, stroke, and death,
than did those without polyvascular disease!V.
Given these reports, suppression of recurrence of
ACS or stroke means improving patient outcomes,
but additionally has broad and important socio—eco-
nomic implications. This concept is also consistent
with addressing “secondary prevention” as outlined
in the Cerebrovascular and Cardiovascular Disease
Control Act, enacted in Japan in December 2018 as
the first ever legislative countermeasure against
stroke and cardiovascular disease in Japan, and is
an important consideration for effective evidence-
based policy making!?.

However, to our knowledge there has been no
report on the associations between the recurrence
of cerebral and cardiovascular disease and the
degree of independence in daily living (IDL). Yoko-
hama, one of the largest cities in Japan, has its own
medical database, Yokohama Original Medical Data-
base (YoMDB), based on long-term care insur-
ance. Therefore, the present study was conducted
using this database to clarify the clinical setting of
major adverse cerebral and cardiovascular events
(MACCE) and the predictors for MACCE in
patients undergoing care for the first onset of ACS.

Materials and Methods

Database

Medical claims and long-term care data since
April 2014 from YoMDB were used for this study'®.
YoMDB is a large medical invoice database that
includes residents of Yokohama City who have one
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of the following three insurance types: National
Health Insurance, Medical Care System for Older
Senior Treatment, and Public Assistance. Data for
a single year include more than 30 million records,
covering 86.4% of the entire population aged 65
years or older and more than 99% of the population
aged 75 years or older in Yokohama City, where
nearly 3.7 million people live. The total data for 2015
included 1,247,408 people and 14,944496 medical
invoices. Based on YoMDB's use policy, values less
than 10 and those that were less than 10 after
subtraction were omitted to avoid potential identi-
fication of individuals. This study used an opt-out
system at the official website of Yokohama City,
instead of obtaining informed consent from patients.

Subjects

The subjects included patients who received
certification of need for support or long-term care
at the end of each fiscal year from June 2014 to
March 2018 and who had new onset of ACS during
the 2 years from April 2014 to March 2016.
Outcomes were MACCE between June 2014 and
March 2018. MACCE was defined as all-cause
death, ACS, or stroke with hospitalization receipt
data for the primary disease name within 2 years

after the onset of ACS. Patients with MACCE
within 30 days after the first onset of ACS were
excluded, given that there may be patients who
have been hospitalized since the previous month. A
first onset of ACS was defined as occurring in
patients who had no ACS prior to 2014 and had
ACS initiated between April 2014 and March 2016.
For the purposes of patient background character-
istics, the baseline was defined as the time of the
first onset of ACS.

The study flow chart and baseline characteris-
tics are shown in Figure 1 and Table 1, respec-
tively. From a total of 32,267 patients in the YoMDB
database who had a record of ACS in the 2 years
from April 2014 to March 2016, after excluding
17,208 cases who had ACS recorded before April 1,
2014, we identified 15,059 cases. We then excluded
9,808 cases who did not receive care from March
2014 to March 2018; 5251 cases remained. From
these were excluded 273 subsequent cases that
occurred within one month after the first onset of
ACS and 1,605 patients for whom care certification
information was not obtained throughout the obser-
vation period. Finally, 3,373 cases were extracted
as the analysis set.

32,267 cases

Patients with the record of ACS in 2 years from April
2014 to March 2016 From YoMDB Database

17,208 cases who have the record of

ACS before April 1%, 2014

15,058 cases

9,808 cases who don’t receive care

from March 2014 to March 2018

5,251 cases

+ 273 cases who died at the time of the
first onset of ACS

1,605 cases who have missing value of

3,373 cases
Baseline

certified care information

1,418 cases
Patient who has MACCE from 30 days after
the first onset of ACS to March 2018

1,955 cases

Patient who does not have MACCE from 30 days
after the first onset of ACS to March 2018

Figure 1 Study flow chart
ACS indicates acute coronary syndromes; YoMDB, Yokohama Original Medical Database; and MACCE, major adverse
cerebrovascular and cardiovascular events. A total of 1,605 cases were excluded due to lack of certified care information, ie.,

IDL rank.
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Table 1 Baseline characteristics of 3373 subjects

Baseline characteristics

(At first onset of ACS) g *
Age, mean (+SD) [years] 828 (=74)
< 64 years 56 1.7%
65-74 years 344 10.2%
75-84 years 1,510 44.8%
> 85 years 1,463 434%
Male sex 1,459 43.3%
Comorbidity (n, %)
Stroke
Stroke all 1,010 29.9%
Ischemic stroke 977 29.0%
Hemorrhagic stroke 55 1.6%
Peripheral artery disease (PAD) 109 3.2%
Hypertension 2,924 86.7%
Diabetes 1,040 30.8%
Dyslipidemia 1,603 475%
Carotid artery stenosis 290 8.6%
Chronic kidney disease (CKD) 421 125%
Atrial fibrillation (AF) 886 26.3%
Aortic valve stenosis 114 34%
Dementia 861 25.5%
Surgery (n, %)
Coronary revascularization
Total 418 124%
PCI (Percutaneous coronary intervention) 405 12.0%
CABG (Coronary artery bypass grafting) 13 0.4%
Transportation by ambulance (n, %) 1,101 32.6%
Medication (n, %)
ARB (angiotensin II receptor blocker) 1,015 30.1%
ACEIi (angiotensin converting enzyme inhibitor) 228 6.8%
Beta-blocker 496 14.7%
Low intensity statin 465 13.8%
High intensity statin 764 22.7%
Dementia drugs 407 12.1%
Antiplatelet/antithrombotic 2,301 68.2%
Single 1,389 41.2%
Double 826 24.5%
Triple 86 2.5%
Independence of daily living
Category (Rank) (n, %)
Reference (Independent, I, IIa) 2,080 61.7%
Mild (IIb, IIIa, ITIb) 1,015 30.1%
Severe (IV, M) 266 7.9%
Unknown 12 0.3%
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Data extraction: Classification based on the IDL

The degree of IDL was based on the attending
physician’s opinion on “Degree of IDL for the elderly
with dementia” recorded in the long-term care
insurance certification information and was classi-
fied into one of three groups (Supplemental Table 1).
Patients who were able to independently take
medications were categorized as the Reference
group, those needing assistance in taking medica-
tions as the Mild group, and the severely disabled
as the Severe group. This status of independence
was used as an explanatory variable in a multivar-
1ate logistic regression analysis.

Data extraction: Medical history, comorbidities,
procedure, and IDL

Past medical history and comorbidities were
extracted when there was a claim code indicating
medical history and comorbidities prior to the first
claim of ACS. Surgical procedure data were
extracted when it was claimed in the same month
as the first onset of ACS. Medications were extracted
if they were prescribed in the month when the
index disease started. The degree of IDL was
extracted at the time point closest in end of March
and September to the time of first onset of ACS.

Data extraction: Medication

Medication status was extracted when there
was any prescription filled at discharge or phar-
macy receipt on record. Details of definition and
classification of each medication are shown in
Supplemental Table 2.

Data extraction: ICD-10 code

The ICD-10 code for each disease name and
procedure was extracted with details shown in
Supplemental Table 3.

Statistical analysis

Predictors, odds ratios, and 95% confidence inter-
vals of MACCE were analyzed using logistic
regression analysis according to baseline character-
istics. All independent variables, selected in accor-
dance with the related research to date, were
simultaneously introduced, and the incidence
proportion of MACCE was used as a dependent
variable. Missing values were handled by complete
case analysis. P values of <0.05 were considered

statistically significant. EZR statistical software
(version 4.0.3), which extends the functionality of
R and R Commander software, was used for all

statistical analyses!®.

Ethical considerations

This study was conducted with the approval of
the Juntendo University Institutional Review Board
(Approval No. M20-0256-MO01).

