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Abstract

Background

Laminopathies caused by LMNA gene mutations are characterized by different clinical manifestations.
Among them, cardiac involvement is one of the most severe phenotypes.

Case presentation

A 30‐year‐old man visited the hospital because of palpitations, shortness of breath, and fatigue. He also
had muscular dystrophy, joint contractures, scoliosis, and mild dysphagia. A novel de novo
heterozygous LMNA splice variant (c.810+1G>T) with dilated cardiomyopathy, Emery–Dreifuss
muscular dystrophy, and progressive cardiac conduction defect was identified by genetic analysis. The
patient also presented with congenital aortic valve malformation, which has never been reported in
laminopathies.

Conclusions

The LMNA mutation (c.810+1G>T) was identified for the first time, enriching the mutation spectrum
of the LMNA gene. The correlation between an LMNA mutation and congenital aortic valve
malformation deserves further study.
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Abstract

A de novo heterozygous LMNA mutation (c.810+1G>T) was first formally identified in a pedigree. The
congenital aortic valve malformation was first reported in patients with LMNA mutations.

1. INTRODUCTION

LMNA gene, which is located on chromosome 1q21 and encodes A‐type lamins, mainly exists in the
skeletal muscle and myocardium. LMNA mutations affect striated muscle tissue, followed by adipose
tissue, and lead to laminopathies which are a heterogeneous group of genetic diseases including LMNA‐
dependent cardiomyopathy (LMNA‐CMP), Emery–Dreifuss muscular dystrophy (EDMD), limb–girdle
muscular dystrophy type 1B, Hutchinson–Gilford progeria syndrome, and lipodystrophy. The gene
variant was first identified in a patient who had EDMD with cardiac manifestations, conduction system
disorder, and dilated cardiomyopathy (DCM). 1 With the development of genetic analysis for inherited
and multisystem diseases, a total of 498 LMNA mutations have been found and associated with more
than 15 different phenotypes. 2 Cardiac phenotypes are the most severe and are often lethal before the
onset of significant and severe neuromuscular symptoms. In this report, we present the case of a patient
who experienced slow progressive muscle weakness and cardiac abnormalities caused by a novel
LMNA mutation. The patient also had congenital aortic valve malformation which has never been
reported in laminopathies.

2. CASE PRESENTATION

A severely underweight 30‐year‐old man was admitted to our hospital because of palpitations,
shortness of breath, and fatigue. Progressive muscle atrophy was first observed when he was 2 years
old; then, early contractures and gait impairment occurred. He had difficulty jumping, running, going
up and down stairs, and had to walk on crutches at the age of 28 years. He also had mild dysphagia.
Physical examination upon hospital admission revealed cardiac enlargement, 3/6 systolic murmur in
the cardiac apex, scoliosis, limb muscle atrophy, joint contractures involving elbow flexion and heel
cord tightening, and normal muscular tension. The electrocardiogram (ECG) (Figure 1a) and Holter
monitor results revealed severe conduction abnormalities including complete atrioventricular block
(AVB) and intraventricular block with junctional or ventricular escape rhythm accompanied by
ventricular arrhythmias. A first‐degree AVB was first found more than 6 years prior. Cardiac magnetic
resonance imaging (MRI) with multiple sequences showed low left ventricular function, severe cardiac
dilatation, and aortic insufficiency with a short left aortic valve leaflet as well as diffuse myocardial
edema and fibrosis (Figure 1b‐d and Table 1). As shown in Table 1, the biochemical examinations
showed mildly elevated hypersensitive cardiac troponin I and creatine kinase, but markedly escalated
N‐terminal pro‐brain natriuretic peptide. The patient was treated with diuretics, cardiac stimulants,
myocardial nutrients, and other symptomatic treatment for heart failure. A permanent cardiac
pacemaker was implanted to treat the complete AVB. No angiotensin‐converting enzyme inhibitors or
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beta‐blockers were administered due to the patient's low blood pressure. Eventually, the patient's
symptoms of heart failure improved, and he was discharged from the hospital. The patient was
followed up by regular phone calls; however, neither the patient nor his parents have responded.

