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Abstract

Emery-Dreifuss muscular dystrophy (EDMD), a rare inherited disease, is characterized clinically by humero-peroneal
muscle atrophy and weakness, multijoint contractures, spine rigidity and cardiac insufficiency with conduction defects.
There are at least six types of EDMD known so far, of which five have been associated with mutations in genes
encoding nuclear proteins. The majority of the EDMD cases described so far are of the emerinopathy (EDMD1) kind,
with a recessive X-linked mode of inheritance, or else laminopathy (EDMD2), with an autosomal dominant mode
of inheritance. In the work described here, the authors have sought to describe the history by which EDMD came to be
distinguished as a separate entity, as well as the clinical and genetic characteristics of the disease, the pathophysiolo-

gy of lamin-related muscular diseases and, finally, therapeutic issues, prevention and ethical aspects.
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Introduction

Laminopathies fall within a group of rare diseas-
es connected with structural/functional defects of
the proteins making up the nuclear envelope (which
is composed of inner and outer nuclear membranes).
This explains them also being called envelopathies.
Below the inner membrane there lies the so called
nuclear lamina formed by intermediate filament pro-
teins called lamins. There are two types of lamins
in human beings, with lamin B encountered at all
developmental stages, while lamin A/C is a pro-
tein characteristic of differentiated cells in adults,
which is not therefore present in the early stages of

embryonic development [14,35]. Lamin A/C plays the
role of a structural integrator in a cell nucleus, ensur-
ing the maintenance of the latter’s shape, as well as
its mechanical endurance (mechanotransduction).
It takes part in regulation of the cell-division cycle,
through interaction with chromatin, transcription
factors and associated proteins. Lamin A/C is encod-
ed by the LMNA gene, which is composed of 12 exons
and on the matrix of which two proteins are formed
— lamin A and lamin C. Mature lamin A is made of
prelamin A, which is subject to posttranslational
modifications catalysed by the specific metallopro-
teinase FACE-1, as encoded by the ZMPSTE-24 gene
[37]. Lamin A not only forms the nuclear lamin, but
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is also present in smaller amounts in another com-
partment of the cell nucleus — the nucleoplasm [10].

There are four phenotypic subgroups of lami-
nopathies related to the pathology of A/C lamin, i.e.
muscular and peripheral neurogenic, as well as lipo-
dystrophies and premature ageing syndromes [44].
However, the first described envelopathy was not
a laminopathy, but an emerinopathy connected with
muscular pathology — Emery-Dreifuss muscular dys-
trophy marked later on as type 1 (EDMD 1).

EDMD1 (emerinopathy):
historical remarks, clinical presentation,
genetic investigations

Historically the first clinical description of the
familiar muscular dystrophy with early contractures
was made in 1902 by Cestan and Lejonne [13]. In
1955, Peter Emil Becker recognized a benign form of
X-linked muscular dystrophy characterized by later
onset than in the Duchenne type, a slow course of
disease and slightly decreased average life expectancy
[3]. In 1961, Dreifuss and Hogan reported on a large
four-generational family in which muscle dystrophy
only occurred in 8 males. In contrast to Duchenne-
type muscular dystrophy, this disease was reported on
by the authors by reference to its extraordinarily slow
progression. Even 52-year-old and 44-year-old affect-
ed males remained ambulant, and had been able to
remain active, working as a school teacher and the
owner of a grocery store, respectively [15]. In 1966,
Emery and Dreifuss offered a detailed characterization
of the clinical features and course of the disease [16],
which encompasses atrophy or weakening of mus-
cles, mainly of the brachial and fibular groups; mult-
jarticular contractures and rigidity of the spine; and
—in further course — development of cardiomyopathy
with conduction disturbances. The first symptoms of
the diseases are usually seen in the first decade of
life, manifesting as ankle and elbow contractures and
spine rigidity. They precede muscle atrophy and weak-
ness, which are typically visible in the 2" to 3 dec-
ades of life. It is during adolescence, as a young man
grows rapidly, that contractures become more evident.
Nevertheless, the progression of muscle atrophy is
usually slow in the first decades of life, though tend-
ing to accelerate subsequently. In EDMD1, symptoms
involving the skeletal muscles usually arise before car-
diac disease, with the latter initially including sinus
bradycardia, supraventricular tachyarrhythmias and
paroxysmal atrial fibrillation, with atrial standstill and

