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Abstract

Introduction. Emery-Dreifuss muscular dystrophy (EDMD) is a ge-
netic disease that can be inherited as autosomal dominant, autosomal
recessive or X-linked form. The recessive X-linked form of EDMD
is caused by mutations in the EMD gene. Methods. Immunohisto-
chemistry of muscle biopsy of the patient with specific antibodies for
dystrophin, sarcoglycans and emerin. DNA analysis of the patient
and his relatives include homemade Multiplex Ligation-dependent
Probe Amplification (MLPA) analysis, Extended Polymerase Chain
Reaction (Long PCR) and DNA sequencing. Results. We present a
case of a 16-year-old male patient with pacemaker implantation due
to atrioventricular block. Muscle biopsy showed immunohistochem-
istry pattern negative for emerin. DNA analysis showed a deletion
of 2640 bp expanding from the 5’ region, including the 5’-UTR and
exon 1 and part of exon 2 of EMD gene. The new mutation is the
fifth large deletion reported in the EMD gene and is associated to
early cardiac symptoms.
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Introduction

Emery-Dreifuss muscular dystrophy (EDMD) is a genetic
disease that can be inherited as autosomal dominant, autoso-
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mal recessive or X-linked form. The recessive X-linked form
of EDMD is caused by mutations in the EMD that encodes
the emerin protein [1, 2] and the dominant X-linked form
is due to mutations in FHLI gene that encodes four-and-a-
half-LIM 1 protein [3, 4]. The most common cause of auto-
somal dominant EDMD are mutations in the LMNA/C gene
[5, 6] although in some cases autosomal dominant EDMD
may also be caused by mutations in the SYNE2 gene [7]. Re-
cently, Liang et al, [8] have reported two cases of autoso-
mal dominant EDMD caused by mutations in the TMEM43
gene. Some cases of autosomal recessive EDMD have been
reported due to mutations in the SYNE! gene [7].

Case Report

We present a case of a 16-year-old male patient (ED25)
with intravenous pacemaker sequential implantation due to
atrioventricular block of advanced degree. Informed consent
was obtained from the patient and relatives. Genomic DNA
was extracted from peripheral blood leukocytes by stan-
dardized procedures (commercial Gentra Puregene Blood
Kit from Qiagen, Maryland, USA). Intronic primers were
designed to amplify exons and flanking intronic sequences
of EMD and LMNA/C genes. Amplified DNA products were
sequenced by the di-deoxy termination method (BigDye
Sequencing Kit version 3.1 from Applied Biosystems, CA,
USA) using an ABI 3130 DNA sequencer. Both strands of
DNA were sequenced. Specific Multiplex Ligation- depen-
dent Probe Amplification (MLPA) probes were designed
to detect deletions and duplications in the EMD gene [9]
(specific probe sequences are available from correspond-
ing author upon request). Long PCR was carried out using
Expand 20Kb"S PCR System (Roche Diagnostics GmbH
Mannheim, Germany) and oligonuclotide primers, 5’EMD-
FOR (GAGGGCTTCGTGGGGGAGTC) and GEMD3R2
(5’-CTGTGAGCGGGGTCCCTGACQ), following manufac-
turer instructions.

Patient ED25 presented moderate muscular weakness
since he was 3 year-old, with no disease progress. From the
age of 10 he developed mild contractures of elbows, hips
and knees, and atrioventricular block. Serum CK determi-
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Figure 1. Multiplex Ligation-dependent Probe Amplification (MLPA) for dosage of EMD gene.
Procedure for test performance was the one described by Shouten et al. [9]. For data analy-
sis a global normalisation was achieved by dividing the peak area for each amplification
product by the average peak area of all peaks in that sample. Normalised peak areas were
compared to the results obtained for several control samples. In the final step, the results
obtained were visualised using Excel graphics. In abscissa exons 1 to 6 of EMD gene and in
ordinate gene dosage as deduced from peak areas. A) ED25 is the propositus; C1, C2, C3,
and C4 are male controls. B) ED29 and ED30 are the mother and sister of the propositus,

respectively; C1, C2, C3 are female controls.

