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Nemaline myopathy is a heterogeneous disorder of skeletal muscle, and histologically characterized by the
presence of nemaline bodies in muscle fibers. Patients with typical congenital form of nemaline myopathy in-
itially present with proximal but later also distal muscle weakness, mostly involving facial and respiratory
muscle. Cardiac involvement has been rarely observed especially in nebulin-related nemaline myopathy and
there have been only two reports about nebulin-related nemaline myopathy patients with cardiac involvement.
We present here the case of a 65-year-old woman manifesting slowly progressive distal myopathy with re-

spiratory and heart failure. She harbored two variants in the nebulin gene, c.20131C > T (p.Arg6711Trp) and
¢c.674C > T (p.Pro225Leu), and one of them, c.674C > T, was a novel variant. In this report, we discuss the
pathogenicity of the novel variant and its association with clinical phenotypes including cardiac involvement.

1. Introduction

Nemaline myopathy (NM) is a clinically and genetically hetero-
geneous disorder of skeletal muscle, and histologically characterized by
the presence of rod-like structures, known as nemaline bodies, in
muscle fibers [1]. NM has been divided into various categories based on
its onset and/or severity [1,2]. Patients with typical congenital form of
NM initially present with proximal but later also distal muscle weak-
ness, mostly involving facial and respiratory muscle [1]. However,
cardiac involvement has been rarely observed [2]. Genetically, twelve
genes and numerous mutations have been identified, and NEB are one
of the most common causes of NM [2]. Here, we describe a novel NEB
variant detected in a Japanese patient with distal myopathy, respiratory
and heart failure.

2. Case report

A 65-year-old woman presented a week history of heart and re-
spiratory failure. She was born at term without complications and
presented normal motor milestones in childhood. There was no obvious
family history of neuromuscular diseases (Fig. 1A). At the age of 33, she
noted muscle atrophy predominantly seen in the right lower extremity.
She gradually felt difficulty in walking due to right drop foot. She
needed a peroneal orthosis at the age of 42. On admission, she com-
plained of dyspnea in a supine position and showed edema on bilateral
lower extremities. Her oxygen saturation was less than 90% on room
air, and arterial blood gas analysis revealed hypercapnia and hypox-
emia with increased alveolar-arterial gradient. Then, she needed a
ventilator due to her state of CO, narcosis. Two weeks after admission,
she was referred to the neurological department to investigate an un-
derlying neuromuscular disease leading to respiratory and heart failure.

Neurological examinations revealed facial muscle weakness

Abbreviations: NM, nemaline myopathy; CK, creatine kinase; ECG, electrocardiography; bpm, beats per minute; TTE, transthoracic echocardiography; LVOT, left
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Fig. 1. (A) Pedigree chart of the patient. An arrow indicates the proband. (B-D) Systemic CT scan showed muscle atrophy and fatty replacement of the lower
extremity muscles. Of note, asymmetric atrophy in the soleus muscle and anterior tibial muscle is observed (C) (arrowheads). (D, E) Paraspinal muscle atrophy was
also noted. (F—I) Representative pathological findings of the right biceps brachii muscle: marked variation in fiber size on hematoxylin and eosin (H&E) staining (F),
scattered fibers with nemaline bodies (arrows) on modified Gomori-trichrome staining (H, I), and type 1 fiber predominance on ATPase staining at pH 10.6 (G). (J) A
schematic presentation of the nebulin protein structure and its protein interaction partners. (K,L) Identified variants, ¢.20131C > T (K) and ¢.674C > T (L), were
confirmed by performing Sanger sequencing of the PCR fragments (red arrows). (M) Alignment of the nebulin amino acid sequence in different species. The
substitution sites of the novel variant (Pro225) is highly evolutionarily conserved. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

including narrow high-arched palate, and generalized but distal domi-
nant muscle weakness and atrophy. Scoliosis was not observed. Severe
muscle weakness was observed in ankle plantar flexion predominantly
in the right side while mild weakness was observed in upper ex-
tremities.

