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Abstract 

Emery-Dreifuss muscular dystrophy (EDMD) is a heterogeneous genetic disorder characterized by 

peripheral muscular weakness often associated with dilated cardiomyopathy. We characterize clinically a 

large family with a mutation in FHL1 gene (p.Cys255Ser). Penetrance was 44%, 100% for males and 

18% for females. The heart was the main organ involved. Affected adult males had mild hypertrophy, 

systolic dysfunction and restriction with non-dilated ventricles. Carriers had significant QTc prolongation. 

The proband presented with resuscitated cardiac arrest. There were 2 transplants. Pathological study of 

explanted heart demonstrated fibrofatty replacement and scarring consistent with arrhythmogenic 

cardiomyopathy and prominent left ventricular trabeculations. Myopathic involvement was evident in all 

males. Females had no significant neuromuscular disease. Mutations in FHL1 cause unclassifiable 

cardiomyopathy with coexisting EDMD. Prognosis is poor and systolic impairment and arrhythmias are 

frequent. Thrombopenia and raised creatine phosphokinase should raise suspicion of an FHL-1 disorder 

in X-linked cardiomyopathy. 
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Introduction 

Emery Dreifuss Muscular Dystrophy (EDMD) is a hereditary myopathy with well-defined clinical 

features and heterogeneous genetic background. It is characterized by the triad of early onset joint 

contractures, progressive muscular weakness/atrophy in distal regions of limbs and adult onset 

cardiomyopathy. Cardiomyopathy comprises mainly dilated but also hypertrophic cardiomyopathy 

(HCM). Conduction system disease and arrhythmias are common. 

The majority of EDMD cases are related to mutations in EMD gene, encoding for emerin protein and 

inherited as an X-linked trait, or LMNA gene, encoding for lamin A/C and inherited as a dominant trait. 

Nevertheless, mutations in the above-mentioned genes explain only about half of EDMD cases [1].  

FHL1, located in Xq26 region, encoding for “Four and a Half Lim domain protein 1” is part of a family 

of proteins widely expressed in skeletal and cardiac muscle. At a molecular level FHL proteins share a 

common biochemical structure in which four complete LIM domains arranged in tandem and separated 

by eight amino acid residues (Fig. 1). Alternative splicing of FHL1 gene determines the appearance of 3 

different isoforms: FHL1A, FHL1B and FHL1C, with specific expression patterns. FHL1 has been linked 

to myosin filament arrangement, cytoskeletal remodelling process and hypertrophy responses of muscle 

to stress [2]. 

We aim to describe the clinical characteristics of a large Spanish family with a mutation in FHL1 gene 

associating EDMD like phenotype and severe cardiac features. 

 

Methods 

The study was approved by Ethics Committee of Institution. Informed Consent for participation was 

obtained from participants. Four generations pedigree was built. Carriers underwent cardiac and 

neurologic examination. Spirometry was also performed in all carriers. 

Genetic study included a NGS panel of 126 cardiomyopathy related genes in the proband (supplementary 

material). Predictive test was offered to the relatives.  

 

Results 

Index Case 

A 32 year old male had a cardiac arrest while working. Ventricular Fibrillation was successfully 

cardioverted. ECG after the event was unremarkable. Echocardiogram demonstrated mild septal 
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hypertrophy of 16 mm, normal systolic function, and restrictive phenotype with left atrial dilatation (52 

mm). Angiogram showed normal coronaries. The patient gave no relevant medical history. Implanted 

cardioverter defibrillator (ICD) was indicated. First episode of Paroxysmal Atrial fibrillation (AF) was 

evidenced at 37 years of age. During follow-up the patient was admitted on 3 occasions with chest pain 

and raised creatinphosophokinase (CK) (maximum of 1,023 IU/L). No ECG changes were evidenced. 

Severe heart failure symptoms related to systolic and diastolic impairment, and chronic AF led to heart 

transplantation at 51 years old (Table 1). 

 

Cardiomyopathy 

Cardiomyopathy was identified in 6 relatives (proband, 3 males and 2 females, mean age of diagnosis 

29.2 ± 17.1 and 69.5 ± 5.8 years old for males and females respectively). Non obstructive septal 

hypertrophy from 13-21 mm maximal wall thickness was evidenced (mean 17.3 ± 3.2 mm in adult males, 

14.5 ± 2.1 mm in females) (Table 1). One female fulfilled left ventricular non-compaction (LVNC). 