Results

Incidence proportion of MACCE

The incidence proportion of MACCE and base-
line characteristics according to presence or
absence of MACCE after follow-up are shown in
Table 2. The incidence proportion of MACCE was
42.0% in patients with the first onset of ACS.
Patients were classified into the 1,418 patients who
had MACCE after 30 days from the first onset of
ACS until March 2018, and the 1,955 patients who
did not have MACCE during the above period. The
incidence proportion of MACCE according to IDL
rank are shown in Figure 2. The incidence propor-
tion of MACCE in reference, mild and severe were
37.7%, 46.5% and 57.9%, respectively (P for trend <
0.001 by Cochran-Armitage test).

Multivariate analysis

The multivariate logistic regression analysis
showed that male sex, concurrent chronic kidney
disease, concurrent atrial fibrillation, taking high-
intensity statins, taking low-intensity statins, and
severe IDL (less independence) are independent
predictors of MACCE (Table 3). Positive associa-
tions were observed between male sex, concurrent
chronic kidney disease, concurrent atrial fibrilla-
tion, and MACCE. A positive association was also
observed between the category of IDL and MACCE.
Contrast negative associations were observed
between taking high-intensity statins, taking
low-intensity statins, and MACCE. Adjusted odds
ratios and 95% confidence intervals (CI) for refer-
ence, mild and severe IDL were 1.00, 1.35 (95% CI
1.14-1.60) and 2.12 (95% CI 1.61-2.80; P for trend <
0.001), respectively (Figure 3).

Discussion

In the present study, risk factors for MACCE
were determined using highly complete real-world
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Table 2 Incidence proportion of MACCE and baseline characteristics according to presence or absence of
MACCE during follow-up

MACCE
Presence % Absence %
All cases (n=3373) (n, %) 1418 42.0% 1,955 58.0%
Age (mean = SD) [years] 836 +78 82371
Age (n, %)
< 64 years 23 1.6% 33 1.7%
65-74 years 135 9.5% 209 10.7%
75-84 years 580 40.9% 930 47.6%
> 85 years 680 48.0% 783 40.1%
Male (n, %) 718 50.6% 741 379%
Comorbidity (n, %)
Stroke
Stroke all 493 34.8% 517 26.4%
Ischemic stroke 475 335% 502 25.7%
Hemorrhagic stroke 30 2.1% 25 1.3%
Peripheral artery disease (PAD) 46 3.2% 63 3.2%
Hypertension 1,223 86.2% 1,701 87.0%
Diabetes 437 30.8% 603 30.8%
Dyslipidemia 618 43.6% 985 50.4%
Carotid artery stenosis 126 8.9% 164 84%
Chronic kidney disease (CKD) 229 16.1% 192 9.8%
Atrial fibrillation (AF) 432 30.5% 454 232%
Aortic valve stenosis 52 3.7% 62 3.2%
Dementia* 396 279% 465 238%
Surgery (n, %)
Coronary revascularization
Total 152 10.7% 266 13.6%
PCI (Percutaneous coronary intervention) 147 10.4% 258 13.2%
Transportation by ambulance (n, %) 486 34.3% 615 31.5%
Medication (n, %)
ARB (Angiotensin II receptor blocker) 410 28.9% 605 30.9%
ACEi (Angiotensin converting enzyme inhibitor) 92 6.5% 136 7.0%
Beta-blocker 186 13.1% 310 15.9%
Low intensity statin 142 10.0% 323 16.5%
High intensity statin 284 20.0% 480 24.6%
Dementia drugs 179 12.6% 228 11.7%
Antiplatelet/antithrombotic 990 69.8% 1,311 67.1%
Single 606 42.7% 783 40.1%
Double 352 24.8% 474 24.2%
Triple 32 2.3% 54 2.8%
Independence of daily living
Category (Rank) (n, %)
Reference (Independent, I, IIa) 785 55.4% 1,295 66.2%
Mild (ITb, IITa, IIb) 472 33.3% 543 278%
Severe (IV, M) 154 10.9% 112 5.7%

*. Dementia, as comorbidity, was derived from claim database, which was diagnosed by clinical physician.
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Figure 2 Rank of IDL and incidence proportion of MACCE
IDL rank and incidence proportion of MACCE. This analysis excludes 12 patients whose degree of independence
of daily life was unknown. Classification of IDL rank is shown in Supplemental Table 1. IDL, independence of
daily living; MACCE, major adverse cerebrovascular and cardiovascular events.

data from YoMDB database. A multivariate logistic
regression analysis showed that male sex, concur-
rent chronic kidney disease, concurrent atrial fibril-
lation, high-intensity statin use, low-intensity statin
use, and a high category of IDL (signifying less
independence) were predictors of MACCE. Also,
degree of IDL was associated with the incidence
proportion of MACCE.

Predictors of MACCE

The predictors of MACCE revealed in this study
are in accord with previous research. Many studies
have shown that the incidence proportions of
MACCE and their sequelae are higher in males
than in females. Similarly, CKD is a known high-
risk condition of arteriosclerotic disease that has
been associated with an increased risk of cardio-
vascular events!'> 9. Atrial fibrillation is associated
with increased cardiovascular risk!”, and many
previous studies have reported the effect of statins
on MACCE"™. We may need to consider the back-
ground and severity of patients when interpreting
the odds ratios in the high-intensity statin group
and the low-intensity statin group in this study, as

the odds ratios seem to be the inverse of what
would be anticipated, ie., this may be because
severe patients in whom the risk of MACCE is
difficult to reduce are prone to use high-intensity
statin because of its complexity. These previously
known risk factors were confirmed as predictors of
MACCE in this population with newly diagnosed
ACS requiring interventional care.

Relationship between long-term care and MACCE

According to National Health Care Coverage
data, in fiscal year 2018, the total percentage of
causative diseases requiring support/long-term
care was 185% for cerebrovascular disease and
45% for cardiovascular disease, and the total
number for cerebral and cardiovascular diseases
was 23.0%. The proportion increases as the level of
need for long-term care rises. Cerebral and cardio-
vascular disease accounted for the highest propor-
tion, 35.9%, of the level 5 cases requiring long-term
care, which is the highest care requirement!?.
Furthermore, it has been reported that the level of
long-term care required often progresses irrevers-
ibly in a stepwise manner from support to long-
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Table 3 Odds ratios and 95% confidence intervals (CIs) of MACCE according to baseline characteristics by multivariate
logistic regression analysis

Univariate Multivariate
T owsnio NI e P Ot i e
Gender
Female Referent Referent
Male 1.68 1.46 1.93 <0.001 1.66 143 1.92 <0.001
Age
< 64 years Referent Referent
65 74 years 092 0.52 1.63 0.76 1.14 0.63 2.06 0.67
75 -84 years 0.89 0.52 1.54 0.68 122 0.69 2.15 048
> 85 years 1.25 0.72 2.14 042 1.69 0.95 298 0.072
Comorbidity*
Hypertension 0.94 0.77 1.15 052 0.96 0.77 1.19 0.68
Diabetes 1.00 0.86 1.15 0.94 1.04 0.88 1.22 0.64
Dyslipidemia 0.76 0.66 0.87 <0.001 0.88 0.75 1.03 0.10
Peripheral artery disease (PAD) 1.03 0.70 151 0.89 111 0.74 1.66 0.62
History of stroke all 1.49 1.29 1.73 <0.001 1.84 0.89 3.78 0.098
History of ischemic stroke 1.47 1.26 1.70 <0.001 0.79 0.38 1.63 051
Carotid artery stenosis 1.07 0.84 1.37 0.56 1.00 0.77 1.30 0.98
Chronic kidney disease (CKD) 1.76 143 2.16 <0.001 1.76 141 2.18 <0.001
Atrial fibrillation (AF) 144 1.24 1.68 <0.001 1.31 111 155 0.001
Aortic valve stenosis 117 0.80 1.70 042 1.30 0.88 1.93 0.18
Dementia 124 1.06 145 0.006 1.04 0.84 1.29 0.71
Transportation by ambulance 1.14 0.98 1.32 0.086 1.05 0.90 123 053
Medication*
Sfigg“gimensm £ recepoor 091 078 1.06 021 098 084 116 083
?nczingziobf:sm comverting 094 071 123 064 099 074 1.32 093
Beta-blocker 0.80 0.66 0.98 0.028 0.86 0.70 1.06 0.15
Low-intensity statin 0.56 0.46 0.69 <0.001 0.59 047 0.75 <0.001
High-intensity statin 0.77 0.65 091 0.002 0.80 0.66 0.98 0.028
Dementia drugs 1.10 0.89 1.36 0.36 0.93 0.71 122 0.60
Antiplatelet/antithrombotic Single 111 097 1.28 012 1.08 091 1.30 0.37
Antiplatelet/antithrombotic double 1.03 0.88 121 0.68 1.18 0.95 1.47 0.13
Antiplatelet/antithrombotic Triple 1.17 0.80 1.70 042 1.30 0.88 1.93 0.18
IDL: Independence of daily living
Category: Reference (Ranks g Referet
E?Sgory: Mild (Rank: 1ib. ITTa. 143 123 167 <0001 135 114 160 <0001
Category: Severe (Rank: IV, M) 227 1.75 294 <0.001 212 1.61 2.80 <0.001

