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LMNA &5 1282 X %5 3 7 79F— (laminopathy) T
&, wgmREYE (autosomal dominant, LA AD & BEED) i
& L, Emery-Dreifuss 5 A2 + @7 1 — (Emery—
Dreifuss muscular dystrophy, LN EDMD & B45E) 2, LMNA
BEGE R Y A 0 7 1+ — (LMNA-related congenital
muscular dystrophy, PAF L-CMD & B&F2), Ban Bl o & b
O 7 4 — (limb-girdle muscular dystrophy, LLF LGMD & B%
FC) 1B, ¥LRELGHIE 1A %, B A% (autosomal
recessive) iH{nfEF & LC, EDMD3, Charcot-Marie-Tooth
i 2Bl 55, ZMAREID ALY, BN IL BB AT
VETH L. Frld, BRICHEIR 2 EELZLE &5 2
% 2 EDWEETH o 7o #ATI O MM B ORESI T, A
BEEIRT 7 Y — ARITIC & ) LMNA B (R F ORFE S 7
YIMEREEL, TINF—EZ LN 1R LD
THET 5.

E Al

REB 0 59w, Ik
7 BT

FHE (Fig. 1) @ WSR2 L. (I-4) & IEAEDS
HY, 54 HEFIZERIE L 720 L (1-3) 13 64 EFICHHETIE
. AR (14) 1CHE

BEARIE © 34 5%, MRS CHRIEDRMT. TEME L
P

BURE - B cmE e L. MAERKE 3600 g0 £
17 7 AT 2 A L7278, 2 D SATHEE, TR
BFASEST L, 3MEIRITREEE 22572, 10 L ) VU
BAEfiffE S A D Ze. 145 (1974 47), URe/NERIRE
S Lre. MBI - frZsie - BOEnTiE,  DUIBsR 0 5
BHEJe, TEHERTZ % 500, 3L - BRITARETH - 72, I CK
fEIZIEH TH -7 (Table 1). 16 i (1976 4£) (245 KERDY
THAG & 0 B AEME T SN b BWNCES eh o7z, 18 Kl
DIEIEHH 4kg, K 2kg THo7o. MitkRERAE (19%) T
RAEMREE 207z (Table 1), B O & & R
(20 %) TIiL, HAWFEAMIER T, ZEHFEICHRHEE BB,
Z MM CHR R A IE & L 72 B H A7 B AL (motor unit
potential, LL'F MUP & H&EE) (2.8~3.5mV, 13 msec), #A
T T BAT LT R 2 o 72, 21~29 Wy, Midkess
DFEIEGAER TS CABRZME YK L7 31k (1991
), EEEO O LFHI AR L.

ABEthfeid o ABeH, B 135 cm, RIE 26 kg, fRiR
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Fig. 1 Pedigree of the patient’s family.

Arrow indicate the patient as III-5 at the age of 54 years old. P means proband. The patient’s mother (II-4)

died suddenly at the age of 54 years old.

36.3°C, [k#A 84/min, IflJEf 109/75 mmHg T& -7z, MUK - 1k
WCRE O MG - AT - BRI 5o, &NBiTh o
7o, WETIZMEZ (, EEIHATCRE) L2 BRF - WY
IR <, BEIRIEE T, BESOWEReHEE L &2
AT o 7o, PRPEIRSRE 2 528 (Table 1), LEKILIE
HHMTH o7z RBELY IEEFET 0y 7 EORERE
o, 39mE L D IRIR (40~50/43) L4, EETOv s
fE) FEWEIMAVGE - OB, R SERES O
BRI E AP Lz (Fig 2A). $72, ORI, O
FEHIHEOLEEARERS QT TR #ED . LTa—
Tl 40 W X 0 B MRV A BO72D, ELEOKRE
S LS ERITIEF#HP T > 72 (Table 1, Fig. 2B). 45 j%
B &0 7 T IR MR B FRR B A P FE AR S A L 72, 47 TR,
Torsade de pointes (TdP) 2 & A2Hh%& R L7z, 52 7%, LB
TEREEARE, R CEMEI Z A0 L, AR RRE, b T REE
ROBEENHREAE & L CHRA L7z, EFSRIDIEN 2 #k5 L
729, ORISR B E DS W > 72, BEESMRI (533%) T
1, GRS & e RIS R 4 072 (Fig. 2C). 7V
77 ) VK D HEREE L EIT, ZORBMEEORIEIE %
Modz MEARATIE, 8, AT - BHReE B, THHE6E
FIERUG, a7 v, HURIRBERRICERT 2 {, CK, 7
VRS =¥, IF70bC ZIEFEH#HECTH -7z (Table 1).
53 M FFIZHEAT LIS M M (RIBIEM, WMAIEH) <
1, HEREREIEES T, EEERICRE L CHIRIERSH
P MUP % 328, FIITHIE80 . SR Tl T
TLCWZrg BRI BRIz Tz (Fig 3A). E@)
BEOMBAEMAT TIL (Table 1), BIEEMRIZEFTH Y,
IEHRE & RAERE CHRA GBIV BT % 726 72 25 254
WCEBPTREE 27 BAEMEL FIREFHERECH - 72,
55 MR, Mige, SN, OAE, A RS TdP & &

