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Abstract

The infrastructure for the clinical research of muscular dystrophies: Remudy and MDCTN

En Kimura, M.D., Ph.D.”, Harumasa Nakamura, M.D.?, Satomi Mitsuhashi, M.D., Ph.D.”,
Fumi Takeuchi, M.D.”, Madoka Mori-Yoshimura, M.D., Ph.D.”, Reiko Shimizu, M.D., Ph.D.*?,
Hirofumi Komaki, M.D., Ph.D.”, Yukiko K Hayashi, M.D., Ph.D.?, Ichizo Nishino, M.D., Ph.D.”,
Mitsuru Kawai, M.D.”, and Shin‘ichi Takeda, M.D., Ph.D.”

PNational Center of Neurology and Psychiatry, Japan
“Department of Pediatrics, Tokyo Women’s Medical University
¥Department of Neurophysiology, Tokyo Medical University
“NHO Higashi-Saitama Hospital

Remudy, operated by the NCNP, runs two national registries for Dystrophinopathy and GNE myopathy in Japan
under the collaboration with the TREAT-NMD alliance. The aim is to construct the clinical research infrastructure and
accelerate the clinical development research for these rare diseases. We successfully provide the data sets for the
feasibility studies, send out the appropriate information of the clinical trials for the candidates to speed up the
recruitment for trials, collaboration with the Muscular Dystrophy Clinical Trial Network: MDCTN, as well as present the
natural history and epidemiological data of the rare diseases with a new ‘registry based’ research style. Remudy provides
a prototype of the clinical research infrastructure to over come the rare and incurable diseases.

(Clin Neurol 2014;54:1069-1070)

Key words: Remudy, Muscular dystrophy, International hermonization, rare diseases, TREAT-NMD
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Fig. 1

Schematic illustration of the disease mechanism and therapeutic strategies of DM1.

Expanded CUG repeats (CUGexp) in the mutant DMPK mRNA form hairpin structures and ribonuclear inclusions, and

subsequently sequester splicing factors in the nucleus. Loss of the splicing factors causes misregulation of alternative

splicing. Mis-splicing of CLCN1 exon 7a induces a frame shift and premature termination codon in exon 7, resulting in
loss of functional CLCN1 protein on the sarcolemma and myotonia in DM1. Therapeutic strategies which are currently

under development for DM, includes (1) induction of exon skipping of individual target by antisense oligonucleotides

(ASOs), (2) neutralization of the toxicity of CUGexp by preventing splicing factor sequestration with ASOs or small

molecules (3) degradation of the toxic RNA by ASOs and (4) stabilization of expanded repeats. Figure modified from

reference 9.
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Therapeutic development in myotonic dystrophy

Masanori P. Takahashi, M.D, Ph.D.”, Masayuki Nakamori, M.D, Ph.D." and Hideki Mochizuki, M.D, Ph.D."”

PDepartment of Neurology, Osaka University Graduate School of Medicine

Myotonic dystrophy (DM), the commonest form of muscular dystrophy in adults, is a multisystem disease caused by
repeat expansions located in untranslated regions of the affected genes. Its pathogenesis results from expression of
RNAs with these expanded repeats, which causes sequestration of splicing factors and thus series of splicing
misregulation. An increased understanding of the disease mechanism has accelerated the development of therapeutic
strategies, including correction of individual missplicing by antisense oligonucleotides (ASOs), ASO- or small molecule-
mediated neutralization of the RNA toxicity by preventing sequestration of splicing factors, degradation of the toxic RNA
by ASOs, and stabilization of the expanded repeats. ASOs targeting the toxic RNA have exhibited promising results in
animal models, and a clinical trial has recently been launched. With the advent of clinical trials, we are confronting
several challenges. As with other rare diseases, we must identify eligible patients. It may be more important in Japan to
establish a standardized best practice management of currently available approaches (e.g., pacemaker use) followed by
nationwide dissemination. The national DM registry, about to be launched shortly, might be a promising tool to overcome

these issues and lead to improved management of DM.

Key words: mRNA, splicing, repeat expansion, patient registry

(Clin Neurol 2014;54:1077-1079)
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Abstract

Background and Aim: Myotonic dystrophy type 1 (DM1) is a multisystemic dis-
ease, and patients often visit a variety of specialists before being correctly diag-
nosed. Identifying DM is not an easy task, particularly for non-neurologists. We
tried to develop a simple and useful screener to identify DMI.