Objective variable: MACCE
*Referent of variables in comorbidity and medication are no comorbidity and no medication.
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Figure 3 IDL category and adjusted odds ratios of MACCE
IDL category and adjusted odds ratios of MACCE with 95% confidence interval. This
analysis excludes 12 patients whose degree of independence of daily life was unknown.
Classification of IDL category is shown in Supplemental Table 1. IDL, independence of
daily living; MACCE, major adverse cerebrovascular and cardiovascular events.

term care needs®.

Given these reports, the secondary occurrence of
cerebral and cardiovascular events is one of the
factors influencing the progression of the level of
care needed. Therefore, it may be important to
prevent recurrence or subsequence of cerebral and
cardiovascular events to prevent this progression.

Relationship between IDL and MACCE

Prior reports on patient frailty may be of use in
interpreting the relationship between the degree of
independence of daily living and cerebral and
cardiovascular events revealed in this study.
Frailty, recently identified as being characteristic
of the physical and mental state of the elderly, is
defined as a state intermediate between health and
requiring care?’. Frailty has been shown to be
associated with impaired activities of daily living,
hospitalization, and life expectancy, and the pres-
ence of frailty has also been reported as a risk
factor for certification of long-term care needs®.
Patients with cardiovascular disease have a 2.7-4.1-
fold higher prevalence of frailty and a 1.5-fold
higher longitudinal incidence; in addition, patients
with coronary artery disease or heart failure who
also have frailty have a 1.6-4-fold increased risk of

death®.

Thus, the relationship between frailty and cere-
bral and cardiovascular diseases has already been
clarified in several studies. In other words, the
condition in which daily life is more independent
may lead to the suppression of subsequent cerebral
and cardiovascular events, and interventions for
the controllable predictors shown in this study may
aid in the suppression of progression to needing a
greater level of care. Furthermore, such interven-
tions for suppression of MACCE may also extend
healthy life expectancy.

Limitations of this study

This study has several limitations. First, there is
a possibility of incurring some selection bias by
limiting cases to those for which long-term care
certification information is available. Second, detailed
information such as smoking habits, body mass
index, and various laboratory test values are unavail-
able in the YoMDB database, and the severity and
control status of ACS and each comorbidity are not
taken into consideration. Third, each comorbidity
and medication selected as an explanatory variable
may have been over-evaluated because of the
criteria to pick up, i.e., the existence of any prescrip-
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tion filled, and no validation for that. Forth, this
study has no detailed information on ADL such as
Barthel Index, which is crucial to fully understand
the association between MACCE and frailty. Fifth,
the association between MACCE and IDL as
history of included stroke patients may have some
bias, even though this was adjusted as an explana-
tory variable in the logistic regression analysis.
Finally, further research will be required to under-
stand the results of interventions for the identified
predictors of MACCE, as investigating the clinical
impact of such interventions is beyond the scope of
this study.

Conclusion

In patients with a first onset of ACS, male gender,
chronic kidney disease, atrial fibrillation, high-in-
tensity statin use, low-intensity statin use, and
lower IDL were predictors of MACCE. The higher
level of care a patient needed, the more likely
MACCE was to occur. Therefore, given the current
and projected future care needs, as well as previous
studies, interventions for controllable factors may
be effective in reducing the incidence of MACCE in
patients with the first onset of ACS.
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Supplemental Table 1 Classification based on the
independence of daily living (IDL)*

Category

1: Reference

2: Mild

Code IDL rank
1 Independent
2
3
4
5
6
7

8

3: Severe

* “Degree of IDL for the elderly with dementia” was
referred for this study because it was more suitable for
the population of this study than “Degree of IDL for the

disabled elderly”.

Supplemental Table 2 Definition and classification of each medication

Classification

Definition

Any of daily atorvastatin > 10 mg, pitavastatin > 2 mg, rosuvastatin > 5 mg, simvastatin

High-intensity statin
plus ezetimibe??.

> 20 mg, fluvastatin > 80 mg, pravastatin > 40 mg, or any statin (even at low intensity)

An oral anticoagulant (OAC) alone (warfarin, dabigatran, rivaroxaban, apixaban, or

Antithrombotic drugs: Single therapy

edoxaban) or single antiplatelet therapy (SAPT) (aspirin/P2Y12 receptor blocker

(ticlopidine, clopidogrel, prasugrel, or ticagrelor) ).

Antithrombotic drugs: Double therapy

Antithrombotic drugs: Triple therapy

OAC plus clopidogrel/prasugrel or dual antiplatelet therapy (DAPT)%.

OAC plus DAPT. Two or more OACs were regarded in the same manner as one drug,
and SAPTs other than clopidogrel/prasugrel were regarded as clopidogrel/prasugrel®.
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Supplemental Table 3 ICD-10 code of each disease name and procedure

Disease

ICD-10 code

Acute coronary syndrome
Heart failure

Pulmonary embolism

Acute aortic dissection or aortic aneurysm
Diabetes mellitus (type 1 and 2 diabetes mellitus)
Atrial fibrillation

Dementia

Alzheimer dementia
Dementia with Lewy Bodies
Cerebrovascular dementia
Hypertension

Peripheral artery disease
Stroke

Chronic kidney disease
Dyslipidemia

Pneumonia

Malignant tumor

Cerebral hemorrhage
Cerebral infarction

PCI

CABG

1200,121.1-214,1219,1220,1221,1228-9, 1249
150.0-50.1, 1509, 111.0,1130,113.2
126.0,1269

171.0-719

E 10-11

1 480-482, I 489

G 300-301, G 308-309, G 318, FF 019, F 03
G 300-301, G 308-309

G 318

F019

110

1739

1619,1639,1 64

N 189

E 785

J10-18

C 00-C 97

1619

1638-639, I 64

K 546-550, K 550-2

K 552, K 552-2
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Review of Performance Improvement of a Noninvasive Brain-computer Interface in

Communication and Motor Control for Clinical Applications
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Brain-computer interfaces (BCI) enable direct communication between the brain and a computer or other external devices.
They can extend a person’s degree of freedom by either strengthening or substituting the human peripheral working capacity.
Moreover, their potential clinical applications in medical fields include rehabilitation, affective computing, communication, and
control. Over the last decade, noninvasive BCI systems such as electroencephalogram (EEG) have progressed from simple
statistical models to deep learning models, with performance improvement over time and enhanced computational power.
However, numerous challenges pertaining to the clinical use of BCI systems remain, e.g., the lack of sufficient data to learn more
possible features for robust and reliable classification. However, compared with fields such as computer vision and speech
recognition, the training samples in the medical BCI field are limited as they target patients who face difficulty generating EEG
data compared with healthy control. Because deep learning models incorporate several parameters, they require considerably
more data than other conventional methods. Thus, deep learning models have not been thoroughly leveraged in medical BCIL
This study summarizes the state-of-the-art progress of the BCI system over the last decade, highlighting critical challenges
and solutions.