PEL, R[ECRM, ANTIFRaREE, A AT B E) 25
(implantable cardioverter defibrillator, LT ICD & W&FE) AitisA
AT, BEEEERE (56 %) % MEAT L7z (Fig.2D). LERTIX
=X =7 —EE (60/5) &7xo7z 56 ML DL a—
TLREEREGOVE AMKT 22O, LAENETLL
(Fig. 2B). 58 iy, M#EEMIC, BB T, W4 TR
BRIZ 7 78, BRERHIBNEIEZR <, Hx ) L CRinE
L7z, i, IRERESNIIER ©, WIEIRE R
KT, HET RS, ISR E RO 505, HIZRE Lo
7o, EER T, TR - RROFERT RO 505, SR
R SRR o 72, DU IS (4t 2 580, il B A 1
hER LINE, I BIETIE 90 FEm M L NhE, FRIETIEMR, B
BN - EBIET S Il R RIET OSSR, IEHERTE % 320
(Fig. 3B), REHMERAHIFHMHEECTH o 72, EPICEN AT
FRCRY VAL TAY =7+ 2 8MEL, WECREH
O il & PR B BIETEIE A LA S N72As, ZoMof
PR IZRBO o 7o, R, HEEMRERICERE 20 Lo
7. B9, LEMBIE ABF L 72ATICD 12 X Y BRMlB T & 72
L2 L, OAREOMEITIZE DI Lz, &RE7 57 4F.

BAREFRIIRAT © FREVEZEHE (spinal muscular atrophy,
LUF SMA L B5RE) DRI O/20, RADOFREEZET (54 4%
IKE), RAYIMLE ) DNA Z3hili L, SMNI #t{Z+ & NAIP %%
TOIE—HEFNPIEFETHo 72, RADRRFOMHHZ
WE L7728, 56 MEFIC, I L 2 RADME L E b
PAETE AR O B R AR X DKL (KFREF 5 28-22,
R 29 43 H 10 HA&RR) 15T, MEERRMTZEE ST
ey s ——7, REME&ETFTZ YV — 247340 (TruSight
One ¥ —7% » Z7¥4 )V, lllumina) , A > — 4 >4 — (MiSeq,
lllumina) % H\»TC, 4813 i#fnT (target region 12 Mb) DT
7V B OEER Y] % AT L, VariantStudio software
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Table 1 Laboratory data, parameters of lung function test and echocardiography, and the
nerve conduction study of motor nerves examined at the age of 53 years old.

Laboratory data

Age (years old) 14 31 57
CK (U 25 54 109
Aldolase (U/I) 3.3 3.5
Myoglobin (ng/m/) 53
Analysis of blood gas (room air)

pH 7.361

pO, (mmHg) 79.7

pCO, (mmHg) 49.5

HCO, (mmol/l) 27.2

Sa0, (%) 95.3

Lung function test

Age (years old) 19 31
VC (L) 1.28 1.32
%V C (%) 44.2 52.5
FEV 1.0% (%) 68.5 86.1

Echocardiography

Age (years old) 40 57
LVEF (%) 78 41.3
LVDd (mm) 38 42
LVDs (mm) 23 33.6

Nerve conduction study (at 53 years old, Right nerves)

