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Fig. 1 Family history of the patient.

His father had difficulties in walking in his thirties and died of heart
disease at age 45 years.
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Fig. 2 CT of body and extremities.
Atrophy and fatty changes of deltoid muscle (A), paraspinal muscle (B), semitendinosus muscle, semimembranosus muscle (C), tibialis anterior
muscle and gastrocnemius muscle (D) (arrow heads).
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Fig. 3 Electromyography.
Normal findings.
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Fig. 4 Histopathological findings of the biopsied right peroneus longs muscle.

Hematoxylin-eosin stained section shows a marked variation in fiber size, small angular fibers, grouped atrophy, pyknotic nuclear clump with

endomysial fibrosis (A), and eosinophilic granular inclusion-like material (arrows) (B). Gomori-trichrome stained section shows darkly stained
spheroid body-like inclusions (arrows) (C). Congo red stained section shows bright fluorescent with 510-560 nm excitation (D). NADH-TR
stained section shows defect areas corresponding to the inclusions and moth-eaten appearance as well as irregular intramyofibrillar network

(E). ATPase (pH 10.7) stained section shows type 2 fiber-dominant atrophy with mild fiber type grouping (F). Frozen sections. Bars in all panels

indicate 100 pm.
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Fig. 5 Electron microscopic findings of the inclusion-like material.

(A) Inclusion-like material (arrows) consists of electron dense globular deposits surrounded by filamentous pale area, resembling the fine struc-

ture of cytoplasmic body. (B) High power view of the transition area between the inclusion-like material and surrounding myofibrils, indicated

by an upper square in panel A, showing abnormally thickened and disorganized Z lines (Z line streaming) (arrows) with 10-15 nm-thick actin fil-

aments bridging between surrounding myofibrils and electron dense globular deposits (asterisk) consisting of 1-2 nm-thick filaments and ab-

normal Z line-like structures. (C) High power view of the lower square in panel A showing abundant Z line streaming (arrows) with actin fila-

ments continuous perpendicularly to the electron dense globular deposits (asterisk). Note focal accumulation of glycogen granules and

mitochondria (double asterisks). An epon-embedded ultrathin section double stained with uranyl acetate and lead citrate, examined with a

transmission electron microscope (JEM-1400, JEOL, Tokyo). Bars in panel A and panels B-C indicate 5 pm and 1 pm, respectively.

TR anterior compartment DEETH 2 2 L2565 VY 2o
FEME % 2B T B B3 Ch DDA B E B 5 LB
H5.

SCHERAYLS LDM A 20 6 O (E P E AR R & il L7z
—WOATHS Y. Lo TRIREL, WOTOHRAEZD
R & 72 . ARBITH & D72 c.5566G>A (p.E1856K)
JEEIZH—A M) 7O 5O RFRTHESLTEY 7,
CDOFATIIFSREFRRDT2 0 & 6018 L)L <, #FIFEAER D
THOEAA (24), FESEAS 24), EBOrf Q%)
OFIET, EELOHE Q%) E48THH . 45 i
IR TIEL: L T 2 KBS & LDM T - 721 REEAS
BB, BB EAIFEREFHGR OFE DA I BV CUEERR %
MERE->TBY, BT e R, FRNTOEKRGIZSH
HAid 5.

CNF TIE AR I 8T — (2B 5 MYH7 #1514
TP D A0FHD EIRE SN TWDYS, ZDIFE ALY
T34 CESH 7T EAO C Kl (exon 32~39) IZHEH LT
Vg IO s MYHT ST ISR U R ik R

UHHED R KEfE T LTd L <MS5NTHBY, The Human
Gene Mutation Database (http://www.hgmd.cf.ac.uk/ac/index.php)
12 X AUSOHAE 2 B 3 2 28 5L IR N K s A2 & C K il
FCILCHAI LT D728, BT LLBZTFERODHD F 2
AUk o T, ZORIE (OHHE L ) AT X &
NBERFREZ VWL THA. 72720, RKHIOERLED—
HROZ S (p.E1801K, E1856K, E1914K, R1608P, L1793del,
K1617del) (3/UHIE & FIREDTH & FEHES 5 T LA ST
w29

