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Letter to the editor

Amelioration of acylcarnitine profile using
bezafibrate and riboflavin in a case of
adult-onset glutaric acidemia type 2 with
novel mutations of the electron transfer
flavoprotein dehydrogenase (ETFDH) gene

~ CrossMark
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1. Introduction

Multiple acyl-coenzyme A dehydrogenase deficiency (MADD), also
known as glutaric acidemia type 2 (GA2), was first described in 1976
[1]. GA2 is a rare autosomal recessive disorder whose biochemical
abnormalities result from a deficiency of one of the two electron
transfer flavoproteins (ETF and ETFDH) that transfer electrons from
acyl-CoA dehydrogenases to the respiratory chain [2]. The disorder
affects multiple metabolic pathways involving branched amino acids,
fatty acids, and tryptophan, and results in a variety of distinctive organic
acids being discharged. The heterogeneous clinical features of patients
with GA2 fall into three subclasses: two neonatal-onset forms (types 1/
II) and a late-onset form (type III) [3]. The late-onset form is typically
characterized by intermittent vomiting, hypoglycemia, hepatomegaly,
metabolic acidosis, and/or hyperammonemia, symptoms that are
often triggered by general infections or catabolic conditions [4].

Here, we describe the case of a man with lipid-storage myopathy,
low muscle carnitine, and an adult-onset form of GA2 with two novel
mutations in the ETFDH gene. In this case, a combination of a hypolipid-
emic drug (bezafibrate), riboflavin, and L-carnitine was effective in
treating the disease.

2. Case report

A 31-year-old man was referred to our hospital because of muscle
weakness and limb fatigability. Nine months earlier, he had gradually
developed proximal muscle weakness and fatigability. He exhibited
normal psychomotor development. His relatives had no history of
neuromuscular disease. Physical examination on admission showed a
normally developed, well-nourished man (185 cm, 73 kg) without
hepatosplenomegaly. Neurological examination revealed mild muscle
weakness in his left iliopsoas muscle (grade 5—). Muscle amyotrophy
and myalgia were not noted. The following serum biochemistry
markers were elevated: creatine kinase (CK), 689 U/L (normal <230);
creatine kinase-MB, 50 U/L (<10); aldolase, 8.9 IU/L (<5.9); myoglobin,
107 ng/mL (<72.0); and triglycerides, 315 mg/dL (<149). The full blood

http://dx.doi.org/10.1016/j.jns.2014.08.040
0022-510X/© 2014 Elsevier B.V. All rights reserved.

count, blood glucose, renal and thyroid function, immunoglobulins,
inflammatory markers, and antinuclear antibodies were normal.
Echocardiography, pulmonary function tests, and a brain MRI were
normal. Abdominal echography revealed only the fatty liver. A muscle
MRI showed a high-density area in the bilateral lower limb muscles in
short-T1 inversion recovery (STIR) (Fig. 1A). Atrophy of the biceps
was suspected based on a muscle CT scan. Electromyography of the
left vastus lateralis muscle and the tibialis anterior muscle displayed
myopathic patterns. In the muscle biopsy specimen from the biceps
brachii, neither lymphocytic infiltration nor endomysial fibrosis was
observed (Fig. 1B), although some fibers contained many vacuoles.
These were positively stained with Oil Red O, suggesting a lipid storage
myopathy (Fig. 1C).

Total and free carnitine concentrations in muscle specimens were
severely decreased at 3.5 (control 15.7 + 2.8) and 1.7 (12.9 + 3.7)
nmol/mg non-collagen protein (NCP), respectively. Activity of
acyl-CoA dehydrogenases was normal. Analysis of urinary organic
acids showed increased 2-OH-glutarate, ethylmalonate, and 3-OH-
propionate. The acylcarnitine profile of the patient's serum showed a
broad-range elevation of acylcarnitines, but no abnormalities were
observed in the amino acid profile. This indicated a multiple-
dehydrogenation abnormality, which is consistent with GA2. After
receiving informed consent, the patient's skin fibroblasts were isolated
and cultured, as described previously [5]. Genetic analysis identified
novel, compound heterozygous missense mutations in the ETFDH gene
(890G > T/W297L and 950C > G/P317R). Western blot analysis showed
decreased production of ETFDH in the patient's fibroblasts (Fig. 1D).
This indicated that the mutations would be pathogenic.

Following treatment with L-carnitine alone, the patient's serum CK
reached nearly normal levels. However, his serum acylcarnitine profile
remained abnormal (Fig. 1E, left panel). The L-carnitine treatment was
then supplemented with riboflavin at 105 mg/day or with bezafibrate
(BEZ; 600 mg/day) because the patient showed mild hyperlipidemia,
and because this hypolipidemic drug was effective for adolescent GA2
patients [5]. However, the combined treatment of L-carnitine and
riboflavin, or L-carnitine and BEZ, failed to improve the acylcarnitine
profile (Fig. 1E, left panel) and the patient's symptoms remained stable.
For the next 7 months, the patient was treated with L-carnitine alone.
During this period, he felt fatigability and his serum CK increased mildly.
BEZ was again added to his treatment regimen. His serum acylcarnitine
profile improved, but his serum CK remained high and he occasionally
complained of fatigue (Fig. 1E, right panel). After 15 months, riboflavin
was added to the L-carnitine and BEZ. His serum CK and acylcarnitine
profile returned to normal within one month, and his symptoms
completely disappeared. This amelioration has continued beyond
6 months.

3. Discussion

We diagnosed a patient with GA2 based on observations of the mus-
cle pathology, acylcarnitine analysis, and ETFDH gene mutations. In the
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