CMAP
(11?11;) distal proximal Igil(/::;
(mV)
The median nerve 2.4 0.16 0.22 39.8
The ulner nerve 2.9 0.76 0.8 66.6
The posterior tibialis nerve 4.3 10.9 10.7 42.3

VC and FEV1.0 mean vital capacity and forced expiratory volume in one second, respectively.
LVEE LVDd and LVDs mean left ventricular ejection fraction, left ventricular end-diastolic
diameter, and left ventricular end-systolic diameter, respectively. DL, CMAP and MCV mean
distal latency, compound muscle action potential, and motor conduction velocity, respectively.
Normal range of CK are <=25 U at the age of 14 years old, 18-86 U/ at 31 years old, and 41—
153 U/l at 57 years old. Normal range of aldolase are 2-8 SU at the age of 31 years old, and 2.7—
7.5 U/l at 57 years old. Normal range of myoglobin at the age of 57 years old is <65 ng/ml.
Normal range of LVEE LVDd and LVDs are 53-80%, 40-53 mm and 23-42 mm, respectively.

(Mlumina) % HWCT — ¥ BT 21T 072, BIRFIHNT O VEEDSY VB E NS (p.E358K, NP733821.1) I At
B, BT RN=22)12BWTT LIVEEE 1% KT, AZEH ¢.1072G>A (NM170707.3, dbSNP rs60458016) % N7
ClinVar? |23\ clinical significance 7% “pathogenic” ®/\1) 7 TIEEMICERD, ¥ ALY Ny —2 T2 AFHTCHERL 72
v hELT, Mi—, LMNABEZTFIZ, IR 358DT)VF 3 (Fig. 4).
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Fig. 2 Findings of cardiac and cerebrovascular complications in the patient.

(A) Electrocardiography examined at the age of 53 years old showed supraventricular arrythmia resembling atrial flutter. (B) The course of the

left ventricle ejection fraction (LVEF) measured by echocardiography and of the plasma level of brain natriuretic peptide (BNP). (C) FLAIR

image on brain MRI at the age of 53 years. (D) Chest X-ray at the age of 55 years old after implantation of implantable cardioverter defibrillator.

z =

LMNA BIZT3EEEATH LTIV ACEI-FLTE
D, &t bOZHRETERIIZEI L T»2% 9. pE3S8K N7
oA MR AD #{zEX» EDMD2, L-CMD, LGMDIB
BT 2B OER L L CTHRE SN TS 78, LMNA &
ZT® c1072G>A N 7V ME, KT —FN—ZA 299 |25
WTHARAR RO L R IC B W CREFH I s T
Wip\ (T LOVEREE 0%). HERENIZIFEESICTd %55, LMNA
BETOANTHEAUERIZLIDHIAIT 7 4 —Tld de
novo 3%\ (76%) L ENTW5 Y. 4B, HERGIIR:HZE
PIELTBY, BPAREREZGEL TV LI REIIRETE %
W DLk X Y, HERENZS I O SF - E 2T
HERBITIX, fFZEsE, P, MEEEE L W) BRRE
K& Y EDMD2 25% 2 51578, MBI 2 R & 5
ZAHTENTET, BMCHE L. SHERKRE T, &
IRIE, ZHMkEO MUP, THAET 2780, — AR
WEbh7.. LaL, H51FEBORFE (M) <
BBz T2 e h s, BEEELO ML %
Z6N5 0 I AT —IZB W CEE R R CEIRIEEN
REMEBMEALNL ZEDH D, BIRBEEMOERFE L L
T, IEREHEC L DL D, DV, SR L 725