LDM DR RIIZH TH 5. & 4 7 Lt DML
U2 ERLNH, &4 7 1RHEBER & PSRRI e &
A TARIGESE (congenital fiber type disproportion) & JiELEZ T
ENTWBHILH 2. a7 Hxk% PEv central core disease
%> multiminicore disease'® & F i & 115 Bl LA Ok ML
N3 AR % £E Vs cytoplasmic body myopathy® & EHF & 415 fl,
myosin storage myopathy'” % hyaline body myopathy™® & J5H
T NnLBb 5. F NI IOEMTBERE % A & OB A
kg Basnmy bz, HoOEFEBMEHRMLE LT



Laing B i 3 /X5 —

W&, AL FBRC Z A & AR SRR S AL a AT
W& DY, BT REOBWILEM D%, Z-line streaming 7%
HESNTHD Y s o RIZ MFM 0¥ B 1251,
LCwa Y% MFM I, desmin #f5F (DES), myotilin #{zF
(MYOT), ZASP i&fn¥ (ZASP), filiamin C #&{n¥ (FLNC) 7
EOERE RN E T 5 HYEAEEGEERETH LS, L
X UERA R ECRAET 2 720, ERRIIZEMAE I 43
F—ORRGEERT LI ENH D™ I MYOT 5, ZASP
58 FLNC Z8%.2 X 5 MFM T, FHEMfHoOFTide
Z AfB & BRI NEIEE LN 2 CRISE AT E S hed
<, LDM & FRIRIIIZHRELS 2 T RetEAd 2 2

Laing ZUw 7 3 4 /8 F — 13RI T TH 5%, BIIEE
O THAET B im il I 4737 — ORI & L THRH
THEETRELEND 5.

RREOTEEE, 45103 0 I AMEEAHINFT ETREL, &E
e | R I 7

BHEE ORI, ENORTR - MR RO TR o 4 — R - R
WF7eR 564 (29-4) B X UV AMED O R 7 5 JP19ek0109285h0003,
18kk0205001s0203 D HIE % %72 b DTH 5.
MELLERICARCICBE L, BIRT R E COLRIEIZS 5 ¥
Mg, ISR EY THA

X

1) Laing NG, Laing BA, Meredith C, et al. Autosomal dominant
distal myopathy: linkage to chromosome 14. Am ] Hum Genet
1995;56:422-427.

2) Meredith C, Herrmann R, Parry C, et al. Mutations in the slow
skeletal muscle fiber myosin heavy chain gene (MYH?7) cause
laing early-onset distal myopathy (MPD1). Am ] Hum Genet
2004;75:703-708.

3) Oda T, Xiong H, Kobayashi K, et al. A de novo mutation of the
MYHY7 gene in a large Chinese family with autosomal dominant
myopathy. Hum Genome Var 2015;2:15022

4) Nishikawa A, Mitsuhashi S, Miyata N, et al. Targeted massively
parallel sequencing and histological assessment of skeletal muscles
for the molecular diagnosis of inherited muscle disorders. ] Med
Genet 2017;54:104-110.

5) Lamont P, Laing NG. Laing Distal Myopathy. GeneReviews®
[Internet]. 2015 Mar 12. [cited 2019 Apr 19]. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK1433/

6) Yiiceyar N, Ayhan O, Karasoy H, et al. Homozygous MYH7
R1820W mutation results in recessive myosin storage myopathy:
scapuloperoneal and respiratory weakness with dilated cardio-
myopathy. Neuromuscul Disord 2015;25:340-344.

7) Finsterer ], Brandau O, Stéllberger C, et al. Distal myosin heavy

8

9

10

11

12

13

14

15

16

17

18

19

20

21

)

)

)

)

)

)

)

)

g

~

=

=

=

~

59 : 827

chain-7 myopathy due to the novel transition c¢.5566G>A
(p.E1856K) with high interfamilial cardiac variability and putative
anticipation. Neuromuscul Disord 2014;24:721-725.

Tasca G, Ricci E, Penttild S, et al. New phenotype and pathology
features in MYH7-related distal myopathy. Neuromuscul Disord
2012;22:640-647.

Roda RH, Schindler AB, Blackstone C, et al. Laing distal
myopathy pathologically resembling inclusion body myositis.
Ann Clin Transl Neurol 2014;12:1053-1058.