heart insufficiency then coming to characterize the 4
or 5t decades of life. Sudden death is due mainly to
a complete heart block, though this is capable of being
averted if a pacemaker is implanted. The full clinical
picture with skeletal-muscle and cardiac involvement
is to be seen in men. Female carriers never present
muscle symptoms or signs, though in the 4!"-5t dec-
ades of life, around 20% of them may develop overt
cardiac disease, with pacemaker implantation and
pharmacotherapy necessitated. It was in 1979 that
the disease began being referred to as Emery-Dre-
ifuss muscular dystrophy (EDMD, MIM 31030), while
1986 saw Thomas and co-workers succeed in mapping
the gene responsible for the disease, i.e. EMD, which
encodes the nuclear protein emerin, on the X chromo-
some, in its q27-28 region. The maximum LOD score
value of 4.29 was obtained in the case of the marker
for Factor VIII. Simultaneously, genetic linkage to the
Duchenne and Becker muscular dystrophy locus Xp21
was excluded, in this way offering a firm confirmation
that the genetic identity of Emery-Dreifuss muscular
dystrophy is separate [42]. The Warsaw Department
of Neurology headed by Professor Irena Hausmano-
wa-Petrusewicz (1917-2015) contributed to narrowing
of the Emery-Dreifuss locus to the Xq27.3-gter region
and one of the 2 families analysed originated from
Poland. Thanks to the highly informative contacts
it proved possible to maintain with the Polish fam-
ily (in which 8 males were affected), the identity of
Emery-Dreifuss dystrophy could be narrowed down
further [45]. The EMD gene was found to contain
6 exons. The mutations in the EMD gene first iden-
tified as responsible for EDMD1 were: c¢.3G>A affect-
ing codon start in exon 1, the nonsense ¢.130C>T in
exon 2 and ¢.653insTGGGC in exon 6, which influenc-
es the open reading frame and introduces a prema-
ture stop codon at 238 [5]. In the majority of EDMD1
cases, small deletions or splice-site mutations lead-
ing to a change of reading frame are observed, while
remaining patients have either a nonsense/missense
mutation or large deletions [http://www.umd.be/
EMD] (Fig. 1). In these circumstances, a lack of emerin
can be observed in patients. Mutations are most often
located in exons 1 and 2, whereas 26% of mutations
are of codons 1 or 34 [6,11,23].

EDMD2 (laminopathy)

In the 1990s, it was determined that EDMD may
also be conditioned by laminopathy (EDMD 2 with
an autosomal dominant trait of inheritance and
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Fig. 1. Mutation spectrum in EDMD1. The most frequent mutations in the EMD gene associated with EDMD1
phenotype are marked in bold. Mutations in Polish EDMD1 patients are underlined.