FIGURE 1

The patient's ECG, cardiac MRI, and genetic analysis results. (A) ECG before implanted permanent
cardiac pacemaker. (B) Short left aortic valve leaflet according to cardiac cine MRI. (C) Cardiac fibrosis in
the ventricular septum according to late gadolinium MRI enhancement. (D) Myocardial edema according
to T2‐weighted MRI. Mean T2 value in the white spot is 48.7 ± 4.5 ms. (E) The patient's pedigree. Circle:
female; square: male; arrow: proband; open symbol: nonspecific phenotype; solid black symbol: dilated
cardiomyopathy and muscular dystrophy affected; +/− and −/− signs indicate presence or absence of a
mutation, respectively. (F) The Sanger sequencing of the patient and his parents
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TABLE 1

The diameter of cardiac chambers and the left ventricular function according to cardiac MRI,
and the partial results of biochemical examinations

Observed value Normal value

Diameter of cardiac chambers in MRI

LA 40 mm –

LV (end‐
diastolic)

63 mm –

RA 51 mm –

RV 49 mm –

Left ventricular function in MRI

FS 17.4% –

EF 31% –

CO 4.1 L/min –

EDVi 182 ml/m –

Biochemical parameters

hscTnI 327.7 pg/ml ≤34.2 pg/ml

Myo 118.7 ng/ml ≤154.9 ng/ml

CK‐MB 2.7 ng/ml ≤7.2 ng/ml

CK 231 U/L ≤190 U/L

NT‐proBNP 6784 pg/ml <62.9 pg/ml

Open in a separate window

Abbreviations: CK, creatine kinase; CK‐MB, creatine kinase‐MB; CO, cardiac output; EDVi, end‐diastolic
volume index; EF, ejection fraction; FS, fractional shortening; hscTnI, hypersensitive cardiac troponin I; LA, left
atrium; LV, left ventricle; Myo, myoglobin; NT‐proBNP, N‐terminal pro‐brain natriuretic peptide; RA, right
atrium; RV, right ventricle.

Genetic testing was conducted for the patient and his parents after obtaining their informed consent.
The genomic DNA was extracted from the blood and analyzed using the whole‐exon region high‐
throughput genetic sequencing technology (Ion Torrent, Thermo Fisher, Carlsbad, California, USA). A
number of variants was identified by comparison with the hg19/GRCh37 human reference genome, and
they were all comprehensively annotated using the Ion Reporter™ software 5.0 (Thermo Fisher). We
filtered out the variants unrelated to clinical phenotypes according to the ClinVar database and the
Human Gene Mutation Database, synonymous single nucleotide variants (SNV), and variants not in the
exon or splicing function areas. Only rare variants with a minor allele frequency ≤0.01 according to the
1000 Genomes Project, Exome Aggregation Consortium and Exome Sequencing Project databases
were included for further analyses. Next, the missense variants considered deleterious in both
Polymorphism Phenotyping v2 (PolyPhen‐2) and Sorting Intolerant from Tolerant (SIFT) and the
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splice variants were selected. All of them were evaluated using the PhyloP score for the evolutionary
conservation across multiple species. As a result, two highly conservative and putative pathogenic
variants were identified: a heterozygous splice variant (c.810+1G>T) in the LMNA gene and a
heterozygous missense variant (c.7211C>T) in the TTN gene. In addition, no EMD variants were found
in the whole‐exome sequencing. The TTN and LMNA variants were validated by Sanger sequencing
using an Applied Biosystems 3500xl capillary sequencer (Applied Biosystems, Foster City) and
targeted for Sanger sequencing in the patient's unaffected parents, respectively. The patient's parents
did not harbor the LMNA variant (Figure 1e,f), while the patient's mother carried TTN variant. Since
there was no familial co‐segregation of the TTN variant, and TTN missense variants are not interpreted
as disease‐causing in most situations, 3 , 4 , 5 the LMNA splice variant was considered as a putative
pathogenic variant. We analyzed the LMNA splice variant (c.810+1G>T), which is located on
chromosome 1:156104767 at the exon–intron junction, using dbscSNV Ada and SpliceAI. This variant
was deleterious and increased the probability of the position chromosome 1:156104721 as a splice
donor by 0.82 and decreased the probability of the position chromosome 1:156104766 as a splice donor
by 0.99. Therefore, this de novo LMNA variant (c.810+1G>T) was classified as pathogenic (PSV1,
PS2, and PM2) according to the American College of Medical Genetics and Genomics Guidelines. 6
However, this mutation has not been reported previously.

After identification of the de novo LMNA mutation, the patient was diagnosed with laminopathies
which manifested as DCM, typical clinical characteristics of EDMD, and progressive cardiac
conduction defect (PCCD). Moreover, he was diagnosed with congenital aortic valve malformation, the
first reported in an individual with an LMNA mutation.

