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Abstract

Exercise intolerance with myalgia, muscle stiffness, and recurrent rhabdomyolysis due to 

mutations in the DMD gene can mimic metabolic myopathies leading to delayed or inaccurate 

diagnoses. In this retrospective chart review, we report 3 unrelated boys with exertional myalgia, 

muscle stiffness, myoglobinuria, and normal neurological examination due to an identical point 

mutation in the DMD gene: a hemizygous T-to-C change in exon 15 (c.1724T>C) resulting in an 

amino acid substitution of leucine to proline at codon 575. Two of the 3 boys had normal 

dystrophin immunostaining and Western blot analysis in muscle. This missense mutation has been 

reported twice before, with at least 1 patient exhibiting rhabdomyolysis. Our report, however, is 

the first to describe in detail the clinical findings associated with this specific mutation. Further 

studies and clinical reports are needed to better understand the pathogenicity of the mutation.
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Dystrophinopathies are caused by mutations in the DMD gene that lead to abnormal 

dystrophin function. Disease severity ranges from milder phenotypes, including patients 

with asymptomatic elevations in serum creatine kinase (CK) levels1–4 and patients with 

muscle cramps and recurrent myoglobinuria, to the more severe phenotypes of DMD-

associated dilated cardiomyopathy and the progressive muscular dystrophies of Duchenne 

(DMD) and Becker (BMD) types.

The DMD gene is located on chromosome Xp21 and consists of 79 exons. It is divided into 

four domains: N-terminal, rod, cysteine-rich, and carboxy-terminal. Large deletions 
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involving these domains have been identified in approximately 65% of DMD and 85% of 

BMD patients.5,6 Duplications and point mutations within the gene are found in 25–30% of 

DMD patients and 10–20% of BMD patients. The phenotype is best correlated with the 

degree of expression of functional dystrophin,7 which is largely determined by the degree of 

preservation of the reading frame of the spliced message obtained from the deleted allele.8,9 

Preservation of the reading frame leads to a truncated dystrophin protein with decreased 

quantity or reduced immunostaining on muscle biopsy and produces the milder BMD 

phenotype. Disruption of the reading frame typically leads to severely reduced or absent 

dystrophin and the severe phenotype of DMD.10

With the ready availability of molecular genetic testing, manifestations of muscle cramps 

with elevated CK and myoglobinuria due to mutations in the DMD gene are being 

increasingly recognized. Exon deletions throughout the DMD gene, particularly mutations 

involving the proximal third of the rod domain, have been described in association with this 

milder pseudometabolic phenotype.11–13 These deletions have all been associated with 

abnormal dystrophin quantity and/or quality on muscle immunohistochemistry or Western 

blot analysis.14–21 Herein we report 3 unrelated boys who presented with exertional myalgia, 

rhabdomyolysis, and myoglobinuria without fixed muscle weakness or calf hypertrophy due 

to an identical point mutation in the DMD gene. We report in detail the clinical features 

associated with this specific missense mutation and highlight the importance of considering 

DMD mutations in such cases.

CASE REPORT

Case 1

Patient 1 is a 12-year-old boy who has experienced episodes of exercise-induced myalgia 

and muscle stiffness in the lower extremities since 5 years of age. Symptoms resolve 

following a period of rest for about 20 minutes, at which point he can resume his activities at 

a lower level of intensity. He has experienced myoglobinuria on three occasions after 

prolonged, strenuous exercise. His previous medical history is unremarkable, and 

developmental milestones were all age-appropriate. His parents, 15-year-old brother, and 8-

year-old sister are all healthy. There is no family history of similar complaints, muscle 

weakness, or cardiac abnormalities.

On examination, his weight was 42 kg (50–75th percentile), height was 140 cm (10th 

percentile), and head circumference was 56 cm (50–98th percentile). A complete physical 

and neurological examination was normal. There was no muscle hypertrophy, and he did not 

have a Gower sign.

Serum CK levels were persistently elevated, ranging from 4000 to >10,000 U/L (normal 

<250 U/L), both at rest and after exercise. A muscle biopsy at 8 years of age demonstrated 

myopathic changes, including interstitial fibrosis, muscle fiber size variability, and fiber 

atrophy (Fig. 1). Electron microscopy revealed normal mitochondria and glycogen content. 

Immunohistochemical analysis demonstrated normal dystrophin staining for antibodies 

against the carboxy-terminus and rod domain as well as normal dysferlin, merosin, and a-
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sarcoglycan staining. Dystrophin Western blot analysis confirmed normal dystrophin 

quantity and molecular size.