Source: http://www.umd.be/EMD/

EDMD3 with a recessive one) [7,8,33,43]. The symp-
toms in skeletal muscles in EDMD?2 are less stereo-
typical than those regarding EDMD1. Severe general-
ized muscle atrophy and joint contractures can occur
early, leading to a loss of independent ambulance
in some cases. In contrast, in others the phenotype
might prove mild, with late onset and slow progres-
sion of muscle weakness and joint contractures [8].
Paraspinal ligaments are frequently affected. Weak-
ness of respiratory muscles and chest deformity may
cause respiratory failure. The cardiological compo-
nent is found to be less predictable in EDMD2 than
in EDMD1. Apart from conduction disturbances, sys-
tolic dysfunction of the left ventricle predominates,
while the pathological process affects the ventricles
more frequently, leading to dilated cardiomyopathy.
Life-threatening ventricular arrhythmia is the main
cause of death. As a pacemaker is not found to suf-
fice, implantation of a cardioverter-defibrillator in
primary prevention of sudden cardiac death is rec-
ommended. In 1999, Bonne et al. [7] mapped the
locus for EDMD2 on chromosome 1q11-g23, which
contains the LMNA gene encoding two proteins of
the nuclear lamina, i.e. lamin A and lamin C. The first
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reported mutations in the LMNA gene, as associated
with EDMD 2, were: the nonsense c.16C>T in exon 1,
and the three missense mutations of ¢.1357C>T in
exon 7,as well as c.1580G>C and 1589T>C in exon 9.
In 80% of cases of EDMD2, mutations in the LMNA
gene involve heterozygous missense mutations,
which result in synthesis of a mutated lamin A/C
with a dominant-negative toxic effect; less often
they include deletions/duplications, some of which
may lead to loss of function of the final protein [4].
The LMNA gene mutations in EDMD2 are dissemi-
nated randomly in exons 1-11 of the lamin A/C gene
(Fig. 2). A genetic defect is most often localized in
exons 1 and 6, while recurrent mutations are seen
in codons 377 and 453 [23,25]. In the majority of
EDMD?2 patients, it is possible to find de novo muta-
tion in the LMNA gene [9].

Other types of EDMD

Laminopathy or emerinopathy is diagnosed in
40% of patients with the clinical picture of EDMD.
A search for mutations in other genes, including
those encoding proteins of the nuclear envelope
that are functionally related to lamin A/C, allowed
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Fig. 2. Mutation spectrum in EDMD2. The most frequent mutations in the LMNA gene associated with
EDMD2 phenotype are marked in bold. Mutation in Polish EDMD2 patients are underlined.

Source: http://www.umd.be/LMNA/

for the identification of SYNEI and SYNE 2 (the syn-
aptic nuclear envelope protein 1(or 2) genes), encod-
ing nesprin-1 and nesprin-2, as two genes connect-
ed with EDMD, i.e. EDMD4 and EDMDS5, respectively
[46]. A further candidate gene is the LAP gene encod-
ing polypeptides connected with lamins (lamin-as-
sociated protein 2 alpha, LAP2alpha). Mutations in
this gene were also reported in patients with dilated
cardiomyopathy, which is clinically similar to lami-
nopathy. In 2009, a few patients with a clinical pic-
ture resembling Emery-Dreifuss muscular dystrophy
were reported with a mutation in the FHL-1 (four and
a half LIM domains protein 1) gene located on the
X chromosome [21]. The gene is responsible for
encoding one of the proteins of the cytoskeleton.
A characteristic feature of EDMD6 caused by a muta-
tion of FHL-1 is hypertrophic cardiomyopathy (as
opposed to the dilated cardiomyopathy observed in
the case of laminopathy), as well as deltoid hypertro-
phy and - often — vocal cord paresis.

Pathophysiology

A number of pathological changes can be
observed in both laminopathies and emerinopathies,
at both the molecular and the cellular levels. In the
majority of emerinopathies, a lack or considerable
reduction of emerin expression is to be observed

[26]. Some EMD mutations lead to shortening of
emerin, due to premature termination of the ami-
no-acid chain or improper exon splicing. Shortened
emerin is deprived of its proper biological function
and in the case of a loss of signal of nuclear localiza-
tion, it may be absent from the nucleus. Ultrastruc-
tural examination of cells of skeletal, cardiac-muscle
and skin fibroblasts from patients suffering from
both types of EDMD has been found to show irreg-
ularly-shaped nuclei, losses of nuclear membrane
and a change in the density of heterochromatin. In
addition, laminopathy causes an escape of nucleop-
lasm beyond the boundaries of the nucleus due to
losses incurred by the nuclear membrane, as well as
chromatin decondensation and its detachment from
nuclear lamin. In some cases pseudo-inclusions in
its area are also created, while the most advanced
changes may also entail fragmentation of the nucle-
us [17,18,34,39].

