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Figure 3 Current-centered classification of inherited arrhythmogenic diseases caused by malfunctions of

plasmalemmal proteins.

The clinical phenotypes are grouped according to the specific current that is altered by the genetic de-

fects.
indicate loss-of-function.

Solid line rectangles indicate phenotypes caused by gain-of-function, while dashed-line rectangles

Abbreviations: Af, atrial fibrillation; BrS, Brugada syndrome; DCM, dilated cardiomyopathy; ERS, early re-
polarization syndrome; LQT, long QT syndrome; MEPPC, multifocal ectopic Purkinje-related premature
contractions; PCCD, progressive cardiac conduction defect; SIDS, sudden infant death syndrome; SQT,
short QT syndrome; SSS, sick sinus node syndrome. [Adopted from 16) Ruan Y, et al. Nat Rev Cardiol 2009.,
17) Wilde AM, Brugada R. Circ Res 2011 and 18) Wilde AM, Behr ER, Nat Rev Cardiol 2013.]
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Figure 4 Alternative splicing of SCN5A in myotonic dystrophy 1.
A) Schematic diagram of the SCN5A gene and amino acid sequences of Nav 1.5 alternative splicing variants,
“Neonatal” and “Adult” isoforms. = Rectangles indicate translated segments. Exon 6 is shown as two
parts, the relative position of the 5" and 3°. The “Neonatal” isoform is composed of the relative position of
the 5° of exon 6, instead of the 37 in the “Adult” isoform. Consequently, the “Neonatal” isoform sequence
shows a difference of seven amino acids (underlined) from the “Adult” isoform at the protein level.
B) Reverse-transcriptase PCR(RT-PCR) analysis of SCN54 splicing in human samples. The “Neonatal”
isoform was identified as two shorter bands cleaved by a restriction enzyme. The proportion of the “Neo-
natal” isoform was significantly increased in- DM1 compared to a control and disease controls, including Du-
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C) Close-up schema of domain I in Nav1.5. Exon 6 corresponds to a part of S3, the $3-S4 linker, and a part
of S4 shown in shaded rectangles with a thick line.
D) A schematic of cardiac-type voltage-gated sodium channel composed of the a subunit (Nav1.5), f subu-
nits (#1-84), and channel-interacting proteins including GDP1-L, Caveolin-3, and a-syntrophin.
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Introduction

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 DM1 is not an easy task, particularly for non-neurologists. We
tried to develop a simple and useful screener to identify DM1.

Methods: In the present study, we proposed and refined a simple ques‘uonnaxre for
screening patients with DM1. 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 mlld symptoms from healthy controls
and disease controls with mild symptoms.

Conclusion: This simple questionnaire might help to 1dent1fy DM1 patients.

DMI1. Unfortunately, a few patients were diagnosed only
after peripartum or perioperative troubles.® Clinical symp-

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 DM1 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 DMI patients.> Over 30% of doctors
had experience in the medical management of DM1 patients,
and approximately 10% had experience in the diagnosis of

Neurology and Clinical Neuroscience 2 (2014} 97-103
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toms of DMI are variable, and identifying DM1 patients
with mild symptoms is quite difficult. Specialists with experi-
ence in diagnosing DM paid more attention to the charac-
teristic features of DM1, such as grip myotonia and hatchet
face, than those without experience in diagnosing DM1.2

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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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
(UMINO00008960).

Pilot study. Seven DM] patients (age 43.0 & 9.1 years)
and six healthy controls (HC; age 48.0 # 9.2 years) partici-
pated in the pilot study. All DM patients had mild symp-
toms and did not require any support for activities of daily
living (ADL). Two DM 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 21-item questionnaire
(Table S2). Eight trainec 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
DMI1 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 DMI 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 & SD (range}  advanced”)
DM 95 39/56 44,0 & 11.7 14-72) 64/31
Healthy controls 121 33/88 511 £ 12,6 (21780 121/0
Disease controls 132 81/51 45.1 + 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 (10-85b) 13/48
PD 16 977 72.6 + 9.9 (51-89) 6/10
RA 14 3 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-
rmeral 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 r-tests were used to
compare age at the onset of cataracts between DM1 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. la). 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 neurologists 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

Neurology and Clinical Neuroscience 2 (2014) 97-103
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Table 2 Questionnaire administered in the main study