Case 2

Patient 2 is a 17-year-old boy with recurrent episodes of exertional muscle pain and stiffness 

primarily involving the calves and proximal upper extremities. The symptoms were first 

noted at 5 years of age. They typically last for 1–2 hours following soccer or basketball 

practice, and are relieved by a warm bath or rest. He has experienced episodes of 

myoglobinuria after prolonged physical exertion. Previous medical history and 

developmental milestones were normal. His parents and 11-year-old brother are 

asymptomatic. There is no family history of similar symptoms, muscle disease, or cardiac 

abnormalities.

On examination, his height was 177 cm (50th percentile), weight was 59 kg (30th 

percentile), and head circumference was 56 cm (50th percentile). Neurological examination 

was normal. There was no muscle hypertrophy, and he did not have a Gower sign. He has 

had persistently elevated serum CK levels, ranging from 1000 to 8000 U/L at rest and up to 

16,500 U/L after exercise. Electromyography at 14 years of age demonstrated findings 

consistent with a non-inflammatory myopathy. Muscle biopsy 1 year later revealed focal 

areas of muscle fiber necrosis and regeneration with mild endomysial fibrosis (Fig. 2). 

Electron microscopy revealed normal mitochondria and muscle glycogen content. 

Immunohistochemical analysis demonstrated normal dystrophin staining for antibodies 

against the carboxy-terminus and rod domain as well as normal dysferlin, merosin, and a-

sarcoglycan staining. Western blot analysis confirmed normal dystrophin quantity (50–

100%) and size.

Further Laboratory Evaluation. An extensive laboratory evaluation was pursued on both 

patients and was normal. This included a complete blood count with differential, serum 

electrolytes, serum uric acid, serum lactic acid, liver and renal function tests, plasma 

carnitine levels, plasma acylcarnitine profile, enzymatic activity of phosphorylase A, 

phosphorylase B kinase, myoadenylate deaminase, phosphoglycerate kinase, 

phosphoglycerate mutase, lactate dehydrogenase, carnitine palmitoyl transferase (CPT) II, 

urine organic acids, in vitro fatty acid oxidation studies (fibroblasts), mitochondrial electron 

transport chain activity of complexes I–IV (fibroblasts), electrocardiogram, and 

echocardiogram. DNA testing for CPT II was normal in both patients. DNA testing for 

glycogen storage disease type II, type V, and myoadenylate deaminase deficiency performed 

on patient 1 was normal. Patient 2 had normal DNA testing for glycogen storage disease 

type 0 and glycogen storage disease type V.

DMD Molecular Genetic Testing. The persistently elevated CK levels and negative 

metabolic workup in both patients led us to test for mutations in the DMD gene. Initial 

deletion and duplication testing was normal, but full gene sequencing (patient 1: Athena 

Diagnostics, Worcester, Massachusetts; patient 2: Baylor College of Medicine, Houston, 

Texas) identified a hemizygous T-to-C change in exon 15 of the DMD gene (c.1724T>C), 

resulting in an amino acid substitution of leucine to proline at codon 575 (p.Leu575Pro) 

within the proximal rod domain in both patients. Sequencing of the DMD gene in the 
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asymptomatic brother of each patient was normal, and targeted analysis in the asymptomatic 

mother of patient 2 identified a similar mutation. She had no male siblings and has not had a 

CK level measured. The mother of patient 1 has not undergone DNA testing or CK 

measurement. No other male members in this family were available for testing. Haplotype 

comparison of the 2 patients was not done.

Recently, we have identified the same mutation in a 9-year-old boy with exercise-induced 

cramps and fatigue. Symptoms began at 3 years of age. He has had no documented episodes 

of myoglobinuria. Examination was normal, except for 4þ/5 strength in the right biceps and 

a highly arched palate. There was no muscle hypertrophy, and he did not have a Gower sign. 

His serum CK levels have ranged between 2611 and 14,127 U/L. Metabolic testing for fatty 

acid oxidation disorders was normal. As the clinical phenotype matched with our other 2 

cases, no further evaluation was pursued. The clinicopathological features of our 3 patients 

are compared in Table 1.

