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Introduction

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 

of Mississippi Medical Center (chaired by Professor 
Ing Kang Ho), I became an Associate Professor at 
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.

Toshihito SUZUKI1, 2)

1)Department 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.
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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-3H] propio-
nylated CCK-8 ([3H]pCCK-8) binding sites in the 
rat forebrain were investigated following acute and 

chronic administration (14 days) of MAP (4mg/
kg/day)1). The (Kd)app values of [3H]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 Bmax value of [3H]

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 [3H]flunitrazepam (FNZ) in twenty 
discrete brain regions of rats made tolerant to and 
dependent upon pentobarbital were examined2). 
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 [3H]FNZ binding sites was found in the frontal 
cortex and the molecular layer of olfactory bulb. 
[3H]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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of pentobarbital intoxication mediated by GABAA 
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 
GABAA-benzodiazepine (BZD) receptors labeled 
by t-[35S]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))3). There was a 
significant decrease in the level of α1, α6, β2, β3, 
and γ2 subunits mRNA, with no alteration of [35S]
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-

typed behavior were increased with the number of 
injections. The level of β3 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 GABAA-BZD receptor formation is 
closely involved in the development of cocaine-re-
lated behavioral disturbances. Further studies on 
the physiological functions on GABAA-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 mGluR 1-5 subtypes 
following repeated administration of PCP in rats4). 
After repeated PCP administration for 14 days, the 
mGluR2 mRNA expression of group II mGluR 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). 

Figure 1　(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 [3H]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).
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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 i.p. 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 analysis5). 
The level of NR1 subunit mRNA significantly 
increased in hippocampal complexes 1 h after a 
single i.p. 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-
athy6). 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 

Figure 2　(A)Autoradiographic images labeled by [35S]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 α1 (upper portion) (A), α2 (lower portion) (B), α6 (C), β2 (D), β3 (E), and γ2 (F) 
subunits. Each mRNA subunit shows a differential distribution (cited from ref. 3).
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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 5th 
grade medical students under the on site training 
and resident physicians and assisting young physi-
cians 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 

Figure 3　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).

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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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)7). 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 

Figure 5　Medical staff in the Department of Psychiatry, Juntendo Koshigaya Hospital
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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 20208) and subsequently the 
detailed contents in 20219)(Figure 7(B)). Recently, 
Guideline for pharmacological therapy of schizo-

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 pregnancy10). 
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 

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.

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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offspring of VPA-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, I 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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Preface

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

Before Urayasu Hospital

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 

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 
research on glycolipids under the guidance of Asso-
ciate Professor Iwamori (Second Department of 
Biochemistry, School of Medicine, University of 
Tokyo). My research was later focused on antigen 
epitopes recognizing autoantibodies to glycolipids 
rather than phospholipid autoantibodies, and I 
published several papers (Figures 1-4). All of these 
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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 
terminal1).

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 SLE2).

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 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 lgM antibody1)

The bands were stained with orcinol-H2S04 reagent (lanes 
l to 3), and by TLC‐immunostaining without (lanes 4 and 5) 
and with neuraminidase treatment (lanes 6 to 9) of the 
TLC plates. Standard gangliosides, GMl, GDla, and GT1b 
(lane l), 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 lgM autoantibodies in sera from 
NZB mice only after neuraminidase treatment (lanes 6,7, 
and 9).

Figure 2　Thin layer chromatography immunostaining of acidic glycosphingolipids2)

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.



295

Juntendo Medical Journal 69(4), 2023

ment3).
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 role4).

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 17th 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-

Figure 3　Ganglioside synthetic pathways during T cell 
developecnt in mice3)

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 NeuGc 
(neuramic acid, GM3), GM3 plus N-acctylgalactosamine 
(GM2), and GM2 plus galactose (GMla); Ⅱ, (GMlb- type). 
CDH plus NeuAc_acctylgalactosamine (asialo GM2), asialo 
GM2 plus galactose (asialo GMl), and asialo GM l plus 
neuramic acid (one; GMlb, two; GMlα, or GMlc and ⅡI, 
(GMlb-GalNAc-Cal-type).

Table 1　Summary of T Cell Surface Markers during Ontogency in Mice3)

Days of gestation

Surface markers 13-14 14-15 15-17 17 days to 4 weeks

GM1a (a series) ± ＋ ± −

GMlb-type ± ＋ ＋ −

GM1b-GalNAc-Gal − − ± ＋

Asialo GMI − ± ± ±

Thy-1 ± ＋ ＋ ±

TCR (γδ) ± ＋ − −

IL-2R − ＋ − −

CD4 − − ＋ ±

CD8 − − ＋ ±

TCR (αβ) − − ± ＋

Note. +, increased; ±, slightly changed; -, decreased.
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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 cases5).

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 5　Annual conference presentations by Urayasu 
Hospital hematology interns
Home page URL: https://www.hosp-urayasu.juntendo.ac.jp/ 
medicalcare/hematology/5)

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)6)

Figure 4　Thin-layer chromatography (TLC) immunostaining of an extract from the patient's 
neural tissues stained with patient serum IgM λ antibody in the patient's serum preferentially 
bound glycolipids GM1 and GD1b4).
(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, GD1a and GD1b]; 
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-κ light chain (lanes 2-4), anti-λ light chain (lanes 5-7), anti- μ heavy chain (lanes 8-10), 
anti- γ heavy chain(lanes 11-13) and anti-α heavy chain (lanes 14-16).
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This was a case of double hit mantle cell lymphoma 
of the central nervous system6).

