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ARTICLE INFO ABSTRACT

Keywords: Objective: Myofibrillar myopathies (MFM) are a group of sporadic and inherited progressive
Case report skeletal muscle disorders that can lead to physical disability and premature death. To date,
Desmin hic cardi . pathogenic variants in different genes are associated with MFM. MFM induced by variants in the
Hypertrf)p ic cardiomyopathy Desmin (DES) gene is the most common subtype of MFM.
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Variant Case presentation: A 15-year-old boy with MFM was described, whose symptoms first presented as

cardiac symptoms. Enlarged right and left atria, thickened ventricular septal (IVS) and mild mitral
(MR) and tricuspid regurgitation (TR) in the echocardiography were found. Atrial fibrillation,
intermittent atrioventricular (AV) block, ST-T changes in the dynamic electrocardiogram (ECG)
were shown. Mild myopathic changes in the electromyographic exam were detected. Ultra-
structural analysis found slight Z-line changes and a few small myolysis lesions, but no abnormal
inclusion bodies. Genetic testing detected a heterozygous missense variant (c.1216C > T) of DES,
and 2 rare variants: TNNI3K (c.1102C > G) and PRDM16 (c.3074G > A). The patient’s parents
didn’t show skeletal and cardiac muscle disorders. DNA sequencing analysis showed no variant of
DES was carried by them. Thus, we detected a case of MFM caused by de novo DES variant
¢.1216C > T/p.Arg406Trp with predominantly myocardial alterations.

1. Introduction

Myofibrillar myopathy (MFM) (OMIM: #601419) is a clinically and genetically heterogeneous inherited muscle disease [1].
Despite its distinctive pathological features, the clinical manifestations of MFM are varied. This characteristic makes the clinical
diagnosis of MFM difficult. MFM is transmitted in an autosomal dominant manner, but a few MFMs are also inherited through
autosomal recessive inheritance [2]. Gene implicated in MFM includes DES [3], a-B-crystallin (CRYAB) [4], myotilin (MYOT) [5],
Filamin C (FLNC) [6], Bcl-2-associated athanogene 3 [7], Four-and-a-half LIM protein-1 [8], Plectin [9], Titin [10] etc. Of these, MFM
caused by abnormal accumulation of Desmin protein, known as desminopathy, is the most common form of MFM. DES is a cytoskeletal
protein that is expressed abundantly in the heart or skeletal muscles of vertebrates [11]. This protein is involved in cellular integrity
and mechanochemical signaling in muscle cells. Mutations in different functional domains of this gene can induce different clinical
phenotypes. Here, we report a patient suffering from hypertrophic cardiomyopathy (HCM). Sanger sequencing identified a
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heterozygous variant c.1216C > T in the DES gene.

1.1. Patient information

A 15-year-old male boy was admitted to our hospital with mild post-activity intermittent palpitations. Two years ago, he would
experience palpitations and discomfort after running about 100 m, and the symptoms would resolve after a few minutes of rest. The
patient had fair mental and sleepiness, normal physical strength, and no significant abnormal changes in weight since the onset. Two
weeks before this consultation, the patient’s palpitations worsened. He carries no traditional cardiovascular risk factors. His parents
had no history of heart disease or musculoskeletal problems.

His ECG exhibited ST-segment reduction in leads V 3-6, intermittent AV block, and episodic premature ventricular contractions
(Supplemental Fig. 1). Echocardiography showed enlargement of both atria, asymmetric thickening of the IVS, slight aggravation of
MR and TR, and a left ventricular ejection fraction (LVEF) of 70 % (Supplementary Fig. 2). The ratio of the thickness of the IVS to the
left ventricular posterior wall was 1.4, and systolic anterior motion (SAM sign) of the anterior mitral was not observed. High-sensitivity
cardiac troponin I (cTnl) was determined [cTnl: 0.097 ng/mL (Reference: <0.02 ng/mL)]. A diagnosis of HCM was made, followed by
long-term medical advice of furosemide tablets (10 mg, BID), spironolactone tablets (20 mg, BID), and coenzyme Q10 tablets (10 mg,
TID). The patient’s parents also underwent a physical examination and echocardiographic evaluation, which revealed no signs
associated with HCM.

