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The History of Juntendo Medical Journal

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

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

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

Hidt - NI (OGAWA Hideoki, MD., Ph.D.) : EK % B3 HiGE (Juntendo Medical Journal) 2013 5 59 : 6-10.
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P4 Medicine for Heterogeneity of Dry Eye:
A Mobile Health-based Digital Cohort Study

TAKENORI INOMATA23% JAEMYOUNG SUNGY, ALAN YEE"?, AKIRA MURAKAMI"?,
YuicHt OKUMURA'"?, KEN NAGINO" 2%, KENTA FUJIO"?, YASUTSUGU AKASAKI"?,
AKIE MIDORIKAWA-INOMATA®, ATsuko EGUCHI?, KencH1 FUJIMOTO"?,
TIANXIANG HUANG!?, YUKI MOROOKA!?, MARIA MIURA"?, HURRAMHON SHOKIROVAY,
KUNIHIKO HIROSAWA®?, Mizu OHNO"?, HIROYUKI KOBAY ASHI?

D Juntendo University Graduate School of Medicine, Department of Ophthalmology, Tokyo, Japan
2) Juntendo University Graduate School of Medicine, Department of Digital Medicine, Tokyo, Japan
3) Juntendo University Graduate School of Medicine, Department of Hospital Administration, Tokyo, Japan
4 Juntendo University, Al Incubation Farm, Tokyo, Japan

During the 5" Science, Technology, and Innovation Basic Plan, the Japanese government proposed a novel societal concept
-Society 5.0- that promoted a healthcare system characterized by its capability to provide unintrusive, predictive, longitudinal
care through the integration of cyber and physical space. The role of Society 5.0 in managing our quality of vision will become
more important in the modern digitalized and aging society, both of which are known risk factors for developing dry eye. Dry
eye is the most common ocular surface disease encountered in Japan with symptoms including increased dryness, eye discomfort,
and decreased visual acuity. Owing to its complexity, implementation of P4 (predictive, preventive, personalized, participatory)
medicine in managing dry eye requires a comprehensive understanding of its pathology, as well as a strategy to visualize and
stratify its risk factors.

Using DryEyeRhythm®, a mobile health (mHealth) smartphone software (app), we established a route to collect holistic
medical big data on dry eye, such as the subjective symptoms and lifestyle data for each individual. The studies to date aided
in determining the risk factors for severe dry eye, the association between major depressive disorder and dry eye exacerbation,
eye drop treatment adherence, app—based stratification algorithms based on symptomology, blink detection biosensoring as a
dry eye-related digital phenotype, and effectiveness of app-based dry eye diagnosis support compared to traditional methods.
These results contribute to elucidating disease pathophysiology and promoting preventive and effective measures to counteract
dry eye through mHealth.

Key words: dry eye, big data, mobile health, smartphone application, P4 medicine
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Introduction

Healthcare in the Society 5.0 era: P4 Medicine

Society 5.0 is a novel, human-oriented societal
vision proposed during the 5th Science, Tech-
nology, and Innovation Basic Plan aimed to promote
economic development and resolve various social
problems through a highly integrated cyber and
physical space?. As part of this vision, healthcare is
also presumed to go through a major overhaul with
an emphasis placed on providing patient- and
public-oriented, predictive, and longitudinal care
that can be performed in an unintrusive manner
within one’s daily life. Medicine envisioned in
Society 5.0 utilizes a modern concept of medical big
data through mobile health (mHealth) and various
mobile device-attached sensors, collecting data on
patient-based symptomology, biosensor inputs, and
multi-omics in a frequent, longitudinal, remote,
real-time, and bidirectional fashion. Such new
forms of medical big data can subsequently be inte-
grated to the traditional medical big data, such as
electronic medical health records and epidemio-
logic reports, to be analyzed by artificial intelli-
gence (AI) and generate newfound values of P4
(predictive, preventive, personalized, participa-
tory) medicine?™?.

Healthcare and the COVID-19 pandemic

The declaration of the coronavirus disease 2019
(COVID-19) pandemic by the World Health Orga-
nization (WHO) has dramatically affected the
healthcare system®'?. Non-contact and non-intru-
sive examination techniques have been heavily
relied on to minimize the spread of the severe acute
respiratory syndrome coronavirus 2 during neces-
sary care, resulting in a global transition to incorpo-
rate aspects of telemedicine'V. Interestingly, this
acceptance of telemedicine brought attention to the
limitations of traditional medicine, such as unneces-
sary referrals to specialists, long waiting time, and
crowded hospital environments'?. Now gaining
traction, digital transformation is offering new solu-
tions to current healthcare problems, including
simple remote screening assessments, remote
monitoring devices, various app features, Al-as-
sisted diagnosis, and drone-assisted drug delivery
system. Considering glaucoma management, a
comprehensive work-up on visual acuity, intraoc-

ular pressures, visual field tests, and dilated fundus
exams is typically expected to be performed at a
specialized facility. During the COVID-19 pandemic,
while offering on-site care for severe and worsening
cases of glaucoma, a protocol can be formulated to
triage stable and mild severity patients and offer
remote monitoring through portable devices, such
as smartphones'?. Such an approach can be imple-
mented to other chronic diseases, and efforts to
determine reliable digital phenotypes for remote
monitoring is crucial for digital advancement.

The worldwide movement toward developing
and embracing various non-intrusive life-oriented
ocular exams and diagnostic devices have been
noted in recent literature®?. We developed two
smartphone apps, each to collect patient-reported
outcomes (PRO) on dry eye and hay fever with
ongoing analyses on the accrued big datal®0.
Other products include an app for visual acuity
check, smartphone-attachable slit-lamp microscope,
screening app for diabetic retinopathy, and an app
for glaucoma evaluation'”2?. Considering the change
associated with Society 5.0 and COVID-19 pandemic,
healthcare appears to be shifting toward predic-
tive, longitudinal care within one’s daily life and
away from the traditional facility-based care using
mHealth as a central catalyst.

Symptomology of Dry Eye and its Stratification
Considering the continuing digitalization of modern
society, the sheer quality and number of visual
screen time are increasing, underscoring the visual
impact to one’s quality of life (QoL)?". Dry eye is a
prevalent ocular disease estimated to be affecting 1
billion patients worldwide and 20 million in Japan

22220 - Additionally, the aging society, combined

alone
with the rapid digitalization that occurred during
the pandemic is presumed to escalate the incidence
of dry eye in the future® %27 Dry eye presents a
wide range of subjective symptoms, including
ocular dryness, eye discomfort, decreased vision,
and generalized fatigue®", which demonstrates a
high degree of heterogeneity in its symptomology
on an individual basis. Dry eye symptoms have
been reported to negatively affect one’s quality of
vision and work productivity, ultimately resulting
in financial burden and societal economic loss®™*®.
However, the mainstay approach to dry eye
management revolves around post-facto treatment
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of symptoms and suppression of further exacerba-
tion; dry eye currently has no cure®. To establish
the groundwork to effectively intervene and
prevent further damage in a personalized manner,
a cross—hierarchical and -sectional approach may
be necessary to analyze comprehensive data on
each patient and stratify disease-associated risk
factors®®.

DryEyeRhythm® smartphone application

The DryEyeRhythm® app was initially devel-
oped using Apple Inc’s (Cupertino, CA, USA)
open-source framework ResearchKit'?. This app
was released in November 2016 and September
2020 for the iOS and Android versions, respectively,
under a consignment contract with the Juntendo
University Graduate School of Medicine, Tokyo,
Japan, and InnoJin Inc., Tokyo, Japan. It is freely
available on Apple’'s App Store and Google Play.
Figure 1 shows the description of the user experi-
ence of DryEyeRhythm®. Following installation of

DryEyeRhythm® on a mobile device, users are
requested to provide electronic consent (eCon-
sent) for participation in the associated research.
Table 1 shows the survey items of DryEyeRhythm®.
Upon providing eConsent, users enter their basic
information, including age, sex, height, weight, race,
educational status, income, and visual acuity, as
well as a detailed medical history through the app
interface. Users are offered daily tasks to evaluate
dry eye-related symptoms, such as a blink sensoring
test, answering subjective symptom questionnaires
(ie., Ocular Surface Disease Index questionnaire;
OSDI)#4.4D  and entering information on the life-
style patterns. As optional tasks, users can complete
an evaluation of the depression symptoms (Zung
Self-rating Depres- sion Scale, SDS) %% and work
productivity (Work Productivity and Activity Impair-
ment Questionnaire)*. Figure 2 shows example
screenshots of DryEyeRhythm® on a mobile device.
The welcome screen of the app can be seen in
Figure 2a. Users provided information according

General information input

Download

eConsent

Daily tasks //’—\

Blink check Lifestyle

‘@ O

Dry eye symptoms

\ Stay,
Ql.——
Q2 i—-—
Q3. —— ;
Qb4 ———

Basicinformation

Feedback

B ==

Depression u

Figure 1 Description of user experience for DryEyeRhythm®
The figure is used from Inomata T. et al.® with permission.
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Table 1 Survey items of DryEyeRhythm®

Category

Items

Demographic information

Height, Body weight, Age, Sex, Race, Education, Income, Visual acuity

Hypertension, Diabetes, Blood disease, Brain disease, Collagen disease, Heart disease, Kidney disease,

Liver disease, Malignant tumor, Respiratory disease, Hay fever, Mental illness including Depression,

Medical history

Schizophrenia, and other than depression and schizophrenia, Past dry eye diagnosis, Ophthalmic surgery

including cataract surgery, LASIK, and other than cataract and LASIK, Medication, Eye drop

Coffee, Contact lens use, Screen exposure time, Periodic exercise, Sleeping time, Steps, Smoking, Water

Lifestyle habits .
¥y ! intake, Feces

Daily subjective symptoms including eye itching, asthenopia, headache, mental fatigue, stiffness and pain

Subjective symptoms

of body axis muscles, and stress, Ocular Surface Disease Index, Zung Self-rating Depression Scale, Work

Productivity and Activity Impairment Questionnaire

Blink Blink counts, Maximum blink interval

Functional visual acuity*

Right visual acuity, Left visual acuity

Others Latitude, Longitude, Temperature, Humidity, Atmospheric pressure, Weather, Step count

LASIK, Laser in Situ Keratomileusis

*Latest version of DryEyeRhythm® (after released September 1%, 2020) exclude functional visual acuity function.

Review

Review the form below, and tap Agree f you're
ready to continue.

DryEyeRhythm

DryEyeRhythm (econe Input your basic info

ey

asy cry eye chacks using the Phone and big s eal

‘data analytics by Juntendo University Faculty researc )

of Medicine, Department of Ophthalmology, Codoal ok
Thisis al
whichy  Cancel agree |
importance of e researcn oasea on eecback
from doctorsinvolved inactual medical
weatment, It nota clica esearch tialdone.
toinvestigate thesafey and usefulness of new
drugs conducted by pharmaceutical companies
and others e obtining approval from the
Minsty of Healh, Lsbor and elfre. Circal
esearch askingfo your patcpation s called a
voluntarycinialresearch and s planned to
anster a medica queston tht s mportant to
the doctors nvoved inthe actual mecical
examination.Safety and effiicacy of a new drug
created by a pharmaceutical company etc. is
investigated.

i

|FEEL DOWN AND BLUE

Occasinally(3-4days)

Please tellme how much
screen time exposure you
had today

Have you experienced any of
Smartphone, PC, TV, et

the following during the last
week? |FEEL BEST IN THE MORNING
Occasinally(3-4days)

—_— a

Rarely Most

Eyes that are sensitive to light?
Rarely Most
None of the time
|HAVE CRYING SPELLS OR FEEL UKE CRYNG
Some(1-2days)
1 RN

Half of the time Rarely

Most of the time. |HAVE TROUBLE SLEEPING AT NIGHT

Allofthe time Some(1-2days)
. y

Rarely

1EAT AS MUCH A5 1 USED TO

Figure 2 Screenshots of DryEyeRhythm®
(a) Welcome screen, (b) eConsent, (c) screen for entering participant characteristics, (d) Ocular Surface Disease Index questionnaire,
(e) lifestyle information questionnaire, and (f) depressive symptoms questionnaire. The figure is used from Eguchi A. et al.* with

permission.

to the given instructions, including eConsent
(Figure 2b), demographic information (Figure 2¢),
Japanese version of OSDI (Figure 2d), lifestyle
patterns (Figure 2e), and SDS (Figure 2f).

Mobile health-based digital cohort studies using
DryEyeRhythm®

Table 2 shows the published studies using the
DryEyeRhythm® app. Seven articles were published
between December 11, 2018 to April 25, 20226 1430.46-49)
The study types included six cross-sectional studies
and one observational study. The number of included
participants ranged between 82 to 5,265 partici-
pants. Published journals included Ophthalmology,

JAMA Ophthalmology, Ocular Surface, Journal of
Medical Internet Research, Japanese Journal of
Ophthalmology, and npj Digital Medicine.