DISCUSSION

The dystrophinopathies are characterized by a wide spectrum of clinical severity, with the 

severe end of the spectrum including diffuse progressive muscle disease characteristic of the 

DMD and BMD phenotypes. DMD and BMD are characterized by proximal muscle 

weakness, calf pseudohypertrophy, elevated serum CK levels, and dystrophic features on 

muscle histopathology. DMD is relentlessly progressive and manifests in early childhood, 

with affected boys typically becoming wheelchair-bound by age 12 years. Cardiomyopathy 

develops in virtually all affected individuals by 18 years of age and few survive beyond the 

third decade. BMD is typically later in onset and clinically milder than DMD. Most patients 

continue to walk after age 15 years and survive well into adult-hood.22 Although DMD is 

clinically homogeneous, the severity of BMD may be widely variable, even within 

families.23 Muscle analysis reveals qualitative and quantitative abnormalities of dystrophin 

in both DMD and BMD. Quantitative abnormalities more often result in DMD, with 

dystrophin levels ranging from 0–5%, whereas BMD patients often have qualitative 

abnormalities.24,25

The mildest clinical presentations of dystrophinopathy include asymptomatic elevation of 

serum CK1–4 and isolated quadriceps myopathy.12,26–29 Asymptomatic elevation of serum 

CK was reported to be associated with deletions involving exons 32–44, 48–53, and a 

missense mutation in exon 21. These patients had either normal or abnormal dystrophin 

analysis. Isolated quadriceps myopathy is characterized by atrophy of the quadriceps 

muscles and elevated CK levels. Biopsy reveals myopathic changes, and dystrophin is 

abnormal qualitatively, quantitatively, or both. Deletion of exons 45–48 in the DMD gene 

have been reported in patients with isolated quadriceps myopathy.

Numerous cases of dystrophinopathy-related post-exercise myalgia and cramps, as well as 

post-exercise muscle stiffness and exertional rhabdomyolysis, have been attributed to DMD 
deletions. For the clinician, these symptoms are suggestive of an underlying metabolic 

condition, such as a glycogen storage disorder, fatty acid oxidation disorder, or 

mitochondrial cytopathy. Although an evaluation for these disorders is warranted, the 
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inclusion of DMD gene analysis is often not considered in the absence of fixed muscle 

weakness or hypertrophy. Increasing reports of such pseudometabolic presentations due to 

DMD mutations emphasize the need to consider DMD molecular genetic analysis in these 

patients.

To date, several case reports describing this pseudometabolic presentation due to DMD 
mutations have documented exon deletions in the rod domain of the DMD gene. A number 

of males with this phenotype due to deletions involving proximal rod domain have been 

reported. Abnormal dystrophin size or quantity was evident on immunostain and 

immunoblot.13,15,17 Other reports do not contain sufficient information to infer that there 

was an abnormality of dystrophin associated with proximal rod domain deletions.30 A 

carrier female with a deletion of exons 10–23 was reported to have exertional muscle pain as 

her only symptom, and immunohistochemical examination of muscle with antibodies against 

the N-terminal domain showed a mosaic pattern suggestive of a dystrophinopathy carrier 

state.14 A missense mutation in the proximal rod domain has also been described in an 8-

year-old boy who had exercise-induced fatigue and muscle pain. Although his serum CK 

was elevated, there were no documented episodes of rhabdomyolysis, and dystrophin 

immunostaining and Western blot were normal.31 These reports suggest that mutations 

involving the proximal rod domain do not significantly alter protein function and yield a 

mild phenotype.11,13

Deletions involving the distal rod domain of the DMD gene have also been described in 

association with the milder pseudometabolic phenotype. These reports included 

symptomatic males as well as asymptomatic and manifesting carrier females and were 

associated with abnormal dystrophin on Western blot, unlike our patients.16–21 Very few 

missense mutations in the DMD gene have been reported to date.32–37 Most of these 

mutations localized to the actin-binding and carboxy-terminal domains and were associated 

with the more severe DMD or BMD phenotypes.

Our 3 patients further expand the reported cases of dystrophinopathy causing 

pseudometabolic features. They all harbor an identical mis-sense mutation (c.1724T>C) and 

2 of them (cases 1 and 2) who underwent muscle biopsy had normal dystrophin 

immunostaining and normal dystrophin quantity and molecular size on immunoblot. 

However, dystrophin assays in muscle (immunostaining and Western blot) are not sensitive 

enough to identify mild abnormalities in affected males (personal correspondence with Basil 

T. Darras, MD, Harvard Medical School).

To our knowledge, this is the first detailed report of the clinical features associated with this 

specific missense change in the DMD gene. This mutation has been reported twice in the 

Leiden Muscular Dystrophy database,38 once in a male patient with recurrent 

rhabdomyolysis without further clinical details, and in a second patient with no clinical 

details. The missense mutation seen in our patients causes an amino acid substitution of 

leucine to proline at codon 575 within the proximal rod domain. This amino acid 

substitution is predicted to be “probably damaging” by the polymorphism phenotyping tool 

(Polyphen). Polyphen is a tool that predicts possible impact of an amino acid substitution on 

the structure and function of a human protein.39–41 Amino acid alignment around codon 575 
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in the DMD gene shows that the leucine at codon 575 is highly conserved across species. 