DHEIATD T 7 W R FFAERRHE LS B8\ TR SE IS o T4
S gl UClal— @B AL I8 3 2 A O local grouping % 4=
FTHILICLDWRESIERSINTNE W, T2, SHKEE
MAHRLNLHEF & LT, EERICIZ T, HiftiEo R IARR
iwRAfE D splitting, MEFEATRRAMEM @ ephaptic transmission &5 7%
LRI NTWw5DH W, Rowinska-Marcinska 5 1%, JEMEIRG (=
RIE, FEHlEIER, ZA41) MUP ANREL TH SN
EDMD 21 f (X #4878 1% 16 B, AD #Efx 5 Bl) % b L
FRRAE T A X DL KRR O AR R BRI X 2 b o LB
LCTw3 2, —J LMNA#EETONTFOoBEEHER (L
T, ERLIEE) OEFITIE, FEMELERO LI LS
WS DO 18) G TR AR AR A AR C R SR 2R LS
AONTZE T HMEDNTHAEND 92 (Table 2). %< 1E3
AT — % RS BT R ORI L TA SN, Table2 ® 1141
W9 FlCIfi i CK i k5% 520, It CK fEIEH @ 2 61 (case
5,10) % & 5 B TIZEHH BRI THIRIMEZLOTRTE % 72
7z . Table 2 ® case 10 T2 72 pR37T7TH % L,
EDMD2, LGMDIBY™, SMA® [HE 20 ZE0%kk kil
MWHRESNTEBY, pE3S8K & F L exon 6 @, central rod
domain @ coil 2 helical domain (7 3 / BE¥%3E 244~390) 12%8
BV L T 5. pE358K ZEDOHEHITIE, MEHZE
TN 1 Bl % B T CKILE % 728 =9, JEHRI 70§17 8
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Fig. 3 Needle electromyography and the photograph of the patient.

(A) Needle electromyography of the Vastus medialis muscle examined at the age of 53 years old. (B) The photograph of the patient at the age of

58 years old. Fig. 3B is published with patient’s permission.

Codon
358
GAG
GG ATGCAGCAGCAGCTIGG ICAAGIACCAGG 2GC TICTGG ICAT
81 89 97 105 113

Fig. 4 ¢.1072G>A heterozygous variant in the LMNA gene.
The presence of ¢.1072G> A heterozygous variant (arrow) in exon 6

of LMNA gene was identified by the direct dye-terminator sequence
analysis, using the forward primer (5'-GAAGCTTCGAGACCT
GGAGG) and the reverse primer (5-ATGAGTGAGAGGAAG
CACGQG).

AT RO 2 20 72, HERBIIL p.E358K R IZB W
TEMAHBERREN R ET 2 2 L 2R T HEREN L
ES Y (WAl

73/ 8F =T, MEERE, SRR, BOEEG
EWREENR, AEMRERE, OHE, CASFOLEEYE
BT B2 EN%L, ERIEERTEDH D 2%, Table2 D

11 B, 14 D case 4 LA 10 B TREGBH 2 DR B R LR
HERMIERAE DG PE, B ERD. T3 ) 8 F—BEDE
PRIEORE & L TCLEERERISIEESNTBY, 22RO
FEi D7 ICD DA HAHHEIE S T3 22 JEREIT
1, 30 fR & D IR CBEEAREENR, 40 R & ) OriEREE L
B LEEAIENR, 50 L& 0 AEEREREE, LARDTHRS
M, ICD MHAMT & 4T o 7. LMNA B EORMNERZ
BT 5HRAOHZETIE, 20 Bk CTILIERYA LNz
ZEN% L, 40U E IR A EIRD A SN S T &S
Shrolzl aN®, HEREAIOLEPHEDRBIZFIEL 2w &
EZ N BZEEEREOEINC BV TRERZ &0 E
BEBELTCOWAYEIZT I ) 8T —2ENICH T B LEND
BEEZONLY, HRPTILOEREASNZWI &b H
0, SBIBEIIZIEICHES. BREIENTICS72o T, B
PRAT s S T DXt % % LMNA 15112885 2 L IdWEETH
D, BEOBETVENTERICHH L. BEREITIE, MR
I RF—OF AL TR BINIHEE L7245, A
BB (R T 7V — AN DSEE A O R A S OMER IS
ERTHo7.

p-E358K ZFD I F /3 F — OHiEFITIX, FEREF#IE 0~7
e, ESEEROYETOM ST 1R TEND - REREDN,DS 20
~30 R CHIRRE L SRk TH o 72 7Y, MidE L 7§ Tk
p.E358K ZE O H AR NDFEF O 13 % 0o 72, HERBI,
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28 (p.S303P® | p.R377H¥) ¢ EDMD2 Ol & bz L
THATHRNMAN TH o 72, HERBUI/NBEFZZ D 5301
FTCORMEZEH) LD TE, ZOHERELZIMBETCELZ L
B ORERZEN T 5 L TERERERNEE L SN
BHEE | SMNT BUETFMH (PCR ) 120V THIA KR FBEES R
WFgeAt Huldh R R - BRI SR a2 5 I VE R AR, Bz
HRENT (BRABBIMRHE T &V — AN, LMNA {ET-H07, SMNI
SETEAT (MLPA ) 123 o 72 [EI ST Bttt 18 BURFR b B R
JeER BB THE, DA BHE DB OV TR IEERENE 7 SR
Serk, EISETRE R L 3