Risk factors for severe dry eye

Upon conducting a large-scale crowd sourced
clinical research using DryEyeRhythm®, we were
able to collect comprehensive, individualized
medical big data on dry eye, and identify the risk
factors associated with dry eye symptom exacerba-
tions'®. DryEyeRhythm® was downloaded 18,225
times between November 2016 and November
2017. Odds ratios (95% confidence interval) of each
user-reported factors on developing severe dry
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Table 2 Published articles using DryEyeRhythm®

Publication

Sample Age, mean (SD) Women rate,

Authors date Study type size or median (IQR) n (%) Findings Journal
Inomata T December Cross-sectional This study identified the risk
5,265 272 (124 3,500 (66.5 Ophthalmol
et all 11, 2018 study (124) (66.5) factors for severe dry eye. phtnatmology
Thi i ified the risk
Inomata T January Cross-sectional is study identi 1ed.t ens JAMA
P, 4,454 279 (12.6) 2972 (66.7) factors for symptomatic dry eye
et al. 1, 2020 study . Ophthalmology
and undiagnosed dry eye.
. . This study identified the
1 taT  April 18, Cross—sectional o
nomz a b rossTsectiona 4454 279 (12.6) 2,972 (66.7) association between dry eye and  Ocular Surface
et alt® 2020 study .
depressive symptoms.
This study identified and
Inomata T  June 26, Cross-sectional stratified the individuals with  Journal of Medical
4,454 279 (126 2,972 (66.7 .
et al® 2020 study (126) (66.7) contact lens—associated dry eye Internet Research
and its risk factors.
This study determined the eye
. . drop type and usage frequency
Eguchi A = 1 S, 7
guchi A January 8, Crosssectional p 619 96 (19-40) 1701 (649) and identified risk factors for no 42"¢%¢ Journa
et al. 2021 study e . of Ophthalmology
eye drop use in individuals with
symptomatic dry eye in Japan.
This study developed a novel
smartphone-based digital
. phenotyping to stratify Lo
I T D = 1 D
nomjta ccember  Cross-sectiona 3,593 27 (20-41) 2,147 (59.8) heterogeneous symptoms of dry b1 .zg.ztal
et al. 20, 2021 study B Medicine
eye into seven clusters and
identified the specific profiles and
risk factors in each cluster.
This study determined the
. . reliability, validity, and feasibility
Okumura Y April 25, Observational 82 374 (11.0) 35 (427)  of the DryEyeRhythm® app for  Ocular Surface

et al3® 2022 study

the diagnosis assistance of dry
eye.

SD, standard deviation; IQR, interquartile range

eye subjective symptoms were calculated for 5,265
users who provided basic information, medical
history, lifestyle patterns, and OSDI. Dry eye symp-
toms were considered severe if the reported ODSI
total score was above or equal to 33 points®0,
Identified factors included younger age by 1 year,
099 (098-099); female sex, 185 (1.60-2.14);
collagen disease, 2.81(1.34-5.90); depression, 1.68
(1.23-2.29); current contact lens (CL) use, 1.24
(1.09-1.41); hay fever, 118 (1.04-1.33); higher
on-screen time by 1 hour, 1.02 (1.01-1.03); and
smoking, 1.53 (1.31-1.79). Of the identified factors,
current CL use, on-screen time, and smoking are
modifiable risk factors that may be helpful when
advising patients on lifestyle pattern adjustments
to prevent dry eye exacerbation. While the identi-
fied factors from this study were largely referenced

by various previous epidemiological studies®>?,

the advantage of an mHealth approach lies in the
comparable results attained by analyzing big data
collected from a single, large-scale crowd sourced
clinical study. These results highlight the validity
of incorporating mHealth principles in clinical
studies and may possess implications on the future
direction of research methodologies.

Characteristics and risk factors for undiagnosed
symptomatic dry eye

Using the data generated by Japanese users who
downloaded DryEyeRhythm® between November
2016 to January 2018, the characteristics of undiag-
nosed dry eye was evaluated. A total of 21,394
discrete, individualized data was generated during
this time*”. Among the 4,454 participants included
in the study, 53.8% (2,395 users) reported dry eye
symptoms without a formal diagnosis of dry eye.
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Risk factors associated with undiagnosed dry eye
included younger age by 1 year, 0.99 (0.987-0.999);
male sex, 1.99 (1.61-2.46); collagen disease, 0.23
(0.09-0.60); mental illnesses other than depression
and schizophrenia, 050 (0.36-0.69); ophthalmic
surgery other than cataract and laser in-situ
keratomileusis (LASIK), 041 (0.27-0.64); current
CL use, 0.64 (0.54-0.77); and history of CL use, 0.45
(0.34-0.58). Presence of these risk factors can
elevate the clinicians’ suspicion for an undiagnosed
dry eye, aiding in prompt prevention and effective
management through risk factor modification.

Association between dry eye and depression
symptoms

The association between mental health and QoL
has been gaining attention in recent years, and reports
suggest that dry eye shares numerous risk factors
with depression, such as disruption of hormonal,
metabolic, and neurologic balance, resulting in an
increased likelihood of comorbidity?°>¥. Upon
examining the connection between the symptoms
of depression and dry eye, the results demonstrated
that increasing dry eye severity is associated with
symptoms of depression?®. Notably, the results of
this study demonstrated an increased likelihood
(3.29 times) of developing depressive symptoms in
patients with severe dry eye compared to healthy
controls. A hierarchical clustering heatmap of the
respective 12 and 20 items of OSDI and SDS visu-
alized the association between each of the item
pairs of dry eye and depression questionnaires
(Figure 3a). In particular, the environmental factors
of dry eye subjective symptoms (OSDI items 10,
11, 12) correlated with the depressive symptoms.
With continuous monitoring of the dry eye symp-
toms, suspicion for comorbid depressive symptoms
can be raised upon identification of patients with
severe dry eye and interventions can be promptly
deployed to prevent or treat dry eye-associated
depression.

Survey of eye drop type, usage frequency, and
risk factors of no eye drop use for individuals
with symptomatic dry eye

Timely intervention and management through
topical eye drops is crucial for preventing dry eye
progression®. Of the 2,619 individuals with symp-
tomatic dry eye in this study, 1,876 individuals

reported no usage of topical drops®. The most
common eye drops used among the individuals
were artificial tears (534%), hyaluronic acid 0.1%
(33.1%), and diquafosol sodium 3% (18.7%). Figure
3b represents a visualized map of various combina-
tions of eye drops used by individuals. The results
also revealed that a significant portion of individ-
uals with symptomatic dry eye were not using the
recommended dosage of topical drops, raising
concerns of decreased adherence. Risk factors (the
odds ratio [95% confidence intervall]) for no eye
drop use were younger age by 1 year, 0.97 (0.97-
098); body mass index, 1.04 (1.01-1.07); brain
disease, 0.38 (0.15-098); collagen disease, 0.30
(0.13-0.68); mental illness other than depression
and schizophrenia, 0.65 (0.45-0.93); cataract surgery,
0.12 (0.02-0.59); ophthalmic surgery other than
cataract and LASIK, 055 (0.34-0.88); current CL
use, 0.47 (0.38-0.57); history of CL use, 0.58 (0.43-
0.77); >8 h on-screen time, 1.38 (1.05-1.81); <6 h
sleep time, 1.24 (1.01-1.52); >9 h sleep time, 1.34
(1.04-1.72); and water intake, 097 (0.94-0.98).
Monitoring dry eye symptoms and medication
administration could aid clinicians in accurately
understanding the effects of the medications and
selecting effective personalized treatment strate-
gies by escalating the intervention when appro-
priate. In addition, clinicians can more effectively
Initiate a motivational discussion with the patient
to promote and ensure treatment adherence, rather
than preemptive treatment escalation.

Stratifying heterogenous symptomologies and
using digital phenotypes for P4 medicine

Dry eye is a multifactorial disease, in which a
complex interaction exists between environmental,
host, and lifestyle factors that ultimately affects the
disease onset, progression, and prognosis®. There-
fore, preventive and predictive measures to halt
the onset altogether, as well as personalized or
stratified approaches for intervention based on
each patient’s risk factors are considered ideal®.
For such strategies, a comprehensive individual-
ized dataset must be first accrued, followed by a
cross—hierarchical and cross—sectional analysis.
This may elucidate a better understanding behind
dry eye symptom heterogeneity, providing a foun-
dation for treatment stratification based on person-
alized factors®.
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Figure 3 Characteristic visualization of symptomatic dry eye using collected comprehensive dry eye related health data and
biosensoring data by DryEyeRhytm®

(a) The heatmap of the correlation between each item of the Ocular Surface Disease Index (OSDI) and Self-rating Depression
Scale (SDS) questionnaires. (b) A bubble chart of representative combinations of types of eye drops used by symptomatic dry
eye individuals based on data from the subscales of the OSDI. Among the total 51 combinations, the top 20 eye drop combinations
are shown. The X-axis represents the ocular symptoms score, the Y-axis represents the vision related-function score, and the
Z-axis represents the environmental triggers score based on the OSDI questionnaire. The bubbles represent the proportion of
the combinations of eye drops used. (¢) Dimension reduction of individuals with symptomatic dry eye—via Uniform Manifold
Approximation and Projection with spectral clustering identified by unsupervised clustering analysis (n=2,619 individuals
collected by DryEyeRhythm®)—depicted seven clusters when stratified for subjective symptoms based on the 12 items of the
Japanese version of OSDI. (d)Fraction of individuals within each cluster visualized on the left most panel, along with a
corresponding heat map of subjective symptoms from individuals within the identified clusters. (e)Risk factors for each cluster
in symptomatic dry eye compared with other clusters visualized in a circular layout. The figures are used from a; Inomata T
et al*®, b; Eguchi A. et al*?, and c-¢; Inomata T. et al.®, with permission.
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In an effort to combine bioinformatics and Al
technology for dry eye research, we developed a
smartphone app, DryEyeRhythm®, which can
generate comprehensive medical big data on dry
eye through smartphone-attached biosensors and
user-provided information®. A total of 3,593 partic-
ipants who provided consent between November
27 2016 and September 30%, 2019 were included in
the study. The Uniform Manifold Approximation
and Projection (UMAP) algorithm was utilized for
dimension reduction of the heterogeneous dry eye
symptoms, yielding 7 unique subgroups based on
the collection of subjective symptoms (Figure 3c).
Subsequent visualization of the characteristics of
each subgroup was performed through hierarchical
clustering (Figure 3d) or a multivariate logistic
regression analysis (Figure 3e). Additionally, the
performance of maximum blink interval (MBI)?3-%®
as a digital phenotype was tested for each identi-
fied subgroup using the blink biosensoring feature
of the DryEyeRhythm® app (Figure 4a). In the
subgroups with dry eye, a decrease in the app-mea-
sured MBI was observed (Figure 4b). Further-
more, each stratified subgroup displayed distinct
MBI changes (Figure 4c). This suggests that the
detection of blinking patterns through smartphone
apps could be valuable in dry eye screening, as
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well as predicting the disease subtype.

In this study, dry eye was stratified into unique
subtypes that elucidated a pattern based on the
symptom heterogeneity, and a novel digital pheno-
type was identified. Based on the dry eye subtype
identified by the DryEyeRhythm® app, personal-
ized regimens to mitigate unique subtype-associ-
ated risk factors could be possible and clinicians
may be able to provide a tailored preventive and
interventional plan. This highlights the potential
role of mHealth and the generated medical big data
in creating a personalized health profile related to
dry eye, including symptoms and lifestyle patterns,
which have strong implications in bringing princi-
ples of P4 medicine to the field of dry eye manage-
ment.

Diagnostic performance of dry eye mHealth app
To determine the diagnostic capabilities of
DryEyeRhythm® through electronic subjective
symptom questionnaires and digital phenotyping,
the app-based OSDI results and MBI (Figure 4a)
measurements were collected from 82 participants
above the age of 20 years who visited the Juntendo
University Hospital-associated ophthalmology clinic
between July 2020 and May 2021. True diagnosis of
dry eye was determined using the criteria proposed
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Figure 4 Blink sensoring by DryEyeRhythm®
(a) The duration of the participant’s maximum blink interval (MBI) was recorded by DryEyeRhythm®. (b) MBI
was significantly shortened in symptomatic dry eye vs. non-symptomatic dry eye (8.6 s vs. 11.0 s, **P<0.001)
(¢c) MBI each cluster (Kruskal-Wallis test, n=3,593, *P=0.016, **P<0.001). DE, dry eye. The figure is used from

Inomata T. et al.9 with permission.
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by the Asia Dry Eye Society, which was used to
evaluate the diagnostic performance of DryEyeR-
hythm®5”. The area under the curve of the resul-
tant receiver operating characteristic curve was
0.910. The sensitivity and specificity of DryEyeR-
hythm® was 91.3% and 69.1%, respectively, suggesting
that DryEyeRhythm® may be an ancillary non-in-
vasive, non—-contact tool for dry eye diagnosis.

Discussion

Considering the advancements toward health-
care envisioned in the Society 5.0 plan, efforts have
been placed to create a medical system that enables
ubiquitous care that allows patients and the public
to receive non-intrusive care within one’s daily life.
To realize the framework and improve the quality
of dry eye management, the disease heterogeneity
and multifactorial nature should be better under-
stood along with efforts to implement P4 medicine
in patient care. In this review, a series of studies

®

using DryEyeRhythm® to collect comprehensive
individualized data on dry eye, including subjective
symptoms and disease-associated lifestyle patterns,
were discussed to further understand dry eye as a
pathology and discover means to implement princi-
ples of P4 medicine. mHealth apps appear to be
well-suited in creating a holistic dataset for each
user, utilizing user-provided data and biosensor
data through (now common) smartphone sensors
(e, camera, touchscreen, global positioning
system). mHealth has become more accessible for
creating robust medical data sets, which provide
insights on disease variability and heterogeneity
that traditional methodologies have struggled to
provide. Ultimately, this may be the beginning of
providing personalized prevention plans, interven-
tions, and behavioral modifications.

mHealth has been receiving attention as a novel
and effective route of collecting big medical
data’ 7585 mHealth, as defined by the WHO, refers
to the “medical and public health practice supported
by mobile devices, such as mobile phones, patient
monitoring devices, personal digital assistants, and
other wireless devices®” In modern research,
mHealth smartphone apps are being utilized as a
complement to traditional research methodolo-
gies®?. The use of mHealth apps has several advan-
tages: 1) frequent, longitudinal, remote, and real-
time data collection, 2) biosensoring through smart
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device-attached sensors, and 3) bidirectional partic-
ipatory medicine. If consent for participation is
obtained through the app, the added accessibility
and outreach through minimizing the need to phys-
ically visit a research facility may be beneficial. In
addition, depending on how the data is processed
and stored, the comprehensive dataset can stay
individualized*% %Y. By integrating medical and
biosensor data collected through mHealth apps
using bioinformatics and AI technology, new
aspects of disease processes and variability could
be further unveiled.

