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Abstract Mutations in the LMNA gene encoding lamins A
and C by alternative splicing have been found to cause at
least four different kinds of genetic disorders: autosomal
dominant Emery-Dreifuss muscular dystrophy (EDMD?2;
MIM 181350); limb-girdle muscular dystrophy type 1B
(LGMD1B; MIM 159001); dilated cardiomyopathy type 1A
(CMD1A; MIM 115200); and familial partial lipodystrophy
(FPLD; MIM 151660). Recently, we have studied two
Korean patients with atrioventricular conduction defects.
They had variable extents of muscular dystrophy; one
patient was diagnosed with EDMD?2 and the other with
LGMDI1B. We performed a mutation analysis of the
LMNA gene by direct sequencing and found two different
missense mutations: R249Q and R377L, in the EDMD2 and
LGMDI1B patient, respectively. The R249Q mutation is
located within the central rod domain of the LMNA gene,
and has been described in at least five unrelated sporadic
EDMD? patients. On the other hand, the R377L mutation,
also located within the rod domain, is a novel mutation,
although a histidine substitution instead of leucine (R377H)
has been reported previously in an LGMDI1B patient. To
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our knowledge, this is the first report of LMNA gene muta-
tions in Korean patients with EDMD2 and LGMD1B.
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Introduction

Lamins are members of the intermediate filament protein
family, and they are major components of the nuclear enve-
lope. Like other intermediate filament proteins, nuclear
lamins have a central a-helical coiled-coil domain, flanked
by globular amino-terminal head and carboxyl-terminal tail
domains. Lamin A and C are splicing variants encoded by
the lamin A/C (LMNA; MIM 150330) gene and share the
first 566 amino acids (Stuurman et al. 1998; Nagano and
Arahata 2000). In 1999, Bonne et al. (1999) found that a
mutation in the LMNA gene is the cause of an autosomal
dominant Emery-Dreifuss muscular dystrophy (EDMD?2;
MIM 181350). Soon after that discovery, other disorders
such as dilated cardiomyopathy type 1A (CMD1A; MIM
115200) (Fatkin et al. 1999), limb-girdle muscular dystrophy
type 1B (LGMDI1B; MIM 159001) (Muchir et al. 2000),
and familial partial lipodystrophy (FPLD; MIM 151660)
(Shackleton et al. 2000) were found to be allelic disorders of
the same gene.

Among these disorders related to LMNA gene muta-
tions, EDMD?2 is characterized by early contractures of
elbows and Achilles tendons, slowly progressive muscle
wasting and weakness, and cardiomyopathy with a variable
degree of conduction-system disease, which are identical
symptoms to those of classic X-linked EDMD (MIM 310300)
(Emery 2000). On the other hand, LGMDI1B is slowly
progressive, with age-related atrioventricular (AV) cardiac
conduction disturbance, dilated cardiomyopathy, and the
absence of early contractures (van der Kooi et al. 1996).

Recently, we have studied two Korean patients with
atrioventricular conduction defects. Although they had
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similar cardiac problems, the extent of muscular dystrophy
showed such wide variation that one patient was diagnosed
with EDMD2 and the other with LGMDI1B. To test
whether these patients had LMNA mutations or not, we
performed a mutation analysis of the LMNA gene and
found two different missense mutations. Here, we describe
the results of the mutation analysis as well as clinical and
laboratory findings relating to the patients.

Subjects and methods
Subjects

Two Korean patients and their family members were exam-
ined for mutations in the LMNA gene. The diagnoses of
the patients were made on the basis of clinical symptoms,
family histories, physical as well as neurological exami-
nations, cardiological investigations including 12-lead elec-
trocardiography (ECG), 24-hour ECG monitoring and
echocardiography, electrophysiologic studies including
nerve conduction velocity (NCV) and electromyography
(EMG), laboratory studies of plasma creatine kinase (CK)
enzyme activity, and muscle biopsy. Information on de-
ceased family members as well as on other family members
who were suspected to be affected was obtained from
probands.

Case reports

The patient of case 1 was a 28-year-old woman presented to
the cardiology department complaining of intermittent diz-
ziness and palpitation. She developed progressive wasting
of the lower leg muscles at age 3 years and began to have
difficulty walking at age 6 years. A physical examination
demonstrated severe wasting of the bilateral shoulder
girdle, proximal arm, and proximal and distal leg muscles.
A marked limitation of cervical flexion, both elbow and
Achilles tendon contractures, and equinus deformities of
both feet were also noted.