In lower extremities, distribution of muscle atrophy was asymmetric
(right > left) (Fig. 1B, C) but pes cavus was observed bilaterally. Deep
tendon reflexes were decreased in all extremities. Laboratory tests re-
vealed elevated serum level of brain natriuretic peptide (992.9 pg/mL;
reference range, < 18.4 pg/mL) with normal serum creatinine level
(0.63 mg/dL; reference range, 0.46-0.79 mg/dL). Serum level of crea-
tine kinase (CK) was not elevated (69 U/L; reference range, 41-153 U/
L) and CK-MB level was almost normal (26 U/L; reference range, <
20 U/L). Follow-up laboratory tests 17 h after the first tests revealed
normal CK (39 U/L) and CK-MB (16 U/L) levels. Electrocardiography
(ECG) revealed a regular sinus rhythm with a heart rate of 76 beats/min
(bpm) and right axis deviation (Fig. 2A). An SI/QIII pattern, that is
indicative of right ventricular strain, was observed (Fig. 2A). Inverted T
wave was observed in lead aVF, lead V1 and V4-6 (Fig. 2A). Trans-
thoracic echocardiography (TTE) demonstrated dilatation of both right
atrium and right ventricle while left ventricular function was preserved
(Fig. 2D-G). Tricuspid regurgitation was observed and tricuspid regur-
gitation pressure gradient was 58 mmHg (Fig. 2H), which indicated the
presence of pulmonary hypertension. A computed tomography showed
bilateral pleural fluids and generalized muscular atrophy including
paraspinal muscle (Fig. 1D, E), especially in lower extremities with

asymmetry (Fig. 1B, C). Her percent vital capacity measured after
weaning from the ventilator was decreased (54%). An electromyogram
showed decreased amplitude of the interference wave in lower ex-
tremities. A biopsy of the left biceps brachii muscle showed marked
variation in the fiber size and scattered fibers with nemaline bodies on
modified Gomori trichrome staining (Fig. 1F, H and I). Type 1 fiber
predominance was observed on ATPase staining at pH 10.6 (Fig. 1G).
After admission, she recovered from CO, narcosis, and was gradually
weaned from the respirator. TTE performed a month after admission
revealed normal left ventricular function without any regional wall
motion abnormalities. After a 9-month follow-up, she started to use
noninvasive positive pressure ventilation during the nighttime and
follow-up ECG showed no ST change noted at baseline (Fig. 2B) while
slightly prolonged PR interval was observed (Fig. 2C).

Using the Ion PGM sequencing system coupled with the original
targeted panels for known causative genes in congenital muscular dis-
eases [3], we identified a compound heterozygous variant in NEB,
c.20131C > T:p.Arg6711Trp and c.674C > T:p.Pro225Leu, being.

not listed up in any of the following public databases: Exome
Aggregation Consortium, Exome Sequencing Project v. 6500 and 1000
Genomes (Fig. 1J). One of them, ¢.20131C > T, was a known variant
while the remaining variant, c.674C > T, was a novel. The novel
missense variant, c.674C > T, was predicted as “deleterious variants”
by SIFT, PolyPhen-2, and Mutation Taster. These variants were con-
firmed by Sanger sequencing: these sequences were in our patient by
using a next-generation sequencer using the following primers: 5'-
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Fig. 2. (A) ECG at baseline: a regular sinus rhythm with 76 bpm and right axis deviation. A large S wave in lead I, a Q wave in lead III and inverted T wave in lead IIT
were observed. Inverted T wave was also observed lead V1 and V4-6. (B) ECG at a 16-month follow-up: a regular sinus rhythm with 76 bpm. Prolonged PR interval
(0.24 s) was observed. (C) Comparison between lead II ECG at baseline and at a 16-month follow-up. Although PR interval was normal at baseline, slightly prolonged
PR interval (0.24 s) was observed at a 16-month follow-up. (D, E) Echocardiogram at baseline in systolic (D) and diastolic phases (E). No regional wall motion
abnormalities were observed and visual evaluation of ejection fraction was above 60%. (F) Cardiac output was 5.3 L/min which was calculated by multiplying left
ventricular outflow track (LVOT)-cross sectional area (data not shown), LVOT-velocity time integral (VTI) and heart rate, suggesting that left ventricular function was
preserved. (G) Parasternal short axis view showed that the right ventricle was dilated resulting in a D-shaped distortion of the left ventricle. (H) Tricuspid regur-
gitation was observed and estimated tricuspid regurgitation pressure gradient was 58 mmHg.

GCAATTTTTCAAATAAAGGTGACA-3’ and 5-TCAGTATCAAAATGTGA
CAATAAGGA-3’ for ¢.20131C > T:p.Arg6711Trp (Fig. 1K), and 5-
AATGACTTGGGTTGGATGGA-3’ and 5-TCCTCTGAAATACAACATTTA
GTCT-3’ for ¢.674C > T:p.Pro225Leu (Fig. 1L). The substitution sites
of the novel variant (Pro225) is highly evolutionarily conserved
(Fig. 1M). Based on these clinical features, histopathological findings
and DNA analysis, we diagnosed her as having NM with two variants in
NEB.