nations during the evolution ranged from 600 to 1300 U
(normal maximum 150). The first muscle biopsy, performed
at 7 years of age showed nonspecific myopathic disorders
(emerin protein could not be analyzed). A new muscle bi-
opsy at 16 years of age showed mild myopathic changes with
variability of the fibers without altering the general muscle
architecture with minimal fatty infiltration. Immunohisto-
chemistry patterns with specific antibodies were irregular
for dystrophin and sarcoglycans and negative for emerin. At
this age, physical examination showed mild facial weakness,
joint contractures in elbows and hips, mild shortening of
Achilles tendon and mild suprascapular atrophy. The patient
was able to run and jump. Mean and minimal heart rate from
24-h Holter recordings was 52 and 32 heartbeats per minute,
respectively. The provisional diagnosis was Emery-Dreifuss
muscular dystrophy.

The patient was analyzed for routine blood testing.
Blood CK was repeatable high (around 1300 IU/L). Arterial
blood oxygen saturation was low (63% saturation) and CO,
concentration was increased (30.8 mM; normal values from
23 to 27 mM). Electromyogram showed minimal changes.
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Patient’s DNA was sequenced for exons and exon/intron
regions of the EMD and LMNA/C genes. After several trials
to PCR amplify exons 1 and 2 of EMD gene without suc-
cess we postulated the existence of a deletion affecting the
5’ region of the gene. To test this hypothesis, and to establish
the condition of carrier/non-carrier of the patient’s mother
and sister, we designed a Multiplex Ligation-dependent
Probe Amplification assay (MLPA) specific for EMD gene.
As shown in Figure 1A, the propositus presents a deletion
of exon 1 and 2 of EMD gene. His mother and sister are
carriers for Emery-Dreifuss muscular dystrophy since they
carry the same deletion in one allele (Fig. 1B). To establish
the extension of the deletion in the patient we amplified, us-
ing different sets of primers, a fragment of 2206 bp while
the expected size for normal allele is 4846 bp. The selected
primers were 5S’EMD-FOR and GEMDR2. We sequenced
the deleted allele to determine the breakpoint of the dele-
tion. Sequence of the breakpoint region is shown in Figure
2A. Deletion expands 2640 nucleotides, from exon 2 to 2372
nucleotides upstream of the initial ATG of EMD gene (c.1-
2375 EMD:145del) (Fig. 2B).
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Figure 2. DNA sequence of the 5’ region of EMD gene from patient ED25. A) DNA sequence
of the deleted allele at the breakpoint of the deletion (arrow). B) Scheme of EMD gene and
deleted region of the 5’ region of EMD gene. Numbered 1-6 shaded blocks indicate exons of
EMD gene. Open blocks indicate 5-UTR and 3’-UTR of FLN1 and EMD genes. Dashed lines
enclose the 2640 nucleotides deletion found in patient ED25.

Discussion

Large emerin gene deletions are relatively rare. More than
80 mutations characterized to date are nonsense, splice site
or small deletions/insertions [10]. The EMD gene deletion
here reported is the fifth one among the large deletions iden-
tified so far in this gene. The deletion affects the intergenic
region between the EMD and FLNI genes and extends to
exon 2 of EMD gene. 5’-UTR, exon 1 and part of exon 2 of
EMD gene are lost and explain the absence of emerin in the
muscle. The breakpoint is more than 2 Kb far away from the
5’UTR region of the FLNI gene. Three previously described
EMD deletions, as well as the present one, involve distinct
breakpoints within the 4590 bp FLNI-EMD intergenic re-
gion. Similarly to the previously reported deletions of the
EMD gene [11, 12], FLNI gene remains intact. As suggested
by Eksioglu et al [13], probably only DNA rearrangements
maintaining LN/ function are viable.

In two previous patients with a complete loss of EMD
gene [11], cardiomyopathy, present as bradychardia, was
treated by the insertion of a pacemaker at age 9 in one pa-
tient, whereas in other patient, cardiomyopathy was apparent
as a low heart rate at age 26. In the patient here presented,
the clinical course was as expected for an Emery-Dreifuss
dystrophy, although the cardiac symptoms appeared much
earlier than average and the patient required placement of
a dual chamber transvenous pacemaker (DDDR type). A
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similar case with early cardiac symptoms has been described
recently by Nigro et al [14] in a 14-year-old boy carrying a
nonsense mutation in exon 2 of the emerin gene (c.106 A >
T, p.K36X) leading to a truncated protein.
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