The plasma CK level was 2541U/1 (reference interval:
22-2681U/1), and was all of the skeletal-muscle (CK-MM)
type. NCV was not impaired but an EMG revealed an early
recruitment pattern, which was consistent with chronic

Fig. 1A,B. Pedigrees of fami-
lies with EDMD2 (A) and
LGMDI1B (B). Squares indicate
males, circles indicate females,
arrows indicate probands, and
slash marks indicate deceased
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myogenic disorder. The ECG showed sinus pause and a first
degree AV block. A Morbitz type I AV block and a
high-egree AV block-associated atrial tachycardia (120
beats/min) were noted in a 24-hour ECG monitoring
study. Echocardiography revealed normal systolic function
and cavity size of the left ventricle, but a restrictive pattern
was noted.

An elder sister (Fig. 1A) with similar clinical features to
the patient died of an unknown cause at age 28 years. No
other family member had any clinical symptoms or signs of
the disease. The patient was diagnosed as having EDMD2,
and a VVI-type permanent pacemaker was implanted to
prevent sudden death associated with high-degree AV
block.

The patient of case 2 was a 41-year-old woman who had
suffered from ankle contractures for 25 years. She had gait
disturbance and difficulty climbing stairs due to ankle
contractures as well as proximal leg weakness. At the age of
39, she experienced a loss of consciousness for 30 min, which
resulted in paraplegia for one year. When she visited our
hospital to relieve the ankle contractures, a neurological
evaluation revealed limb-girdle muscle wasting, particularly
proximal arms and thighs.

The serum CK level was 55IU/I (reference interval: 26—
1401U/1). NCV studies were normal, but EMG revealed
short-duration and small-amplitude polyphasic motor unit
potentials over the biceps, vastus medialis, orbicularis oris,
and gluteus maximus muscles. Spontaneous activities such
as fibrillation potentials were absent. A muscle biopsy dem-
onstrated variation in fiber size with round atrophic and
some hypertrophic fibers and an increased amount of inter-
nal nuclei. Atrial fibrillation was noticed on ECG, and the
longest R-R interval was 2060 msec in a 24-hour ambula-
tory ECG. Echocardiography showed dilated cardiomyopa-
thy (left ventricle ejection fraction: 40%).

Two elder sisters had died at age 20 and 38 years due to
heart problems, and another elder sister had similar prob-
lems as the patient (Fig. 1B). This patient was diagnosed
as having LGMDI1B, and a VVI-type pacemaker was also
implanted.

Mutation analysis

The patient with EDMD?2 and her mother, two elder sisters,
and brother were tested for the LMNA mutation. Because
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family members. Open symbols
indicate unaffected family mem-
bers, darkened symbols indicate
affected family members, and
shaded symbols indicate family
members who are or were pro-
bably affected
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all family members of the patient with LGMDI1B refused
mutation analysis, only the patient was included in the
study. After we had ostained informed consent, genomic
DNA was isolated from peripheral blood leukocytes using a
Wizard genomic DNA purification kit following the
manufacturer’s instruction (Promega, Madison, WI, USA).
All 12 exons of the LMNA gene were amplified by poly-
merase chain reaction (PCR) by using specific primers
provided by Seidman CE (http://genetics.med.harvard.edu/
~seidman/lamin.html), as described previously (Fatkin et
al. 1999). PCR amplicons were extracted from an agarose
gel using a gel extraction kit (Qiagen, Valencia, CA, USA)
and then subjected to direct sequencing analysis on an
automated ABI Prism 3100 Genetic Analyzer (Applied
Biosystems, Foster City, CA, USA) with a BigDye
Terminator Cycle Sequencing Ready Reaction kit, ver-
sion 2.0. (Applied Biosystems). The presence of each
nucleotide alteration detected by direct sequencing
was confirmed by restriction endonuclease digestion if
possible.
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Results and discussion

In the patient with EDMD2, a G to A transition in exon 4
of the LMNA gene (c.746G>A; R249Q) was observed
(Fig. 2), which was not found in any of the tested family
members. In the patient with LGMD1B, a G to T transver-
sion in exon 6 of the LMNA gene (c.1130G > T; R377L)
was found (Fig. 2). Both mutations were confirmed by
restriction endonuclease digestion with Acil. The R377L
mutation was not found in 110 unrelated control subjects.
Since the R249Q mutation found in the EDMD2 patient
was not novel, we did not test the mutation in control
subjects.