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 
factor7).

Table 3 illustrates our finding that malignant 
lymphoma itself produces cytokines (TGFbeta1, 
TNFalpha) and thereby induces fibrosis. This 
seemed to serve as a significant etiological factor8).

Around 2018, I 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, AKR1C3, 
MDR1 and MRP1 P53)9).

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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Figure 7　Structures of GM1, GD1b, GD3, GT1b, and GQ1b 
gangliosides7)

Structures of GM1, GD1b, GD3, GT1b, and GQ1b gangliosides. 
Three terminal residues of NeuNAc(α2-8) NeuNAc(α2-3) 
Gal in GD3 and GQ1b gangliosides (solid lines) and three 
internally located terminal residues of NeuNAc(α2-8) 
NeuNAc(α2-3) Gal residue in GD1b, GT1b, and GQ1b 
gangliosides (dotted lines) are shown.

Table 2　Summary of primary CNS mantle-cell lymphomas in the literature6)

Patient Age 
(Years) Sex Location Markers IPI PCNSL IPI Treatment Outcome Reference

1 74 F Frontoparietal 
region/CSF

CD5+ CD20+ 
CD10− CD23− LI* High MTX Dead, 1 month 4

2 29 M CSF CD5+ CD20+ 
lgG+ Low* Low* ASCT CR 5

3 55 M Frontal lobe/
CSF

CD5+ CD20+ 
CD10+ CCND1+ Low Low MTX,Ara-C Dead, 4 months Current article

Abbreviations: Ara-C, cytarabine; ASCT, autologous stem-cell transplantation; CCNDl, cyclin D1;CR, complete remission; lgG, immunoglobulin 
G; IPI, International Prognostic Index; LI, low intermediate; MTX, methotrexate; PCNSL, primary CNS lymphoma.
*Concerning.
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Figure 8　Overall survival of large B-cell lymphoma patients with and without the prognostic factors Kaplan-
Meier survival curves and between-group comparisons9)

M. �GRP94- CYP3A4- n = 4 Group1 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 MDR1- negative n = 15, positive n = 20, p < 0.01
O. 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 MDR1, and “Group 2 (Good)” consisting of patients who showed 
negative staining for both p53 and MRP1. The remaining of Group 3 had a poor prognosis.

Table 3　Evaluation of the odds ratios for fibrosis associated with positive immunostaining regarding TGF-beta1, TNF-alpha1, 
and combination of TGF and TNF8)

n
Fibrosis vs TGF Fibrosis vs TNF Fibrosis vs TGF+TNF

Odds Ratio 
(95%CI) p-value Odds Ratio 

(95%CI) p-value Odds Ratio 
(95%CI) p-value

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) 0.218 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 4.45 (1.43-13.80) 0.010*

FL 11 3.50 (0.15-84.70) 0.441 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 2.51 (0.23-27.40) 0.451

Others 14 − − 1.33 (0.14-12.80) 0.803 3.91 (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.
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Introduction

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-

cytes that do not form myelin have been shown to 
contact neurons and play a variety of roles in 
neuronal signaling1, 2).

Several oligodendrocyte cell lines have been 
established using human oligodendrocytes3), rat 
oligodendrocytes4), and mouse oligodendrocytes5). 
In this study, we used the OLP6 cell line derived 
from adult rat oligodendrocytes6). 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 
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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, in 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-
ation7). 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 in vitro8). 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 culture9). 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 activity10). 
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 differentiation11, 12). 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 in vivo conditions than 
conventional artificial culture substrates.

Materials and Methods

Animals
Eight ten-week-old C57BL/6J 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 µm-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 (dH2O) for 10 min and then 
incubated in dH2O containing 4% sodium deoxycho-
late (Fujifilm Wako Pure Chemical Industries Ltd., 
Tokyo, Japan). After washing with PBS, the 
sections were placed in dH2O 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 
DNaseⅠ (D4263; Sigma-Aldrich, St. Louis, MO, 
USA) diluted in 1M NaCl during the last cycle. The 
decellularized brain tissues were stored at 4ºC in 
PBS containing 2% penicillin/streptomycin (cat. 
15140122; GibcoTM, 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; GibcoTM) supple-
mented with 5% fetal bovine serum, B27 supple-
ment (cat. 17504044; GibcoTM), 0.5 mM glutamine 
(cat. 25030081, GibcoTM), 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; GibcoTM). The cell line was cultured 
under 5% CO2 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 



302

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

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 
µL of a medium at a density of 5 × 105 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 = 
8.0) 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 

before the graft and then washed with PBS 
containing 2% penicillin/streptomycin and 0.8% 
amphotericin B. For the graft, 40 µL of a medium 
at a density of 2 × 105 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 

Figure 1　Confocal image of the decellularized brain tissue stained with laminin (white), Wisteria floribunda 
lectin (WFA) (green), and the nuclear marker Hoechst (blue).
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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#L9393; 1:1000; 
Sigma-Aldrich), sox10 (rabbit monoclonal IgG; Cat# 
11570; 1:1000; Abcam, Cambridge, UK), CNPase 
(mouse monoclonal IgG1; 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 IgG1 
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 µL/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 t-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 sox10-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 t-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
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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 sox10-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).
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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 tenascin-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 differentiation6). 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 
recognition13). In addition, CSPGs, such as versican, 
are produced by oligodendrocyte lineage cells in 
response to an injury14). 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 cells11), 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 in 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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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 data1). 
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 cause2). 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)2). 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 failure3-7). 
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 

heart failure within 5 years, and approximately 
40% of them died8). 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 
years9). 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 ≥ 210). 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 disease11). 
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 making12).