RWEOER L, 4221 B HAMRF SN ETREL, 2F
HERE VAR | SR IENL T

XELEBICARCICHME L, FRT<E COLREICSH 2 A3,
Mgk, FHRRCTROED THA.

X

1) Online Mendelian Inheritance in Man (OMIM) [Internet]. 8600
Rockville Pike, Bethesda, Maryland (MD), 20894 USA: National
Center for Biotechnology Information, U.S. National Library of
Medicine; updated 2018 Nov 19. [cited 2021 Feb 27]. Available
from: https://www.ncbi.nlm.nih.gov/omim, English.

2) 1000 Genomes data in Ensembl [Internet]. Hixton,
Cambridgeshir, CB10 1SD, United Kingdom: FEuropean
Bioinformatics Institute; release date 2009. [cited 2021 Feb 27].
Available from: http://grch37.ensembl.org/index.html, English.

3) The Genome Aggregation Database (gnomAD), Exome
Aggregation Consortium (ExAC) [Internet]. Cambridge,
Massachusetts (MA), USA: Broad Institute of MIT and
Harvard; release date 2014 Oct. [cited 2021 Feb 27]. Available
from: https://gnomad.broadinstitute.org/, English.

4) ClinVar [Internet]. 8600 Rockville Pike, Bethesda, Maryland
(MD), 20894 USA: National Center for Biotechnology
Information, U.S. National Library of Medicine. [cited 2021 Feb
27. Available from: www.ncbi.nlm.nih.gov/clinvar/, English.

5 HAANZEA I v 7 AZH/ XAV jMorp [Internet]. & 3R
BT BAL AT 4 BV - AN 7 BekE ToMMo, Hbk
% last update 2021 Feb 17. [cited 2021 Feb 27]. Available from:
https://jmorp.megabank.tohoku.ac.jp/202102/variants, English.

6) Lin F, Worman HJ. Expression of nuclear lamins in human
tissues and cancer cell lines and transcription from the
promoters of the lamin A/C and Bl. Genes Exp Cell Res
1997;236:378-384.

7) Mercuri E, Poppe M, Quinlivan R, et al. Extreme variability of
phenotype in patients with an identical missense mutation in
the lamin A/C gene: from congenital onset with severe
phenotype to milder classic Emery-Dreifuss variant. Arch
Neurol 2004;61:690-694.

8) Quijano-Roy S, Mbieleu B, Bonemann CG, et al. De novo
LMNA mutations cause a new form of congenital muscular
dystrophy. Ann Neurol 2008;64:177-186.

9) Bonne G, Mercuri E, Muchir A, et al. Clinical and molecular
genetic spectrum of autosomal dominant Emery-Dreifuss

61 : 669

muscular dystrophy due to mutations of the lamin A/C gene.
Ann Neurol 2000;48:170-180.

AHEGL. SHHEM OB, MRENFE 2006;65(Suppl 4):
118-127.

B ASERL.  MREIEIEZAL & WAL (L OV . HhiE
P%EF 2006;65(Suppl 4):128-138.

Rowinska-Marcifiska K, Szmidt-Satkowska E, Fidzianska A, et
al. Atypical motor unit potentials in Emery-Dreifuss muscular
dystrophy (EDMD). Clin Neurophysiol 2005;116:2520-2527.

13) K7H B, MO L w A, NIERS. T3 2 ACEETFICH
T T B A TR 72 et AR B 1% Emery-Dreifuss ZIff; 2 A &
07 4 —ORFE 1B FRRAKE 2002;42:140-144.
Rk, R, KZEEETFS. FIE 42 F£1%12 Emery-
Dreifuss #Iffi VA b 07 1 — LB S NUlE R — 2~ FHERE
13 E Al 2 A A RIBEMIEN 2 (cardiac resynchronization therapy
defibrillator; CRT-D) #fiA & 7 o721 6. FRRAFE 2014;54:
489-494.