Recent clinical studies on PRO underscored the
importance of including subjective perspectives of
patients as part of a routine clinical evaluation®63.
The studies on electronic PRO (ePRO) collected
through mHealth apps showed satisfactory reli-
ability and validity''?. One common limitation of
mHealth apps was the frequent reliance on self-ad-
ministered questionnaires, which do not sufficiently
reflect the clinical findings and could be prone to
biases. However, the blink biosensoring technology
included in DryEyeRhythm® adds an objective
clinical finding as part of the dry eye evaluation,
augmenting its accuracy as an ancillary diagnostic
tool®3”, The role of various digital user inputs and
lifestyle patterns sensed by smart device sensors
that translates into digital phenotypes demon-
strates potential in stratifying and visualizing one’s
disease presentation, which helps bring in new
values of P4 medicine into its care.

With an ever-evolving form of medical big data,
mHealth appears to be an effective method to
capture large data sets and perform a data-driven
cross-hierarchical, cross—sectional approach that
previous methodologies have struggled to perform®.
Its application may be extrapolated beyond dry
eye to better understand numerous pathologies in
an era of integrated cyberspace and physical space.
Additionally, the real-time data collection on one’s
health and lifestyle and analysis with minimal
intrusion enables lifelong medical care that allows
providers to rapidly provide tailored medical needs
for patients and public based on incoming data®?.
Considering traditional facility-oriented medicine,
a paradigm shift toward a life-oriented healthcare
is expected. With the recent changes that accompa-
nied the COVID-19 pandemic, the demand for
non-intrusive life-oriented medicine is expected to
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increase globally, and its research will likely build
upon the current foundation laid by mHealth to
adopt the four key pillars of P4 medicine.

In conclusion, as the aspects of the Society 5.0
plan comes to fruition, forms of lifelong, non-intru-
sive, and predictive medicine are expected to
emerge. Evolving concepts of medical big data
collected through mHealth-through smartphones,
wearables, and Internet of Medical Things devices—
and Al technology may help bring in new values
derived from the principles of P4 medicine to the
current system. This warrants a societal discussion
to identify technology and strategies that could
help transform the healthcare system into one that
1s more effective and beneficial for patients and the
public in our progress toward Society 5.0.
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The coronavirus disease 2019 pandemic has uncovered several inherent problems in society. While the demand for telemedicine
surged worldwide and some countries responded flexibly, in Japan, most telemedicine services were limited to telephone
consultations, and full-fledged telemedicine did not become widespread. In addition, the digitalization process in both medicine and
wider society lags behind some other nations. It is necessary to accelerate digital transformation in healthcare to build a sustainable
society that is resilient to crises, such as new pandemics. In particular, as Japan is facing an issue of super-aged society, a
sustainable care model for people with Parkinson’s disease, dementia, and intractable neurological diseases should be established.

Many neurodegenerative and intractable neurological diseases are progressive; as the disease progresses, patients could
become difficult to visit specialists. Although online medical care has many advantages, it does not provide the same quality of
information as face-to—face consultations.

However, new technology can overcome the limitations of online medical care. As an evolutionary direction for telemedicine,
three-dimensional telemedicine technologies are being developed, which enable online medical treatment to be delivered as if
the patient was sharing the same space. Telemonitoring can enable the objective and continuous evaluation of patient information
at home through the use of motion capture, wearable devices, and other devices. The advancement of digital transformation in
medical care should be a game-changer in accumulating big data and analyzing it using artificial intelligence.
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lags behind some other nations. It is necessary to
accelerate digital transformation (DX) in health-
care to build a sustainable society that is resilient
to crises, such as new pandemics. In particular, as
Japan is facing an issue of super-aged society, a
sustainable care model for people with Parkinson’s
disease, dementia, and intractable neurological
disorders should be established?.

Many neurodegenerative and intractable neuro-
logical diseases are progressive, making patients
increasingly difficult as the disease progresses to
visit a specialist that could be located some distance
away?. In addition, symptoms may fluctuate within
a day, and for appropriate management, it is neces-
sary to accurately monitor not only symptoms
during outpatient visits but also fluctuations in
symptoms at home. Currently, however, few
methods can objectively identify symptoms. There-
fore, the importance of information and communi-
cation technology (ICT) applications and DX in
healthcare is recognized as key to solving these
problems.

Telemedicine technology can improve access to
medical specialists. With the spread of COVID-19,
telemedicine has gradually spread in Japan?.
Augmented reality (AR) and virtual reality (VR)
technologies are expected to advance telemedicine
technology and be applied to telerehabilitation and
other areas. Wearable devices are a solution to
objectively monitor patient conditions. By moni-
toring the patient 24 h a day with wearable devices,
it is possible to objectively and continuously eval-
uate the patient’s condition at home outside of
medical examinations. In addition, the vast amount
of big data obtained from monitoring with wear-
able devices may lead to the discovery of digital
biomarkers and the development of diagnostic and
therapeutic assistance programs through analysis
using artificial intelligence (AI).

This review provides an overview of the current
status and future perspectives of ICT and DX
research in intractable neurological diseases.

Methods

In this narrative review, we searched the litera-
ture on the current status of telemedicine in Parkin-
son’s disease and intractable neurological diseases
in Japan, published in English in PubMed. A search
strategy identified relevant references using the

terms Parkinson’s disease, intractable neurological
diseases, and telemedicine. Only original articles
were included. We also discussed the limitation of
current telemedicine and future perspectives of
ICT and DX research to improve telemedicine.

Results

We found that five articles fulfilled the criteria®*™.
Four studies include PD%%67 one study includes
amyotrophic lateral sclerosis, spinocerebellar degen-
eration, and multiple system atrophy, as well as
PD?®, and one study included spinocerebellar
ataxia®. Three research used tablet**” and two
research used telephone as ICT>9.

Discussion

Telemedicine and online medical care

Many intractable neurological diseases are
progressive, and as they progress, it becomes diffi-
cult for patients to visit specialists that may be
located some distance away. In particular, aging is
a risk factor for neurodegenerative diseases such
as Parkinson’s disease, and with the advent of an
aging society, the number of intractable neurolog-
ical diseases is increasing®. However, because
specialists are unevenly distributed in urban areas,
it is difficult for patients with intractable neurolog-
ical diseases in rural areas, where there are many
elderly people, to access specialist care?. One solu-
tion to improving access to specialists is telemedi-
cine, which provides medical care remotely, and
telehealth, which provides prevention and health
promotion. Regardless of distance, health services
using ICT are called eHealth or digital health and
include various types of devices, such as wearable
devices and smartphone applications?.

In telemedicine, the Ministry of Health, Labour
and Welfare (MHLW) in Japan defines “online
medical care” as real-time medical treatment
between a doctor and a patient, in which the doctor
examines and diagnoses the patient using ICT
devices and transmits diagnostic results and
prescriptions'?’. To date, there have been several
restrictions on online medical care covered by
national insurance. It is limited to patients with
chronic disease and followed up for at least three
months. Face-to-face visits must be scheduled at
least every three months, with emergency cases
seen within 30 min. Since the revision in 2022, fees
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for online medical care have also increased, similar
to face-to—face consultations. In addition, time and
distance requirements between medical institu-
tions and patients, as well as limitations on the
percentage of online medical care, were eliminated.
Therefore, online medical care has been promoted.

Telemedicine for Parkinson’s disease, dementia,
and intractable neurological disease

A previous review reported that telemedicine is
an effective tool for the rapid evaluation of patients
in remote locations that require neurological care
for various neurological diseases, including dementia,
neuromuscular diseases, multiple sclerosis, head-
ache, trauma, and movement disorders'”. Since the
first study reporting the feasibility of remote
assessment of motor symptoms in Parkinson’s
disease in 1993'?, studies, including randomized
controlled studies, have reported the usefulness of
videoconferencing telemedicine in this field®.

In Japan, the first pilot study of telemedicine for
Parkinson'’s disease using an iPad was conducted in
2014%. This study showed the safety and feasibility
of telemedicine care for patients with Parkinson’s
disease. Following this evidence, Juntendo Univer-
sity Hospital started a telemedicine service for
Parkinson’s disease and other intractable neurolog-
ical diseases in 2017?. In this service, the physician
sees patients through the iPad and sends a prescrip-
tion to patients as needed. Then, patients can get
their medication from their nearest pharmacy

Juntendo University Hospital

Doctor

lﬁ1

Telemedicine

Send prescriptions

Fi”

Pharmacy

Pharmacist

(Figure 1). This service is now commonly provided
in Japan. In a survey conducted during the first
year of the service, both patients and caregivers
were highly satisfied with the service and particu-
larly appreciated the reduction in the burden of
hospital wvisits?. In 2018, the MHLW approved
“online medical care” in telemedicine to be covered
by national insurance. Although the number of
users of our telemedicine service was limited to
approximately 20 patients per month, the COVID-
19 pandemic led to a rapid five-fold increase in the
number of users. We also started a trial of doctor-
to-patient with doctor-type (D to P with D) online
medical care and online second opinions. However,
while demand for telemedicine surged and patients’
tolerance for online medical care increased with
the spread of COVID-19, most telemedicine
services were limited to telephone consultations,
and fully fledged telemedicine did not become
widespread in Japan. In addition, there are limita-
tions to the current online medical care services.
Although online medical care has many advan-
tages, it does not provide the same information as
face-to—face consultations. The COVID-19 pandemic
uncovered inherent problems in society and
showed that medical care, as well as the whole
society, is behind in the digitalization process. It is
necessary to accelerate digital transformation in
healthcare to build a sustainable society that is
resilient to crises, such as new pandemics.

Patient

L) Share information
about patient

* ﬂ Family or Caregiver

Get medications

Share information about patient
Deliver medications

Patient

Changed from https://www.juntendo.ac.jp/news/20170728-02.html

Figure 1 Telemedicine service in Juntendo University Hospital
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Digital transformation for Parkinson’s disease
practice

Telemonitoring is a telemedicine technology that
compensates for the weaknesses of current online
medical technology. Using wearable devices and
smartphone applications makes it possible to eval-
uate patient information objectively and continu-
ously at home!®. Furthermore, an evolutionary
direction for telemedicine includes technologies that
enable three-dimensional video calls, facilitating
online medical treatment as if the patients were
sharing the same space as the doctors'. Further-
more, digitization in medicine will allow the accu-
mulation of big data and its analysis through AL

Three-dimensional telemedicine

One way to advance telemedicine treatment
technology is the application of AR and mixed
reality (MR) three-dimensional telemedicine tech-
nology. Three-dimensional telemedicine produces
a three-dimensional hologram via a head-mounted
display, which is scanned using an RGB depth
camera in real-time!®. By wearing the head-
mounted display, the doctor and patient can see

each other and share the space as if they were
right in front of each other, even though they are
not. The advantages of three-dimensional online
medical care are that it provides a more realistic
examination environment and can be used to scan
three-dimensional motion data of the entire body,
which can be analyzed using Al In the future, if
Al-based algorithms can display relevant informa-
tion in real-time in an MR space to assist physi-
cians, such as frequency and the type of tremor, it
might enhance the ability of non-specialists and
provide an accurate evaluation aid.

In addition, medical applications of VR are
underway'®. In particular, multiple studies on VR
rehabilitation have been reported. The metaverse
is the ultimate concept of further development of
extended reality (XR) technologies, such as AR,
VR, and MR. A metaverse is a three-dimensional
virtual space or service built within a computer
network. Users can freely experience various
objects through their avatars in the metaverse
space via computers or VR headsets. For example,
at Juntendo University Hospital (Figure 2), a
virtual hospital project has been started where

Figure 2 Virtual Juntendo hospital projects
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patients and their families can virtually visit the
hospital before coming, experience treatment
methods, and interact with medical professionals
and other patients (https://www.juntendo.ac.jp/
news/20220413-05.html) . It also allows hospitalized
patients who have difficulty leaving the hospital to
walk freely in a virtual space. In the future, we plan
to examine whether mental health and other
diseases can be improved through activities in the
metaverse space.

Wearable devices

In addition to XR technologies, another way to
review symptoms that cannot be examined easily
using telemedicine is the application of wearable
devices. Wearable devices can continuously and
objectively monitor changes in a patient’s condition
in daily life outside the hospital through 24 h contin-
uous monitoring. Indeed, the Apple Watch offers a
movement disorder API that can distinguish
between tremors and dyskinesia and monitor them
separately!”. Digital recording of an individual's
movement symptoms is also expected to serve as a
digital biomarker and is expected to become the
basis for personalized medicine in the future!®.

Artificial intelligence

Al is a computer program that imitates human
intelligence. The basis of Al is machine learning,
which includes supervised and unsupervised
learning. The development of deep learning has
dramatically improved the capabilities of Al Al
has already been used in medical applications in
the field of diagnostic imaging, and research is
underway to treat neurological disorders. For
example, technology has been developed to auto-
matically determine tremors by simply holding
one’s hand over an infrared motion capturing
device!?,

We developed an Al-based chatbot application
for telemedicine”. Chatbots are programs that
automatically converse with people, such as
iPhone’s Siri and Amazon’s Alexa. Our Al-based
chatbot was trained using several conversation
scripts extracted from doctors’ conversations with
patients in their daily practice. Then, the Al-based
chatbot selects from these scripts to converse with
the patient. The application performs natural
language processing based on the content of the
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conversation. In addition, it automatically displays
a patient’s health information report on a dash-
board, which the doctor can use as a reference to
provide regular or telemedicine care in less time.
Our randomized controlled trial examined the effi-
cacy and feasibility of the AI chatbot application.
Twenty patients were randomized into a group
that had only weekly remote conversations with
the doctor and a group that had daily use of the AI
chatbot in addition to a weekly conversation with
their doctor to examine changes in facial expres-
sion and voice characteristics recorded during the
remote discussion with physicians. Al chatbot
intervention resulted in improvements in smiling
and a decrease in filler words. This study indicated
that daily conversations with an AI chatbot appli-
cation could be applied to rehabilitation.

Al can save time for physicians by organizing
the vast amount of information traffic, allowing
physicians to focus on meaningful information, or
by interviewing and rehabilitating patients instead
of doctors and healthcare professionals. As a result,
it might be possible for physicians to concentrate
on their primary tasks, which only they can
perform: listening to, sympathizing with, touching
and examining, and healing patients.