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 study13). 
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 14,944,496 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; 5,251 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. 

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, i.e., 
IDL rank.
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Table 1　Baseline characteristics of 3373 subjects
Baseline characteristics
(At first onset of ACS) n %

Age, mean (±SD) [years] 82.8 (± 7.4)  

  ≤ 64 years 56 1.7%

  65-74 years 344 10.2%

  75-84 years 1,510 44.8%

  ≥ 85 years 1,463 43.4%

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 47.5%

  Carotid artery stenosis 290 8.6%

  Chronic kidney disease (CKD) 421 12.5%

  Atrial fibrillation (AF) 886 26.3%

  Aortic valve stenosis 114 3.4%

  Dementia 861 25.5%

Surgery (n, %)   

  Coronary revascularization   

  Total 418 12.4%

  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%

  ACEi (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, IIIb) 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-
iate 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 analyses14).

Ethical considerations
This study was conducted with the approval of 

the Juntendo University Institutional Review Board 
(Approval No. M20-0256-M01).

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=3,373) (n, %) 1,418 42.0% 1,955 58.0%

Age (mean ± SD) [years] 83.6 ± 7.8   82.3 ± 7.1   

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 37.9%

Comorbidity (n, %)       

  Stroke     

  Stroke all 493 34.8% 517 26.4%

    Ischemic stroke 475 33.5% 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 8.4%

  Chronic kidney disease (CKD) 229 16.1% 192 9.8%

  Atrial fibrillation (AF) 432 30.5% 454 23.2%

  Aortic valve stenosis 52 3.7% 62 3.2%

  Dementia* 396 27.9% 465 23.8%

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 (IIb, IIIa, IIIb) 472 33.3% 543 27.8%

  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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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 events15, 16). Atrial fibrillation is associated 
with increased cardiovascular risk17), and many 
previous studies have reported the effect of statins 
on MACCE18). 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, i.e., 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 18.5% for cerebrovascular disease and 
4.5% 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 requirement19). 
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-

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.
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Table 3　Odds ratios and 95% confidence intervals (CIs) of MACCE according to baseline characteristics by multivariate 
logistic regression analysis

Independent variables
Univariate Multivariate

Odds ratio 95% CI
lower limit

95% CI
upper limit p-value Odds ratio 95% CI

lower limit
95% CI

upper limit p-value

Gender

  Female Referent Referent

  Male 1.68 1.46 1.93 <0.001 1.66 1.43 1.92 <0.001

Age                 

  ≤ 64 years Referent Referent

  65 -74 years 0.92 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 1.22 0.69 2.15 0.48

  ≥ 85 years 1.25 0.72 2.14 0.42 1.69 0.95 2.98 0.072

Comorbidity*

  Hypertension 0.94 0.77 1.15 0.52 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 1.51 0.89 1.11 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 0.51

  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 1.43 2.16 <0.001 1.76 1.41 2.18 <0.001

  Atrial fibrillation (AF) 1.44 1.24 1.68 <0.001 1.31 1.11 1.55 0.001

  Aortic valve stenosis 1.17 0.80 1.70 0.42 1.30 0.88 1.93 0.18

  Dementia 1.24 1.06 1.45 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 1.23 0.53

Medication*

  �ARB (Angiotensin II receptor 
blocker) 0.91 0.78 1.06 0.21 0.98 0.84 1.16 0.83

  �ACEi (Angiotensin converting 
enzyme inhibitor) 0.94 0.71 1.23 0.64 0.99 0.74 1.32 0.93

  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 0.47 0.75 <0.001

  High-intensity statin 0.77 0.65 0.91 0.002 0.80 0.66 0.98 0.028

  Dementia drugs 1.10 0.89 1.36 0.36 0.93 0.71 1.22 0.60

  Antiplatelet/antithrombotic Single 1.11 0.97 1.28 0.12 1.08 0.91 1.30 0.37

  Antiplatelet/antithrombotic double 1.03 0.88 1.21 0.68 1.18 0.95 1.47 0.13

  Antiplatelet/antithrombotic Triple 1.17 0.80 1.70 0.42 1.30 0.88 1.93 0.18

IDL: Independence of daily living

  �Category: Reference (Rank: 
Independent, I, IIa) Referent Referent

  �Category: Mild (Rank: IIb, IIIa, 
IIIb) 1.43 1.23 1.67 <0.001 1.35 1.14 1.60 <0.001

  Category: Severe (Rank: IV, M) 2.27 1.75 2.94 <0.001 2.12 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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term care needs20).
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 care21). 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 needs22). 
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 

death23).
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-

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.
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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)*

Code IDL rank Category

1 Independent

1: Reference2 I

3 IIa

4 IIb

2: Mild5 IIIa

6 IIIb

7 IV
3: Severe

8 M
*: “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

High-intensity statin
Any of daily atorvastatin ≥ 10 mg, pitavastatin ≥ 2 mg, rosuvastatin ≥ 5 mg, simvastatin 
≥ 20 mg, fluvastatin ≥ 80 mg, pravastatin ≥ 40 mg, or any statin (even at low intensity) 
plus ezetimibe24).