Ki CS, Hong JS, Jeong GY, et al. Identification of lamin A/C
(LMNA) gene mutations in Korean patients with autosomal

10

=

11

—

12

~

14

fy

15

2

dominant Emery-Dreifuss muscular dystrophy and limb-girdle
muscular dystrophy 1B. ] Hum Genet 2002;47:225-228.

16) Goizet C, Yaou RB, Demay L, et al. A new mutation of the

g

lamin A/C gene leading to autosomal dominant axonal
neuropathy, muscular dystrophy, cardiac disease, and
leukonychia. ] Med Genet 2004;41:e29.

Benedetti S, Bertini E, Iannaccone S, et al. Dominant LMNA

mutations can cause combined muscular dystrophy and

17

~

peripheral neuropathy. ] Neurol Neurosurg Psychiatry
2005;76:1019-1021.

Walter MC, Witt TN, Weigel BS, et al. Deletion of the LMNA
initiator codon leading to a neurogenic variant of autosomal

18

=

dominant Emery-Dreifuss muscular dystrophy. Neuromuscul
Disord 2005;15:40-44.

19) Rudnik-Schéneborn S, Botzenhart E, Eggermann T, et al.

=

Mutations of the LMNA gene can mimic autosomal dominant
proximal spinal muscular atrophy. Neurogenetics 2007;8:
137-142.

Iwahara N, Hisahara S, Hayashi T, et al. A novel lamin A/C
gene mutation causing spinal muscular atrophy phenotype with

20

=

cardiac involvement: report of one case. BMC Neurol
2015;15:13.

Sébillon P, Bouchier C, Bidot LD, et al. Expanding the
phenotype of LMNA mutations in dilated cardiomyopathy and

21

~

functional consequences of these mutations. ] Med Genet
2003;40:560-567.

22) Maggi L, Carboni N, Bernasconi P. Skeletal muscle
laminopathies: a review of clinical and molecular features. Cells
2016;5:33.

23) Nakajima K, Aiba T, Makiyama T, et al. Clinical manifestations

=

and long-term mortality in lamin A/C mutation carriers from a
japanese multicenter registry. Circ J 2018;82:2707-2714.

24) Meune C, Van Berlo JH, Anselme F, et al. Primary prevention
of sudden death in patients with lamin A/C gene mutations. N
Engl ] Med 2006;354:209-210.



61 : 670 BRRHIRES: 614 105 (2021 : 10)

Abstract

A case of laminopathy with the mutation of LMNA gene identified
by the exome analysis of disease-related genes

Kenichiro Nakamura, M.D., Ph.D.", Takao Matsuda, M.D., Ph.D.?, Takuya Hanaoka, M.D., Ph.D."?,
Katsumasa Goto, M.D., Ph.D.? and Etsuro Matsubara, M.D., Ph.D.?

U Department of Neurology, Nishibeppu National Hospital
2 Department of Reproductive Medicine and Genetics, Nishibeppu National Hospital
9 Department of Neurology, Faculty of Medicine, Oita University

Laminopathy, caused by mutations in the LMNA gene, include a variety of diseases, such as Emery-Dreifuss
muscular dystrophy. A Japanese woman developed progressive muscle weakness, muscle atrophy and joint contractures
of upper and lower limbs after the age of two years old. She had restrictive respiratory dysfunction, and developed both
supraventricular and ventricular arrhythmias after the fourth decade of life. At 55 years old, she had tracheostomy,
required mechanical ventilation and was implanted with the implantable cardioverter defibrillator. The serum level of
creatine kinase was within normal range. Electromyography showed polyphasic or large motor unit potentials and
reduced interference pattern, while relatively normal recruitment. The exome analysis of disease-related genes revealed
a heterozygous pathogenic variant ¢.1072G>A (p.E358K) in the LMNA gene, which contributed to the diagnosis of
laminopathy.

(Rinsho Shinkeigaku (Clin Neurol) 2021;61:663-670)
Key words: laminopathy, LMNA, Emery-Dreifuss muscular dystrophy, needle electromyography, exome analysis




