
Two novel ETFDH mutations in a patient with lipid storage myopathy
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panel, http://links.lww.com/CM9/A51] showed slightly
To the Editor: Multiple acyl-CoA dehydrogenation

deficiency is an autosomal recessive lipid storagemyopathy

[1]
high signal in the posterior thigh muscle group. Fat
(LSM). The clinical feature is heterogeneous and has
been classified into three classes: a neonatal-onset form
with congenital anomalies (type I), a neonatal-onset form
without congenital anomalies (type II), and a late-onset
form (type III).[2] Over the past 20 years, an increasing
number of cases with LSM have been reported.[3,4] In this
report, we described a patient with LSM harboring
compound heterozygous mutations in ETFDH gene,
including a novel splice mutation in exon 6 (c.684
+1G>T) and a novel point mutation in exon 10
(c.1204A>T).

The patient was a 17-year-old female who complained of
episodic vomiting, exercise intolerance, and muscle
weakness. Her symptoms started at 13 years and the
initial symptom was vomiting after a meal. At the
beginning, muscle fatigue and exercise intolerance after
intense exercise only affected her lower limbs. The
symptoms progressed slowly in the past 4 years. Her
upper limbs, as well as neck muscles were involved now.
The patient had no complaint about muscle stiffness,
myalgia, or numbness. Physical examination indicated that
she had no obviously muscle atrophy. The muscle strength
was 4 to 5 (Medical Research Council Scale) in proximal
lower limbs, 4/5 in proximal upper limbs, and almost
normal in distal limbs. Deep tendon reflexes were
diminished and sensory examination was intact. No
abnormality was evident in the serum blood, except for
mild elevated creatinine kinase level (312 IU/L, normal 26–
192 IU/L) and slightly increased lactate dehydrogenase
level (112 IU/L, normal 8–46 IU/L). Echocardiography
examinations showed the four cardiac chambers were
normal in size and function. Muscle strength improved
after treatment with riboflavin.

On muscle magnetic resonance imaging (MRI), T1
[Supplementary Figure 1A upper panel, http://links.lww.
com/CM9/A51] and T2 [Supplementary Figure 1B upper
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suppression [Supplementary Figure 1C upper panel, http://
links.lww.com/CM9/A51] and diffusion weighted imaging
[Supplementary Figure 1D upper panel, http://links.lww.
com/CM9/A51] sequence revealed increased signal in
semitendinosus and semimembranosus [Supplementary
Figure 1C, D upper panel, http://links.lww.com/CM9/
A51]. In addition, the result changed to normal after
treatment with riboflavin for 5 months [Supplementary
Figure 1A–D lower panel, http://links.lww.com/CM9/
A51]. The MRI changes in this patient was consistent
with other cases preciously described,[5] but it seems that
the involvement of the thigh was mild, because there is no
obviously atrophy or fat degeneration. After treatment
with riboflavin, the high signal on the semitendinosus and
semimembranosus disappeared 5 months later. This fact
indicated that the MRI might be used to monitor the
efficacy of the treatment.

Hematoxylin and eosin staining revealed mildly increased
variation in fiber size, increased numbers of basophilia
fibers with cytoplasmic or subsarcolemmal vacuoles
[Figure 1A]. The oil red O staining showed diffuse lipid
droplets accumulation, predominantly in type I fibers,
suggesting LSM [Figure 1B].

Targeted next-generation sequencing identified two novel
heterozygousmutations: a splicingmutation (c.684+1G>T)
in exon 6 and a missense (c.1204A>T) in exon 10, which
caused substitution of threonine with serine at 402 residue
(p.Thr402Ser) [Figure 1C]. Sanger sequencing confirmed
the twomutations in the proband. Family study showed the
proband’smotherhadaG-to-T transversion (c.684+1G>T)
in exon 6, while her father had an A-to-T transition
(c.1204A>T) in exon 10. These results were consistent with
autosomal recessive mode of Mendelian inheritance. The
splicing mutation (c.684+1G>T) and missense mutation
(c.1204A>T) were not found in 200 healthy Chinese
controls, 1000 genome database, and ExAC database. A
homology search in different species demonstrates that the
threonine at 402 residue is highly evolutionarily conserved
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[Figure 1D]. Themutation is predicted to be disease causing
by MutationTaster with probability of 0.999997. The

rated disease causing. The missense mutation (c.1204A>T)
caused a substitution of the conserved amino acid threonine

Figure 1: Muscle pathology of the patient with lipid storage myopathy. (A) Hematoxylin and eosin staining showed increased variation in fiber size, increased numbers of basophilia fibers
with cytoplasmic or subsarcolemmal vacuoles (arrows, original magnification �200). (B) Oil red O staining showed lipid droplets filled type I muscle fibers (original magnification �200).
Mutation analysis of ETFDH gene. (C) Two novel mutations of ETFDH gene from the proband and the proband’s parents (c.684+1G>T and c.1204A>T, pThr402Ser). (D) A homology search
in different species demonstrates that the threoine at 402 residue is highly evolutionarily conserved in different species.
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splicing mutation (c.684+1G>T in exon 6) will result in
production of a nonfunctional protein, and is generally

1

to serine. This site was highly conserved between species,
and the mutation was predicted to be disease causing by
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MutationTaster. This suggests that the mutation might
affect the protein function. Therefore, the two mutations
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here are probably responsible for the development of LSM
in this patient.

In conclusion, two novel mutations (c.1204A>T; p.
Thr402Ser, and c.684+1G>T) were identified in this
Chinese female patient with LSM. This expands the known
mutational spectrum of ETFDH.
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