Antithrombotic drugs: Single therapy
An oral anticoagulant (OAC) alone (warfarin, dabigatran, rivaroxaban, apixaban, or 
edoxaban) or single antiplatelet therapy (SAPT)(aspirin/P2Y12 receptor blocker 
(ticlopidine, clopidogrel, prasugrel, or ticagrelor))25).

Antithrombotic drugs: Double therapy OAC plus clopidogrel/prasugrel or dual antiplatelet therapy (DAPT)25).

Antithrombotic drugs: Triple therapy 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/prasugrel25).



318

Hama Y, et al: Predictors of MACCE after ACS using YoMDB database

Supplemental Table 3　ICD-10 code of each disease name and procedure
Disease ICD-10 code

Acute coronary syndrome I 20.0, I 21.1-21.4, I 21.9, I 22.0, I 22.1, I 22.8-9, I 24.9

Heart failure I 50.0-50.1, I 50.9, I 11.0, I 13.0, I 13.2

Pulmonary embolism I 26.0, I 26.9

Acute aortic dissection or aortic aneurysm I 71.0-71.9

Diabetes mellitus (type 1 and 2 diabetes mellitus) E 10-11

Atrial fibrillation I 480-482, I 489

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

Alzheimer dementia G 300-301, G 308-309

Dementia with Lewy Bodies G 318

Cerebrovascular dementia F019

Hypertension I 10

Peripheral artery disease I 739

Stroke I 619, I 639, I 64

Chronic kidney disease N 189

Dyslipidemia E 785

Pneumonia J 10-18

Malignant tumor C 00-C 97

Cerebral hemorrhage I 619

Cerebral infarction I 638-639, I 64

PCI K 546-550, K 550-2

CABG K 552, K 552-2
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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 muscles1). 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 stroke2), tactile 
system of communication and control options for 

patients with impairments of eye movements or 
vision3), and prognosis for patients with cognitive 
motor dissociation4). However, challenges and limita-
tions of BCI systems in clinical use still prevail.

Herein, we focus on BCI studies published between 
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

In this mini-review, we 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 
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 accuracy5, 6), 
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 successful7). 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 developed8) 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 Hamming window, STFT, 
PCA, Linear regression

Translate thinking actions 
into electrical commands 74.6 Fair Online

9) 2014 FFT, SLIC Translate thinking actions 
into electrical commands 70.0 Fair Offline

10) 2015 Theta spectra, threshold Translate the physiological 
state into music selection 71.4 Fair Online

11) 2017 Band-pass filter, average 
power, temporal correlation

Translate thinking actions 
into hand movements 70.0 Fair Offline

12) 2016 DWT, SVM Translate thinking actions 
into hand movements 82.1 Good Offline

13) 2019 SCSSP, MI, LDA, SVM Translate thinking actions 
into hand movements 81.9 Good Offline

14) 2018 CNN Translate thinking actions 
into hand movements 70.0 Fair Online

15) 2019 CNN Translate thinking actions 
into hand movements 80.5 Good Offline

16) 2020 LSTM Translate thinking actions 
into hand movements 97.6 Good Offline

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 developed9) based on an ARM9 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 introduced10), 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 
BCI11). 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 (ρ = 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 models12), 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-
larly13), 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 was14) 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 system15) 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 proposed16) 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 

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 approach17). For example, 
BCI was developed18), 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%19). 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 perturbations20). 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 
methods21, 22) 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 domain23). 
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 proposed24). 
The aforementioned approach only considered the 
temporal features of EEG signals, not the frequency 
features. Therefore, an empirical mode decomposi-
tion method was proposed25) 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)26).

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 training27). While GAN- 
based methods have been applied in computer 
vision for various purposes, such as generating 
images from text28), generating videos with scene 
dynamics29), and translating from image to image30), 
this novel method has been implemented in the 
field of BCI to improve the BCI system performance.

For example, Roy et al.31) 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.32) 
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 
cDCGAN improved the classification accuracy of 
motor imagery tasks of the left- or right-hand 
movements from 82.8% to 85.8%33). Furthermore, 
the proposed methods were34) 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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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% 
(i.e., 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.

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-

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.
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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 
Theory35), 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 field36).
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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 JMJ 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 

https://www.crossref.org/services/similarity-check/
https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
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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 Associationʼs 
(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 authorsʼ insti-
tutions. For Japanese research institutions, the applicable 
statute is the Ministry of the Environmentʼs notification ̒Cri-
teria for the Care and Keeping of Laboratory Animals and 
Alleviation of their Sufferingʼ. 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 authorsʼ 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/faqs/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 (i.e., oral or written), the approval number from the 
institutional review board or ethics committee, a registra-
tion ID for the trial, and the trialʼs start and end dates.