Key words: brain-computer interface, medicine, deep learning, machine learning, data augmentation

patients with impairments of eye movements or
vision®?, and prognosis for patients with cognitive
motor dissociation?. However, challenges and limita-
tions of BCI systems in clinical use still prevail.
Herein, we focus on BCI studies published between

Introduction

Brain-computer interface (BCI) can connect the
brain and the external world by identifying brain
activity and translating it into messages or

commands, without depending on normal periph-
eral nerves and muscles”. In particular, electroen-
cephalogram (EEG) as noninvasive BCI has been
developed for clinical purposes. For instance, EEG-
based BCI has potential applications in the rehabil-
itation of patients suffering from stroke?, tactile
system of communication and control options for

2011 and 2021 to investigate the most recent trends
in BCI research in the area of communication and
control for clinical applications, such as the extraction
of action intentions and translation into electrical
commands and the monitoring of human physi-
ology in patients with motor disabilities. Further,
this study discusses the challenges and limitations
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of BCI systems along with solutions to these issues.
This study also suggests future research for intro-
ducing BCI systems to medical fields.

Methods

investigate papers
published in the past 10 years (January 2011-
January 2021) that have been cited more than 100
times to refine search articles with high impact
according to the Web of Science database. Papers
with headings, abstracts, or keywords including
the phrase “brain-computer interface” have been
selected, and it has been ensured that the type of

In this mini-review, we

document is “article” rather than proceedings
paper or review.

Performance Evaluation

Although many evaluation metrics have been
used to quantify performance in the BCI field, the
most common metric is classification accuracy®?,
which allows the measurement of the number of
trials classified correctly as a percentage of all
trials. Therefore, the accuracy obtained for each
subject is used to evaluate existing BCI systems in
this study. In a previous report, a BCI system with
an accuracy of <70% was deemed unacceptable,

whereas a BCI system with an accuracy of >75%
was deemed successful”. Based on this report, the
accuracy criteria were defined to compare existing
BCIs (Table 1) in the present study.

BCI systems can be validated both offline and
online. An offline approach validates a BCI system
by using a dataset that has already been collected
and shared by a few research groups. In most
cases, the validation of a BCI system begins with
identifying appropriate signal processing tech-
niques offline. A subsequent online analysis is used
to validate the performance of the BCI system for
extracting and classifying trials from real data.
Real-time embedded EEG-based brain-computer
interface can be used for controlling electrical devices
using EEG signals, which is an online approach.

Review of BCI Applications

This section introduces the selected papers,
enabling a comprehensive understanding of the
trend in the history and evolution of BCI systems
to date in terms of the preprocessing and classifier
models based on EEG signals.

EEG signals were developed® to extract thinking
actions and translate them into electrical commands
to develop an embedded BCI system that can be

Table 1 BCI performance summary

Reference Year Algorithms Signal type Accuracy (%) Performance Online/Offline
8) 2016 Hammmg window, S'ITFT, ’I-‘ranslate t.hmkmg actions 746 Fair Online
PCA, Linear regression into electrical commands
T 1 hinki i
9 2014 FFT, SLIC ranslate (hinking actions 700 Fair Offline
into electrical commands
T 1 he physiological
10) 2015 Theta spectra, threshold rans .a te the p ysio oglca 714 Fair Online
state into music selection
" 2017 Band-pass filter, average Tr.anslate thinking actions 700 Fair Offline
power, temporal correlation into hand movements
12) 2016 DWT, SVM Translate thinking actions 821 Good Offline
into hand movements
T 1 hinki i
13) 2019 SCSSP, MI, LDA, SVM ransiate thinking actions 819 Good Offline
into hand movements
T 1 hinki i
14) 2018 CNN ransiate thinking actions 700 Fair Online
into hand movements
T late thinki ti
15) 2019 CNN ransiate FAIEINg actions 805 Good Offline
into hand movements
T 1 hinki i
16) 2020 LSTM ransiate thinking actions 976 Good Offline

into hand movements

Abbreviation: STFT, short-time Fourier transform; PCA, primary component analysis; FFT, fast Fourier transform; SLIC, stimulus-locked

inter-trace correlation; DWT, discrete wavelet transform; SVM, support vector machine; SCSSP, Separable Common Spatiospectral Pattern;
MI, mutual information; LDA, linear discriminant analysis; CNN, convolutional neural network; LSTM, long short-term memory.
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used to control electrical devices. The input EEG
signals were filtered using an EEG filter block that
extracts essential features and were converted into
electric commands to activate the corresponding
actions intended by the patient with severe motor
disorders. The classification accuracy of translation
into electrical commands was 74.6% based on linear
regression via the online approach.

For improved biopotential acquisition and
processing, an autonomous embedded BCI system
was developed” based on an ARMO processor that
can port a real-time operating system for visual-
evoked potentials. The results show that this appli-
cation recovered visual evoked potentials using
fast Fourier transform (FFT) by extracting
frequency-domain features from BCI signals and
stimulus-locked interlace correlation (SLIC); thus,
a classification method based on EEG signals in the
time domain was proposed. Additionally, the classi-
fication accuracy was found to be 70% upon exam-
ination of the steady-state visual-evoked potential
phase-locking and time-locking in terms of the
stimulus properties via the offline approach.

Further, a BCI-based smart multimedia controller
was introduced'”’, which can select music in
different situations according to the user’s physio-
logical state. The multimedia platform in that study
comprised an easily available commercial mobile
tablet and a wireless multichannel EEG acquisition
module designed for real-time EEG monitoring. A
smart multimedia control program built into the
multimedia platform was successfully developed to
analyze the user’'s EEG and select music based on
the user’s physiological state. The experimental
results show a classification accuracy of 71.4% via
the online approach. The wireless multichannel
EEG acquisition module can easily communicate
with any type of commercial tablet via Bluetooth,
thereby increasing acceptability among a large
user demographic. Therefore, this BCI system is
versatile and can be used on different evoked
potential scenarios, such as medical brain-com-
puter interfaces, while satisfying the strict real-
time constraints that they impose.

However, BCI systems developed in previous
studies were expensive and had limited portability;
thus, the applications of BCI systems were limited.
To address the lack of portability and high cost
issues of BCI systems, a portable, low-cost BCI was

developed and compared with a conventional
BCIW. Specifically, five subjects were tested who
were cued to alternate between hand opening/
closing or were motionless while the BCI decoded
their state of movement in real-time. The perfor-
mance in each trial was defined as the temporal
correlation between the cues and the decoded
states. The results show that the EEG data acquired
using the proposed and conventional BCIs were
highly correlated (p = 0.79). The decoding perfor-
mances, obtained using linear discriminant anal-
ysis, of the proposed and conventional BCIs were
70% and 68% in the offline approach, respectively,
when averaged across trials and subjects; thus, the
performances were not significantly different from
each other.

Although previous studies used conventional
and statistical classification models'?, introduced
machine learning models such as support vector
machines (SVM) for BCI systems. There is a back-
ground that the computer system had enough
computational resources for fully embedded BCI
systems. The classification result of a 2-class motor
imagery paradigm was 82.1% using the SVM clas-
sifier and minimal processing time (0.11 s) in the
offline approach on the embedded device in the
experimental result, allowing the development of a
portable, low—-cost, and trustworthy system. Simi-
larly™®, proposed a BCI system based on an SVM
classifier. The proposed method includes statistical
learning methods such as mutual information (MI),
LDA, and SVM and applies the separable common
spatiospectral pattern (SCSSP) method to extract
features to design an accurate algorithm. The clas-
sification accuracy of a two-class motor imagery
paradigm was 81.9% in the offline approach. The
proposed BCI system achieves not only excellent
recognition accuracy but also remarkable imple-
mentation efficiency in terms of portability, power,
time, and cost.