Systolic dysfunction was evidenced in 2 affected males at a relatively early age (46 and 42 years old 

proband and III.1 respectively), eventually requiring heart transplantation. Another male with only mild 

systolic impairment (left ventricular ejection fraction (EF): 50%) developed progressive heart failure due 

to severe restrictive phenotype. All the affected women had normal EF. Cardiac magnetic resonance 

performed demonstrated late gadolinium enhancement typical of HCM junctional point pattern in one 

male (42 years, III.1) while the other (61 years, II.9) was clear. 

ECG did not showed typical high QRS voltage in this family. Except for the youngest affected male 

(IV.8), both affected men and women had pathologically prolonged QTc interval (> 460 ms), being 

remarkably prolonged (QTc >500 ms) in II.9 (Table 1). 

 

Neuromuscular involvement 

Despite the proband did not complain of neuromuscular symptoms, and at the time he had the cardiac 

arrest episode he carried a satisfactory physically demanding job, careful reanamnesis and physical exam 

revealed a history of elbow contractures and lumbar hyperlordosis since childhood. He also had long 

course snoring with frequent sleep apnoea. 

Skeletal muscle disease was identified in all (5/5) males and in 18% (2/11) of females. Males displayed 

easy fatigability (3/5), thigh and calf myalgia (2/5) or motor clumsiness (2/5). All but one males (80.0%) 
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and 3 (27.3%) females displayed persistent mild CK elevation. One male displayed positive Gower’s 

manoeuvre. Most adult males (3/4) displayed proximal limb girdle weakness, in one there was 

involvement of scapular and pelvic girdles. Facial weakness with bilateral ptosis was identified in 3 (3/4) 

adult males. Dysphonia was identified in one male. Muscular atrophy with lateral-vast or medial-vast 

quadriceps femoris involvement was identified in all adult males. Neither of these muscular signs nor 

joints contractures were present in females.  

Most adult males (3/4) displayed marked lumbar hyperlordosis and kyphoscoliosis.  

Signs and symptoms of pnemological neuromuscular involvement where identified in most adult males 

(3/4) with variable degree of orthopnoea and sleep apnoea-hypopnoea.  

Electromyographic study confirmed myopathic pattern in all patients in whom the test was recommended 

(4 males: II9, III.1, III.5, IV.6 and 2 females: IV.1 and IV.2). 

 

Analytical findings 

Plasma CK mild persistent elevation was an universal finding in all adult males and in 3 females (mean 

395.6 ±265.8 IU/L and 110.0 ±33.3 IU/L, for males and female carriers respectively). 

Affected males had mild persistent thrombopenia (mean 81.2 ±23.2 x 10^9/L for affected males vs 240.0 

±55.6 x 10^9/L for non-affected carriers and 235.1 ±62.0 x 10^9/L for non-carriers (p<0.001 and 

p<0.0001 for comparison between 1st vs 2nd and 1st v 3rd groups). 

Rest of blood cells count and standard serum and plasma measurement were within normal limits. 

 

Genetic study 

A described missense mutation was identified: c.764G>C (NM_001449.4)/p.Cys255Ser (NP_001440.2) 

in exon 8 of FHL1 gene encoding Four and a Half Lim Domain protein 1 [3]. The mutation in FHL1 

affects all 3 FHL1 protein isoforms and is predicted to cause a cysteine to serine substitution in the 

residue 255 of LIM 4 domain of FHL1A (p.C255S) and an alanine to phenylalanine substitution in the 

RBP-Jĸ binding region in the residues 322 and 193 of the isoforms FHL1 B and C respectively (p.A322P 

and p.A193P); the 3 primary FHL1 protein isoforms (FHL1-1/2/3) contain the same N-terminal 2 1/2 

LIM domains, but different C termini due to alternate splicing of the distal exons 5-8.  Fig. 1 summarizes 

all published mutations in FHL1, together with their protein isoform location and clinical phenotype 

reported in the literature [4, 5].  
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In total, 30 relatives were evaluated (13 (43.3%) males) (Table 1), 16 of them (11 (68.7%) females) were 

carriers of mutation c.764G>C/p.Cys255Ser in FHL1. Seven carriers were affected (5 males, 6 cardiac 

and neuromuscular, 1 neuromuscular only) and segregation was fully concordant with the disease with an 

X link pattern of inheritance. Global penetrance was 43.7%, being 100% for males (80.0% cardiac and 

100% neurological) and 18.2% of females (cardiac 18.2%, neurological 18.2%). The pathogenicity of this 

variant was studied using the modified criteria used previously by Spaendonck-Swarts et al [6]. In 

addition, a list of mutation-specific features based on in silico analysis with the mutation interpretation 

software MutationTaster were studied and predicted this variant as disease causing [7] and the family 

study confirmed cosegregation, so this variant was classified as pathogenic.  