Reporting guidelines
The journal requires authors to follow the EQUATOR 
Networkʼs 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 authorʼs 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 ʻManuscript 
Preparationʼ 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. JMJ 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 JMJ, 
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
JMJ 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 journalʼs scope or are not deemed 
suitable for publication are rejected without review. For 

https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.equator-network.org/reporting-guidelines/
https://www.icmje.org/about-icmje/faqs/clinical-trials-registration/
https://www.portico.org/publishers/jstage/
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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 reviewersʼ 
reports is basically 3 weeks.
Upon receipt of the two reviewersʼ 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-Chiefʼs and 
the reviewersʼ comments on the original manuscript. The 
Editor-in-Chief is responsible for making the final decision 
on each manuscript.
If a manuscript satisfies the journalʼs requirements and 
represents a significant contribution to the published litera-
ture, the Editor-in-Chief may recommend acceptance for 
publication in JMJ. If a manuscript does not meet the jour-
nalʼs 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 journalʼs 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 journalʼs 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 Editorʼs 
sole discretion.

Reviewer reports
It is the journalʼs policy to transmit reviewersʼ comments to 

the authors in their original form. However, the journal 
reserves the right to edit reviewersʼ comments, without 
consulting the reviewers, if they contain offensive language, 
confidential information or recommendations for publication.

Acceptance criteria
If a manuscript satisfies the journalʼs requirements and 
represents a valuable contribution to the published litera-
ture, the Editor-in-Chief may recommend the acceptance 
for publication in JMJ. The questions addressed when 
considering a manuscript for publication in JMJ are as 
follows: Relevance:

•�Is the work within the journalʼs 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?
•�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?
•�Have the authors adhered to established codes of publi-
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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 journalʼs 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 journalʼs 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 manuscriptʼs scien-
tific merit and are kept completely separate from the jour-
nalʼs other interests. The authorsʼ 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 reviewerʼs 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 editorʼs 
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 journalʼs 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 journalʼs 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 journalʼs 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 JMJ 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. 

https://publicationethics.org/
https://publicationethics.org/guidance/Guidelines
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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
JMJ 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

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.research4life.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 
submitted manuscripts are not involved in any deliberations 
on waivers.

Manuscript Submission

Manuscripts should be submitted online via the Juntendo 
Medical Journal online submission and peer review page on 
S cholarOne Manuscripts (https://mc.manuscriptcentral.
com/jmj).
S imply log on to S cholarOne Manuscripts and follow the 
onscreen instructions for all submissions. You will need to 
register before your first submission to Juntendo Medical 
Journal. If you have any technical problems or questions 
related to the electronic submission process, please contact 
our Editorial Office:

Juntendo Medical Journal Editorial Office 
c/o International Medical Information Center 
2F Shinanomachi Rengakan,
35 Shinanomachi, Shinjuku-ku, Tokyo 160-0016, JAPAN
Phone: +81-3-5361-7089
E-mail: jmj@imic.or.jp

Manuscript Preparation

Style
Manuscripts should be prepared in Microsoft Word or other 
appropriate software using double line spacing throughout, 
page numbers on the lower right, and with margins of at 
least 2.5 cm.

English standards
Manuscripts should be written in clear, grammatically 
correct English. Authors whose native language is not 
English are strongly encouraged to have their manuscript 
checked by a native English speaker or by an editing service 
prior to submission; a certificate of English editing that 
accompanies submissions can be useful in many circum-
stances. If a manuscript is not clear due to poor English, it 
may be rejected without undergoing peer review.

https://www.research4life.org/access/eligibility/
https://creativecommons.org/licenses/by/4.0/
https://mc.manuscriptcentral.com/jmj
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Format
The first page of each manuscript should contain: Title, 
Authorsʼ full names, Affiliations, Key words, Running Title, 
and the name and full address (including telephone number, 
facsimile number, and e-mail address) of the corresponding 
author. Manuscripts should be divided into the following 
sections and presented in this order: Introduction; Materials 
and Methods; Results; Discussion; Acknowledgements; 
Funding; Authorsʼ contributions; Conflicting interest state-
ment; and References.
Manuscripts should be arranged in the following order: 1. 
Title page; 2. Abstract and keywords; 3. main text; 4. 
Acknowledgements, Funding, Author Contributions, Conflict 
of interest statements; 5. tables together with any accompa-
nying legends; 6. figure legends; 7. other as required. Each 
of the numbered items should begin on a separate page.

Title page
The first page should include:

1. �The title of the manuscript in sentence case. No abbre-
viations other than gene names or in common use

2. �Full names of all authors and ORCID ID (https: //
orcid.org) if desired

3. �Affiliations of the authors; use numbers not symbols
4. �If authors make an equal contribution, indicated with an 

asterisk （up to 2 authors, including the first author） 
and a note indicating this under the author names

5. �Name, full postal address, including street number and 
name, and e-mail address of the corresponding author(s)

6. �Key words (no more than five key words). Refer to 
Medical Subject Headings in MeSH or Index Medicus

7. �Running title preceded by the first authorʼs name 
(maximum 120 characters with spaces, including the 
authorʼs name).

Title
The title should describe the content of the article briefly 
but clearly and is important for search purposes by third-
party services. Do not use the same main title with 
numbered minor titles, even for a series of papers by the 
same authors. Do not use abbreviations in the title, except 
those used generally in related fields.