Methods: In the present study, we proposed and refined a simple questionnaire for
screening patients with DMI1. A preliminary study showed that the sensitivity and
specificity of a well-designed questionnaire was comparable with that of a physical
examination. We developed a nine-item questionnaire that assessed cataract his-
tory, dysphagia, myotonia, drop foot, the ability to whistle, lift the head, sit-up
and unscrew a bottle cap, and family history.

Results: A total of 95 DM1 patients, 121 healthy controls and 132 disease controls
completed the questionnaire. Many healthy controls were family members of DM1
patients; therefore, family history was excluded from statistical analyses. In DM1
patients with mild symptoms, sensitivity exceeded 70% for three items (sit-up,
drop foot, myotonia). In healthy controls, specificity exceeded 70% for all items.
Receiver operating characteristic curve analysis showed that the combination of
lifting the head, sit-up, unscrewing a bottle cap and myotonia items had high
capability to distinguish DM1 patients with mild symptoms from healthy controls
and disease controls with mild symptoms.

Conclusion: This simple questionnaire might help to identify DM1 patients.

Introduction

Myotonic dystrophy type 1 (DM1) is an autosomal domi-
nant disorder, and is one of the most common forms of
muscular dystrophy. The severity of DMI is variable, rang-
ing from severe, in the congenital form, to almost asymp-
tomatic. DM1 can involve multi-organ symptoms including
cataracts, baldness, leukoencephalopathy, deafness, arrhyth-
mia, sleep apnea, insulin resistance, and hyperlipemia, in
addition to muscle weakness.! These complications are not
always associated with the onset and severity of muscle
weakness, and many patients are unaware of their motor
dysfunction in the early stages of the disease.! As such,
many patients visit a variety of specialists before receiving
the diagnosis of DM1. In 2009, we surveyed cardiologists,
diabetologists, gynecologists and ophthalmologists practicing
in Osaka, Japan, and asked them about the medical consul-
tation behaviors of DMI1 patients.> Over 30% of doctors
had experience in the medical management of DM1 patients,
and approximately 10% had experience in the diagnosis of
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DM1. Unfortunately, a few patients were diagnosed only
after peripartum or perioperative troubles.> Clinical symp-
toms of DM are variable, and identifying DM1 patients
with mild symptoms is quite difficult. Specialists with experi-
ence in diagnosing DM1 paid more attention to the charac-
teristic features of DM, such as grip myotonia and hatchet
face, than those without experience in diagnosing DM1.?

These facts suggest that a simple screen for DM1 would
be useful in helping non-neurologists to detect DM1, which
would not only increase the likelihood of an early diagnosis,
but also prevent complications and aid the construction of a
multidisciplinary treatment. The aim of the present study
was to develop a simple screen for DM1. As the initial step,
we compared the practicality and precision of a physical
examination with that of a self-administered questionnaire.
The results of the present pilot study suggested that the sen-
sitivity and specificity of a well-designed questionnaire was
comparable with that of a physical examination; therefore,
we developed and tested a nine-item questionnaire to iden-
tify individuals with DM1.
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Screen for myotonic dystrophy

Methods

The ethical review boards of each hospital reviewed and
approved both the pilot study and the main study. Studies
were registered to the UMIN Clinical Trials Registry
(UMINO000008960).

Pilot study. Seven DMI1 patients (age 43.0 £ 9.1 years)
and six healthy controls (HC; age 48.0 4 9.2 years) partici-
pated in the pilot study. All DM1 patients had mild symp-
toms and did not require any support for activities of daily
living (ADL). Two DM1 patients had minimal or no muscle
symptoms. All participants understood the concept of the
study and provided informed consent.

We listed the distinctive signs and symptoms of DMI,
and selected 21 items for inclusion in the questionnaire and
18 items for inclusion in the physical examination (Table
S1). All participants completed the 2l-item questionnaire
(Table S2). Eight trainee doctors that had not yet received
neurology training and two neurologists that were experts in
DMI1 carried out the structured, 18-item physical examina-
tion (Table S3) without any information about the disease
status. Some tools, including an examination table, a ham-
mer, a flashlight, a tongue blade, and test food and drinks,
were necessary to carry out the physical examination. All
participants started the questionnaire simultaneously, and
after 10 min we asked whether they had finished or not.
Similarly, all trainee doctors started the physical examina-
tion simultaneously, and after 10 min we asked whether they
had finished or not. The sensitivity and specificity of each
item on the questionnaire, and in the physical examination
was assessed. Sensitivity was quantified as the positive
responses in DM patients divided by the total number of
responses (including positive, negative and not sure) in
DM1 patients, and specificity was quantified as the number
of negative responses in HC divided by the total number of
responses (including positive, negative and not sure) in HC.