Screen for myotonic dystrophy

1 Have you ever been diagnosed with cataracts?

Yes No Not sure
If yes, when were you first diagnosed: {) years old
2 Can you whistle? Yes No Not sure
3 When you eat food or beverages, do you feel a choking or sticking sensation? Yes No Not sure
4 Can you lift up your head from a supine position without arm support? Yes No Not sure
5 Can you sit up from a supine position without arm support? Yes No Not sure
6 Can you easily unscrew the cap of a plastic bottle? Yes No Not sure
7 Do you experience any difficulty in lifting the toes toward the shin or do you find that ? Yes No Not sure
you often stub your toes against tiny bumps when you walk?
8 Do you experience any muscle stiffness, such as difficulty opening your hand immediately ? Yes No Not sure
after you grasp it strongly, or difficulty opening your mouth after you clench your jaw strongly?
9 Do any of your blood-related kin have a muscular disorder? Yes No Not sure
L
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Figure 1 The specificity and sensitivity of each item included in (a) the physical examination and (b) the questionnaire in the pilot study.

not as good as in HC. In DC patients with mild disability,
the specificity was over 70% for four items {cataract, diffi-
culty lifting the head, difficulty unscrewing a bottle cap and
myotonia; Table 3). The number of cases was not sufficient
for statistical analyses, but it is possible that overlapping
and/or confusing symptoms influenced the specificity of
some items for some diseases. In mild muscular dystrophy,
equinus foot could have been regarded as drop foot. In fa-
cioscapulohumeral muscular dystrophy, facial and abdomi-
nal weakness decreased the specificity of item 2 (difficulty
whistling) and item 5 (difficulty sitting up), and in Parkin-
son’s disease, akinesia, small shuffling gait and rigidity
decreased the specificity of item 5 (difficulty sitting up), item
7 (drop foot), and item 8 (myotonia). However, confusion
of morning stiffness with myotonia in patients with rheuma-
toid arthritis was not common.

Neurology and Clinical Neuroscience 2 {2014) 97-103
© 2014 Japanese Society of Neurology and Wiley Publishing Asia Pty Ltd

The sensitivity of items was variable (Table 3). Although
item 8 (myotonia) had the highest sensitivity, a considerable
number (10/95) of patients reported no myotonia. Just three
other items, item 5 (difficulty sitting up), item 6 (difficulty
unscrewing a bottle cap) and item 7 (drop foot), had sensi-
tivity over 70% (Table 3). For every item except item 8
(myotonia), sensitivity was lower when only participants
with mild disability were considered than when all partici-
pants were considered (Table 3). Some DM1 patients were
unaware of their symptoms, and responded in the negative
even when a symptom was present. Although this might
have impacted the sensitivity, the answers were not modi-
fied.

The largest AUC between mild DM1 and HC (0.998),
and between mild DM1 and mild DC (0.915) was obtained
by the combination of items 4 (difficulty lifting the head), 6
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Table 3 Sensitivity and specificity of each item in the questionnaire

T Matsumura et al.

Sensitivity Specificity

DM1, % (%) HC, % A DC, % (%] MD, % (%) FSHD, % (%) PD, % (%) RA, % (%)
ftern 1 Cataract 45.1 (36.5) 89.0 86.3 (84.6) 93.4 (84.6) 84.6 (100) 75.0 (66.7) 78.6 (81.2)
Item 2 Whistle 34.7 {28.1) 88.0 49.2 (67.3) 55.0 (84.6) 15,3 (22.2) 46.7 (83.3) 71.4 (72.7)
Iltem 3 Dysphagia 64.2 (57.8) 90.0 52.3 (61.5) 58.3 (61.5) 84.6 (77.8) 43.8 (66.7) 71.4 (81.8)
ltern 4 Lift the head 69.5 (60.9) 97.5 39.7 (88.5) 23,0 (76.9) 46,2 (86,7) 56.3 (100) 78.6 (90.9)
Iten & Sit up 81.1 (73.4) 92.6 27.5 (59.6) 16.4 {46.2) 23.1(33.3) 18.8 (33.3) 78.6 (90.9)
ltem 6 Unscrew a bottle cap 70.5 (60.9) 99.2 36.9 (75.0) 28.3(69.2) 69.2 (77.8) 375 (66.7) 64.3 (81.8)
ltem 7 Drop foot 783 (73.4) 82.6 345 (32.7) 37.3(0.7) 30.8 (33.8) 0.0 (0.0} 50.0 (63.6)
ltem 8 Myotonia 87.4 192.2) 98.3 68.8 (78.8) 78.0 (76.9) 69.2 (77.8) 37.5 (50.0) 92.9 (100)

