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Abstract

Background: Mitochondrial fatty acid oxidation (FAO) disorders are among the causes of acute encephalopathy- or myopathy-
like illness. Carnitine–acylcarnitine translocase (CACT) deficiency is a rare FAO disorder, which represent an energy production
insufficiency during prolonged fasting, febrile illness, or increased muscular activity. CACT deficiency is caused by mutations of
the SLC25A20 gene. Most patients developed severe metabolic decompensation in the neonatal period and died in infancy despite
aggressive treatment.

Patients and methods: We herein report the clinical findings of two unrelated cases of CACT deficiency with mutation confirma-
tion, and in vitro bezafibrate responses using in vitro probe acylcarnitine (IVP) assay. Patients 1 and 2 are products of nonconsan-
guineous parents. Both patients developed cardiac arrest at day 3 of life but survived the initial events. Their blood chemistry
revealed hypoglycemia and metabolic acidosis. The acylcarnitine profiles in both patients demonstrated increased long-chain acyl-
carnitines, suggesting CACT or carnitine palmitoyltransferase-2 (CPT2) deficiency.

Results: The mutation analysis identified homozygous IVS2-10T>G in the SLC25A20 gene in both patients, confirming the diag-
nosis of CACT deficiency. The IVP assay revealed increased C16, C16:1, but decreased C2 with improvement by bezafibrate in the
cultured fibroblasts. The short-term clinical trial of bezafibrate in Patient 1 did not show clinical improvement, and died after start-
ing the trial for 6 months.

Conclusion: This splicing mutation has been identified in other Asian populations indicating a possible founder effect. IVP assay
of cultured fibroblasts could determine a response to bezafibrate treatment. A long-term clinical trial of more enrolled patients is
required for evaluation of this therapy.
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1. Introduction

Mitochondrial fatty acid oxidation (FAO) disorders
are among the causes of neuromuscular symptoms as
well as acute encephalopathy or even sudden death. In
particular, the carnitine cycle is important in energy-
producing pathway for cardiac and skeletal muscle and
for preventing from hypoglycemia especially during pro-
longed fasting or increased muscular exercise. Carnitine–
acylcarnitine translocase (CACT, EC 2.3.1.21) is one of
the enzymes in the carnitine cycle, which catalyzes the
transfer of the long-chain fatty acylcarnitines across the
inner mitochondrial membrane in exchange of free carni-
tine. CACT deficiency (OMIM 212138) was first
described in 1992 [1]. It is an autosomal-recessive disease
caused by mutations of the SLC25A20 gene located in
chromosome 3p21.31 [2]. The gene consists of 9 exons
and encodes protein comprising 301 amino acids [3].
CACT deficiency is a very rare disorder with so far as
approximately 30 patients have been described, and
accounted for 10% of patients with FAO disorders in
French population [4]. However, it might be a common
FAO disorder in some East Asian countries such as
Hong Kong with the estimated incidence of 1 in 60,000
live births, and accounted for 33% of patients with
FAO disorders [5]. Most patients develop neonatal-onset
encephalopathy with nonketotic hypoglycemia, hyper-
ammonemia, and hypothermia, or sudden death from
cardiac arrhythmias. Cardiomyopathy and hepatic dys-
function may be the associated complications. CACT
deficiency could be detected by elevations of C16 and
C18 acylcarnitines, and low free carnitine in acylcarni-
tine profiles. However, the same profile could be found
in neonatal carnitine palmitoyltransferase-2 (CPT2) defi-
ciency. Therefore, confirmation of diagnosis requires
CACT enzyme assay or molecular analysis of the
SLC25A20 gene [6]. Treatment includes intravenous glu-
cose for acute decompensation, and avoidance of long
fasting with frequent meals. Long-chain fatty acids
may be restricted in diet, but medium-chain triglyceride
(MCT) oil is supplemented instead. Carnitine therapy
is still controversial. Despite aggressive treatment, most
patients still died in infancy [7]. However, there have
been some patients who received early treatment with
good outcomes [8,9]. Novel therapy for FAOD using
bezafibrate, which is a hypolipedimic drug acting as a
peroxisome proliferator-activated receptor (PPAR) ago-
nist has been reported. The clinical trials of bezafibrate
showed clinical improvement in adult patients with
CPT2 deficiency [10], and a child with glutaric acidemia
type 2 (GA2) [11]. In vitro probe acylcarnitine (IVP)
assay can be used to evaluate FAO disorders [12], and
determine the effect of bezafibrate [13]. We herein report
the clinical findings of two unrelated cases with neonatal-
onset CACT deficiency, and in vitro bezafibrate response
using the IVP assay.

2. Patients and methods

2.1. Patients

2.1.1. Case 1

This patient was the first child of possibly consan-
guineous parents from the southern province of Thai-
land. He was born at 37 weeks of gestation with birth
weight of 2460 g (25th percentile), length 48 cm (3rd per-
centile), and head circumference 30 cm (<3rd percen-
tile). He developed hypothermia at 10 h of age. Sepsis
was suspected, but the patient rapidly responded to
rewarming treatment. However, after rooming-in with
the mother, he developed hypothermia again. At 60 h
after birth, he had cardiac arrest. On physical examina-
tion, no abnormalities were found. Serum glucose was
1.2 mmol/L and acetoacetate was 0 mmol/L. Venous
blood pH was 7.24 and serum bicarbonate was
13 mmol/L with an anion gap of 20. Plasma ammonia
was 471 lmol/L (normal, <110 lmol/L). There were
mildly elevated liver enzymes aspartate aminotransfer-
ase (AST) (97 U/L; normal, 0–32) and alanine amino-
transferase (ALT) (78 U/L; normal, 0–33). Serum
creatine kinase was 4439 U/L (normal, <190). He had
a good response to treatment with intravenous glucose
administration. Urine organic acids were unremarkable.
A dried blood spot acylcarnitine profile by tandem mass
spectrometry (MS/MS) showed free carnitine (C0),
5.26 lM (10–60); C16-acylcarnitine, 14.14 lM (0.6–7);
C18-acylcarnitine, 2.71 lM (0.15–2.1); C18:1-acylcarni-
tine, 4.3 lM (0.3–3.2); and a (C16 + C18)/C0 ratio,
3.21 (0.007–0.5). The profile was consistent with CPT2
or CACT deficiency. The patient has been treated with
a modular medical formula, which has been composed
of modified fats (long-chain fatty acid restriction along
with supplementation of 83% of fat as medium-chain tri-
glyceride oil), protein, maltodextrins, minerals, and fat-,
and water-soluble vitamins. L-Carnitine at a daily dos-
age of 100–150 mg/kg has been supplemented. Thereaf-
ter, he has had several episodes of hypoglycemia,
hyperammonemia, and metabolic acidosis following
infections. At 8 months of age, he developed cholestasis
and hepatomegaly. At 9 months of age, an echocardio-
gram revealed hypertrophic cardiomyopathy. At the
age of 15 months, he had mild developmental delay
and generalized hypotonia. He could stand with
support, put block in cup, and say one word. Then he
had a metabolic crisis, and developed generalized weak-
ness. After he recovered from encephalopathy, neuro-
logic examination revealed normal cranial nerves,
muscle weakness (grade 3/5), and decreased muscle tone
and deep tendon reflexes (1+) in all extremities. A brain
computed tomography scan was normal. Serum creatine
kinase was elevated (1419 U/L). A nerve conduction
study showed no evidence of demyelination. He had
been ventilator-dependent since then. At 2½ years of
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