Limitations

The most significant limitation of this study is
the paucity of studies. In addition, as this is a narra-
tive review, no quality ratings of these references
were performed. We need more crossectional and
longitudinal studies to elucidate this field.

Conclusion

Various technologies, such as telemedicine, AR/
VR/MR, metaverse, wearable devices, and Al tech-
nology, are being applied to treat intractable neuro-
logical diseases. The current limitations of telemed-
icine may be overcome by DX using new
technologies, such as wearable devices, three-di-
mensional telemedicine, and Al DX in medicine is
expected to lead to a revolution in which various
medical professionals can collaborate across the
boundaries of professions and provide more effec-
tive medical care using fewer resources. In addi-
tion, a paradigm shift may occur in which instead
of patients visiting a hospital after developing a
disease, people manage their health daily using
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wearable devices and smartphone apps, consult
online when the devices highlight a problem, and
visit a hospital only when they need face-to—face
medical care (Figure 3).
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Deep Brain Stimulation for Parkinson’s Disease
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There is a long history of surgical treatment for Parkinson’s disease (PD). Currently, deep brain stimulation (DBS) has been

performed as promising treatment option for medically refractory PD. DBS is an adjustable and reversible treatment using

implanted medical devices to deliver electrical stimulation to precisely targeted areas of the brain. DBS modulates neurological

function of the target region. The most common target for PD is the subthalamic nucleus (STN). DBS is particularly indicated

for patients suffering from motor complications of dopaminergic medication such as fluctuations and dyskinesia. Although there

is currently no curative treatment for PD, a combination of medical treatment and DBS provide long-term relief of motor

symptoms. In this review, I introduce history, mechanism, indication, clinical outcome, complication, long term outcome, timing

of surgery, surgical procedure, and current new technology concerning DBS for PD.

Key words: Parkinson’s disease, deep brain stimulation, subthalamic nucleus

Introduction

Parkinson’s disease (PD) is a progressive nervous
disorder caused by degeneration of dopamine-pro-
ducing cells in the substantia nigra. The main
symptoms are movement-related, including tremor,
rigidity, bradykinesia, postural instability, gait
disturbance, and so on. Other symptoms include
autonomic, sensory, psychiatric and cognitive
problem. Although there is currently no curative
treatment for PD, motor symptoms of PD are
initially treated with dopaminergic medications
such as levodopa and dopamine agonists. In addi-
tion to medical treatment, there is a long history of
surgical treatment for Parkinson's disease (PD)?V.
After pioneering trials and errors, the current
primary surgical treatment for PD is deep brain
stimulation (DBS). To date, more than 170,000

patients worldwide have undergone DBS. DBS is a
promising treatment option for patients with medi-
cally refractory PD.

History of surgical treatment for
Parkinson’s disease

James Parkinson published “An essay on the
shaking palsy” in 1817. However, the etiology and
cure for this intractable disease long remained
unknown. The concept of the extrapyramidal tract
was proposed in the 1920s and direct surgery to the
basal ganglia was attempted. In 1947, Spiegel and
Wyecis developed a stereotactic frame for humans,
enabling less invasive surgery to the extrapyra-
midal tract?. Stereotactic pallidotomy or thalam-
otomy was subsequently developed for the treat-
ment of PD. However, the use of surgical treatment
rapidly declined after the introduction of levodopa
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in 1969. Dopamine replacement therapy became a
mainstay of the treatment of PD. However, some
patients suffered from motor complications of dopa-
minergic medication such as fluctuation or dyski-
nesia. In 1992, Laitinen revived pallidotomy for
patients with motor complications from levodopa®.

In 1983, Langston found l1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP) as a neurotoxin
causing PD?. Consequently, an animal model for
PD using MPTP was developed and the pathophys-
iology of PD was clarified in detail. In 1989, Albin
demonstrated the functional anatomy of the basal
ganglia related to the pathophysiology of move-
ment disorders?. Shortly after, Bergman demon-
strated that motor symptoms of MPTP-treated
monkeys were dramatically improved by lesioning
of the subthalamic nucleus (STN) 9. In 1993, Benabid
et al developed deep brain stimulation (DBS) of
the STN, a monumental work of surgical treatment
of PD?. Subsequently, DBS of the globus pallidus

_—

internus (GPi) was introduced as an another treat-
ment option.

DBS and its mechanism

DBS is a surgical treatment involving the implan-
tation of medical devices to deliver electrical stim-
ulation to precisely targeted areas of the brain.
Expectation of DBS is based on functional alter-
ation in the target area. The DBS system consist of
three components: the implantable pulse generator
(IPG), the lead with four or eight contacts, and the
extension wire (Figure 1). DBS is an adjustable
and reversible treatment. The IPG can deliver
pulses with three variable parameters. Frequency
(2-250 Hz), width (20-450 psec), amplitude (0-20
mA), and the selection of the stimulating contact
can be set by wireless telemetry.

Surgical treatment is based on the following
functional alteration within the basal ganglia-thala-
mo-cortical circuit (Figure 2). In PD, increased

Lead with 4 or 8 contacts

Extension wire

d
4 Implantable pulse generator (IPG)

Figure 1 Outline of DBS system
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excitatory activity of the STN caused by depletion
of dopamine in substantia nigra pars compacta
(SNc¢) abnormally activates the GPi which inhibit
activity of the thalamus and thalamocortical
neurons. The reduced thalamic and cortical activity
account for the hypokinetic symptoms of PD such
as rigidity and akinesia. Therefore, reducing the
overactivity of STN or GPi through ablative proce-
dure or DBS might have a considerable clinical
effect in PD. DBS seems to produce a functional
lesion in the brain and reduces activity in the focal
area as well as ablative procedure. However, the
true mechanism of the action in DBS is not well
understood.

Indication of DBS for PD

Currently, there is no curative treatment for PD.
First choice of treatment for PD is medical treat-
ment. Therefore, what is required for surgical
treatment in PD is to obtain improvement of symp-
toms that are difficult to improve with medical
treatment, or to solve problems caused by medica-

basal ganglia-thalamo-cortical circuit

tion. Symptoms that are difficult to improve with
medical treatment include some tremors and axial
symptoms. On the other hand, problems caused by
medication include motor complications such as
fluctuation and dyskinesia, and side effects of medi-
cation such as hallucinations, delusions, and impulse
control disorders.

In considering indications for DBS®, a correct
diagnosis of idiopathic PD is essential. A good
response to levodopa is a good indicator of a correct
diagnosis of PD. Atypical parkinsonism or secondary
PD are not indications for DBS. The most appro-
priate surgical candidate for DBS is a patient who
suffers from the motor complications of dopami-
nergic medications such as fluctuation and dyski-
nesia. A patient who suffers from disabling tremor
despite optimal medical treatment is also a good
candidate for DBS. Furthermore, patients with
dementia or active psychiatric issues are not indi-
cated for DBS. Ideally, the patient should also be
young (ie., less than 70 years of age), although
carefully-selected older patients can also be candi-
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date. Some experts recommend excluding patients
based on a mini-mental state examination cutoff
score of 24.

As described below, STN-DBS can reduce the
dose of antiparkinsonian dopaminergic medication
with improved motor function. Therefore, it is indi-
cated for patients suffering from medication-in-
duced psychotic symptoms such as hallucinations
and delusions”.

Clinical outcomes

The theoretical target of DBS based on the
pathophysiology of PD is the STN or the GPi. An
early comparative study revealed the superiority
of STN-DBS in improvement of motor scores in
the medication-off period and reduction of dopami-
nergic medication'”. Consequently, the STN has
long been the most common target of DBS for PD.

STN-DBS results in a significant reduction in
the Unified Parkinson’s Disease Rating Scale
(UPDRS) motor score in the medication-off state
but does not alter the score in the medication-on
state. STN-DBS effectively improves levodopa-re-
sponsive symptoms of PD and significantly reduces
dyskinesia, motor fluctuation, and the dose of dopa-
minergic medication. Several controlled random-
ized studies demonstrated that STN-DBS yielded
better outcomes in motor function and quality of
life (QOL) than medical treatment alone for
advanced PD patients' .

According to a meta—analysis of early outcomes,
STN-DBS improves UPDRS III motor scores in the
medication-off state by 52% and UPDRS II activi-
ties of daily living (ADL) score by 50%. STN-DBS
also reduces dyskinesia by 69%, the daily off period
by 68%, and the dose of dopaminergic medication
by 56%. Average improvement in quality of life
(QOL) using PDQ-39 is 35%'?. As a result, STN-
DBS provides a second honeymoon period for
patients suffering from the motor complications of
dopaminergic medication.

Postural abnormality such as camptocormia or Pisa
syndrome are one of the most difficult condition to
treat. Postural abnormality could be corrected by
DBS in some patient although the long-term benefit
is limited". Early introduction of DBS after onset
of postural abnormality is beneficial.

The effect of STN-DBS on impulse control disor-
ders (ICD) and dopamine dysregulation syndrome
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(DDS) is controversial'®. Preexisting ICD or DDS
is improved by considerable reduction of dopami-
nergic medication in some patients.

In this way, STN-DBS is currently the most
effective surgical treatment for advanced PD
because it has an overwhelming effect on motor
symptoms and can solve many medication-induced
problems by reducing the dose of dopaminergic
medication.

Complications of DBS

A significant incidence of adverse effects associ-
ated with DBS in PD has been reported'”. Most are
mild and transient, but serious morbidity is also
reported. According to a large study (1,183 patients)'®,
the mortality rate during the first 30 postoperative
days after stereotactic surgery is 04% and the
permanent surgical morbidity rate is 1%. The
morbidity is mainly caused by intracerebral hemor-
rhage (ICH) (2.2%). An analysis of adverse events
in published data revealed that common surgery-re-
lated complications included 2.0% with symptom-
atic ICH and 2.0% with infections in 928 STN-DBS
cases'?.

The neuropsychological aspects of STN-DBS
have recently received considerable attention and
many studies concerning neuropsychological
outcome after STN-DBS have been performed®.
Mood changes including hypomania or depression
are common adverse effects in patients treated
with STN-DBS. Most are usually transient in the
immediate postoperative period. The spread of
stimulation to the limbic STN seems to be a cause
of altered mood states?”. On the other hand, depres-
sion or apathy occurring several months after
surgery often coincides with excessive reduction of
dopaminergic medication, and is generally improved
by increasing the dose.

There are many studies on cognitive outcomes
after STN-DBS. Most concluded that STN-DBS is
relatively safe from a cognitive perspective despite
mild cognitive morbidity. A meta—-analysis of cogni-
tive sequelae revealed small but significant declines
in executive function and verbal learning and
memory, and moderate declines in both semantic
and phonemic verbal fluency after STN DBS%.

Several factors are considered to contribute to
cognitive changes after STN-DBS. As the STN has
widespread connections with basal ganglia and the
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prefrontal cortex?”, the direct effect of stimulation
may contribute to cognitive changes. Furthermore,
the impact of surgical intervention or drastic post-
operative reduction of dopaminergic medication
may cause cognitive decline®.

Long-term outcomes

There are many studies of long-term (more than
5 years) outcomes of STN-DBS?. In most studies,
effects of STN-DBS were mostly preserved even 5
years after surgery. For each symptom, improve-
ments in cardinal motor symptoms such as tremor,
rigidity, and bradykinesia are well maintained 5
years after surgery. However, axial symptoms
affecting speech, gait, and postural instability
progressively worsened. These symptoms are
refractory to both medication and DBS. The symp-
toms of gait disturbance or postural instability
seem to be mediated by nondopaminergic mecha-
nisms. STN-DBS improves only the dopamine-me-
diated motor symptoms. Therefore, the aggrava-
tion of axial symptoms reflects the progression of
PD itself.

There have been a few reports on long-term
outcomes of STN-DBS of greater than 5 years®.
According to these reports, not only deterioration
of axial motor symptoms but also cognitive decline
affect worsening of ADL.

As for survival of patients with PD, Ngoga et al
demonstrated that patients with STN-DBS have
significantly longer survival than those who are
treated only by medication. STN-DBS markedly
reduces the death rate related to respiratory

complications, such as pneumonia®.

Timing of surgery

The timing of DBS surgery is one of current
topics. The general course of PD with only medical
treatment is shown in Figure 3A. After onset,
patients remain well with medication for several
years (honeymoon period). However, most patients
subsequently suffer from motor complications of
dopaminergic medication such as fluctuation and
dyskinesia. In the advanced stage, treatment-resis-
tant axial symptoms and cognitive decline appear.
Until now, DBS has been considered as a last resort
after medical treatment, and was usually intro-
duced in the late phase of motor complications
(Figure 3B). In this situation, patients could achieve

a second honeymoon period after DBS, but treat-
ment-resistant axial symptoms appeared in several
years. Currently, early introduction of STN-DBS is
recommended based on new evidence (EARLYSTIM
study)?”. This study demonstrated that STN-DBS
also improved QOL and motor function in PD with
early motor complications. In this situation, the
second honeymoon period will be much longer
(Figure 3C).

Surgical procedure

The surgical procedure for STN-DBS varies
among centers®. There is some controversy about
surgical aspects of DBS. Currently, DBS leads are
implanted into the target area stereotactically
under magnetic resonance imaging (MRI) guid-
ance with physiological refinement by microelec-
trode recording (MER) under local anesthesia in
most centers. DBS surgery proceeds logically, and
although a certain amount of experience is required
to make various decisions during surgery, anyone
can complete it by performing several steps steadily.

As recent progress in MRI technology has enabled
direct visualization of the STN, some groups avoid
using MER for placement of the DBS lead. They
insist that MER may increase the risk of ICH. The
combination of MER and hypertension will defi-
nitely increase the incidence of bleeding. However
physiological refinement by MER is the gold stan-
dard for identifying the STN and its borders. The
optimal region for STN stimulation might be missed
due to individual anatomical variations or intraop-
erative brain shift. In our own series, about 20% of
cases required two or more trajectories to obtain
sufficient activity of STN by MER?.

Current new technology

Recent advancement of DBS device are remark-
able. A conventional IPG has a primary cell battery,
and IPG replacement surgery iS necessary every
4-5 years. Currently, a rechargeable IPG is devel-
oped. Rechargeable IPG have a battery life of over
15 years.