3. DISCUSSION

LMNA‐CMP, one of the most common genotypes for DCM, is caused by 165 unique LMNA mutations
and is always associated with sinus node dysfunction, atrioventricular conduction disorders,
supraventricular arrhythmias, and ventricular arrhythmias. 7 The most malignant phenotype of the
conduction system diseases is PCCD, a progressive change through the His–Purkinje system
manifested by the widening of the QRS complexes and even complete AVB in some cases, leading to
syncope and sudden cardiac death. Patients with LMNA‐CMP have a worse prognosis than other DCM
patients, especially male patients. Pasotti et al. reported that the cumulative event‐free survival was
only 60% at 5‐years after LMNA‐CMP diagnosis, and 45% of the events were sudden cardiac death or
aborted sudden cardiac death. 8 However, only half of the patients with LMNA mutations had left
ventricular dysfunction at the first visit, 9 owing to the age‐dependent penetrance of LMNA‐CMP with
development after the second decade of life in the majority of carriers and complete penetrance at
60 years of age. 2

LMNA mutations are also associated with muscular dystrophy that mainly presents as an LMNA‐related
congenital muscular dystrophy (L‐CMD) and two subtypes of EDMD (EDMD2 with autosomal
dominant mutations and EDMD3 with autosomal recessive mutations). Most of L‐CMD and EDMD
patients revealed dystrophic changes in muscle biopsies; thus, the diagnosis always depends on clinical
features and genetic analysis. The age of onset for L‐CMD is typically within 1‐year of life, and
sometimes at birth. Individuals may present with rapidly progressive selective cervical‐axial muscle
weakness and wasting with hypotonia, delayed motor function achievement (sometimes never able to
walk independently), with or without multiple joint contractures, head drop, and lordosis. The mean
age of onset for EDMD is 32 months. The disease manifests as slowly progressive scapula‐
humeroperoneal muscle weakness with rigid spine or scoliosis, childhood‐onset contractures of the
elbow, posterior cervical and ankle joints, and normal or mildly delayed motor milestones with gait
abnormality and difficulty in running and jumping, going up and down stairs, and standing up from
squatting. 10 , 11 , 12 , 13 In short, individuals with L‐CMD exhibit more severe clinical manifestations
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and experience more rapid progression and earlier onset than individuals with EDMD do; however,
EDMD has a higher risk of cardiac involvement, such as cardiomyopathy, conduction defects,
tachyarrhythmias, and even atrial standstill, than that of L‐CMD. Moreover, patients with mutations
which are at the exon–intron or intron–exon junctions of the LMNA gene always present with an
EDMD or DCM phenotype because of the pre‐mRNA splicing abnormality. The base change (G to A)
at the same exon–intron junction as our patient has been reported to cause early‐onset EDMD, but
without cardiac involvement. 11

Previous studies have reported that a few patients who carried LMNA mutation and diagnosed as
Hutchinson–Gilford progeria syndrome or Werner's syndrome had aortic valve stenosis/calcification.
Since the two diseases belong to progeroid syndromes, the age‐associated valvular changes seemed to
be the signs of progeria. 14 , 15 Unlike the above‐mentioned reports, our patient with LMNA mutation
did not manifest the symptoms of progeria and aortic valve stenosis/calcification, but had a congenital
short left aortic valve leaflet with mild aortic regurgitation. This was the first time that the congenital
aortic valve dysplasia was observed in patients with LMNA mutations. The relationship between the
LMNA mutation and the congenital aortic valve dysplasia was unclear. The cardiovascular and
musculoskeletal systems both originate from mesodermal cells. Cardiogenesis arises from two
differentiated mesodermal cell populations, the first heart field migrates to form the primitive heart
tube, and the second heart field migrates into the anterior and posterior poles of the tube. Then, the tube
loops rightward to morphologically form the atria, ventricles, and outflow tract. 16 It is known that the
myocardium of the left ventricle is composed of the first heart field, while the myocardium and
endocardium of the atria, right ventricle, and outflow tract are mainly formed by the second heart field.
17 Thus, the aortic valves, developed from the outflow tract, have the same cellular origin as the
myocardium of the partial ventricle. In addition, aortic valve morphogenesis arises at embryonic day
(E)9.5, and the mature valves with fine defined leaflets are shaped at about E16.5 in mouse embryos,
16 while Lamin A/C start to be expressed in mouse extra‐embryonic tissues around E8–9 and in the
embryo around E10–12, playing an important role in cell differentiation, lineage specification, and
tissue development. 2 Furthermore, the proper remodeling of aortic valves depends on multiple
molecular pathways, especially Notch signaling. Recently, Lamin A has been reported to closely
interact with Notch signaling and affect cell differentiation, even in cells of close developmental origin,
such as cardiac mesenchymal cells and valve interstitial cells. 18

In the present study, a de novo heterozygous LMNA mutation (c.810+1G>T) was first formally
identified in a pedigree according to the databases, and it was the first report of congenital aortic valve
malformation in a patient with an LMNA mutation. Since the mechanisms by which LMNA mutations
affect both skeletal muscle and myocardium remain unclear, this variant is worth further study about its
biological function and its relationship with aortic valve morphogenesis.
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