 

Pathological findings 

Explanted heart from III.1 was available for histopathological exam. The gross and microscopic 

examination of the explanted heart from the proband showed prominent trabeculations involving left 

ventricular apical inferior wall and transmural fibrofatty replacement of both right and left ventricular 

myocardium (Fig. 2). There was absence of disarray of muscular fibres and maximal wall thickness was 

within normal limits (10-11 mm). 

These findings were compatible with the diagnosis of both: biventricular arrhythmogenic cardiomyopathy 

and LVNC. 

 

Discussion 

The detection of point mutation p.Cys255Ser in FHL1 gene in hemizygous male proband led to 

reconsideration of clinical picture of the family as a whole beyond the cardiac phenotype. 

Neuromuscular symptoms and signs eventually led to the diagnosis of EDMD. Pathogenicity study was 

conclusive, from in silico to segregation. Moreover, the FHL1 mutation was previously described in a 14 

year old boy from Australia with neuromuscular disease and HCM. In keeping with our family there were 

also sudden death cases in 2 males (one affected bother aged 10 and a maternal uncle aged 24 years) [3]. 

Other two missense mutations involving the fourth cystein of the same finger have been described: 

Cys276Ser and Cys276Tyr. These cases exhibited isolated HCM and familiar EDMD respectively (Fig. 

1).  

Cardiomyopathy associated with FHL1 p.Cys255Ser mutation despite expressing a mild nonobstructive 
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HCM, the outcome was poor both from heart failure and arrhythmic events. Of note, cardiac arrest was 

the mode of presentation in an asymptomatic 32 years old male with 16mm septal thickness. It is also 

remarkable the progression to heart failure both from diastolic and systolic impairment which led to 

transplantation in 2 of the affected males. AF was an early consequence of severe diastolic dysfunction 

and left atrial dilatation. Pathological features from one explanted heart revealed unexpected findings 

characteristics of an unclassifiable biventricular cardiomyopathy with prominent trabeculations, extensive 

fibrosis and fatty infiltration. 

To the best of our knowledge, this is the first publication to report anatomopathological data of an 

explanted heart with EDMD due to FHL1 mutation disease (EDMD6). Therefore, our family may 

represent the first case in the literature in which a mixed pattern of Arrythmogenic Cardiomyopathy and 

LVNC instead of HCM is associated to EDMD type 6 (EDMD related to FHL1 mutation). 

Similarly to other cardiomyopathies LVNC seems to be a marker of disease and can be evidenced in 

patients with milder forms [8]. Females can also be affected in X-linked disorders often with a better 

prognosis or a later onset in life. 

There are some interesting additional findings from the study of this family. From the cardiac point of 

view adult affected patients demonstrated long QTc interval (>460ms), being in one case remarkably 

prolonged [9]. FHL1 modulates KCNA5 activity by altering channel gaiting and enhancing slow 

inactivation [10, 11]. FHL1 channelopathy might also explain early AF.  

Neuromuscular picture of our patients fits the best with EDMD6 related to FHL1 mutation. 

Another unexpected finding was the identification of persistent thrombopenia in male affected patients. 

An altered platelet function and increased thrombin generation in laminopathies has been recently 

suggested [12]. Effect of the FHL1 mutations in platelet function has not been explored. Affected patients 

had no haemorrhagic or thrombotic complication. 

 

Conclusions 

Mutations in FHL1 cause of unclassifiable cardiomyopathy characterized by non-obstructive left 

ventricular hypertrophy and non-compaction with coexisting EDMD. FHL1- cardiomyopathy has also 

histological features of arrhythmogenic biventricular cardiomyopathy. Prognosis is poor and systolic 

impairment and arrhythmias are frequent requiring ICD implantation and transplantation. Thrombopenia 

and raised CK should raise suspicion of an FHL-1 disorder in X linked cardiomyopathy. 
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TABLE 1. Clinical features of individuals with Cys255Ser mutation in FHL1. (Bottom) Family pedigree.  