However, the specific number of control chromosomes that did not have this missense 

mutation is not known, as the official single-nucleotide polymorphism calls for the X 

chromosome have not yet been released (personal communication with Paul Flicek, 1000 

Genomes Project). Although missense mutations in the DMD gene are rare and little is 

known about the phenotypic associations of these mutations, the location of the consequent 

amino acid change within the rod domain in our patients is likely associated with their 

milder phenotypic presentation, as discussed earlier. Further longitudinal follow-up studies 

in our patients will help clarify the long-term prognosis of this amino acid substitution. We 

considered the possibility that the mutation was an incidental finding, representing a benign 

polymorphism. However, a causative association is supported by the following observations: 

similarity of the clinical symptoms and course in our 3 patients; abnormal muscle histology 

suggestive of a destructive process; absence of the mutation in asymptomatic male siblings; 

exclusion of other metabolic disorders; Polyphen prediction that the mutation could be 

“probably damaging”; and the absence of this variant in the healthy population. Our report 

has several potential weaknesses.

Because the case reports are retrospective, only limited patient information was available. 

Furthermore, we were unable to obtain the original immunohistochemical and immunoblot 

images, as the testing was performed by commercial laboratories. Imunohistochemical 

analysis was limited to the carboxy-terminus and rod domain. Finally, our analysis of other 

proteins in the dystrophin-associated glycoprotein complex was limited to dysferlin, 

merosin, and a-sarcoglycan immunostaining. The possibility that abnormalities in these or 

other associated proteins could explain our patients’ symptoms cannot be entirely excluded.

In conclusion, we have presented 3 boys with an identical DMD missense mutation and 

similar clinical presentations highly suggestive of a metabolic myopathy. This report 

represents the first detailed clinical description of this specific missense mutation. Our cases 

highlight the need to consider dystrophinopathy in the differential diagnosis of patients who 

present with complaints suggestive of a metabolic myopathy, particularly when metabolic 

studies have been unrevealing. Further studies and additional cases will be necessary to more 

fully understand the pathogenicity and natural history of disease associated with this 

particular mutation.

Abbreviations

BMD Becker muscular dystrophy

CK creatine kinase

CPT carnitine palmitoyl transferase

DMD Duchenne muscular dystrophy

H&E hematoxylin and eosin
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FIGURE 1. 
Hematoxylin and eosin (H&E) staining of the muscle biopsy from patient 1 demonstrating 

fiber size variation, internal nuclei, and increased perimysial fibrosis. [Color figure can be 

viewed in the online issue, which is available at wileyonlinelibrary.com.]
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FIGURE 2. 
H&E staining of the muscle biopsy from patient 2 demonstrating fiber size variation, fiber 

necrosis, internal nuclei, and increased perimysial fibrosis. [Color figure can be viewed in 

the online issue, which is available at wileyonlinelibrary.com.]
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Table 1

Clinicopathological features of our patients.

Patient 1 Patient 2 Patient 3*

Gender Male Male Male

Age 12 years 17 years 9 years

Age symptoms started 5 years 5 years 3 years

Symptoms Exercise-related myalgia, cramps, and 
muscle stiffness

Exercise-related myalgia, cramps, and 
muscle stiffness

Exercise-related muscle 
cramps and fatigue

Myoglobinuria 3 episodes >1 episode No

Developmental delay No No No

Family history Negative Negative Negative

Neurological exam Normal Normal Strength:4þ/5 in right 
biceps

Calf hypertrophy No No No

Gower sign Negative Negative Negative

Creatine kinase Elevated (15ã 40×) Elevated (15ã 65×) Elevated (10ã 55×)

Muscle biopsy Moderate fiber size variability, increased 
internal nuclei, type I fiber atrophy, rare 
fibers with peripheral basophilic cap, no 
fiber necrosis

Muscle fiber necrosis and regeneration 
with mild endomysial fibrosis, increase 
in internal nuclei, normal muscle fiber 
architecture

Not done

Immunohistochemistry Normal dystrophin staining Normal dystrophin staining Not done

Immunoblot Normal dystrophin quantity and 
molecular weight

Normal dystrophin quantity and 
molecular weight

Not done

Gene sequencing c.1724T>C in exon 15 c.1724T>C in exon 15 c.1724T>C in exon 15

*
Patient 3 was recently identified with this similar missense mutation and has not had further workup.
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