To further understand the pathogenic factors of the patient, the peripheral blood of the child and his parents was collected. Full-
length ¢cDNA was extracted and stored. Exome sequence enrichment of samples was performed by the Illumina Exome Enrichment
protocol and captured libraries were sequenced using Illumina HiSeq 2000 Sequencers, which contains 130 genes known to be related
to inherited cardiac diseases (see Supplementary Table 1). The pathogenic variants were confirmed by Sanger sequencing. Sanger
sequencing identified a heterozygous missense variant (p. Arg406Trp) of the DES gene (Fig. 1), which is a common variant in MFM.
This patient was also detected to carry two rare variants associated with hereditary cardiomyopathy (TNNI3K: c.1102C > G and
PRDM16: ¢.3074G > A) (Table 1). Interestingly, his parents did not detect the DES gene variant and only carried TNNI3K and PRDM16
variants, respectively (Fig. 2).

Ultrasound examination of the arteries and veins in the lower limbs did not reveal any abnormal blood flow signals. Electromy-
ography showed no abnormalities in peripheral nerve movements of the limbs, but there was myotonic potential in the medial head of
the gastrocnemius muscle. Skeletal muscle biopsy was performed on the right deltoid muscle (Supplemental Fig. 3C). Muscle biopsy
did not reveal any abnormal material deposition in muscle tissue (Supplemental Fig. 3D), but small lipid droplets were observed in
myocytes under electron microscopy (Supplemental Figs. 3A and 3B), and no abnormal inclusion bodies or other material deposition
was found. The reporting of this study conformed to CARE guidelines [12].

2. Discussion

In the current case, a heterozygous missense variant of the DES gene led to HCM with arrhythmia, slight myogenic changes, and
small lipid droplets in some muscle fibers. Interestingly, this patient was also detected to carry two rare variants associated with
hereditary cardiomyopathy (TNNI3K and PRDM16). This case report can broaden the clinician’s thinking to a greater extent to avoid
misdiagnosis and underdiagnosis.

DES:c.1216C>T (DES:p.Arg406Trp)

TNNI3K:c.1102C>G (TNNI3K:p.Leu368Val)

!

PRDM16:¢.3074G>A (PRDM16:p.Arg1025GIn)

}

Fig. 1. DNA sequencing analysis showed a heterozygous missense variant in the exon 6 of the DES gene and two rare variants (black arrows).
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Fig. 2. DNA sequencing chromatogram of the parents.

Desmin is an intermediate filament protein in which a highly conserved amino acid motif (YRKLLEGEE) at the Cterminal end of the
2 B helix is involved in filament assembly [13,14]. The Arg406Trp is located in this region, and interferes with Desmin function and
affects the structural and functional integrity of intercalated discs, thereby affecting cardiac function [14]. Several reports have
described the initial signs of heart involvement in young people caused by variants in the DES gene, and in particular, the variant that is
the cause of this patient - ¢.1216C > T (p.R406W) - has been frequently reported to be deleterious (These patients are listed in Table 2)
[14]. The variant has been also found in patients with other cardiomyopathies, such as dilated cardiomyopathy (DCM) [15,16]. One
recent study conducted in Japan has reported the Arg406Trp variant in HCM patients with complete AV block and weakness in the soft
palate and extremities [17]. In our case, the patient presented with HCM and intermittent AV block, without manifestations of skeletal
muscle impairment. The Arg406Trp (c.1216C > T) variant may be the pathogenic variant for HCM and ST-T segment changes.
Considering the phenotype of this case, we concluded that this case is a desminopathy case manifesting HCM caused by the Arg406Trp
variant.