Footnotes
Footnotes, if any, should be typed in a separate sheet (the 
second page of the manuscript). Abbreviations should also 
be listed on this page.

Abbreviations
Each abbreviation should be defined in parentheses together 
with its non-abbreviated term when it first appears in the 
text (except in the Title and Abstract).

Units
SI or SI-derived units should be used. More information on 
SI units is available at the Bureau International des Poids et 
Mesures (BIPM) website (https://www.bipm.org/en/about- 
us/).

Abstract
The second (and, if necessary, the third) page of the manu-
script should contain only the abstract (maximum 250 
words). The abstract must be fully comprehensible without 
reference to the text. Abstracts should be divided into 
sections as follows:

1. Objectives
2. Materials (or “Design”)
3. Methods (or “Interventions”)
4. Results
5. Conclusions

Introduction
The Introduction should provide sufficient background 
information to allow the reader to understand the purpose 
of the investigation and its relationship with other research 
in related fields, although it should not include an extensive 
review of the literature.

Materials and Methods
The description of the methods should be brief, but it must 
include sufficient details to allow the experiments to be 
repeated. The sources of unusual chemicals, animals, micro-
bial strains or equipment should be described, and the loca-
tion (city, country) of the company should be provided in 
parentheses. If hazardous materials or dangerous proce-
dures are used in the experiments and the precautions 
related to their handling are not widely recognized, it is 
recommended that the authors provide the necessary 
details.

Results
This section includes the results of the experiments. The 
Results and Discussion sections may be combined if this 
helps readers to understand and evaluate the study. Tables 
and figures, including photographs, can be used to present 
the experimental results (see below). Excessive explana-
tions of the data presented in tables and figures should be 
avoided.

Discussion
The Conclusion or Discussion should be concise and should 
deal with the interpretation of the results. Novel models or 
hypotheses may be proposed in this section only if they are 
suggested by the results obtained in the experiments. Do 
not repeat the description of the experimental results in this 
section.

https://orcid.org/
https://www.bipm.org/en/home
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Acknowledgments
Contributors who do not meet the criteria for authorship 
should be listed in the Acknowledgements section. Exam-
ples of those who might be acknowledged include a person 
who provided purely technical help, or a department chair 
who provided only general support. If you do not have 
anyone to acknowledge, please write “Not applicable” in this 
section.

Funding
All articles should have a funding acknowledgement state-
ment included in the manuscript in the form of a sentence 
under a separate heading entitled “Funding” directly after 
Acknowledgements section, if applicable. The funding 
agency should be written out in full, followed by the grant 
number in brackets. Multiple grant numbers should be 
separated by commas and spaces. Where the research was 
supported by more than one agency, the different agencies 
should be separated by semicolon, with “and” before the 
final funder. If the research is not funded by a specific 
project grant, please state in the manuscript as follows: “The 
author(s) received no financial support for the research” or 
“No funding was received”.

Author contributions
The individual contributions of authors to the manuscript 
should be specified in this section after Funding section. 
Please use initials to refer to each authorʼs contribution in 
this section, for example: “AU analyzed and interpreted the 
patient data regarding the hematological disease. KT 
performed the histological examination of the liver, and was 
a major contributor in writing the manuscript. All authors 
read and approved the final manuscript.”

Conflicts of interest statement
All manuscripts must include a “Conflicts of Interest state-
ment” in line with the ʻAuthor competing interests and 
conflicts of interestʼ section above. If no conflicts exist, please 
state that “The Author(s) declare(s) that there are no 
conflicts of interest”. If the Editorial Board member(s) of 
JMJ is (are) included as author(s) of the manuscript, please 
state that "AUTHOR (the name of the member), one of the 
Editorial Board members of JMJ was not involved in the 
peer review or decision-making process for this paper.

References
References, including those given in tables and figure 
legends, should be numbered sequentially in the order they 
appear in the text and listed in numerical order at the end 
of the manuscript under the heading “References”. In the 
text, citations should be indicated as superscript numbers 
with an end parenthesis character following each citation 
number. Three or more consecutive citations should be indi-
cated as a range using a hyphen, e.g. “3-5)”. Journal titles 

should be abbreviated as shown in Index Medicus and List 
of Journals Indexed. When there are six or fewer authors, all 
should be listed; when there are seven or more, include only 
the first three and add “et al.” Please note the following 
examples.
Example citation list entries:
Journal article
1) �You WC, Blot WJ, Li JY, et al: Precancerous gastric 

lesions in a population at high risk of stomach cancer. 
Cancer Res, 1993; 53: 1317- 1321.

Book
2) �Matsumoto A, Arai Y: Hypothalamus. In: Matsumoto A, 

Ishii S, eds. Atlas of Endocrine Organs. Berlin: Spring-
er-Verlag, 1992: 25-38.

Tables
Tables with suitable titles and numbered with Arabic 
numerals should be placed at the end of the text on separate 
sheets (one table per page). They should be understandable 
without referring to the text. Column headings should be 
kept as brief as possible, with units for numerical informa-
tion included in parentheses. Footnotes should be labeled a), 
b), c), etc. and typed on the same page as the table they 
refer to.