MRI was not officially approved for patients with
a conventional IPG. However, most current IPGs
are MRI compatible under specific conditions of use.

The new technology of the multiple independent
current control (MICC) provides independent
current settings in eight contacts in one lead®.
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A: Course of PD with only medical treatment
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Figure 3 Timing of DBS in long-term course of PD

Amplitude of each contact is freely adjustable
regardless of each impedance. Newly developed
directional lead is constructed by 4 contact levels
like a conventional 4-contact ring electrode, and
total of 8 contacts. The middle two contacts consist
of 3-segment electrode with each direction of 120
degree, and distal and proximal contacts are
conventional ring electrode®. Combination of
MICC technology and the directional lead enabled
both vertical and horizontal current steering on
purposes. Consequently, MICC directional lead is
useful to explore more precise control of motor
symptoms and also useful to avoid stimulation-in-
duced adverse effect (Figure 4).

Currently, pathological beta-oscillation recorded
from the STN in local field potential recording is
the most noteworthy phenomenon in the condition
of PD*?. The concept of the adaptive DBS is based
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on a closed-loop model (Figure 5). In adaptive
DBS, stimulation amplitude is adjusted according
to the detection of pathological beta-oscillation®.
The world’s first DBS case using commercialized
adaptive DBS device was reported from Juntendo
Nerima Hospital®”. This case demonstrated that
the stimulation successfully adapted to beta oscilla-
tion fluctuations without any stimulation-induced
side effects. This new stimulation method provides
new insights into the pathophysiological mecha-
nisms of PD.

Conclusions

More than twenty years have passed since DBS
was introduced in the treatment of PD in Japan.
Currently, STN-DBS is the most promising surgical
treatment option for patients with medically refrac-
tory PD. DBS is also used for other movement
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disorders and neuropsychiatric diseases. DBS has
evolved along with the development of surgical
procedures and device technology.
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Assessment of iPS Cell-derived Dopaminergic Progenitor Cells Properties with

Long-term Passaging and Amplification
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Dopaminergic (DA) progenitor cells derived
from iPSCs have the potential as a resource of
regenerative medicine for Parkinson’s disease.
Since the safety of cells derived from iPSCs requires
a lot of quality assurance, mainly safety verifica-
tion, autologous transplantation is difficult for prac-
tical use, and it is necessary to prepare cell stocks
with guaranteed safety. Since undifferentiated
iPSCs have genomic instability?, there is a risk of
causing genomic structural abnormalities when
large numbers are cultured for creating large
stocks. On the other hand, differentiated cells are
presumed to have a relatively stable genome struc-
ture, so we thought it would be safer to amplify
them after induction. Neurospheres are an efficient
method to expand the number of neural stem cells
by passaging. However, it was unclear how long
these properties, such as regional identity, prolifer-
ation, neuronal differentiation, and genomic
stability, would be maintained. To reveal this
problem, we passaged the neural stem cells using

neurospheres differentiated from two types of
healthy control-iPS cells from different somatic
cells (201B7 and aTKA4) to ensure versatility and
tried to evaluate the changes in their properties.

Primary Neurospheres (PNS) were induced
from healthy control-derived human iPSCs (201B7
and aTKA4) after treatment with three inhibitors
as previously described with purmorphamine and
CHIR99021 to provide the regional identity of the
ventral midbrain?. Neurospheres were passaged
every seven days to form secondary neurospheres
(2NS), tertiary neurospheres (3NS), and so on up
to 10NS. Then, the properties of neurospheres were
evaluated by cell proliferation, gPCR, and Karyo-
type analysis. Then, neurospheres were differenti-
ated into DA neurons in vitro and evaluated differ-
entiation efficiency by immunostaining against
Tyrosine Hydroxylase (TH), a dopaminergic neuron
marker, and f-III-tubulin, a neuron marker.

The growth rates of neurospheres calculated by
cell counts showed that cell proliferation of 201B7

Corresponding author: Kei-ichi Ishikawa

Center for Genomic and Regenerative Medicine, Juntendo university Graduate School of Medicine

2-1-1 Hongo, Bunkyo-ku, Tokyo, 113-8421, Japan

TEL: +81-3-3813-3111 FAX: +81-3-5800-0547 E-mail: kishikaw@juntendo.ac.jp
Research of the 5th Alumni Scientific Award for Medical Student, Juntendo University School of Medicine

(Received Oct. 13, 2022) (Accepted Nov. 7, 2022)
J-STAGE Advance published date: Jan. 26, 2023

Copyright © 2023 The Juntendo Medical Society. This is an open access article distributed under the terms of Creative Commons Attribution

License (CC BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original source is properly credited.

doi: 10.14789/jmj.JM]J22-0034-R

30


https://creativecommons.org/licenses/by/4.0/

Juntendo Medical Journal 69(1), 2023

and aTKA4 were not changed until 10NS. qPCR
analysis revealed that the expression levels of
midbrain markers (EN1, FOXA2, LMXI1A, and
TH) were not changed after 2NS to 10NS, and the
expression levels of forebrain markers (SIX3 and
FOXG1) and hindbrain markers (HOXB4 and
HOXC4) were low at 2NS and 3NS. Similar results
were obtained for 201B7 and aTKA4. Immunocyto-
chemical staining was performed with antibodies
against TH. An immunofluorescence study performed
on 2NS and 10NS showed that the percentage of
TH+ neurons was 34.7£7.2% (201B7-2NS), 29.0+
3.2% (201B7-10NYS), 27.9+6.7% (aTKA4-2NYS), 24.1
+4.0% (aTKA4-10NS). These results showed that
dopamine neuronal differentiation efficiency is
stable from 2NS to 10NS. Chromosomal integrity,
karyotyping, and genotyping of neurospheres were
analyzed by Karyostat Array (ThermoFisher
SCIENTIFIC). Whole Genome View showed that
no new significant mutations were detected in
201B7 and aTKA4 after nine passages. Undifferen-
tiated iPSC genomes are known to be unstable, and
they are easily mutated by passaging. However,
karyotyping results showed that they rarely
mutate after their differentiation into neurospheres
and subsequently passaging.

Ventral midbrain-specific neurospheres induced
by our method can be maintained with stable
quality for at least 70 days in any iPS cell lines.
These results suggest that given the stability of
the genome, neurosphere-based passaging and
amplification is the preferred method for large-

scale culture of neural stem cells.
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Concomitant Mitral Valve Surgery Versus No Intervention in Patients with Moderate
Ischemic Mitral Regurgitation Undergoing Coronary Artery Bypass Grafting:

A Propensity Score Analysis

JiyouNG LEE, KAN KAJIMOTO, TAIRA YAMAMOTO, ATSUSHI AMANO, MINORU TABATA

Department of Cardiovascular Surgery, Juntendo University School of Medcine, Tokyo, Japan

Objectives: Ischemic mitral valve regurgitation (IMR) in patients undergoing coronary artery bypass grafting (CABG) is
associated with worse long-term outcomes. This study aimed to assess the impact of mitral valve repair with CABG in patients
with moderate IMR.
Materials: This observational study enrolled 3,215 consecutive patients from the Juntendo CABG registry with moderate IMR
and multivessel coronary artery disease who underwent CABG between 2002 and 2017.
Methods: The CABG alone and CABG with mitral valve surgery (MVs) groups were compared. The propensity score was
calculated for each patient. Long-term all-cause death, cardiac death, and major adverse cardiac and cerebrovascular events
(MACCESs) were compared.
Results: Our database had 101 patients who underwent CABG with moderate IMR. Propensity score matching selected 40 pairs
for final analysis. MVs was associated with increased risks of postoperative atrial fibrillation, blood transfusion, and longer
hospitalization. Long-term outcomes, including all-cause mortality, cardiac mortality, and the incidence of MACCEs were similar.
Conclusion: Surgical treatment of moderate IMR combined with CABG was related to increased risk of several non—fatal short-
term complications when compared to CABG alone, with similar long-term outcomes. Further studies are needed to determine
the effects of MVs in patients with moderate IMR and severe coronary artery disease.

Key words: ischemic MR, coronary artery bypass grafting, cardiac surgery

and the development of myocardial ischemia. It is

Introduction known that LV reverse remodeling with improve-

Ischemic mitral regurgitation (IMR) is a disorder
with poor prognosis caused by ischemic heart
disease. The mechanisms of IMR involve mitral
leaflet tethering due to papillary muscle displace-
ment and increased interpapillary muscle distance,
based on impaired left ventricular (LV) systolic
function, LV remodeling and dilatation, and mitral
valve annulus dilation?. Thus, IMR is recognized
as both a valvular disease and an LV disorder.

IMR severity is changed by preload, afterload,

ment of myocardial ischemia leads to reduction of
mitral regurgitation (MR)?. Thus, it is difficult to
establish reliable treatment strategies for IMR, espe-
cially in cases of moderate IMR, where performing
coronary artery bypass grafting (CABG) alone or
CABG together with mitral valve surgery (MVs)
remains controversial®>?.

This study compared the short-term and long-
term outcomes of CABG alone and CABG together
with MVs in patients with moderate IMR.
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Materials and Methods

Study design

This was a retrospective, observational cohort
study of prospectively collected data. The protocol
for this study was approved by our institutional
research ethics committee (H20-0389). We applied
Opt-out method to obtain consent on this study
through oral information, without a written docu-
ment. Consecutive patients who underwent CABG
between 2002 and 2017 were examined. Patients
who had multivessel coronary artery disease and
moderate IMR were selected. Patients were further
divided into two groups: those who underwent
CABG alone and those who underwent CABG with
MVs. Before propensity score matching, baseline
characteristics were analyzed for the whole sample
cohort. The propensity score was calculated for
each patient from the results of multivariate logistic
regression analysis. Long-term all-cause death,
cardiac death, and incidence of major adverse
cardiac and cerebrovascular events (MACCEs)
were compared between the two groups. Exclusion
criteria included any echocardiographic findings of
degenerative (chordal or leaflet) mitral valve
disease or ruptured papillary muscles. Patients
who had a history of previous cardiac surgery
were also excluded from the present study.

Patient data and follow-up

Patient data, including preoperative characteris-
tics, operative data, and postoperative outcomes,
were collected from the Juntendo CABG database.
Remote outcomes were collected by serial contact
(every 3 years) with patients or their families until
September 2018. Study coordinators called partici-
pants to ask them about adverse events.

Study outcomes and definitions

The endpoints to compare the efficacy of the two
strategies were hospital outcomes, all-cause death,
and MACCEs. Postoperative death was defined as
death within 30 days of surgery. Postoperative
stroke was defined as a new stroke diagnosed on
magnetic resonance imaging (MRI) or computed
tomography (CT). Postoperative acute kidney
injury was defined by a greater than 50% increase
in serum creatinine level from baseline. Cardiac
death was defined as death by myocardial infarc-

tion, congestive heart failure, arrhythmia, or sudden
death. The definition of MACCEs included all-cause
death, nonfatal myocardial infarction, target vessel
revascularization, heart failure requiring hospital
admission, and stroke.

Qualifying transthoracic echocardiography was
performed before surgery. MR severity was defined
based on the criteria recommended by the Amer-
ican Society of Echocardiography®. If leaflet or
chordal abnormalities (i.e., primary MR) coexisted,
these cases were excluded from the study.

Operative procedures

All patients underwent surgery with median
sternotomy. In isolated CABG cases, off-pump
coronary artery bypass (off-pump CABG), which
involves performing CABG on the beating heart
without cardiopulmonary bypass, was usually
performed.

In CABG and MVs cases, cardiopulmonary bypass
was established with ascending aorta and right
atrial cannulation. Cardiac arrest was obtained
with both antegrade and retrograde blood cardio-
plegia. The strategies for mitral valve intervention
were left to the surgeons’ discretion. Mitral valve
repair was performed by restrictive mitral annu-
loplasty (MAP) using an artificial ring to correct
annular dilatation. Mitral valve replacement was
performed with preservation of the posterior leaflet
or subvalvular apparatus. The techniques of mitral
valve repair and the choice of prosthetic valve
were determined by the surgeons.

Statistical analysis

Continuous variables are expressed as means *
standard deviation, and categorical data are tabu-
lated as frequencies and percentages. These data
were compared using Student’s t-test or Mann-
Whitney U test for continuous variables, and the y?
test or Fisher’s exact test for categorical variables.
The propensity score was calculated for each
patient from the results of multivariate logistic
regression analysis based on preoperative covari-
ates as independent variables with CABG alone vs.
CABG plus MVs as binary dependent variables.
The following preoperative patient characteristics
were the exploratory variables of the logistic
regression model: sex, age, BSA, diabetes (yes/no),
dyslipidemia (yes/no), hypertension (yes/no), esti-
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mated GFR (mL/min/1.73m?), history of cerebro-
vascular accident (yes/no),
disease (yes/no), history of myocardial infarction
(yes/no), LV ejection fraction, preoperative atrial
fibrillation (yes/no).

peripheral artery

Short-term postoperative complications were
compared between the two groups. Long-term
all-cause death, cardiac death, and MACCEs were
compared, and the Kaplan—-Meier method with the
log-rank test was used for these survival analyses.
A Cox proportional-hazards model was used to
assess the association between the survival time of
these events and one or more predictor variables,
that were determined with reference to previous
other studies. Values of p<0.05 were considered
significant. All data were analyzed using SPSS
version 23.0 for Windows (SPSS, Chicago, IL).