ltern 9: family history of muscular disorders was excluded from statistical analysis as family members of myotonic dystrophy type 1 (DM1)
patients were included in the healthy control (HC) group. The values in parentheses were obtained from patients with mild symptoms.
DC, disease control; FSHD, facioscapulohumeral muscular dystrophy, HC, healthy control; MD, muscular dystrophy; PD, Parkinson’s disease; RA,

rheurnatoid arthritis.

(difficulty unscrewing a bottle cap) and 8 (myotonia; items
4 + 6 + 8). The second largest AUC between mild DM1 and
HC (0.995), and between mild DM1 and mild DC (0.902)
was obtained from the combination of items 4 (difficulty
lifting the head), 5 (difficulty sitting up), 6 (difficulty
unscrewing a bottle cap) and 8 (myotonia; items
4+5+6+8). The latter combination also showed the
highest AUC between all DM1 and HC (0.996; Fig. 2).
With both combinations, the optimal cut-off point for the
number of positive items was one to discriminate mild DM1
from HC (items 4 + 6 -+ 8 sensitivity = 100% and specific-
ity = 98.4%, and items 4+ 54 6+ 8 sensitivity = 100%
and specificity = 93.4%), and two to distinguish mild DM1
from mild DC (items 4+ 6+ § sensitivity = 78.1% and

specificity = 84.9%, and items 4+ 5+ 6+ 8 sensitiv-
ity = 89.1% and specificity = 81.1%).
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A total of 51 participants (37 DM, eight HC and six
DCQ) reported the age of cataract onset. The age of cataract
onset was younger in DMI (42.1 £ 9.4 years) than in HC
(60.4 £ 11.5 years, P = 0.002) and DC (56.2 + 24.1 years,
P =0.012).

Although the answers to item 9 (family history) were
excluded from the analyses, erroneous answers were noted,
Some participants considered only relatives in ancestral/
descendent generations, and some participants considered
cohabiters when answering this question.

Discussion

Myotonic dystrophy type 1 is a multisystem disorder, and
early introduction of multidisciplinary care is important for
effective treatment. Non-motor symptoms often appear
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Figure 2 Receiver operating characteristic curve for (a) the combination of lifting the head, unscrewing a bottle cap and myotonia items (items
4 + 6 + 8) and (b) the combination of lifting the head, sitting up, unscrewing a bottle cap and myotonia items (items 4 + 5 + 6 + 8) in the main
study. AUC, area under the curve; DC, disease control; DM1, myotonic dystrophy type 1; HC, healthy control.
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before motor symptoms, and many patients pay little
attention to motor symptoms.! Juvenile cataract is an
example of a non-motor symptom, and the results of the
present study show that the onset of cataract occurred at a
younger age in DM1 patients than in HC and DC. DM1
patients often visit a variety of specialists before being cor-
rectly diagnosed. Making the correct diagnosis of such
patients is important for proper medical management and
prevention of complications. However, clinical symptoms
of DMI1 are variable, and there are no established
clinical diagnostic criteria. It is therefore difficult for non-

Screen for myotonic dystrophy

neurologists to identify DM1, particularly in mild cases. A
simple screen for DM1 would therefore be of great signifi-
cance. In the present study, we developed and tested a sim-
ple screen for DMI. :

One purpose of the pilot study was to compare physical
examination and questionnaire methods of screening. We
examined mild cases of DM, because this is the population
that will benefit most from a screening tool. The specificity
of items on the physical examination was generally high, but
the sensitivity was variable, even when specialists carried out
the exam. This is likely because the mild cases lacked

Self-questionnaires for screening of myotonic dystrophy

Please check the appropriate boxes(i4) of following questions

1. Can you lift up your head from supine position without arm support?

O Yes

body

O No

*Your head must take off from floor. You can place your arms beside
your body however you must not push floor or grasp your clothes or

2. Can you sit up from supine position without arm support?

O Yes

O No

*You can place your arms beside your body however you must not
push floor or grasp your clothes or body. You can stretch your legs.

3. Can you unscrew caps of new plastic bottles using your fingers?

[ Yes

0 No

*You must use unopened plastic bottles. Please check “No” if you
have to use any tools or body parts except your fingers.