Lamont PJ, Wallefeld W, Hilton-Jones D, et al. Novel mutations
widen the phenotypic spectrum of slow skeletal/B-cardiac myosin
(MYH?7) distal myopathy. Hum Mutat 2014;35:868-879.

Muelas N, Hackman P, Luque H, et al. MYH7 gene tail mutation
causing myopathic profiles beyond Laing distal myopathy.
Neurology 2010;75:732-741.

Romero NB, Xie T, Malfatti E, et al. Autosomal dominant
eccentric core disease caused by a heterozygous mutation in the
MYH?7 gene. ] Neurol Neurosurg Psychiatry 2014;85:1149-1152.
Fiorillo C, Astrea G, Savarese M, et al. MYH7-related myo-
pathies: clinical, histopathological and imaging findings in a cohort
of Italian patients. Orphanet J Rare Dis. 2016;11:91.

Ortolano S, Tarrio R, Blanco-Arias P, et al. A novel MYH7
mutation links congenital fiber type disproportion and myosin
storage myopathy. Neuromuscul Disord 2011;21:254-262.
Fananapazir L, Dalakas MC, Cyran E et al. Missense mutations
in the beta-myosin heavy-chain gene cause central core disease
in hypertrophic cardiomyopathy. Proc Natl Acad Sci U S A
1993;90:3993-3997.

Cullup T, Lamont PJ, Cirak S, et al. Mutations in MYH7 cause
Multi-minicore Disease (MmD) with variable cardiac involvement.
Neuromuscul Disord 2012;22:1096-1104.

Laing NG, Ceuterick-de Groote C, Dye DE, et al. Myosin
storage myopathy: slow skeletal myosin (MYH7) mutation in
two isolated cases. Neurology 2005;64:527-529.

Bohlega S, Abu-Amero SN, Wakil SM, et al. Mutation of the
slow myosin heavy chain rod domain underlies hyaline body
myopathy. Neurology 2004;62:1518-1521.

Nakano S, Engel AG, Waclawik A], et al. Myofibrillar myopathy
with abnormal foci of desmin positivity. I. Light and electron
microscopy analysis of 10 cases. J Neuropathol Exp Neurol
1996;55:549-562.

Batonnet-Pichon S, Behin A, Cabet E, Delort E et al
Myofibrillar myopathies: new perspectives from animal models
to potential therapeutic approaches. ] Neuromuscul Dis 2017;
4:1-15.

Straub V, Carlier PG, Mercuri E. TREAT-NMD workshop:
pattern recognition in genetic muscle diseases using muscle
MRI: 25-26 February 2011, Rome, Italy. Neuromuscul Disord
2012;22 Suppl 2:S42-S53.



59 : 828 FRARMRES 594 1275 (2019 : 12)

Abstract

A case of Japanese Laing type distal myopathy with a mutation in MYH7 gene

Kenju Hara, M.D., Ph.D.”, Hajime Miyata, M.D., Ph.D.” and Ichizo Nishino, M.D., Ph.D.”

"Department of Neurology, Akita Red Cross Hospital
“Department of Neuropathology, Akita Cerebrospinal and Cardiovascular Center
“Department of Neuromuscular Research, National Institute of Neurology, National Center of Neurology and Psychiatry

A 67-year-old man developed weakness and atrophy of the anterior compartment of the lower leg at age 53 years,
followed by weakness of proximal muscles of the upper limb. His father had difficulties in walking in his thirties and died
of heart disease at age 45 years. He also had mild respiratory weakness without cardiac involvement. Muscle histology
showed spheroid or cytoplasmic bodies-like inclusions with moth-eaten appearance and irregular intramyofibrillar
network. Electron microscopy revealed abnormally thickened and disorganized Z lines (Z line streaming) between the
surrounding myofibrils and electron-dense globular deposits. These pathological findings apparently suggested
myofibrillar myopathy. However, genetic analysis revealed a mutation (c.5566G>A, p.E1856K) in MYH7 gene, that is
responsible for Laing-type distal myopathy (LDM). This mutation was previously reported in a study from Austria. This
18 the first report of LDM in the Japanese population .

(Rinsho Shinkeigaku (Clin Neurol) 2019;59:823-828)
Key words: distal myopathy, Laing type, MYH7 gene, myofibrillar myopathy