Results

Patients’ characteristics and operative data
A total of 3215 patients underwent CABG
between 2002 and 2017. Of these patients, 101 who

had multivessel coronary artery disease and

moderate IMR were eligible for the study. These
101 patients were divided into two groups, 60
(59.4%) who underwent CABG alone and 41 (40.6%)
who underwent CABG with MVs. Propensity score
matching selected 40 pairs for final analysis. The
p-value of the Hosmer-Lemeshow test for the
model was 0.787, and the c-statistic (area under
the ROC curve) was 0.707. The mean propensity
score of the CABG alone group was 0.50+0.25, and
that of the CABG plus MVs group was 0.58+0.22. A
higher propensity score indicated a higher proba-
bility of undergoing CABG with MVs at baseline.
Comparison of baseline characteristics between
the CABG alone and CABG plus MVs groups
before and after propensity score matching is
shown in Table 1. Even before propensity score
matching, there were no significant differences
between the two groups in the variables.
Operative parameters are shown in Tables 2 and 3.
Overall, 95% of patients (n=38) in the CABG alone
group underwent CABG without cardiopulmonary
bypass (off-pump CABG). The number of coro-
nary anastomoses was comparable between the

Table 1 Baseline characteristics of patients undergoing CABG alone vs. CABG + MVs

Before matching

After matching

CABG CABG + MVs CABG CABG + MVs
(N=60) = PV (Ngg) (N=gp  PvAe
Age (y) mean + SD 689 = 94 68.2 = 86 0.720 69.5 = 9.6 68.2 + 87 0.536
Sex male, n (%) 48 (80.0%) 33 (80.4%) 0.556 34 (85.0%) 32 (80.0%) 0.562
BSA (m?, mean = SD 163 = 0.14 1.65 = 0.12 0478 163 = 0.13 165 = 0.12 0.660
Diabetes mellitus, n (%) 37 (61.6%) 21 (51.2%) 0.314 25 (62.5%) 21 (52.5%) 0.372
HbAlc (%), mean = SD 64 1.1 6.1 =12 0.225 64 1.1 6.1 =12 0.255
Dyslipidemia, n (%) 42 (70.0%) 24 (585%) 0.234 28 (70.0%) 24 (60%) 0.348
Serum TG level (mg/dL), mean + SD 118.0 + 594 111.8 + 46.2 0.576 1150 £ 56.9 1129 + 46.2 0.857
Serum LDL cholesterol level (mg/dL), mean + SD  102.8 + 3838 100.8 = 29.7 0.787 936 = 364 100.5 = 30.0 0.363
Hypertension, n (%) 46 (75.4%) 30 (75.0%) 0.689 34 (85.0%) 30 (75.0%) 0.263
Estimated GFR (mL/min/1.73m?), mean * SD 50.3 = 27.8 48.6 +39.2 0.808 482 + 247 496 + 30.2 0.850
History of cerebrovascular accident, n (%) 10 (16.6%) 5 (12.1%) 0.373 7 (17.5%) 4 (10.0%) 0.336
Peripheral artery disease, n (%) 8 (13.3%) 7 (17.0%) 0.777 6 (15.0%) 7 (17.5%) 0.765
History of myocardial infarction, n (%) 8 (13.3%) 8 (19.5%) 0.403 5 (125%) 8 (20.0%) 0.363
BNP (pg/mL), mean = SD 760.8 = 15126 6132 = 781.0 0.574 504.7 = 5686 6132 = 781.0 0.480
LVEF (%), mean * SD 411 =132 376 = 165 0.251 375+ 11.2 348 + 145 0.382
Preoperative AF, n (%) 4 (6.6%) 7 (17.0%) 0.094 3 (7.5%) 7 (175%) 0.181
EuroSCORE II (%), mean = SD 6.8 + 86 75 +69 0.699 59+ 77 75 +69 0.365
Japan SCORE (%), mean + SD 56 119 75+ 122 0497 55+ 131 75+ 122 0.516

Abbreviations: AF, atrial fibrillation; BNP, brain natriuretic peptide; BSA, body surface area; HbAlc, hemoglobin Alc; LVEF, LV ejection
fraction; TG, triglycerides
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Table 2 Operative data of patients undergoing CABG alone vs. CABG + MVs

2023

CABG (N=40) CABG + MVs (N=40) p-value
Preoperative IABP, n (%) 2 (5.0%) 1 (25%) 0.556
Number of grafts selected, mean * SD 2707 2407 0.142
Left internal thoracic artery, n (%) 39 (97.5%) 35 (87.5%) 0.090
Bilateral internal thoracic artery, n (%) 30 (75.0%) 19 (475%) 0.012
Radial artery, n (%) 3 (75%) 2 (5.0%) 0.644
Gastroepiploic artery, n (%) 20 (50.0%) 17 (40.2%) 0.501
Saphenous vein graft, n (%) 16 (40.0%) 25 (60.2%) 0.044
Number of distal anastomoses, mean * SD 3714 36 =17 0.725
Off-pump surgery 38 (95%) 0 (0.0%)
Operation time duration (min), mean * SD 300.3 = 744 4682 + 124.2 <0001
Aorta cross clump time (min), mean * SD - 1058 = 51.2
Cardiopulmonary bypass (min), mean = SD 159.0 * 14.1 1883 = 76.0 0.586

Abbreviations: IABP, intra-aortic balloon pump

Table 3 Details of mitral valve procedures

Procedure

CABG + MVs (N=40)

Mitral annuloplasty (MAP) alone, n (%)

17 (425%)

MAP + Procedure of MV leaflet or subvalvular apparatus, n (%) 19 (47.5%)

Leaflet edge-to-edge repair, plication, chordal cutting, n (%)
Chordal cutting, n (%)

Papillary muscle approximation (PMA), n (%)

LV reconstruction, n (%)

Mitral valve replacement, n (%)

7 (175%)
5 (12.5%)
10 (25.0%)
5 (12.5%)
4 (10.0%)

Table 4 Preoperative echocardiography of patients undergoing CABG alone vs. CABG + MVs

CABG (N=40) CABG + MVs (N=40) p-value
Left atrial diameter (mm), mean + SD 47 =67 473 + 88 0.192
Mitral annulus diameter (mm), mean + SD 341 =55 315+ 38 0.105
LV diastolic dimension (mm), mean * SD 585 + 7.3 592 £ 77 0.735
LV systolic dimension (mm), mean + SD 486 = 10.0 476 £ 115 0.720
LV EDVI (mL/m2), mean + SD 101.9 + 38.0 110.7 £ 41.3 0.388
LV ESVI (mL/m2), mean * SD 64.6 + 31.5 746 = 39.8 0.278
ERO (PISA), mean + SD 0.26 + 0.06 0.26 = 0.08 0.827
RV (PISA) (mL), mean * SD 39.3 =108 425 = 157 0443
Tenting height (mm), mean * SD 108 =23 98 =20 0.178
LVEF (%), mean += SD 375+ 11.2 348 =145 0.382

Abbreviations: Dd, diastolic dimension; Ds, systolic dimension; EDVI, end-diastolic volume index; ERO, effective regurgitant orifice; ESVI,
end-systolic volume index; LV, left ventricular; LVEF, LV ejection fraction; RV, regurgitant volume

two groups (3.7*14 vs. 3.6x1.7; p=052). In the
CABG alone group, the rate of using bilateral
internal thoracic arteries was significantly higher
(75.0% vs. 475%; p=0.012), and saphenous vein
grafts were less likely to be used (40.0% vs. 62.5%;

p=0.07). The mean operation time was significantly
longer in the CABG plus MVs group than in the
CABG alone group.

Preoperative echocardiogram data are shown in
Table 4. The preoperative echocardiogram at base-
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line showed no significant differences between the
two groups in LV ejection fraction (LVEF)
(39.3%+12.8% vs. 36.7%+*155%), LV size (LVDd,
Ds, EDVI, ESVI), mitral annular diameter size, and
degree of IMR or tethering (ERO and RV (PISA),
tenting height).

Short-term outcomes

The postoperative short-term outcomes are
shown in Table 5. There was no early death in the
CABG alone group, and only one death in the
CABG plus MVs group (1.25% of all matched
patients). The incidences of stroke, respiratory
failure or pleural effusion, acute kidney injury, and
re—exploration for bleeding were similar between
the two groups. When compared with the CABG
alone group, the incidences of postoperative atrial
fibrillation (37.5% vs. 62.5%, p=0.025) and postoper-
ative blood transfusion (40.0% vs. 75.0%, p=0.002)
were higher, and the mean lengths of ICU stay and
hospital stay (3.2 days vs. 6.0 days, p=0.084, 13.6
days vs. 181 days, p=0.035, respectively) were

much longer in the CABG plus MVs group.

Long-term outcomes

The median follow-up period was 3.6 (1.4-8.1)
years. Cumulative event-free curves with log-rank
tests are shown in Figure 1. Long-term all-cause
mortality, cardiac mortality, and the incidence of
MACCEs were similar between the groups. There
was no reoperation in both groups. Five-year
survival rates for patients in the CABG alone group
and in the CABG plus MVs group were 80% and
77%, respectively. Concomitant MVs was not asso-
ciated with an increased risk of long-term all-cause
death or MACCE. Table 6 shows Hazard ratios of
several risk factors for long-term all-cause mortality,
cardiac mortality, and the incidence of MACCEs,
calculated by a Cox proportional-hazards model.
History of cerebrovascular accident was an inde-
pendent risk factor for these long-term events.

Discussion

This propensity matched study evaluated the

Table 5 Hospital outcomes of patients undergoing CABG alone vs. CABG + MVs

A) All 101 patients

In-hospital death, n (%)

Postoperative AF, n (%)

Postoperative stroke, n (%)
Respiratory failure / Pleural effusion, n (%)

Acute kidney injury, n (%)

Blood transfusion, n (%)

Re-exploration for bleeding, n (%)
Length of ICU stay (day), mean = SD

Length of hospital stay (day), mean = SD

B) Matched patients

In-hospital death, n (%)

Postoperative AF, n (%)

Postoperative stroke, n (%)
Respiratory failure / Pleural effusion, n (%)

Acute kidney injury, n (%)

Blood transfusion, n (%)

Re-exploration for bleeding, n (%)
Length of ICU stay (day), mean = SD

Length of hospital stay (day), mean * SD

CABG (N=60) CABG + MVs (N=41) p-value
3 (5.0%) 2 (%) 0.676
22 (36.6%) 26 (63.4%) 0.007
1 (1.6%) 1 (24%) 0.650
13 (21.6%) 13 (3L.7%) 0.183
6 (10.0%) 6 (14.6%) 0.343
25 (41.6%) 31 (75.6%) 0.001
0 (0.0%) 1 (24%) 0.406
32+35 58 £92 0.089
134 = 84 177 £ 98 0.021
CABG (N=40) CABG + MVs (N=40) p-value

0 (0.0%) 1 (25%) 0.314
15 (37.5%) 25 (62.5%) 0.025
1 (25%) 1 (25%) 10
6 (15.0%) 12 (30%) 0.108
3 (7.5%) 6 (15.0%) 0.288
16 (40.0%) 30 (75%) 0.002
0 (0.0%) 0 (0.0%)

32 %41 6.0 =93 0.089
136 =89 18.1 + 9.6 0.035

Abbreviations: AF, atrial fibrillation; LVEF, left ventricular ejection fraction
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short-term and long-term outcomes of CABG alone
and CABG plus MVs in patients with moderate
IMR. In this study, combined mitral valve treat-
ment was associated with increased risks of several
postoperative adverse events (atrial fibrillation,
postoperative blood transfusion, and prolonged
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Figure 1 Kaplan-Meier survival curves for all-cause
death, cardiac death, MACCEs

lengths of ICU stay and hospital stay), but short-
term mortality and the incidences of stroke, acute
kidney injury, bleeding, and respiratory failure
were similar between the two groups.

Some studies have shown that off-pump CABG,
compared with on-pump CABG, was associated
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Table 6 Multivariable predictors for all-cause mortality, cardiac death, and MACCE

Hazard ratios 95% confidence intervals p-values
All-cause death
Combined MV surgery 0.96 056 - 1.64 0.886
Age 1.02 098 - 1.07 0.179
Sex male 1.28 053 - 3.07 0.570
Diabetes mellitus 1.20 0.66 - 2.18 0.530
Peripheral vascular disease 0.90 0.37 - 2.17 0.815
History of cerebrovascular accident 251 1.07 - 5.88 0.047
Estimated GFR 0.99 098 - 1.01 0.828
LVEF 0.72 0.37 - 1.38 0.327
Cardiac death
Combined MV surgery 0.97 0.59 - 1.59 0917
Age 1.02 0.98 - 1.06 0.176
Sex male 1.30 058 - 2.87 0.506
Diabetes mellitus 1.06 062 - 1.82 0.819
Peripheral vascular disease 1.15 0.56 - 2.36 0.695
History of cerebrovascular accident 2.67 1.21 - 5.88 0.022
Estimated GFR 1.00 099 - 1.01 0.804
LVEF 0.67 037 - 1.18 0.164
MACCEs
Combined MV surgery 0.96 0.56 - 1.65 0.897
Age 1.01 097 - 1.06 0510
Sex male 1.16 050 - 1.77 0.720
Diabetes mellitus 1.08 0.59 - 1.97 0.799
Peripheral vascular disease 1.18 0.53 - 261 0.678
History of cerebrovascular accident 2.63 1.17 - 593 0.027
Estimated GFR 1.00 0.99 - 1.01 0426
LVEF 0.84 044 - 1.62 0.618

Abbreviations: MACCESs, major adverse cardiac and cerebrovascular event

with lower risks of mortality, stroke, renal failure,
RBC transfusion, prolonged ventilation, inotropic
support, and intra-aortic balloon pumping support,
especially in higher risk patients®®. In the present
study, despite the fact that almost all isolated
CABGs were performed without cardiopulmonary
bypass, short-term mortality,
events, kidney injury, and respiratory failure were
similar between two groups. This result suggests
that combined MVs, which needs cardiopulmonary
bypass, can be performed in patients with moderate
IMR as safely as off-pump CABG. Probable expla-
nations for this finding are improvements of cardio-

cerebrovascular
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pulmonary bypass, cardioplegia, anesthesia, and
perioperative medications®1?.