4. Do you feel delay of muscular relaxation after forced grasp of your

O Yes

finger, clench of your jaw, closure of your eyelids, and so on.?

DNo

This picture shows residual muscle contraction after forced grasp

5. Do you have any patients of myopathies in your blood-related kins

(brothers, sisters, parents, children, grandparents, grandchildren, uncle, aunts, cousins, etc.)?

[ Yes

O No

* You can check “Yes” even if you do not know the accurate diagnosis. Your partners and

blood-related kins of your partner are not included.

Thanks you for your cooperation

Figure 3 The final version of the self-report questionnaire to be used to screen for myotonic dystrophy type 1.
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distinctive symptoms. The physical examination also
required more time than the questionnaire, and required
some tools.

The sensitivity and specificity of items on the question-
naire were also quite variable; however, the sensitivity and
specificity of some items were equivalent to that of items in
the physical examination. The short time and lack of equip-
ment required to complete the questionnaire was a distinct
advantage. We expected that a questionnaire would be able
to identify patients with DMT1 from the general population,
and carried out a large study to determine the sensitivity
and specificity of a questionnaire in a large group of partici-
pants.

To reduce the time and effort required of the partici-
pants, just nine items were included in the questionnaire
used in the main study. In addition to DMT1 patients and
HC, we tested this questionnaire in DC to evaluate the
capability of the questionnaire to distinguish DM1 from
other disorders. In HC, the specificity of each of the eight
items that were statistically analyzed was generally high. In
DC, the specificity was poor, except for the item regarding
cataract history; however, the specificity of four items
exceeded 70% when only mild cases were considered. Over-
lapping symptoms appeared to influence the specificity of
some items in some diseases. The sensitivity of each item
was insufficient to identify DM1 by a single item. For all
items except myotonia, the sensitivity was lower in mild
DMI1 patients than in all DM patients, likely because
patients with mild disability were unaware of, or were free
from, distinctive symptoms.

Receiver operating characteristic curve analyses showed
that the combination of items 4+ 6+ 8 and items
4 + 5+ 6+ 8 had high detection capability for DM1. Both
combinations showed an excellent capacity to detect DM
from HC, and the AUC between mild DM1 and mild DC

Number of positive items in self-questionairre

T Matsurmura et al.

was over 0.9 for both combinations. The AUC between mild
DMI1 and HC, and between mild DM1 and mild DC was
slightly higher for items 4+ 6+ 8 than for items
4+ 5+ 6+ 8, but one DMI patient responded negative to
all three items. In contrast, all DMI patients had at least
one positive item in the items 4 + 5+ 6 + & combination,
and the sensitivity of at least two positive items was higher
for items 4 + 5+ 6 4 8 than in items 4 + 6 + 8. Thus, we
propose the use of the items 4 + 5 + 6 + 8 combination as a
screen for DMI. In addition, we recommend including fam-
ily history in the screen, because it would provide an oppor-
tunity to detect asymptomatic patients.

There were some instances where participants responded
incorrectly to an item, either because they misunderstood
the question or they were upaware of the presence of a
symptom. To improve the quality of the questionnaire for
future use, we have revised the text to use simple expressions
and figures (Fig. 3). We hope that this screen will improve
the diagnosis, and subsequent medical management, of
DM1 patients. If an individual gives multiple positive
answers, we recommend a consultation with a neurologist.
In the case of only one positive answer, we recommend an
examination of neurological findings, serum creatine kinase
level and an electromyogram test. A detailed family history
of muscular disorders and information about complications
including juvenile cataracts, premature baldness and cardiac
conduction block might be helpful. If any suspicious signs
are detected, consultation with a neurologist should be con-
sidered. DM patients are high-risk for general anesthesia,
and female DM patients are at high risk of abnormal preg-
nancy, congenital myotonic dystrophy and ritodrine-induced
rhabdomyolysis.”® Thus, if any operations requiring general
anesthesia are considered, consultation with a neurologist is
strongly recommended. If the female subject is expected to
be married or pregnant, genetic counseling should be carried

0 p—————> 1 No further examinations «

No signs related to DM1
The subject is
1 > considering geg;eral anesthesia 3 Second screening
expected to be pregnant No Physical examination, Serum CK
EMG, Detail family history, etc
5 Yes Any suspicious signs
3
BEm— Consultation to Neurologist
4 Differential diagnosis
Genetic diagnosis under careful genetic counseling
. Introduction of multidisciplinary care, etc

Figure 4 The flow chart of screening for patients with myotonic dystrophy type 1. CK, creatine kinase; DM1, myotonic dystrophy type 1; EMG,

electromyogram.
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out so that she understands the risk of her pregnancy and
baby (Fig. 4).