Figures
Figures should also be submitted online as separate files. 
They should be numbered in order of appearance with 
Arabic numerals (e. g. Fig. 1, Fig. 2). Author(s) must pay 
printing costs for color photographs. Electron micrographs 
should contain a scale. Individual figures may not exceed 
the size of a Journal page. Graphs or drawings containing 
typewritten characters are unacceptable. Numbers, letters 
and symbols must be large enough to be legible after reduc-
tion. In principle, figures should be suitable for publication, 
and jpg digital files preferred. Each figure must have an 
accompanying legend, which should be understandable 
without reference to the text. All figure legends are to be 
double spaced, and should be collected together as text 
page(s), rather than being attached to their respective 
figures.

Cover letter
Summarize briefly the important points of the submitted 
work including a brief description of the study to be 
submitted, that it is an original study presenting novel work, 
that it has not been previously submitted to or accepted by 
any other journal, that is has been approved by all authors, 
and explain whether any author has a conflict of interest.

Accepted Manuscripts

Manuscripts that are accepted for publication are copy-
edited and typeset by the journalʼs production team before 
publication. The journal is published 6 times per year / 
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continuously online. All communication regarding accepted 
manuscripts is with the corresponding author.

Proofs
Page proofs are sent to the corresponding author, who 
should check and return them within 48 hours. Only essen-
tial corrections to typesetting errors or omissions are 
accepted; excessive changes are not permitted at the 
proofing stage.

Reprints
Order forms for reprints are sent with the proofs to the 
corresponding author and should be returned with the 
proofs. The corresponding author will be sent a PDF of the 
paper on publication.

Contact

To contact the Editorial Office or the Editor-in- Chief, 
please write to:

Juntendo Medical Journal Editorial Office 
c/o International Medical Information Center 
2F Shinanomachi Rengakan,
35 Shinanomachi, Shinjuku-ku,
Tokyo 160-0016, JAPAN
Phone: +81-3-5361-7089
E-mail: jmj@imic.or.jp
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編 集 後 記
最近、家族と親しい友人が立て続けに癌に罹患していることが判明した。二人ともこれまで健康には

ほとんど問題がなく、元気が取り柄であったのが、一転して生命予後が心配になる状況に陥ったことで、
まさかという気持ちが強く、現実として受け止めるまでに暫く時間がかかった。ネット上で国立がんセ
ンターをはじめ、様々な機関が出している情報を探索した。5 年生存率は、友人が約 50％で、家族が
10％未満。異なる部位の癌であり、治療法も異なるが各々の主治医からの説明を聞き、これまでの医学
の進歩により私が医学生だった 40 年前に比べて様々な治療法が開発、普及されていることを知るととも
に、それでも厳しい予後であることを知った。その一方で、癌の治療法のみならず、手術後の機能障害
に対する取り組み、抗がん剤の副作用に対する取り組み等、患者の QOL を高める取り組みの進歩を実感
した。一方の癌は、頑固な腹痛から発見に至ったが、生命予後は厳しいものの現在は適切なペインコン
トロールのお陰で QOL は高く保たれており、死ぬまで疼痛に苦しむというその癌特有とされていた以前
の状況ではないことを知り、医学の進歩に深く感謝している。他方の癌は手術による大きな機能障害が
課題であるが、医療者のみならず、工学系科学者の力により、機能回復に大きな進歩の兆しがあること
が救いである。

今回の件で、医学ジャーナルの重要な役割である医療情報の発信という地道な活動の集積が医学・医
療の進歩に果たしてきた役割を再確認するとともに、集団を対象とした知見を個人に当てはめる際の困
難、ギャップを痛感した。

また、厳しい予後に直面する身近な命の残された未来を考えた時、これは当事者のみならず我々周囲
の人間の残された人生の質についても問われていると感じている。Memento Mori という格言を思い返
しながら、お互いに後悔のない日々を送ることを目指そうと考えている。

谷川　武
医学部公衆衛生学講座

イラスト作者より
こんなに暑い夏は、生れて初めてではないかと思う程の猛暑が続いています。少しでも涼しさを感じられる

ものと思い、水の入ったコップに足をつけて涼を取っている陶器製の猫を描いてみました。（宮道明子）

　順天堂醫事雑誌の記事については既に明治 8 年の創刊号から電子化されており，J-STAGE（科学技術情報発信・流通
総合システム）の電子ジャーナル公開システムにおいて閲覧することができます．順天堂医学会のホームページからも
ご覧いただけますので，ご活用頂ければ幸いです（https://www.juntendo.ac.jp/journal/）．

特集の企画募集
「順天堂醫事雑誌」では，医学界の最新知識を紹介するために，特集として総説を毎号に掲載しています．
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鈴　木　利　人1, 2)

1)順天堂大学医学附属順天堂越谷病院
2)順天堂大学大学院医学研究科精神・行動科学

私は 1982 年に筑波大学医学専門学群を卒業し，同大学精神医学教室に入局しました．当時の国
内の精神医学会は反精神医学の社会的風潮や精神科病院での入院患者への暴力事件報道により，精
神医療における倫理意識が厳しく問われることとなり精神医学の臨床研究を行うには難しい環境に
ありました．このようなことから私のキャリアの前半の 20 年間は筑波大学で研鑽を積みましたが，
そこでは主に統合失調症の動物モデルを対象とした基礎研究を取り組みました．統合失調症の発症
に関して，当時ドパミン過剰仮説が有名でしたが脳内ドパミン神経伝達系の異常だけではなくそれ
に関連する神経ペプチドの変化にも注目し，さらに研究を発展させて興奮性（グルタミン酸神経系）・
抑制性（GABA 神経系）アミノ酸神経系の神経伝達の異常についても検討しました．