Recently, deep learning techniques have been
employed to improve the performance of BCI
systems. Deep learning models can express more
subtle and complex features in EEG signals than
traditional machine learning techniques. Therefore,
deep learning models are expected to provide more
accurate predictions. A BCI system was'? devel-
oped using the convolutional neural network (CNN)
EEGNet, a compact version of the existing CNN,
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for feature extraction and classification of motor
imagery. As EEGNet is based on depthwise convo-
lutional and separable convolution, the number of
parameters in EEGNet is reduced. The EEG signals
were processed as a series of multichannel images
in a continuous—time domain showing the energy
changes in the cerebral cortex during motor
imagery of the subjects. The classification accuracy
reached approximately 70.0%. To improve this
system, a field-programmable gate array (FPGA)
accelerator system' was proposed, which combines
both flexibility and reconfigurability of different
CNN structures. Applying the synchronous data-
flow model to an embedded system and configuring
the intellectual property cores of each layer sepa-
rately, a 16-bit fixed-point CNN was finally used
for EEG classification. The classification accuracy
reached 80.5%, and the proposed design was
approximately eight times faster and more efficient
than the conventional BCI system in terms of
execution time and power consumption. In another
study, a BCI system with deep learning specialized
in time series data called long short-term memory
(LSTM) was proposed!® to improve the quality of
life for patients with motor disabilities. The proposed
BCI system used multiple convolutional LSTM and
fully-connected layers to decode EEG signals to
maximize human intention recognition accuracy.
The classification accuracy for a two-class motor
imagery paradigm was 97.6% in the offline evalua-
tion. Moreover, the proposed model reduces power
consumption by 62.7% and improves the throughout
power (W) by 168% compared with the previous
models using central processing units, graphics
processing units, field programmable gate arrays,
application-specific integrated circuits, resistive
random access memories, and photonic neural
network accelerators.

Therefore, the BCI system has evolved from a
simple statistical model to a deep learning model,
and its performance has improved with time and
the enhancement of computational power in
computers.

Challenges and Limitations

Many BCI achievements in the SLIC application
field have been reported. Furthermore, benchmark
datasets can achieve state-of-the-art performance
with high classification accuracy. However, most
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achievements have been validated using only the
offline rather than the online approach. The perfor-
mance in EEG trial classification obtained via the
offline approach significantly decreases compared
with that of the online approach'”. For example,
BCI was developed!®, enabling a controlled func-
tional electrical stimulation (FES) based on EEG
owing to stroke for re-establishing foot dorsiflexion.
The study generated a prediction model based on
approximate information discriminant analysis to
classify EEG data into either “idling” or “dorsi-
flexion” stages; this information was subsequently
used to control an FES device to elicit effective foot
dorsiflexion. Although the average offline classifica-
tion was 98.8%, the average online classification
was 50%!?. using two types of oddball paradigms,
including the silk-stim paradigm (SSP) and linen-
stim paradigm (LSP). The offline classification
accuracies based on Bayesian linear discriminant
analysis of the two paradigms for SSP and LSP
were 64.5% and 75.5%, respectively, whereas the
online classification accuracies were 50.0% and
53.0%, respectively. The steady-state visual-evoked
potential-based BCI performance investigated
under different perturbations?®. The subjects
focused on one of the four circles and provided
feedback on the correctness of the classification
under four conditions that were randomized across
the subjects: Control (no perturbation), Speaking
(counting loudly and repeatedly from 1 to 10),
Thinking (mentally counting repeatedly from 1 to
10), and Listening (listening to verbal counting
from 1 to 10). Although the offline mean classifica-
tion accuracy using decision tree was 97.0%, the
online mean classification accuracy was 83.0%.
Therefore, the accuracy of BCI systems decreases
by approximately 20.0%-50.0% during the valida-
tion of the EEG signal processing chain based on
the online approach. This could be attributed to the
lack of sufficient data for rendering the classifier
more robust and reliable. Compared with that in
computer vision and speech recognition fields, the
training samples in the medical BCI field are
limited, as patients whose EEG data collections are
limited compared with healthy controls are
targeted. Additionally, the deep learning models
require much more data than other conventional
methods?" % and cannot fully utilize the potential of
the deep learning model in the medical BCI field.
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Solution for the Problem

To overcome the prevalent data deficiency prob-
lems, novel approaches have been proposed to
generate artificial brain signals and improve the
performance of BCI systems. The first method was
proposed by Fabien, which was implemented using
mixing signal segmentation in the time domain®.
This approach can significantly increase classifica-
tion accuracy even for small training datasets.
However, this approach poses the limitation of
causing inadequate high-frequency noise at the
boundary between two different segmentations. To
overcome this problem, artificial EEG signal gener-
ation methods based on time-frequency represen-
tation (TFR) and analogy methods were proposed?”.
The aforementioned approach only considered the
temporal features of EEG signals, not the frequency
features. Therefore, an empirical mode decomposi-
tion method was proposed® to consider the features
in the temporal and frequency domains. To further
improve the classification accuracy, the differential
entropy feature was used to generate more EEG
signals, and this method could significantly improve
the performance of deep learning models (LeNet
and ResNet) 29,

Although all previous methods for generating
artificial EEG signals were based on a combination
of the features of raw EEG signals in different
trials, various novel deep learning methods have
recently been proposed to generate artificial EEG
signals from the probability distribution and deep
learning perspective rather than physically
combining the effective features such as the signal
segment, TFR, intrinsic mode function, or differen-
tial entropy. This data generation method is known
as a generative adversarial network (GAN), and it
can approximate the feature distribution of raw
EEG signals during process training?”’. While GAN-
based methods have been applied in computer
vision for various purposes, such as generating
images from text®, generating videos with scene
dynamics??, and translating from image to image”,
this novel method has been implemented in the
field of BCI to improve the BCI system performance.

For example, Roy et al’V leveraged the original
version of GAN for BCI to classify trials based on
the left- and right-hand motor imagery. The time-
frequency characteristics of real and artificial EEG

signals were compared using the short-term Fourier
transform and Welch’'s power spectral density for
evaluation. The results showed that GANs can
capture important features of motor imagery EEG
data, such as power variations, and that the power
variation between the raw and artificially gener-
ated EEG signals was in the same frequency bin of
Welch's power spectral density. Pascual et al®?
used conditional Least Squares GAN (LSGAN) to
alert caregivers and reduce the impact of seizures
on patients’ quality of life for epilepsy manifested
by recurrent unprovoked seizures. LCGAN gener-
ated synthetic seizure-like EEG signals to train
seizure detection and subsequently improved the
detection performance by 1.2% overall relative to
training only with real samples. Furthermore,
Zhang et al. proposed a conditional deep convolu-
tional GAN (cDCGAN) method for generating a
large number of artificial EEG signals for data
augmentation to improve CNN performance and
overcome the problems associated with small
training datasets. For the CNN model, the raw EEG
signal was transformed into TRF to learn the
time-frequency features from the TFR of the raw
EEG signal using a two-dimensional kernel. Thus,
cDCGAN is used to generate artificial TFR from
the EEG signal and subsequently inverse the
wavelet transform to generate waveform EEG
signal. Therefore, data augmentation based on
c¢cDCGAN improved the classification accuracy of
motor imagery tasks of the left- or right-hand
movements from 82.8% to 85.8%% . Furthermore,
the proposed methods were®” based on two deep
generative models (variational autoencoder (VAE)
and GAN) and two augmentation strategies
(Figure 1). The full usage strategy appended all
generated data to the training dataset without
judging the quality of the generated data, whereas
partial usage selected only high-quality data and
appended the data to the training dataset. These
three methods are known as conditional Wasser-
stein GAN (cWGAN), selective VAE (sVAE), and
selective WGAN (sWGAN). The effectiveness of
these models was evaluated through a systematic
experimental study on two public EEG datasets for
emotion recognition, such as SEED and DEAP.
First, realistic EEG training data were generated in
two forms, such as power spectral density and
differential entropy. Subsequently, the original
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Figure 1 Concepts of classification methods in BCI. For emotion classification based on BCI signal, first, power spectral density
(PSD), and differential entropy (DE) features are extracted from the EEG-based emotion recognition dataset. (a) Conventional
method classifies emotions using a conventional classifier linear regression (LR) and support vector machine (SVM). (b) Deep
learning methods include classifiers such as the convolutional neural network (CNN) and long short-term memory (LSTM). (c)
Deep learning method is combined with a generative adversarial network (GAN). GAN generates realistic data and augments the
original training dataset. Finally, the performance of BCI systems using SVM and DNN with shortcut layers is evaluated.