The proposed screen should be used carefully in young
children, elderly people and persons with disability. No chil-
dren under the age of 10 years were included in the present
study; therefore, we have no data for this population. The
specificity of items was generally low in DC patients with
severe symptoms; that is, patients requiring support for
ADL. Thus, the capability of the screen to identify DM1 in
these populations might be low.

In conclusion, a small, self-administered questionnaire can
be a simple and efficient method to identify individuals with
DMI1. To determine the power of this tool, we aim to re-
evaluate the sensitivity and specificity in clinical practice
after dissemination to clinicians.
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Fig. 1

Schematic llustration 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.”

~ "Department 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)




Evaluation of Examinations of Higher Brain Function Disorder
in Patients with Myotonic Dystrophy

Hiromi SaitoV, Akiko Kato?, Tomoko TajiV, Koji Obara, M.D.?,
Erika Abe, M.D.?, Michio Kobayashi, M.D.?, Chizau Wada, M.D.?, Itaru Toyoshima, M.D.?

D Department of Rehabilitation, and ?Department of Neurology, National Hospital Organization,
Akita National Hospital, Yurihonnjo 018-1393, Japan

Abstract

The patient with myotonic dystrophy (MyD) is known to be often accompanied by a higher
brain function disorder, and there are some reports showing visual space cognitive impairment
or frontal lobe dysfunction found in such patients. In this study, for the MyD patients of this
hospital, we performed four examinations including Alzheimer's disease assessment
scale-cognitive component-Japanese version (ADAS-jcog), frontal assessment battery (FAB),
yaruki-score and self-rating depression scale (SDS), and investigated the characteristics of
these examinations. From the statistical analysis with Pearson’s correlation coefficient test,
there was no correlation among results of total number of points of ADAS-jcog, FAB,
yaruki-score and SDS. On the other hand, a total number of points of ADAS-jcog showed a
correlation to its comprising subjects such as word recall task, constructional praxis, ideational
praxis and orientation. Especially, very high coefficient of correlation was seen to a
constructional praxis, and therefore a disorder of this ability seemed to be one of specific
features of this disease.

In the future, we are going to examine the time course of thesé findings and the comparison
of the finding to the brain function image. For the higher brain function evaluation of the MyD
patients, it is important to capture its future change widely including mental status
examination. Further, it is necessary to consider the approach of the rehabilitation along the

change of the symptom of the patient.
Key Words: myotonic dystrophy, higher brain function, visual space cognitive impairment -
1. Introduction
Myotonic dystrophy (MyD) is autosomal dominant hereditary muscle disease assumed to be with

progressive muscular dystrophy, muscle weakness, myotonia, and cardinal symptom. Other than a

skeletal muscle symptom, intellectual disturbance, a cataract, heart conduction disorders, many
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organs are affected. There are some reports that show visual space cognitive impairment or frontal
lobe dysfunction found in MyD patients'?. In order to examine a higher brain function disorder of
MyD patients, we this time performed Alzheimer's Disease Assessment Scale-cognitive
component-Japanese version (ADAS-jcog) and Frontal Assessment Battery (FAB). Furthermore, to
examine association with a higher brain function disorder and psychic disorder, we also performed

the Yaruki-score, one of motivation scores, and self-rating depressive scale (SDS).

2. Methods

The subjects were fifteen MyD type 1 patients hospitalized in our hospital (six women, nine men),
and the patients with congenital disease were excluded. The patient ages ranged 38-66 at the
examination, and the averages were 54 for men and 51 for women. Two patients of them had a
tracheotomy. All patients ware right-handed.