Main study. A total of 95 DM1 patients, 121 HC and
132 disease controls (DC) with neuromuscular disorders or
rheumatoid arthritis participated in the main study
(Table 1). All DC were receiving medical management at
one of our hospitals. Individuals with severe cognitive dys-
function were excluded. All participants understood the con-
cept of the study and provided informed consent.

Based on the sensitivity and specificity determined in the
pilot study, we selected an item from each of the nine fields
(eye, face, palate and pharynges, neck, trunk, finger, foot,
myotonia, and family history) to create a nine-item screen-
ing questionnaire (Table 2). All participants completed this
questionnaire. No advice or corrections were given from
medical staff. Age, sex, primary illness and disability in
ADL were noted for all participants. Disability in ADL was
classed as mild if the patient was independent in ADL, and
advanced if the patient required support in ADL.

A screening tool is most valuable for mild cases, therefore
statistical analyses were carried out in two ways: on all par-
ticipants, and on patients with mild disability. Family mem-
bers of patients were included in the HC group, therefore
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Table 1 Profile of participants included in the main study

Sex Age, years Severity
n (mild/
Group n n(M/F)  Mean 4 SD (range)  advanced’)
DM1 95  39/56 44.0 4+ 11.7 (14-72) 64/31
Healthy controls 121 33/88 51.1 £ 12.6 {21-78)  121/0
Disease controls 132 81/51 45.1 4 22.3 (10-89) 53/79

FSHD 13 6/7 42.9 + 21.3 (15-80) 9/4
Other MD 61 53/8 31.0 & 15.5 (10-85) 13/48
PD 6 97 72.6 + 9.9 (561-89) 6/10
RA 14 311 63.4 £ 14.0 (33-80) 11/3

'Mild severity indicates no support required in activities of daily living.
Advanced severity indicates support required in activities of daily liv-
ing.

DM1, myotonic dystrophy type 1; F, female; FSHD, facioscapulohu-
meral muscular dystrophy; M, male; MD, muscular dystrophy; n, num-
ber; PD, Parkinson's disease; RA, rheumatoid arthritis; SD, standard
deviation.

item 9 (family history) was not included in the statistical
analyses. The sensitivity and specificity of the remaining
eight items was quantified, and the area under receiver oper-
ating characteristic curves (AUC) was used to explore the
optimal combination of items. Student’s 7-tests were used to
compare age at the onset of cataracts between DMI1 and
HC, and between DM1 and DC.

Results

Pilot study. Trainee doctors required more than 10 min
to assess all 18 items on the physical examination. The
specificity of items on the physical examination was gener-
ally good for both neurologists and trainee doctors
(Fig. 1a). However, many distinctive symptoms were absent
in the cases studied, and the sensitivity was variable
(Fig. 1a). Sensitivity was less than 70% on all items when
the physical examination was carried out by trainee doc-
tors, and exceeded 70% on just five items (hatchet face,
nasopharyngeal malocclusion, difficulty unscrewing plastic
bottles, percussion myotonia and grip myotonia) when car-
ried out by neurologists. In addition, the discrepancy in
sensitivity between mneurologists and trainee doctors sur-
passed 20% for seven items (hatchet face, baldness, high
arched palate, nasopharyngeal malocclusion, difficulty lift-
ing the head, difficulty sitting up and percussion myoto-
nia).

All participants completed the questionnaire within
10 min. The specificity and sensitivity of items on the ques-
tionnaire were varied; however, specificity was over 70% for
17 items and sensitivity was over 70% for five items (diffi-
culty whistling, difficulty standing still, drop foot, myotonia
and daytime sleepiness; Fig. 1b).

Main test. In HC, the specificity was over 70% for all
items, and exceeded 90% for four items (difficulty lifting the
head, difficulty sitting up, difficulty unscrewing a bottle cap
and myotonia; Table 3). In DC, the specificity of items was
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