training datasets were augmented to generate a
different number of realistic-like EEG data. Finally,
SVM and deep neural networks (DNN) with short
cut layers were trained to develop an effective
model using the original and augmented training
datasets. Therefore, augmented training datasets
by sWGAN enhance the performance of EEG-based
emotion recognition models from 83.3% to 92.2%
(ie.,, 10.2% improvement) and outperform existing
data augmentation methods such as cWGAN (from
83.3% to 90.7%), sVAE (from 83.3% to 80.6%),
Gaussian noise (from 83.3% to 85.8%), and rota-
tional data augmentation (from 83.3% to 75.7%).
Thus, augmentation based on GAN can improve
BCI system performance while reducing the cost of
acquiring EEG signal data and the effort of medical
experts and patients.
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Conclusion and Future Directions

This paper summarizes the developments made
in brain-computer interfaces in the last decade to
investigate the current trends in BCI research in
the fields of medicine, communication, and control
for clinical applications. We have summarized the
challenges and limitations of the current BCI
systems and proposed potential solutions. Numerous
BCI systems have been developed, gradually
progressing from a simple statistical model to a
deep learning model, and consequently, BCI perfor-
mance has improved over time. However, achieving
a classification accuracy of >90% via an online
approach is still difficult. Thus, further develop-
ment is required for implementing medical BCI
systems on medicine settings. Furthermore, indi-
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vidual BCI systems require training and parameter
tuning for each task to be completed and they lack
versatility. Considering the numerous clinical tasks
to be achieved for clinical applications, developing
a BCI system for each task is not feasible. To over-
come this versatile problem, the Global Workspace
Theory®, which refers to a large-scale system
integrating and distributing information among
networks of specialized modules to create high-
er-level forms of cognition and awareness, has
recently attracted considerable research attention,
further advancing deep learning. Unsupervised
neural translation between multiple latent spaces
(neural networks trained for distinct tasks on
distinct sensory inputs and/or modalities) to create
a unique, amodal Global Latent Workspace can lead
to improvement in the versatility and performance
of BCI systems; this may be a promising theory in
the medical BCI field®®.
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Aims and Scope

Juntendo Medical Journal (JM]) is the official peer-re-
viewed journal of the Juntendo Medical Society. JM] aims to
introduce achievements in the fields of basic and clinical
medicine, sportology (a novel scientific field integrating
sports and medicine), nursing, preventive medicine, and
public health. JM] is dedicated to the international exchange
of knowledge to understand, treat and control diseases. The
journal provides a platform for researchers to introduce,
discuss and exchange novel achievements in biomedical
science. JM]J invites original articles, review articles, case
reports and other articles containing new insights into any
aspect of biomedical sciences and health sciences that are
not published or being considered for publication elsewhere.
The journal, which is freely available online at J-STAGE,
publishes articles continuously online and collates them into
issues six times per year.

Manuscript Types

The journal welcomes six manuscript types, all of which are
subject to peer review.
Authors should ensure that their manuscripts, including
figures and tables, do not exceed the maximum number of
printed pages:

* Original articles should not exceed 10 printed pages

* Review articles should not exceed 12 printed pages

» Case reports should not exceed 4 printed pages

¢ Study protocols should not exceed 10 printed pages

* Perspectives should not exceed 4 printed pages
The total number of pages can be estimated as: text, 600
words per page; References, 20 per page; Figures, four 7 X 5
cm figures per page.

Original Articles

Articles describing original research presented in the stan-
dard format of Abstract, Introduction, Materials and
Methods, Results, Discussion and References.

Reviews

Reviews cover recent discoveries or topics of current interest.
Reviews are occasionally commissioned by the Editor-in—-Chief,
and the journal welcomes proposals from interested authors.

Case Reports

Articles reporting on the following topics: previously unre-
ported or unusual side effects or adverse interactions
involving medications, unexpected or unusual presentations
of a disease, new associations or variations in disease
processes, presentations, diagnoses and/or management of
new and emerging diseases, an unexpected association
between diseases or symptoms, or an unexpected event in
the course of observing or treating a patient.

Study Protocols

Articles describing study objectives, design, methods,
assessment types, collection schedules, or statistical consid-
erations for analyzing data that help to improve the stan-
dard of medical research.

Perspectives

Perspective articles are opinion pieces. They must present
objective facts and include references, but are not entirely
bound to the scientific rigor demanded of original articles
and review articles. Examples would include advocacy for
medical- or sports-related policies, reflections on the practice
of medicine, and comparisons of medical systems or medical
education regimes between Japan and other countries.

Journal & Ethics Policies

JM] upholds the highest standards in scholarly publishing.
The journal supports and adheres to the industry guidelines
and best practices promoted by the International Committee
of Medical Journal Editors (ICMJE) (https://www.icmje.
org/) and follow the procedures outlined by Committee on
Publication Ethics (COPE) (https://publicationethics.org/)
when dealing with allegations of misconduct.

Before submitting a manuscript to the journal, authors must
ensure that they have read and complied with the journal’s
policies. The journal reserves the right to reject without
review, or retract, any manuscript that the Editor believes
may not comply with these policies.

The responsibilities of the journal’s authors, editors, reviewers
and publisher regarding research and publication ethics are
described in full below.

Corresponding authors must ensure attest that the submitted
experimental results are unpublished and not under consid-
eration for publication elsewhere.

Corresponding authors must inform the editors if any
related manuscripts are under consideration, in press or
published elsewhere. The availability of a manuscript on a
publicly accessible preprint server does not constitute prior
publication (see Preprints’).

If authors choose to submit their manuscript elsewhere
before a final decision has been made on its suitability for
publication in JM]J, the corresponding author should first
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withdraw it from the journal.

Submission

JM]J welcomes manuscript submissions from authors based
anywhere in the world.

Submission of a manuscript to the journal implies that all
authors: have approved it, warrant it is factual, have agreed
to its submission, and have the right to publish it.

Originality

Submission to the journal implies that the manuscript is
original work. The journal may use Crossref's Similarity
Check (https://www.crossref. org/services/similarity-check/)
plagiarism software to screen manuscripts for unoriginal
content. By submitting a manuscript to the journal, authors
agree to this screening. Any manuscript with an unaccept-
able level of unoriginal material may be rejected or retracted
at the Editors’ discretion.

Preprints

To support the wide dissemination of research, the journal
encourages authors to post their research manuscripts on
community-recognized preprint servers, either before or
alongside submission to the journal. This policy applies only
to the original version of a manuscript that describes
primary research. Any version of a manuscript that has
been revised in response to reviewers comments, accepted
for publication or published in the journal should not be
posted on a preprint server. Instead, forward links to the
published manuscript may be posted on the preprint server.
Authors should retain copyright in their work when posting
to a preprint server.

Scooping

When assessing the novelty of a manuscript submitted to
the journal, the editors will not be influenced by other
manuscripts that are posted on community-recognized
preprint servers after the date of submission to JMJ (or
after the date of posting on a preprint server, if the manu-
script is submitted to the journal within 4 months).

Authorship

Submission to the journal implies that all authors have seen
and approved the author list. Changes to the author list
after manuscript submission - such as the insertion or
removal of author names, or a rearrangement of author
order - must be approved by all authors and the editor.
Authors are encouraged to consider the International
Committee of Medical Journal Editors ICMJE) Recommen-
dations on Defining the Role of Authors and Contributors
(http://www.icmje.org/recommendations/browse/roles-
and-responsibilities/defining-the-role-of-authors-and-con-
tributors.html)’. The ICMJE recommends that authorship is
based on four criteria: making a substantial contribution to
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the conception or design of the work, or the acquisition,
analysis or interpretation of data for the work; drafting the
manuscript or revising it critically for important intellectual
content; approving the final version of the manuscript for
publication; and agreeing to be held accountable for all
aspects of the work. Any contributor who has met all four
criteria should be an author on the manuscript. Contributors
who do not meet all four criteria should not be authors of
the manuscript but may be included in the Acknowledge-
ments section instead.

Image integrity

Authors may digitally manipulate or process images, but
only if the adjustments are kept to a minimum, are applied
to the entire image, meet community standards, and are
clearly described in the manuscript. All images in a manu-
script must accurately reflect the original data on which
they are based. Authors must not move, remove, add or
enhance individual parts of an image. The editors reserve
the right to request original, unprocessed images from the
authors. Failure to provide requested images may result in
a manuscript being rejected or retracted.