Furthermore, during this study’s long-term
follow-up period, both groups were similar in
all-cause death, cardiac death, and the incidence of
MACCEs. In addition, postoperative reverse remod-
eling was observed in both groups. These findings
were consistent with two recent prospective,
randomized trials'"'?. These studies, which random-
ized 301 patients with moderate IMR to undertake
isolated CABG or CABG plus MAP, showed that
moderate or severe residual MR was more frequently
observed in patients undergoing CABG alone, but
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showed no difference between the two procedures
in LV reverse remodeling, mortality, overall adverse
events, and readmissions at two years after operation.
On the other hand, these results contradicted
other previous studies!®!¥. Fattouch and colleagues
reported the first prospective, randomized study of
moderate IMR, comparing patients with under-
going CABG alone or CABG plus MAP for an
average of 32 months!®. They showed that the
addition of MAP to CABG significantly improved
LV reverse remodeling, severity of MR, and NYHA
functional class compared with CABG alone. Simi-
larly, the Randomized Ischemic Mitral Evaluation
(RIME) trial®, which was another randomized
study of moderate IMR, demonstrated that oxygen
consumption, severity of MR, plasma B-type natri-
uretic peptide levels, and LV reverse remodeling
were improved in patients assigned to CABG plus
MVs compared to those assigned to CABG alone.
These studies proved the beneficial effects of
CABG plus MVs in patients with moderate IMR by
showing that concomitant mitral valve restoration
not only reduced the degree of severity of mitral
valve regurgitation, but also provided an improve-
ment in the NYHA functional class. Therefore, in
deciding on additional MVs, the presence of symp-
toms such as dyspnea, shortness of breath, and
heart failure, might be important, which means MR
bears more clinical and prognostic significance.
Why various results were observed in studies
that compared CABG alone and CABG plus MVs
for patients with moderate IMR? One can only
speculate on these discrepancies between the
results of these studies. Since the mechanisms of
IMR are various and complicated!?, patients’ char-
acteristics at baseline might be heterogeneous and
imbalanced among these studies. For example,
when comparing the three clinical trials mentioned
above, in the study by Fattouch and colleagues®
and in the RIME trail'?, patients had significantly
higher rates of previous MI and larger LV size, and
remodeling was more advanced than in the CTSN
trial'? at baseline. Postoperative echocardiogram
showed that the degree of reverse LV remodeling
was greater in the first two studies than in the
CTSN trial. In each of the three studies, the
combined procedure group had a higher rate of
postoperative residual or recurrent MR, but there
was no significant difference in mortality. What can

be inferred from these studies is that combined
MVs for moderate IMR is not associated with
increased long-term survival, instead, it may
contribute to improvement of other endpoints,
including LV reverse remodeling, MR grade, and
cardio-humoral factors, especially in patients with
larger ventricles and advanced LV remodeling at
baseline. Conversely, patients with smaller ventri-
cles at baseline can obtain the benefit of LV reverse
remodeling from CABG alone to the same extent as
CABG plus MVs.

About other factors to predict LV reverse remod-
eling after CABG, several studies have demon-
strated that the presence of preoperative viable
myocardium is closely related to improvements in
LV reverse remodeling and downgrading of IMR.
Reliable improvement in MR after surgery was
limited to those who had viable myocardium and
less LV dyssynchrony between papillary muscles
for patients with moderate IMR who underwent
isolated CABGY !9  Conversely, patients whose
cardiac muscle has suffered ischemic changes for a
long period and are less likely to have sufficient
viable cardiac muscle, and those who have fewer or
no bypass target to the posterior-inferior-lateral
area are not better off with isolated CABG. Unfor-
tunately, myocardial viability were not included in
many randomized trial mentioned above, and also
in this analysis.

Therefore, to decide whether to perform MVs at
the time of CABG in patients with moderate IMR,
we should know which patient may benefit most
from CABG plus MVs rather than CABG alone.
Preoperative evaluation of several factors, such as
MR severity, left atrium enlargement or mitral
annulus dilatation, LV size and remodeling degree,
severity of LV dysfunction, presence of LV scar
tissue or myocardial viability, and presence of an
efficient bypass target to the posterior-inferior—
lateral area, might be helpful to determine the
surgical plan®*!?. To assess these variables, preop-
erative stress echocardiography and cardiac cathe-
terization, single photon emission computed tomog-
raphy (SPECT), and functional cardiac MRI are
preferred, if possible!”!®. However the ability to
predict MR response to CABG alone is still poor
because there has been insufficient validation.

In addition, we should also consider patient
factors or comorbidities such as age, frailty, number
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of bypass targets, renal failure, respiratory failure,
peripheral artery disease, thoracic aortic calcifica-
tion, arteriosclerosis, previous cerebral infarction,
etc. The surgeon’s experience with MVs is
important as well, because the effect of mitral valve
repair depends on the accuracy with which it is
performed, and if the surgeon lacks experience
with mitral valve repair, not adding MVs may be
better in order to decrease the duration and total
risk of the operation.

This study had several limitations that could
affect the interpretation of our findings. Despite the
prospective collection of operative data, this was a
retrospective study in a single institution. Although
propensity score analysis was performed, the
number of patients was small because moderate
IMR is an uncommon disease. This study was
susceptible to various sources of bias. The decision
for MVs was not decided based on specific preop-
erative criteria, and the surgeon determined the
surgical details of CABG or MVs, based on various
center/patient-specific factors. In addition, myocar-
dial variables such as local wall motion score or
viability were not included in this analysis, there-
fore the relationship between myocardial variables
and long-term prognosis were not investigated in
this study. Finally, another limitation is that clinical
outcomes related to heart—failure symptoms such
as NYHA class were not assessed, and neither
were improvements in patients’ quality of life and
physical function, which might be a benefit of a
lower incidence of postoperative MR by additional
MVs, as some studies have reported.

In conclusion, the present study showed that
surgical treatment of moderate IMR combined
with CABG could be performed as safe as isolated
CABG (off-pump CABG). In contrast, surgical
treatment of moderate IMR did not improve long-
term outcomes, including all-cause mortality,
cardiac mortality, and the incidence of MACCEs. In
patients with moderate IMR, the indication for
concomitant mitral valve surgery and the problem
of whether to replace or repair, and whether to add
subvalvular and leaflet approaches to ring annu-
loplasty, remain controversial. Further studies are
necessary to determine the effects of MVs and
optimal selection of patient with moderate IMR
with severe coronary artery disease.
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Inhibition of Insulin Secretion Induces Golgi Morphological Changes
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HIrROFUMI YAMAGUCHI?, YuYA NISHIDAY, SATOKO ARAKAWA?, HIROTAKA WATADAV
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Objectives: The role of autophagy in pancreatic § cells has been reported, but the relationship between autophagy and insulin
metabolism is complex and is not fully understood yet.
Design: We here analyze the relationship between autophagy and insulin metabolism from a morphological aspect.
Methods: We observe the morphological changes of £ cell-specific Atg7-deficient mice and Atgb-deficient MING6 cells with
electron microscopy.
Results: We find that Atg7-deficient B cells exhibit a marked expansion of the endoplasmic reticulum (ER). We also find that
the inhibitory state of insulin secretion causes morphological changes in the Golgi, including ministacking and swelling. The
same morphological alterations are observed when insulin secretion is suppressed in Atgb-deficient MING6 cells.
Conclusions: The defect of autophagy induces ER expansion, and inhibition of insulin secretion induces Golgi swelling, probably
via ER stress and Golgi stress, respectively.

Key words: autophagy, pancreatic f cells, ER, Golgi, diazoxide

mitochondria become dysfunction, insulin secretion

Introduction is substantially reduced. In the rough endoplasmic

Pancreatic f cells are specialized for the synthesis
and secretion of insulin. Because insulin is a hormone
that regulates glucose utilization, pancreatic f§ cells
play an essential role in the body by efficiently
mobilizing intracellular organelles. For example,
mitochondria promote glucose-responsive insulin
secretion via the ATP synthesis. Therefore, when

reticulum (ER), preproinsulin is biosynthesized"?.
The pre-sequence corresponds to a signal peptide,
which is cleaved after translocation into the ER to
form proinsulin®. After transport to the Golgi appa-
ratus, proinsulin is included into insulin secretory
granules and transported out of the cell. During
this process, proinsulin is cleaved to become mature
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insulin in the secretory granules?. In the B cell, the
ER is continually subjected to high levels of ER
stress in order to synthesize large amounts of insulin,
and hence, further elevated stress enhances the ER
stress response and induce cell death®. Thus,
various organelles function has been analyzed,
whereas their morphological observations have not
yet been fully analyzed.

Autophagy is a cellular function in which intra-
cellular components are enclosed by a double
membrane and are digested by fusing with lyso-
somes®. Autophagic structures are considered as a
type of organelle because they are consisted by
bio-membranes and perform specific cellular func-
tions. However, unlike other organelles, the number
of autophagic structure fluctuates depending on
the environment in which the cell is placed. In a
steady state, a small amount of autophagic struc-
tures degrades small amount of proteins for main-
taining cellular homeostasis. On the other hand,
under stressful conditions, a large amount of auto-
phagic structures are generated to degrade vast
amount of proteins and even organelles”. Many
papers have reported the role of autophagy in
pancreatic B cells. For example, induction of auto-
phagy has been reported in pancreatic S cells of
mice challenged with a high—fat diet and of type 2
diabetes model mice. In mice lacking Atg7, an
essential molecule for autophagy, in pancreatic S
cells, glucose-responsive insulin secretion becomes
abnormal, and thereby, the mice showed hypergly-
cemia after 6 weeks of age®. On the other hand, it
has been reported that insulin granules are not a
substrate for autophagy®!?. Therefore, the rela-
tionship between autophagy and insulin metabo-
lism is complex and is not fully understood yet. In
order to obtain data to solve this problem, we here
analyzed the morphology of organelles in autopha-
gy-deficient pancreatic f cells.

Materials and Methods

Mammalian cell culture

MING6 cells were kindly provided by Prof J.
Miyazaki (Osaka University). Atgd KO MING6 cells
were generated by the CRISPR/Cas9 system!”
(Cong et al., 2013) . Briefly, a 20-bp mouse Atg5-tar-
geting sequence (GAGAGTCAGCTATTTGACGT)
was synthesized (Eurofins) and introduced into
px330 (Addgene). MING cells were co-transfected

with the plasmid and pcDNA31 (Invitrogen),
which contains the neomycin gene, and G418 selec-
tion (800 png/ml) was initiated 24 hr later. After 48
hr selection, the MING6 cells were re-seeded to
allow single colony formation. The knockout of
Atgb was confirmed by anti-Atgb immunoblot.
Cells were grown in modified Dulbecco’s modified
Eagle’s medium (DMEM high glucose, Nacalai)
supplemented with 0.25 mM 2-mercaptoethanol, 55
U/mL penicillin, 55 g/mL streptomycin, and 11%
(v/v) fetal bovine serum in a humidified 5% CO2
incubator at 37°C. For the analysis of glucose deple-
tion, cells were stimulated in low glucose (135 mM
NaCl, 3.6 mM KCl, 1.5 mM CaCl2, 0.5 mM NaH2PO4,
05 mM MgCl2, 2 mM NaHCO3, 10 mM HEPES,
0.1% BSA, and 25 mM glucose, pH 7.4) or control
KRB buffer (135 mM NaCl, 3.6 mM KCI, 1.5 mM
CaCl2, 0.5 mM NaH2PO4, 05 mM MgCl2, 2 mM
NaHCO3, 10 mM HEPES, 0.1% BSA, and 25 mM
glucose, pH7.4) after PBS wash.

Mice

Atg7fovfex: Rip—cre mice were generated by the
crossbreeding of Atg7%¥fox mice with Rip-cre
micel®!V, To suppress insulin secretion, 50 mg/kg
Diazoxide (SIGMA) was added by peritoneal
administration for an hour before perfusion-fixa-
tion. Mice were bred in a 12 hr light /12 hr dark
cycle at approximately 23°C and 40% relative
humidity at the Laboratory for Recombinant
Animals of Tokyo Medical and Dental University,
Tokyo, Japan. This animal facility is operated
according to the NIH guidelines. The Tokyo
Medical and Dental University Ethics Committee
for Animal Experiments approved all experiments
in this study, and all experiments were performed
according to their regulations.

Electron microscopy

Mammalian cells were fixed by a conventional
method (1.5% paraformaldehyde and 3% glutaral-
dehyde in 0.1 M phosphate buffer, pH 7.4, followed
by an aqueous solution of 1% Osmium Tetroxide).
Fixed samples were embedded in Epon 812, and
thin sections (70-80 nm) were then cut and stained
with uranyl acetate and lead citrate for observation
under a Jeol-1010 electron microscope (Jeol) at 80
leZ, 13).
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Results

Morphological characteristics in wild-type
pancreatic £ cells

First, to analyze the morphological characteris-
tics of pancreatic S cells, we isolated islets from
wild-type mice and observed by electron micros-
copy. Unlike other sort of cells, a large amount of
insulin granules were present inside the pancreatic
f cells (Figure 1A). In addition, well-developed
mitochondria, ER, and Golgi apparatus were
observed (Figure 1B), all of which were consid-
ered to be actively functioning. Only a few autopha-
gosome was observed (Figure 1C).

Autophagy-deficient pancreatic f cells show
inclusion body formation and endoplasmic
reticulum expansion

Next, we generated mice lacking Atg7 in pancre-
atic B cells by cross-breeding Atg7%¥1x mice with
Rip-cre mice!*!V. These mice have been shown to
have pancreatic f cells in which autophagy does

not occur. We observed Atg7-deficient f§ cells by
electron microscopy, and there was no significant
difference in the amount or location of insulin gran-
ules from wild-type B cells (Figure 2A). On the
other hand, the most significant change was the
presence of inclusion bodies (Figure 2A), whose
internal structure was a dense meshwork of fila-
mentous assemblies (Figure 2B), in a large number
of cells. Because p62 is known to accumulate in
Atg7-deficient S cells and the electron microscopic
findings are completely identical to the previously
reported p62 granules'?, this inclusion body was
considered to be a p62 granule.