2002 年 4 月，順天堂大学越谷病院に診療科長として赴任し，後半の 20 年間を順天堂大学で臨床
活動を中心として活動してきました．M5 学生の臨床実習や研修医の臨床教育，精神科専門医の養
成などをはじめ，多くの医局員の指導に携わるとともに，1 日外来患者数 350 名，年間入退院 500
名というメンタルクリニックの診療科を管理運営するようになりました．一方で，2010 年以降周
産期メンタルヘルスに関する活動に携わり生涯のライフワークとなりました．2018 年に日本周産
期メンタルヘルス学会の理事長を拝命し，周産期メンタルヘルスのガイドラインを作成して国内の
周産期メンタルヘルス医療の向上に努めました．

キーワード：  統合失調症動物モデル，順天堂越谷病院，周産期メンタルヘルス， 
ガイドライン

私がみてきたこの国の精神医学
─40年間を振り返り─

この抄録は，順天堂醫事雑誌 69 巻 4 号，p284-292，2023 掲載の『A Personal Historical Perspective on Psychiatry in Japan During the 
Last 4 Decades』の和文抄録です．

抄　録

順天堂醫事雑誌
2023. 69(4), 360
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野　口　雅　章
順天堂大学医学部附属浦安病院血液内科

私が 1983 年に順天堂大学医学部を卒業してから約 40 年が経った．卒業後 5 年間は東京大学生化
学教室で糖脂質の研究に従事していた．その後，糖脂質に関する論文を執筆し発表した．やがて，
私は血液内科で働き始めた．卒業後 17 年目の 2000 年，私は順天堂大学浦安病院血液内科に唯一の
常勤医師として勤務した．多くの入院患者を管理するために，私は夜遅くまで長時間労働しなけれ
ばならなかった．当科のホームページに記載されているように，専門学会の会議で行われた 227 件
の発表のうち，145 件（64％）が研修医によるものだった．この期間中に，15 名の研修医が血液内
科に入局した．2015年には，研修医による寄稿がJournal of Clinical Oncologyなどのインパクトファ
クターの高い学術誌に受理された．小川理事長のご支援もあり，2023 年 4 月より本学特任教授と
して勤務することになった．現在，造血器悪性腫瘍の治療抵抗性機序に関して病理学的研究をし，
論文化を目指している．最近，私は順天堂大学の学是である「仁」，「不断進歩」，「三無主義 ( 性別，
国籍，学歴による差別をしない）」という理念に深く感謝するようになった．皆様におかれましては，
ご自身の健康に留意しながら，この理念のもと，今後ともご活躍いただければ幸いである．今後と
も一層のご支援，ご協力を賜りますようお願い申し上げる．

キーワード：  糖脂質，研修医中心の専門学会発表，造血器腫瘍，治療抵抗性のメカニズム

血液内科医としての私の40年のキャリア
─臨床上の課題に直面し、研究を変える～糖脂質から治療抵抗性まで─

この抄録は，順天堂醫事雑誌 69 巻 4 号，p293-299，2023 掲載の『My 40-year Career as a Hematologist – Facing Clinical Challenges and 
Changing My Research –Focus from Glycolipids to Therapy Resistance –』の和文抄録です．

抄　録

順天堂醫事雑誌
2023. 69(4), 361
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順天堂医学会 会員の皆様

順天堂医学会短期海外留学時助成金給付制度

順天堂医学会では短期海外留学時助成金給付制度を開始いたしました。

1．要件
　 下記すべての要件を満たす者
　 （1） 順天堂大学（大学院を含む）の学生で 1 か月以上 12 か月未満の海外留学をする者
　 （2） 留学先の研究機関または財団などからの援助がない者
　 （3） 医学会の正会員として 1 年以上の経歴を有し、医学会費を完納している者
2．申請書類
　 （1） 順天堂医学会短期海外留学時助成金申込書
　 （2） 所属長の推薦書
　 （3） 申請者の主な研究テーマ・研究業績
　 （4） 留学受け入れ機関の指導者からの推薦状
3．助成金の給付金額

4．申請スケジュール（年 2回）

5．選考機関：順天堂医学会短期海外留学時助成金選考委員会
6．助成後の義務
　 （1） �帰国後直近の順天堂医学会学術集会において研究成果の発表および、その内容を「順天

堂醫事雑誌」に報告する。
　 （2） 帰国後は、順天堂大学またはその関連機関に原則として 3 年以上勤務する。
7．本件の照会先
　 HP：https://www.juntendo.ac.jp/journal/membership/benefit_plan.html
　 順天堂医学会事務局（順天堂大学総務部総務課内）
　 TEL：03-5802-1586　　E-Mail：j-igaku@juntendo.ac.jp

以上

順 天 堂 医 学 会
会長　服部　信孝

留学期間 助成金額
1 か月以上 4 か月未満 10 万円
4 か月以上 7 か月未満 20 万円
7 か月以上 12 か月未満 30 万円

申請期限 助成決定時期
6 月末 8 月
12 月末 2 月
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