Reproducing copyrighted material

If a manuscript includes material that is not under the
authors’ own copyright, the authors must obtain permission
from the copyright holder (s) to reproduce it.

If a manuscript includes previously published material, the
authors must obtain permission from the copyright owners
and the publisher of the original work to reproduce it. The
authors must cite the original work in their manuscript.
Copies of all reproduction permissions must be included
with the manuscript when it is first submitted.

Availability of data and materials

Authors must disclose the source of publicly available data
and materials, such as public repositories or commercial
manufacturers, by including accession numbers or company
details in their manuscript, as appropriate.

Authors may make their own data and materials available
by linking from their manuscript to relevant communi-
ty-recognized public databases or digital repositories. All
data sets must be made available in full to the editors and
reviewers during the peer review process, and must be
made publicly available by the date of publication. Authors
commit to preserving their data sets for at least three years
from the date of publication in the journal.

The journal encourages authors to grant reasonable requests
from colleagues to share any data, materials and experi-
mental protocols described in their manuscript.

Also JM] encourages authors to disclose any data which is
the source of their manuscript, in J-STAGE Data, a data
repository developed and managed by the Japan Science
and Technology Agency (JST). When publishing available
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data and materials from J-STAGE Data, authors must
submit them to the Editorial Committee for peer review,
and all research data should be distributed as open under
the Creative Commons licensing.

Animal/human experimentation

Authors of manuscripts describing experiments involving
humans or materials derived from humans must demon-
strate that the work was carried out in accordance with the
principles embodied in the World Medical Association’s
(WMA) Declaration of Helsinki (https://www.wma. net/
policies-post/wma-declaration-of-helsinki-ethical-princi-
ples-for-medical-research-involving-human-subjects/), its
revisions, and any guidelines approved by the authors’ insti-
tutions. For Japanese research institutions, the applicable
statute is the Ministry of the Environment’s notification ‘Cri-
teria for the Care and Keeping of Laboratory Animals and
Alleviation of their Suffering’. Where relevant, the authors
must include a statement in their manuscript that describes
the procedures for obtaining informed consent from partici-
pants regarding participation in the research and publica-
tion of the research.

Authors should respect the privacy of patients and their
families. Identifying details should be omitted if they are not
essential, but patient data should never be altered or falsi-
fied in an attempt to attain anonymity. Complete anonymity
is difficult to achieve, and informed consent should be
obtained if there is any doubt.

Authors of manuscripts describing experiments involving
animals or materials derived from animals must demon-
strate that the work was carried out in accordance with the
guidelines approved by the authors’ institution (s), and this
must be stated within the manuscript.

Clinical trial registration

A clinical trial is defined as any research project that
prospectively assigns human participants to intervention or
comparison groups to study the cause-and-effect relation-
ship between an intervention and a health outcome. The
journal adheres to the International Committee of Medical
Journal Editors (ICMJE) policy on Clinical Trials Registra-
tion (http://www.icmje.org/about-icmje/faqgs/clinical-trials-
registration/), which recommends that all clinical trials are
registered in a public trials registry at or before the time of
first patient enrollment as a condition of consideration for
publication. Manuscripts describing clinical trials must
include the registration number of the trial and the name of
the trial registry.

The following items are to be stated in the Methods section:
how informed consent was obtained from the study partici-
pants (ie., oral or written), the approval number from the
institutional review board or ethics committee, a registra-
tion ID for the trial, and the trial’s start and end dates.

Reporting guidelines

The journal requires authors to follow the EQUATOR
Network’s Reporting Guidelines (https:// www.equator-net-
work.org/reporting-guidelines/) for health research. Study
types include, but are not limited to, randomized trials,
observational studies, systematic reviews, case reports,
qualitative research, diagnostic and prognostic studies,
economic evaluations, animal pre-clinical studies and study
protocols.

Author competing interests and conflicts of interest

In the interests of transparency, the journal requires all
authors to declare any competing or conflicts of interest in
relation to their submitted manuscript. A conflict of interest
exists when there are actual, perceived or potential circum-
stances that could influence an author’s ability to conduct or
report research impartially. Potential conflicts include (but
are not limited to) competing commer- cial or financial
interests, commercial affiliations, consulting roles, or owner-
ship of stock or equity. A Conflicts of Interest statement
must be includes in the manuscript (see the ‘Manuscript
Preparation’ section below for more details).

Authors should list all funding sources for their work in the
Funding section of their manuscript.

Confidentiality

The journal maintains the confidentiality of all unpublished
manuscripts. By submitting their manuscript to the journal,
the authors warrant that they will keep all correspondence
about their manuscript (from the Editorial Office, editors
and reviewers) strictly confidential.

Self-archiving (Green Open Access) policy
Self-archiving, also known as Green Open Access, enables
authors to deposit a copy of their manuscript in an online
repository. JM] encourages authors of original research
manuscripts to upload their article to an institutional or
public repository immediately after publication in the
journal.

Long-term digital archiving

J-STAGE preserves its full digital library, including JM],
with Portico in a dark archive (see https:// www.portico.
org/publishers/jstage/). In the event that the material
becomes unavailable at J-STAGE, it will be released and
made available by Portico.

Peer Review Process

Editorial and peer review process

JM]J undertakes single-blind peer review. When a manu-
script is submitted to the journal, it is assigned to the
Editor-in-Chief, who performs initial screening. Manu-
scripts that do not fit the journal’s scope or are not deemed
suitable for publication are rejected without review. For
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peer reviewing, the manuscripts that pass through the
initial screening are assigned to two reviewers by the
Editor-in- Chief. Reviewers are selected based on their
expertise, reputation and previous experience as peer
reviewers. The deadline for submission of the reviewers’
reports is basically 3 weeks.

Upon receipt of the two reviewers' reports, the Editor-in-
Chief makes the first decision on the manuscript. If the deci-
sion is to request revision of the manuscript, authors are
requested to re-submit their revised manuscript within one
to six months, depending on the comments of the reviewers.
Revised manuscripts submitted after this deadline may be
treated as new submissions. The Editor-in- Chief may send
the revised manuscripts to peer reviewers for their feed-
back or may use his or her own judgment to assess how
closely the authors have followed the Editor-in-Chief's and
the reviewers' comments on the original manuscript. The
Editor-in-Chief is responsible for making the final decision
on each manuscript.

If a manuscript satisfies the journal's requirements and
represents a significant contribution to the published litera-
ture, the Editor-in-Chief may recommend acceptance for
publication in JM]J. If a manuscript does not meet the jour-
nal's requirements for acceptance, but it has a high proba-
bility of acceptance after minor or major revision, the
Editor-in-Chief may ask the authors to revise it accord-
ingly. Revised manuscripts must be submitted within one to
six months, depending on the comments of the reviewers;
otherwise they will be treated as new submissions. If a
manuscript does not meet the journal's requirements for
acceptance or revision, the Editor-in-Chief may recommend
rejection.

Reviewer selection, timing and suggestions

Reviewers are selected without regard to geography and
need not belong to the journal's Editorial Board. Reviewers
are selected based on their expertise in the field, reputation,
recommendation by others, and/or previous experience as
peer reviewers for the journal.

Reviewers are invited within 2 weeks of an article being
submitted. Reviewers are asked to review the manuscript
based on the Acceptance criteria, described below, and
submit their first review reports within 3 weeks of accepting
the invitation to review. Reviewers who anticipate any
delays should inform the Editorial Office as soon as possible.
When submitting a manuscript to the journal, authors may
suggest reviewers that they would like included in the peer
review process. The Editor may consider these suggestions
but is under no obligation to follow them. The selection,
invitation and assignment of peer reviewers is at the Editor’s
sole discretion.

Reviewer reports
It is the journal’s policy to transmit reviewers comments to
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the authors in their original form. However, the journal
reserves the right to edit reviewers comments, without
consulting the reviewers, if they contain offensive language,
confidential information or recommendations for publication.