PEDIGREE  SEX  AGE* 
CLINICAL PROFILE  ECG FINDINGS ECHOCARDIOGRAPHIC PARAMETERS

CK (IU/L) 
NYHA1  Arrhythmias  PR  QRS  QTc  LVH (RE score2)  Other  LVH  LAD  LVEDV/

LVEDD  LVESV/ LVESD  LVEF (%) RV  
Dysfunction 

Diastolic 
function  LVNC 

III.5 (index 
case)  Male  44  IV 

SCD(32 y),ICD(37y), 
NSVT, 

AFlu,AF(37y), 
Transplant (51 y) 

Flu  90  464 
 

Yes (6) 
 

QS complex in 
precordial leads 

Yes, septum 
(16mm)  5.2cm  34 ml/m2  22 ml/m2  35  No  Restrictive  No  429 

III.1  Male  41  IV  AF (41 y), 
Transplant (53 y)  240  80  470  Yes (5)  LAFB  Yes, septum 

(15 mm)  4.6cm  43 ml/m2  24 ml/m2  45  Yes  Restrictive  No  406 

II.3  Female  66  III  AF (76 y)  240  160  462 
 

Yes (4) 
 

RBBB
Deep Q wave I 

and aVL 
Inverted T waves 

V4‐V6 

Yes, apical 
lateral 

segment (16 
mm) 

3.8cm  48 ml/m2  17 ml/m2  63  No  Pseudonormal  Yes  161 

II.5  Female  75  II  No  220  100  480  No (2)  LAFB  Yes, septum 
(13 mm)  3.6cm  32 ml/m2  15 ml/m2  55  No  Impaired 

relaxation  No  74 

II.9  Male  60  III  AF (65 y)  260  80  540  Yes (7) 

First degree AV 
block 

Remarkably 
prolonged QTc. 
LVH by voltaje 

criteria 

Yes, septum 
(21 mm)  4.7cm  49 ml/m2  25 ml/m2  50  Yes  Restrictive  No  222 

IV.8  Male  5  I  No  144  69  396  No  ‐ 
Yes, septum 
(7,9 mm; Z 
score=+2.9) 

NA  3.1 cm  NA  78  No  NA  No  112 

II.1  Female  68  I  No  160  80  426  No  ‐  No  3.8 cm  4.0 cm  2.8 cm  55  No  Normal  No  105 

III.11  Female  39  I  No  160  90  437 No ‐ No 2.8 cm  4.1 cm 2.1 cm 70 No Normal No 61 

III.20  Female  30  I  No  240  70  447 No ‐ No 3.8 cm  4.2 cm 2.6 cm 65 No Normal No 141 

III.21  Female  33  I  No  140  80  413 No ‐ No 3.7 cm  4.3 cm 2.5 cm 65 No Normal No 118 

III.22  Female  36  I  No  160  80  402 No ‐ No 2.8 cm  39 ml/m2 14 ml/m2 64 No Normal No NA 

IV.1  Female  10  I  No  140  70  413  No ‐  No  2.5 cm  3.8 cm  2.5 cm  60  No  Normal  No  116 

IV.2  Female  25  I  No  200  80  360  No ‐  No  3.7 cm  4.8 cm  2.3 cm  65  No  Normal  No  149 

IV.3  Female  14  I  No  140  80  402  No ‐  No  3.7 cm  4.7 cm  2.9 cm  60  No  Normal  No  83 

IV.7  Female  20  I  No  100  80  394  No ‐  No  2.8 cm  36 ml/m2  13 ml/m2  64  No  Normal  No  92 
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IV.5  Male  15  I  No  124  94  406 No ‐ No 24 ml/m2  73 ml/m2 29 ml/m2 60 No Normal No 809 

* Age at genetic testing.1NYHA: worse functional class evidenced at follow‐up. 2RE= Romhilt‐Estes score for left ventricular hypertrophy ,LVH= Left ventricular hypertrophy. SCD: Sudden cardiac death. ICD: Implanted cardioverter defibrillator. NSVT: Non‐sustained ventricular tachycardia. A. 

Flu= Atrial Flutter. AF: Atrial fibrillation. LAFB: Left anterior fascicular block. RBBB: Right bundle branch block. LAD= Left atrium diameter. LVEDV/LVEDD= Left ventricular end‐diastolic volume/diameter. LVESV/LVESD= Left ventricular end‐diastolic volume/diameter. LVEF= Left ventricular 

ejection fraction. RV= Right ventricle. CK= Creatine phospokinase (IU/L). 
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BBlackened boxes denote affectedd patients; diagonnally striped boxees denote dead ppatients.: +/‐ symmbols indicate carrriers/wildtype.
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