The R249Q mutation has been reported previously in at
least five EDMD?2 patients (Bonne et al. 2000; Di Barletta
et al. 2000; Brown et al. 2001). Different from our patient,
four of them were male (one unknown) and three of them
were diagnosed as having X-linked EDMD (Di Barletta et
al. 2000). All EDMD2 patients with the R249Q mutation of
the LMNA gene had heart problems. Although we could
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Fig. 2A-D. Identification of LMNA mutations in patients with
EDMD?2 (A and B) and LGMD1B (C and D). A Direct sequencing
demonstrates a heterozygous G to A transition (arrow; c.746G>A)
within exon 4, resulting in a R249Q missense mutation in the EDMD2
patient. B Polymerase chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) analysis confirms the R249Q mutation, which

Pt Con M

destroys an Acil site creating a 180-bp band (arrow). C A heterozygous
G to T transversion within exon 6 (arrow; c¢.1130G>T) resulting in an
R377L missense mutation was observed in the LGMDI1B patient. D
PCR RFLP analysis also confirms the R377L mutation, which destroys
an Acil site creating a 179-bp band (arrow). Con, wild-type control; Pt,
EDMD?2 or LGMD1B patient; M, 100-bp size marker
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not perform mutation analysis of the patient’s father, no
family member other than the deceased sister showed clini-
cal presentations of EDMD2. However, it is not clear
whether the patient’s sister died from complications of
EDMD? or not.

Based on the patient’s family history, either the mutation
arose de novo in the patient’s generation, or germline
mosaicism may explain the occurrence of the R249Q muta-
tion in the patient. The possibility that it is a recessive trait
was excluded because the R249Q mutation has been found
in at least five EDMD?2 patients and because there was no
genetic variation other than the heterozygous R249Q muta-
tion in our patient or in tested family members.

Up to now, four different LMNA gene mutations were
reported to be associated with LGMD1B. Therefore, this
is the fifth report of an LGMDI1B patient carrying an
LMNA gene mutation. Known LMNA mutations causing
LGMDIB are an in-frame deletion in exon 3 (c.334-
336delGAG; delK208) (Muchir et al. 2000), a missense
mutation in exon 6 (R377H and R377L) (Muchir et al.
2000), a missense mutation in exon 8 (Y481H) (Kitaguchi
et al. 2001), and a splice donor site mutation in intron 9
(IVS9+5G>C) (Muchir et al. 2000).

The delK208 mutation is localized in the central rod
domain that is implicated in the dimerization of lamins
(Heald and McKeon 1990). The R377H and R377L muta-
tions are located among the 32 amino acids highly con-
served in all intermediate filaments at the end of the a-helix
rod domain (Muchir et al. 2000; Genschel and Schmidt
2000). By a systematic mutagenesis of this 32-amino-acid
region, Heald and McKeon (1990) showed that both the
R377H and R377P mutations abolish the assembly of nor-
mal nuclear lamina. The Y481H mutation changes an amino
acid in the carboxyl-terminal tail domain of lamin A/C,
which has been conserved through different species and
different lamins (Kitaguchi et al. 2001). The IVS9+5G>C
mutation also affects the carboxyl-terminal tail domain of
lamin A/C, which leads to an aberrant LMNA transcript
with the retention of intron 9 and a frameshift at position
536 (Muchir et al. 2000). It is noteworthy that two out of five
mutations causing LGMD1B were found at the same codon
(R377). Therefore, R377 may be an important codon
strictly related to the LGMD1B phenotype.

Different from EDMD?2, all LGMDI1B patients with
LMNA gene mutations reported so far were familial cases.
They showed similar clinical features with slowly progres-
sive limb-girdle weakness, the absence of early con-
tractures, age-related atrioventricular cardiac conduction
disturbance, and dilated cardiomyopathy (van der Kooi
et al. 1996; Muchir et al. 2000; Kitaguchi et al. 2001). Our
patient in the present study was also a familial case
and showed very similar clinical features as described
previously.

In summary, we identified two LMNA gene mutations in
patients with EDMD2 and LGMD1B, which might be help-
ful to improve our current understanding of the genotype—

phenotype correlation of the LMNA gene mutations. To
our knowledge, this is the first report of Korean EDMD2
and LGMDI1B patients shown to have mutations of the
LMNA gene.
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