Acceptance criteria

If a manuscript satisfies the journal's requirements and
represents a valuable contribution to the published litera-
ture, the Editor-in-Chief may recommend the acceptance
for publication in JM]J. The questions addressed when
considering a manuscript for publication in JM] are as
follows: Relevance:

e Is the work within the journal's Aims and Scope?

Reproducibility:
* Do authors show sufficient information to reproduce
their experiments or data?
Written quality:
¢ Is the manuscript clearly presented?
Title:

* Does the Title accurately reflect the contents of the

manuscript?
Abstract:

* Does the Abstract adequately describe the background
or context of the work, the objectives of the research
project and the methods used?

Introduction:

* Does the Introduction provide adequate background

and context for the work?
Materials and Methods:

* Have the authors described the methods in enough
detail to allow others to replicate them?

* Have the authors adhered to established codes of prac-
tice and ethics if human/animal experimentation has
been undertaken?

* Did the authors use appropriate methods?

Results:

* Have the authors explained their results clearly and

adequately?
Discussion:

* Is the Discussion supported by the results?

* Have the authors considered any alternative explana-
tions for their results?

* Have the authors made unsupported claims or inappro-
priate speculations?

General:

* Are all cited references relevant and necessary?

e Has any relevant literature been omitted?

* Have the authors cited the data described in the manu-
script adequately?

¢ Is each table and figure necessary?

* Are any potentially useful figures or tables missing?

¢ Are the tables and figures complete and interpretable?

* Is the manuscript clearly written in English?

e Have the authors adhered to established codes of publi-



cation ethics?
¢ Are there any errors in fact, methodology, or analyses?
* Has the manuscript been published previously, in part
or in whole, in any language?
If a manuscript does not meet the journal's requirements for
acceptance or revision, the Editor-in-Chief may recommend
rejection.

Editorial independence

As the journal owner, the Juntendo Medical Society (JMS)
has granted the journal’s Editorial Board complete and sole
responsibility for all editorial decisions. The JMS will not
become involved in editorial decisions, except in cases of a
fundamental breakdown of process.

Editorial decisions are based only on a manuscript’s scien-
tific merit and are kept completely separate from the jour-
nal’s other interests. The authors’ ability to pay any publica-
tion charges has no bearing on whether a manuscript is
accepted for publication in the journal.

Appeals

Authors who believe that an editorial decision has been
made in error may lodge an appeal with the Editorial Office.
Appeals are only considered if the authors provide detailed
evidence of a misunderstanding or mistake by a reviewer or
editor. Appeals are considered carefully by the Editor-in-
Chief, whose decision is final. The guidelines of the
Committee on Publication Ethics (https://publicationethics.
org/) (COPE) are followed where and when relevant.

Confidentiality in peer review
The journal maintains the confidentiality of all unpublished
manuscripts. Editors will not:
1. disclose a reviewer’s identity unless the reviewer makes
a reasonable request for such disclosure
2. discuss the manuscript or its contents with anyone not
directly involved with the manuscript or its peer review
3. use any data or information from the manuscript in
their own work or publications
4. use information obtained from the peer review process
to provide an advantage to themselves or anyone else,
or to disadvantage any individual or organization.

Conflicts of interest in peer review

A conflict of interest exists when there are actual, perceived
or potential circumstances that could influence an editor’s
ability to act impartially when assessing a manuscript. Such
circumstances might include having a personal or profes-
sional relationship with an author, working on the same
topic or in direct competition with an author, having a finan-
cial stake in the work or its publication, or having seen
previous versions of the manuscript.

Members of the journal's Editorial Board undertake to
declare any conflicts of interest when handling manuscripts.

An editor who declares a conflict of interest is unassigned
from the manuscript in question and is replaced by a new
editor.

Editors try to avoid conflicts of interest when inviting
reviewers, but it is not always possible to identify potential
bias. Reviewers are asked to declare any conflicts of interest
to the Editor, who will determine the best course of action.

Errata and retractions

The journal recognizes the importance of maintaining the
integrity of published literature.

A published article that contains an error may be corrected
through the publication of an Erratum. Errata describe
errors that significantly affect the scientific integrity of a
publication, the reputation of the authors, or the journal
itself. Authors who wish to correct a published article should
contact the editor who handled their manuscript or the
Editorial Office with full details of the error(s) and their
requested changes. In cases where co-authors disagree over
a correction, the Editor-in-Chief may consult the Editorial
Board or external peer reviewers for advice. If a Correction
is published, any dissenting authors will be noted in the text.
A published article that contains invalid or unreliable results
or conclusions, has been published elsewhere, or has
infringed codes of conduct (covering research or publication
ethics) may be retracted. Individuals who believe that a
published article should be retracted are encouraged to
contact the journal's Editorial Office with full details of their
concerns. The Editor-in—Chief will investigate further and
contact the authors of the published article for their response.
In cases where co-authors disagree over a retraction, the
Editor- in-Chief may consult the Editorial Board or external
peer reviewers for advice. If a Retraction is published, any
dissenting authors will be noted in the text.

The decision to publish Errata or Retractions is made at the
sole discretion of the Editor-in—Chief.

Editors as authors in the journal

Any member of the journal's Editorial Board, including the
Editor-in-Chief, who is an author on a submitted manu-
script is excluded from the peer review process and from
viewing details about their manuscript.

A manuscript authored by an editor of JM] is subject to the
same high standards of peer review and editorial decision
making as any manuscript considered by the journal.

Responding to potential ethical breaches

The journal will respond to allegations of ethical breaches
by following its own policies and, where possible, the guide-
lines of COPE.

Reviewer Confidentiality

As part of their responsibilities, reviewers agree to maintain
the confidentiality of unpublished manuscripts at all times.
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By accepting the invitation to review a manuscript,
reviewers agree not to:
1. disclose their role in reviewing the manuscript
2. reveal their identity to any of the authors of the manu-
script
3. discuss the manuscript or its contents with anyone not
directly involved in the review process
4. involve anyone else in the review (for example, a post-
doc or PhD student) without first requesting permis-
sion from the Editor
5.use any data or information from the manuscript in
their own work or publications
6. use information obtained from the peer review process
to provide an advantage to themselves or anyone else,
or to disadvantage any individual or organization.

Copyright, Open Access and Fees

Copyright and licensing

JM]J is fully Open Access and uses the Creative Commons
CC BY 4.0 (Attribution 4.0 International) (https://creative-
commons.org/licenses/by/4.0/). This license allows users to
share and adapt an article, even commercially, as long as
appropriate credit is given.

Authors are required to assign all copyrights in the work to
the Society, who then publish the work under the CC BY 4.0
International license.

Some funding bodies require articles funded by them to be
published under a specific Creative Commons license. Before
submitting your work to the journal, check with the rele-
vant funding bodies to ensure that you comply with any
mandates.

Article Processing Charge

There are many costs associated with publishing scholarly
journals, such as those of managing peer review, copy editing,
typesetting and online hosting. To cover these costs in the
absence of journal subscriptions, authors (or their represen-
tatives) are asked to pay article processing charges (APCs).
There is no submission fee.

All articles, with the exception of those requested by the
Editorial Board, attract publication expenses which must be
borne by the authors. Authors will be notified of the exact
sum.

The APC depends on the article type and the total number
of typeset pages. The table below indicates how many pages
are free of charge for each article type. Each page over this
limit attracts a fee of 24,000 JPY/printed page.

JMS Members All others

Original articles The first 5 pages The first 3 pages

Review articles The first 5 pages The first 3 pages

Case reports The first 2 pages The first 1 page

Color printing charges: 30,000 JPY per page
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Reprint charges: All reprints will be charged according to
the actual printing costs.

Waiver policy

Waivers for APCs are provided automatically when the
corresponding author is from a “Group A” Research4Life
country (https://www.researchdlife.org/access/eligibility/).
In cases of demonstrated financial hardship, the journal will
consider a presubmission application for a waiver from any
corresponding author to [provide email address of person to
contact]. Applications cannot be made after the peer review
process has begun.

The ability of an author to pay the APC does not influence
editorial decisions. To avoid any possibility of undue influ-
ence, editors involved with the decision-making process on
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