In addition, two rare variants (TNNI3K: ¢.1102C > G and PRDM16: ¢.3074G > A) were identified in this case. Genetic variants in
TNNI3K have previously been associated with DCM and cardiac conduction disease [18]. Recent studies have revealed the role of
PRDM16 in heart tissues. PRDM16 deficiency accelerated cardiac hypertrophy and fibrosis in aging mice [19]. A multi-institutional
study showed that the most common cardiomyopathies in individuals with PRDM16 deleted were LVNC and DCM [20]. But two
variants (TNNI3K: c.1102C > G and PRDM16: ¢.3074G > A) were not present in the Human Gene Mutation Database (HGMD). In
addition, we analyzed the pathogenicity of the variants using ACMG evaluation criteria. Finally, both variants were identified as
uncertain significance variants (PM2) (see Table 1). However, it is important to be alert to the possibility that multiple variants cause
early onset of disease and severe clinical phenotype manifestations.

Previous studies have reported that patients carrying the Arg406Trp variant exhibit varying degrees of neuromuscular function or
skin changes. Patients harboring the Arg406Trp variants carry varying degrees of neuromuscular and cutaneous disease [21]. How-
ever, no significant alterations in neuromuscular function were detected in the present case. This phenotype may have a confusing
effect on clinical studies of the etiology of desminopathy patients. This case may suggest clinicians consider the possibility of
demyelinating disease due to the Arg406Trp mutation in the presence of unexplained HCM combined with AV.

Ethics statement
Not applicable. Written informed consent was obtained.
Data availability statement

Data will be available on reasonable request.

Table 1
Attributes of the variants identified in the study.
Position Location  dbSNP rs# CADD ACMG
(GRCh37)
DES(NM_001927.4):¢c.1216C > T/p. Chr2:220286254 Exon 6 rs121913003  27.1 Pathogenic/Likely pathogenic (PP5, PP3, PM1, PMS5,
Arg406Trp PS3, and PM2)
TNNI3K(NM_015978):c.1102C > G/p. Chr1:74819738 Exon 11 - 23.1 VUS(PM2)
Leu368Val
PRDM16(NM_022114):¢.3074G > A/p. Chr1:3342279 Exon 13 - 25.7 VUS(PM2)
Arg4025GIn

ACMG, American College of Medical Genetic Guidelines; VUS, uncertain significance; PM2/PM1/PM5, moderate pathogenicity evidence; PP3/PP5,
supporting pathogenic evidence; PS3, strong pathogenicity evidence.



Table 2
Previous literature on myofibrillar myopathy caused by pathogenic variants of R406W.

Patient 1 2 3 4 5 6 7 8 9 10 Current
study

Gender Female Male Male Male Female Female Female Male Female Male Male

Age of Onset - 24 27 15 24 15 23 18 15 9 13

Cardiomyopathy - - RCM RCM - DCM - RCM RCM HCM HCM

Paced rhythm + - + - - - - - + - -

Atrial fibrillation + - - - - - - - - - -

Pacemaker + - + - + + + + - - -

RBBB - - - + - - - - - - -

CAVB - + + - + + + + + + +

Lower limb muscle - - - - + + + + + - -

weakness
Weakness in the soft - - - - + + + + - + -
palate

Dysphagia - - - - - + + - - + -

Clinical classification pathogenic pathogenic  pathogenic pathogenic pathogenic pathogenic pathogenic pathogenic pathogenic  pathogenic pathogenic

Reference Wahbi Park 2000 Arbustini Arbustini Dagvadorj Dagvadorj Dagvadorj Dagvadorj Olive 2004  Takegami -

2012 2006 2006 2004 2004 2004 2004 2023
Origin Germline Somatic Germline Germline Germline De novo De novo De novo De novo De novo De novo
Frequency - - - - - - - - - - -

Abbreviations: CAVB: Complete a-v block; AF: Atrial fibrillation; RBBB

: Right bundle branch block; RCM: restrictive cardiomyopathy; DCM: Dilated cardiomyopathy; HCM:

Hypertrophic cardiomyopathy.
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