As test batteries, we performed 1) ADAS-jcog; by operating in accordance with the touch panel,
the inspection results are automatically aggregated. Data for each patient is stored in a dedicated
cloud, 2) FAB, 3) Yaruki-score, 4) SDS. Each test was composed of several subjects. ADAS-jcog is
comprised of eleven tasks; word recall task, language, comprehension of spoken language, word
finding difficulty, commands, naming objects and fingers, constructional praxis, ideational praxis,
orientation, word recognition task, remembering test instructions. When patients were not able to
answer these questions, it is added points and shows that it is severe cognitive function disorder as
high score. FAB is one of the testing to examine a frontal lobe function and is comprised of
conceptualization, mental flexibility, motor programming, inhibitory control, GO/NO-GO,
environmental autonomy. If an answer is right on this test, it is added points, this test is added and
shows that there is not disorder so that points is low.Yaruki-score is a kind of the examinations for
apathy. When the points are 16 points or more, we judge it to be “low motivation”. The SDS is a
depressive standard of the self-assessment type. This conducts four phases of evaluations from the
question of 20 items. We consist of the questions about feelings (two items), a physiological
symptom (eight items), and the psychological symptome (ten items). This test shows severe
depressive state as a low score. In addition, we assayed four above-mentioned examinations by

Pearson's correlation coefficient test.

3. Results
We show the results of all patients for four examinations in Fig 1, and also show the average total

points for each test in Table 1.
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Fig. 1. Results of each patient on

FAB, Yaruki score and SAD.
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Table 1. Average points in each test.

severeness
examination average points SD o
criteria
ADAS-jcog 8.1 3.9 high score
FAB 13.0 3.2 low score
Yaruki—score 19.3 7.9 high score
SDS 43.7 7.8 low score

In the Pearson’s correlation coefficient test, there was no correlation among total scores of

ADAS-jcog, FAB, Yaruki-score and SDS. In Table 2, we show the subjects comprising the
ADAS-jcog and the value of coefficient of correlation of the total points of ADAS-jcog to each
subject. The total points of ADAS-jcog showed a correlation to its comprising subjects including
word recall task, constructional praxis, ideational praxis, orientation. In particular, the coefficient of -

correlation between the total scores and constructional praxis was extremely high ( coefficient of
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correlation = 0.675, p value=0.006).

Table 2. Results of the examination of ADAS-jcog

coefficient

task average SD of p value
correlation

(1) Word recall task 3.3 0.9 0.63 0.011
(2) Language 0 0 —_ —
(3) Comprehension of spoken 0 0 _ .
language
(4) Word finding difficulty 0.1 0 0.17 0.557
(5) Commands 0.3 0.7 0.35 0.197
(6) Naming objects and fingers 0 0 — —
(7) Construction praxis 1.9 0.7 0.68 0.006
(8) Ideational praxis 1.5 2.8 0.56 0.030
(9) Orientation 0.8 0 0.59 0.020
(10) Word recognition task 1.4 1.1 0.54 0.036
(11) Remembering test instructions 0 0 — —

In Fig. 2, we show the results of constructional praxis task, and in Fig. 3, we show some drawings of
several cases the alphabetical cords of which correspond to those in Table 2. We have conducted four
“kinds of figure copying that are a circle, two rectangles, a lozenge and a cube by the problem of
“constructional praxis”. The results showed the imperfect copying of the cube, enclosure or the
copying of the line of the sample. Four patients drew five squares as a combination in it without

recognizing two rectangular overlap (patient B, D, E, K). This sign was the abnormal findings

common to four of 15 patients.
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Fig. 2. Results of each patient on the constructional task.
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Fig. 3. Drawings by six patients on the constructional task.

We show the results of FAB on Fig. 4 and Table 3. In FAB, a total number of points correlated to
behavior program, choice of the response and GO/NO-GO.
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Fig. 4. Results of each patient on the examination of FAB.
Table 3. Average point for each item in the examination of FAB.
coefficient
average
item ) SD of p value
points i
correlation

(1) Conceptualization 1.9 0.7 0.48 0.072

(2) mental flexibility 1.6 0.7 0.33 0.235

(3) Motor programming ‘ 1.8 2.1 0.64 0.010

(4) Inhibitory control 2.1 1.4 0.73 0.002

(5) GO/NO-GO 1.7 2.1 0.77 0.001

(6) Environmental autonomy 3 0 —_ _—

4. Discussion

It is known that MyD patients are often accompanied by a cognitive dysfunction, and there are
reports indicating visual-spatial agnosia and frontal lobe dysfunction found in such patients’?.
Because the score of the problem of “constructional praxis” was high in ADAS-jcog, and

characteristic results were obtained by two rectangular copying problems common to four of 15
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