3. Discussion

We report here a NEB-related NM patient presenting slowly pro-
gressive distal myopathy with respiratory and heart failure. She had a
known missense variant of ¢.20131C > T [4,5], and a novel variant of
c.674C > T in NEB. Intriguingly, the novel missense variant,
c.674C > T, is located at the tropomodulin binding site (Fig. 1J). As
known, tropomodulin maintains the thin filament length by blocking
actin polymerization at the pointed end. This missense variant might

develop NM through the misinteraction between nebulin and tropo-
modulin like as previous cases [6].

Heart failure is rarely observed in patients with NM [2], especially
in NEB-related NM. It can be explained by lower NEB expression in
heart [7]. To date, there have been only two patients with NEB-related
NM presenting heart failure (Table 1) [4,5]. In the reported two NEB-
related NM patients and our case, ECG and echocardiography were not
indicative of any underlying ischemic heart disease or valvular disease,
which can be causative of heart failure. Another possible cause of heart
failure was cor pulmonale or cardiomyopathy associated with NM [8].
These three patients including the reported two cases demonstrated
respiratory failure in addition to heart failure (Table 1), indicating that
cor pulmonale was associated with their heart failure. Although the
variant of ¢.20131C > T is common in these patients with heart
failure, the variant does not affect the binding of actin, suggesting that
the pathogenicity of the variant of ¢.20131C > T is not confirmed [4].
Indeed, the carriers of a single ¢.20131C > T variant do not demon-
strate any abnormal phenotype including myopathy or heart failure [4].
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Clinical and genetic features of patients with NEB-related nemaline myopathy demonstrating heart failure.

Age/Sex Age of Cardiac function Respiratory Gene mutation References
the onset failure (VC)
Cardiac electrocardiogram echocardiogram Homozygous or Variant/ mutation
marker heterozygous
63/M 46 NA No abnormal change Dilation of both RAand + (1.0 L) Heterozygous c.20131C > T 4
RV c.22924 del T
39/M 32 NA NA LVH and decreased EF + (0.8L) Heterozygous c.20131C > T 5
(53.1%) c.23161A > T
65/F 33 Elevated S1Q3T3 pattern*/ inverted T wave Normal LV function/ +(1.4L) Heterozygous c.20131C > T Our case
BNP in lead aVF, V1 and V4-6 severe TR c.674C > T

M: male, F: female, NA: not available, BNP: brain natriuretic peptide, LVH: left ventricular hypertrophy, EF: ejection fraction, RA: right atrium, RV: right ventricle,
LV: left ventricle, TR: tricuspid regurgitation VC: vital capacity. *S wave in lead I, Q wave and inverted T wave in lead III

In contrast, patients with cardiac involvement had another variant
which can affect the binding of tropomodulin (our case) or desmin
(reported two cases) [4,5]. Previous in vivo/vitro studies suggested that
tropomodulin or desmin might be related to cardiac involvement
[9,10]. Taken together, it is possible that the combination of the
c.20131C > T variant and another variant which can affect the in-
teraction between nebulin and tropomodulin or desmin is related to
develop cor pulmonale in NEB-related NM. On the contrary, the pre-
sence of cardiomyopathy was not confirmed in our patient and the
reported two patients as no cardiac MRI study or pathological ex-
amination was performed. However, the patient reported by Mizuno
et al. demonstrated left ventricular hypertrophy and reduced ejection
fraction during the disease course (Table 1). Furthermore, our patient
showed that prolongation of PR interval on ECG was observed over the
disease progression. One possible cause of the ECG change is conduc-
tion delay associated with NM. This phenomenon should be further
investigated in future studies.

A limitation of this study is that we could not confirm whether these
variants were bi-allelic or not. We did not evaluate DNA of her parents,
and the distance between two alleles in our patient was too separated to
evaluate using PCR method. Moreover, the diagnosis of left ventricular
involvement was based on clinical findings, such as pleural effusions or
a serum BNP elevation. Our patient developed not only left heart failure
but right heart failure because of longstanding respiratory muscle
weakness, which can also cause these clinical findings. Further studies
are necessary to confirm the pathogenicity of the novel variant and the
mechanism of cardiac involvement in NEB-related NM.
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