Lamin A/C is expressed not only in mature myo-
cytes, but also in stem cells of the skeletal muscles
and in the satellite cells responsible for muscle regen-
eration [19]. Satellite cells exit the cell cycle and fuse
with muscle fibre when hyperphosphorylated ret-
inoblastoma protein (pRb) inhibits the p21 protein
responsible for continued proliferation [22,41]. In
skeletal muscle, pRb binds to skeletal muscle-spe-
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cific transcriptional regulator, MyoD, induces expres-
sion of myogenesis-regulating genes and arrests the
cell cycle, promoting differentiation [30]. Lamin A/C
regulates the cell cycle through interaction with the
pRb-MyoD complex, and via other nucleoplasmic
proteins that are partners of lamin A/C, i.e. emer-
in, LAP2alpha and nesprin. Mutations in the LMNA
gene responsible for muscular dystrophies cause
damage and degeneration of myocytes. Simultane-
ous expression of mutated lamin A/C in the satel-
lite cells responsible for repair processes hampers
the regeneration process and variation of myocytes,
thus contributing to the progressive development
of muscular dystrophy. In muscle specimens from
EDMD1/2 patients, mutations in genes encoding
nuclear envelope proteins have been shown to dis-
rupt their interactions with the pRb-MyoD complex,
with the result that the process of differentiation of
myoblasts into muscle fibres is impaired [2]. A lack
of lamin A or emerin decreases levels of the proteins
important in muscle differentiation; e.g. pRb, MyoD,
desmin and M-cadherin [19]. Since LAP2alpha regu-
lates the proliferation of stem cells in mature tissue
[29], it is suggested that LAP2alpha activity in satel-
lite muscle cells can be compromised. The LAP2al-
pha-lamin A/C complex may be a regulator of MyoD
and pRb in the initial step of muscle differentiation.
As the inhibition of myoblast proliferation and pro-
motion of differentiation progress, lamin A/C moves
from the nucleoplasm to nuclear lamina, and the
expression of LAP2alpha is seen to decrease. Intro-
duction of mutated lamin A to nuclei in turn impairs
myoblast differentiation. Mutated lamin A accumu-
lates in the nucleoplasm and disrupts the transfer of
normal lamin A to nuclear lamina (dominant-nega-
tive activity). In addition it increases interaction of
LAP2alpa with wild and mutated lamin, leading to
sequestration of their complexes in the nucleoplasm
[27,32].

Laminopathies are characterized by great intra-
familial and interfamilial variability, as regards
both the phenotype generated by a given mutation
(possible overlapping syndromes with other lam-
inopathies) and the severity of the disease, from
life-threatening to symptom-free carrier state [12].
Interfamilial and intrafamilial variability in patients
with the same mutation may depend on phenotype
modifiers: concomitant mutation in various genes
— oligogenic inheritance [20,28], single nucleotide
polymorphisms in the mutated or another gene, var-
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ious expression of the protein, impaired promoter
methylation, interactions with other nuclear pro-
teins, modifying emerin/lamin A/C function and the
existence of an allele with a high or low expression
at the LMNA locus [36].

Treatment, prevention and management
of Emery-Dreifuss muscular dystrophy
carriers

There is no specific treatment for EDMD. Patients
should have mild dynamic physical therapy with
stretching exercises to prevent contractures. Severe
contractures may be treated surgically. The best
effects are obtained for ankle contractures, and the
results of operation persist for longer if this is done
after the adolescent growth spurt. Cardiological treat-
ment includes implantation of a pacemaker or car-
dioverter-defibrillator, as well as pharmacotherapy
aiming to delay heart remodeling (using ACE inhib-
itors), to treat arrhythmia and cardiac failure (using
ACE inhibitors, diuretics and beta-blockers) and to
prevent thromboembolism (using anticoagulants and
antiplatelets). In patients with a preserved respirato-
ry function and without severe muscle involvement,
but who have treatment-resistant severe cardiomy-
opathy, heart transplantation might be considered.
Patients with respiratory failure sometimes require
respiratory support, especially at night.