Another significant morphological change was
observed in the ER, which was observed to have a
bulging lumen and a small amount of ribosomes
attached to it (Figure 2C), as well as layered ER
(Figure 2D). Such abnormal ER morphology is
often observed in the cells with excess ER stress'.
The structures within the ER lumen are fibrous
(Figure 2C), and judging by their shape, they were
suspected to be unfolded polypeptides. In pancre-

Figure 1 EM analysis of § cells from wild-type mice
Islet is isolated from wild-type mice, and S cell was observed by EM. (A) The cytoplasm is filled with insulin
granules. In the center of them, there is a Golgi apparatus (blue arrows). (B) Mitochondria are energized. (C)
Ribbon shaped-Golgi apparatus is surrounded by insulin granules. Small-sized autophagic vacuole (orange
arrowhead) is existed close to Golgi apparatus.
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Figure 2 EM analysis of S cell from S cell-specific Atg7-deficient mice
The pancreas from Atg7%¥fx: Rip-cre mouse was perfusion-fixed and 8 cell was observed by EM. (A)
We observed representative inclusion body (blue arrow). Such structure was not observed in wild-type S
cells. (B) Magnified image of inclusion body containing a dense meshwork of filamentous assemblies. (C,
D) Abnormal morphology of the ER. (C) Rough ER with small number of ribosomes was remarkably
swollen with fibrous structures. In (D), layered ER was also observed. (E, F) Normal morphology of the
Golgi and mitochondria. Golgi apparatus (E) and mitochondria (F) were morphologically intact.
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atic f cells, at least, proinsulin or islet amyloid poly-
peptide (IAPP), a peptide consisting of 37 resi-
dues'®, were considered to be accumulated in the
ER lumen. Furthermore, because IAPP, but not
insulin, is degraded by autophagy'®!”, IAPP could
be one of the structures in the ER of Atg7-deficient
B cells. No major abnormalities were observed in
the Golgl apparatus or mitochondria (Figure 2E, F).

Inhibition of insulin secretion causes Golgi
morphology abnormalities

Diazoxide, a KATP channel activator, is used as
a therapeutic agent for insulinoma because of its
pharmacological effect of inhibiting insulin secre-
tion'®. When Atg7%x/fox: RIP-Cre mice were treated
with Diazoxide to suppress insulin secretion, the
number and size of inclusions increased, with a
diameter of nearly 5 um (Figure 3A, B). In some
cases, four inclusions were found in a single cell
(Figure 3C). The abnormalities of the ER became
more pronounced, with the appearance of ERs with
progressive lumenal swelling (Figure 3B) and
spiral-like stratified ERs (Figure 3D), suggesting
that ER stress had progressed. In addition, abnor-
malities in Golgi morphology were newly observed;
mini stacks of the Golgi and swelling of the cisterna
(Figure 3E, F), which should be induced by the
accumulation of insulin granules in the Golgi appa-
ratus.

MING cells also show Golgi deformation under
insulin secretion inhibition

MING6 cells are a glucose-responsive insulin-se-
creting cell line derived from mouse pancreatic
cells'”. Absence of Atgb, a molecule required for
autophagy execution as well as Atg7, in this cell
line did not show any abnormal structures, including
inclusion body formation and a bulging ER lumen,
unlike Atg7-deficient pancreatic B cells (Figure
4A, B). This difference may be due to the differ-
ence between in vivo f cells and lineage f cells.
The Golgi apparatus was also normal in morphology
under normal culture condition (Figure 4A, B).
However, when the glucose concentration was
lowered and insulin secretion was suppressed'?, as
similar situation with Diazoxide-treatment, Golgi
was mini-stacked and swelling of the cisterna were
evident both in wild-type MING6 cells and Atgb-de-
ficient MING6 cells (Figure 4C, D). These results
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suggest that the alteration of Golgi morphology is
induced by suppression of insulin secretion in MIN6
cells like pancreatic £ cells.

Discussion

In this study, we analyzed the influence of auto-
phagy in pancreatic S cells from a morphological
aspect. We found that the analysis of Atg7-deficient
B cells revealed a pronounced ER dilatation, which
is generally induced by the abnormality of protein
turnover. In the case of f cells, insulin and IAPP,
which are specifically synthesized in f cells, are
thought to be involved in this morphological alter-
ation. However, insulin degradation involves proteo-
lytic systems distinct from autophagy, called stress-
induced nascent granule degradation (SINGD)?
and Golgi membrane-associated degradation
(GOMED) 0122020 "SINGD is a cellular function in
which newly synthesized insulin granules are
degraded by direct fusion with lysosomes, while
GOMED is a function in which insulin granules are
wrapped in the Golgi membrane followed by the
degradation after fusion with lysosomes. Unlike
SINGD and GOMED, autophagy has been reported
to play little role with respect to insulin degrada-
tion, suggesting that insulin might not be involved
in the morphological alternation of the ER. On the
other hand, with regard to IAPP, it was reported
that Atg7 deficiency in human IAPP-expressing
mice increased TAPP amyloid and caused glucose
intolerance®, indicating that IAPP is a substrate
for autophagy degradation. Therefore, IAPP might
be involved in the ER alteration induced by auto-
phagy deficiency.

In pancreatic f cells, IAPP is degraded by auto-
phagy, while insulin granules are not. This finding
demonstrated the substrate specificity of autophagy,
and there are many other similar examples. For
example, in the final differentiation of erythrocytes,
ribosomes, but not mitochondria, are degraded by
autophagy??. Although the precise reason of
different sensitivity against autophagy between
TAPP and insulin is unidentified, this might be owing
to the recognition by autophagic adaptor proteins.

In this study, we find that inhibition of insulin
secretion causes morphological changes in the
Golgi apparatus. When the transport of molecules,
including insulin, to the extracellular and plasma
membrane via the Golgi is blocked, Golgi is usually
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Figure 3 EM analysis of § cell from f cell-specific Atg7-deficient mice upon diazoxide treatment
Diazoxide was treated intraperitoneally to Atg7%¥fox: Rip-cre mice for 1 hour. Then, the mice were
perfusion-fixed and B cells were observed by EM. (A) Inclusion body was enlarged (blue arrow). (B)
Magnified image of (A). Inclusion body contained a dense meshwork of filamentous assemblies, and
rough ERs were remarkably swollen (orange arrows). (C) The four inclusion bodies (purple circles)
and layered ER (orange arrows) were observed. In (D), layered ERs were assembled in a whirlpool
(orange arrows). (E, F) Abnormal morphology of the Golgi apparatus. Golgi apparatus were separated
into mini-stacks (blue arrows in E) and swollen (blue arrows in F).
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Figure 4 EM analysis of MING cells
(A, B) EM analysis revealed no difference between wild-type MING6 cells (A) and Atgb-deficeint MING6 cells
(B). In both cells, Golgi apparatus (blue arrows) localized at the center of the cells. (C, D) Glucose deprivation
generated mini-stacked Golgi and Golgi swelling both in wild-type MING6 cells (C) and Atgb-deficeint MIN6

cells (D).

deformed to become ministack—-Golgi and swelling.
The cause of Golgi deformation is thought to be the
simultaneous morphological changes required to
execute GOMED to degrade the retained mole-
cules, in addition to the changes that occur passively
due to molecular retention in the Golgi'®® . Specifi-
cally, Golgi swelling appears to be a passive response
owing to substance retention, while mini-stacking
is a process necessary for GOMED execution.
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who do not meet all four criteria should not be authors of
the manuscript but may be included in the Acknowledge-
ments section instead.

Image integrity

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

Reproducing copyrighted material

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

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

Availability of data and materials

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

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

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

Also JM] encourages authors to disclose any data which is
the source of their manuscript, in J-STAGE Data, a data
repository developed and managed by the Japan Science
and Technology Agency (JST). When publishing available
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.
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Animal/human experimentation

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

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

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

Clinical trial registration

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

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

Reporting guidelines

The journal requires authors to follow the EQUATOR
Network’s Reporting Guidelines (https:// www.equator-net-
work.org/reporting-guidelines/) for health research. Study
types include, but are not limited to, randomized trials,

observational studies, systematic reviews, case reports,
qualitative research, diagnostic and prognostic studies,
economic evaluations, animal pre-clinical studies and study
protocols.

Author competing interests and conflicts of interest

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

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

Confidentiality

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

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

Long-term digital archiving

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

Peer Review Process

Editorial and peer review process

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

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

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

Reviewer selection, timing and suggestions

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

Reviewers are invited within 2 weeks of an article being
submitted. Reviewers are asked to submit their first review
within 3 weeks of accepting the invitation to review.
Reviewers who anticipate any delays should inform the
Editorial Office as soon as possible.

When submitting a manuscript to the journal, authors may
suggest reviewers that they would like included in the peer
review process. The Editor may consider these suggestions
but is under no obligation to follow them. The selection,
invitation and assignment of peer reviewers is at the Editor’s
sole discretion.

Reviewer reports

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

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

¢ Is the work within the journal’s Aims and Scope?

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

* Does the Title accurately reflect the contents of the

manuscript?
Abstract:

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

Introduction:

* Does the Introduction provide adequate background

and context for the work?
Materials and Methods:

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

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

* Did the authors use appropriate methods?

Results:

* Have the authors explained their results clearly and

adequately?
Discussion:

* Is the Discussion supported by the results?

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

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

General:

* Are all cited references relevant and necessary?

e Has any relevant literature been omitted?

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

¢ Is each table and figure necessary?

* Are any potentially useful figures or tables missing?

¢ Are the tables and figures complete and interpretable?

* Is the manuscript clearly written in English?

* Have the authors adhered to established codes of publi-
cation ethics?

* Are there any errors in fact, methodology, or analyses?

e Has the manuscript been published previously, in part
or in whole, in any language?

If a manuscript does not meet the journal's requirements for



acceptance or revision, the Editor-in-Chief may recommend
rejection.

Editorial independence

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

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

Appeals

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

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

Conflicts of interest in peer review

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

Members of the journal's Editorial Board undertake to
declare any conflicts of interest when handling manuscripts.
An editor who declares a conflict of interest is unassigned
from the manuscript in question and is replaced by a new
editor.

Editors try to avoid conflicts of interest when inviting
reviewers, but it is not always possible to identify potential

bias. Reviewers are asked to declare any conflicts of interest
to the Editor, who will determine the best course of action.

Errata and retractions

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

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

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

Editors as authors in the journal

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

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

Responding to potential ethical breaches

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

Reviewer Confidentiality
As part of their responsibilities, reviewers agree to maintain
the confidentiality of unpublished manuscripts at all times.
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
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3. discuss the manuscript or its contents with anyone not
directly involved in the review process

4. involve anyone else in the review (for example, a post-
doc or PhD student) without first requesting permis-
sion from the Editor

5.use any data or information from the manuscript in
their own work or publications

6. use information obtained from the peer review process
to provide an advantage to themselves or anyone else,
or to disadvantage any individual or organization.

Copyright, Open Access and Fees

Copyright and licensing

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

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

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

Article Processing Charge

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

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

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

JMS Members All others

Original articles The first 5 pages The first 3 pages

Review articles The first 5 pages The first 3 pages

Case reports The first 2 pages The first 1 page

Color printing charges: 30,000 JPY per page

Reprint charges: All reprints will be charged according to
the actual printing costs.
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Waiver policy

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

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

Format
The first page of each manuscript should contain: Title,
Authors’ full names, Affiliations, Key words, Running Title,
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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; Authors’ 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 author’s name
(maximum 120 characters with spaces, including the
author’s 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
ST 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.

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
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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 author’s 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 ‘Author competing interests and
conflicts of interest’ section above. If no conflicts exist, please
state that “The Author(s) declare(s) that there are no
conflicts of interest”.

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
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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 journal’s production team before
publication. The journal is published 6 times per year /
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.
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To contact the Editorial Office or the Editor-in- Chief,
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Juntendo Medical Journal Editorial Office

c/o International Medical Information Center

2F Shinanomachi Rengakan,

35 Shinanomachi, Shinjuku-ku,

Tokyo 160-0016, JAPAN
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E-mail: jmj@imic.or.jp
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“History never repeats itself, but it does often rhyme.” This quote, most often attributed to the American
writer and humorist best known under his pen name, Mark Twain, has survived the test of time. Looking back
over my own experiences that meandered from discoveries in plant molecular genetics to teaching first-year
medical students at Juntendo Medical School, I see the rhymes.

In 1989, the young but already famous rising star, Gerald R. Fink, who, having just switched from yeast to
plant molecular genetics, wrote an editorial in the prestigious journal Cell calling for a greater proportion of
plant research funding to be reallocated from traditional schools of agronomy (where matters of practical
importance to farming are studied) to the exciting new possibilities opened up by plant gene engineering. His
opinions resonated with many young academicians in the top plant biology departments around the world.
However, a distinguished older scientist and fellow member of the US National Academy of Sciences shot back
with an editorial in The Plant Cell. There, Joseph E. Varner welcomed Gerald Fink’s new-found enthusiasm for
plant research, but argued that traditional agronomic research (which responds to local weather and soil
conditions, especially as new plant varieties are released) could not be neglected. Varner argued that although
very welcome, the new tools do not replace the old: “After every last method and insight of the molecular
biologist is applied, the agriculturist still must deal with soil structure, drainage, and mineral nutrients and how
these may affect productivity. There will always be decisions about till or no-till, when and how to irrigate,
what crop in which field, yield per acre versus return on investment, store or sell, and so on and so on.” Indeed,
history has affirmed Varner’s views. Plant gene engineering has produced valuable plant varieties that are more
insect resistant, can use cheaper and less toxic weed-Kkillers, and in some cases are more nutritious, but farmers
still wait for the advice of their local schools of agronomy before planting any of these.

Today we face a similar situation in advanced medical care. There are many exciting technologies on the
horizon that hold promise for new ways to fight disease. However, the task of comparing treatment methods
and evaluating effectiveness and safety from the patient’s point of view, and public health from society’s view,
still depends on institutions like Juntendo University and its hospitals where the patient’s clinical outcome is,
and will always be, the focus. Many of the professors at Juntendo are involved in the formulation of national
clinical guidelines, and much of our research arises from patients’ real problems. Recognizing opportunities
depends on what Louis Pasteur called “the prepared mind,” an attitude we also strive to keep. The articles in
this issue of the Juntendo Medical Journal reflect these priorities.

Robert F. Whittier
Division of Medical Education, Juntendo University
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