Males diagnosed with EDMD1 and all patients
with EDMD2 should be involved in regular annual
cardiological screening, with this including clinical
examination, ECG, echocardiography and 24-hour
ECG monitoring. Obligatory female carriers of EDMD1
(i.e. daughters of men affected by it) and those with
a carrier state confirmed genetically (i.e. the sisters
of men affected by EDMD1, the daughters and sisters
of known female carriers) should be informed about
the risk of cardiomyopathy, and familiarized with the
potential symptoms of cardiac insufficiency. In the
case of any cardiac symptoms, the first cardiological
consultation —including clinical examination, ECG and
echocardiography — should be held in early adulthood,
then annually; otherwise every 5 years from the age
of 25 years onwards. The above guidelines are based
on the recommendations of the Working Group of
the National Consultant in Cardiology on cardiological
supervision in Duchenne and Becker muscular dystro-
phy and the prevention of cardiomyopathy in female
carriers of DMD/BMD [40], given that these could be
taken to apply to EDMD patients as well.
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Since the penetrance of LMNA mutations, espe-
cially in relation to cardiac symptoms which might
be life-threatening and even initially manifest as
sudden cardiac death, is high and greater with age
(being almost complete by the age of 60), patients
with a subclinical course of the disease, including
asymptomatic carriers of LMNA mutations, require
careful assessment of the cardiological risk [31].
Although the muscle symptoms in EDMD usually
precede heart involvement, and although the latter
is seen typically in early adulthood, this sequence is
generally true of EDMD1, while the clinical picture
is seen to be more unpredictable in EDMD2. Some
EDMD patients may have conduction disturbances
or atrial arrhythmia as early as in the middle of the
second decade of life [23]. Children from families
affected with EDMD should therefore be observed
for early signs of the disease, especially joint con-
tractures and spine rigidity. Molecular testing should
be done in the case of any abnormalities on neuro-
logical examination.

Ethical issues as regards genetic testing
in Emery-Dreifuss muscular atrophy

In terms of genetic counselling, Emery-Dreifuss
muscular dystrophy should be considered separate-
ly from other neuromuscular disorders limited to
damage of the skeletal muscle, given the high risk of
heart-rhythm disturbances and even sudden death
in EDMD families. In particular, in the case of the
novel EMD or LMNA mutations reported in single
families, the question of penetrance remains unan-
swered. The marked clinical variability of EDMD,
even as regards recurrent EMD/LMNA mutations,
ensures that an individual risk of severe heart com-
plications is notably hard to predict. Furthermore, in
young EDMD patients, a positive result of genetic
testing may result in fatalism and a deterministic
attitude to further life. Indeed, a positive test result
in a young patient may give rise to anxiety and dis-
tress. Moreover, molecular diagnosis of EDMD may
be associated with a person feeling threatened by
sudden death and thus regarding his/her own life
as being of limited value. The “right not to know”
confirmed by both the Council of Europe Conven-
tion on Human Rights and Biomedicine (Article
10.2) and the UNESCO Declaration on the Human
Genome (Article 5¢) should be considered carefully
during the EDMD genetic counselling process [24].
According to some authors, in the case of a direct

threat to life (also present in EDMD), the right “not
to know” is of limited value [1]. Nevertheless, in
young patients especially, a possible EDMD diagno-
sis should always entail consideration being given
to the question of genetic testing and the disclosure
of genetic results. In turn, clinically-healthy mem-
bers of families affected by EDMD, who do not want
to undergo and do not undergo genetic screening
for the disease should be aware of potential cardio-
logical symptoms, which may occur later in life and
serve as the first indicator of laminopathy. In that
case, prompt cardiological assessment is necessary,
with genetic screening performed where the results
prove to be abnormal. Similarly, the question of
genetic testing for EDMD assumes special value in
regard to preimplantation genetic diagnosis (PGD)
and prenatal testing. In fact, in the cases of both
PGD and prenatal testing for EDMD, genetic coun-
selling deals only with the prediction of the possi-
ble phenotype, provoking ethical questions where
decisions regarding embryo transfer or abortion are
concerned. Additionally, due to the unknown long-
term consequences of blastomere removal in PGD,
the ethical dilemmas associated with EDMD-direct-
ed PGD are not to be omitted [38].
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