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Carnitine Palmitoyltransferase 2 Deficiency: The Time-Course of
Blood and Urinary Acylcarnitine Levels during Initial L-Carnitine
Supplementation
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Carnitine palmitoyltransferase 2 (CPT2) deficiency is one of the most common mitochondrial beta-oxidation
defects. A female patient with an infantile form of CPT2 deficiency first presented as having a Reye-like
syndrome with hypoglycemic convulsions. Oral L-carnitine supplementation was administered since serum
free carnitine level was very low (less than 10 zmol/L), indicating secondary carnitine deficiency. Her serum
and urinary acylcarnitine profiles were analyzed successively to evaluate time-course effects of L-carnitine
supplementation. After the first two days of L-carnitine supplementation, the serum level of free carnitine
was elevated; however, the serum levels of acylcarnitines and the urinary excretion of both free carnitine
and acylcarnitines remained low. A peak of the serum free carnitine level was detected on day 5, followed
by a peak of acetylcarnitine on day 7, and peaks of long-chain acylcarnitines, such as C16, C18, C18:1 and
C18:2 carnitines, on day 9. Thereafter free carnitine became predominant again. These peaks of the
serum levels corresponded to urinary excretion peaks of free carnitine, acetylcarnitine, and medium-chain
dicarboxylic carnitines, respectively. It took several days for oral L-carnitine administration to increase the
serum carnitine levels, probably because the intracellular stores were depleted. Thereafter, the
administration increased the excretion of abnormal acylcarnitines, some of which had accumulated within
the tissues. The excretion of medium-chain dicarboxylic carnitines dramatically decreased on day 13,
suggesting improvement of tissue acylcarnitine accumulation. These time-course changes in blood and
urinary acylcarnitine levels after L-carnitine supplementation support the effectiveness of L-carnitine
supplementation to CPT2-deficient patients.
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Carnitine palmitoyltransferase 2 (CPT2) deficiency (EC
2.3.1.21, OMIM 600650) is one of the most common disor-
ders of mitochondrial fatty acid oxidation. CPT?2 deficiency
has several clinical presentations (Bonnefont et al. 1999).
The adult form is characterized by episodes of rhabdomyol-
ysis triggered by prolonged exercise. The infantile form
presents as severe attacks of hypoketotic hypoglycemia,
occasionally associated with sudden infant death or a Reye-
like syndrome (Demaugre et al. 1991; Hug et al. 1991). The
most severe kind, the neonatal form, is almost always lethal

during the first month of life.

Secondary carnitine deficiency, characterized by low
levels of total and free carnitines associated with an increase
in the long-chain acylcarnitine fraction, is observed in the
infantile form of CPT2-deficient patients (Bonnefont et al.
2004; Longo et al. 2006). Hence, L-carnitine supply might
be useful in severe CPT2 deficiencies (Bonnefont et al.
2004), although supplementation with L-carnitine in
patients with beta-oxidation defects of long-chain acyl-CoA
has long been a matter of controversy (Costa et al. 1998;
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Liebig et al. 2006; Primassin et al. 2008).

In this report, we describe a CPT2-deficient patient
who presented as having a Reye-like syndrome with sec-
ondary carnitine deficiency. We focused on time-dependent
changes in the serum and urinary acylcarnitine profiles after
intial L-carnitine supplementation.

Clinical Report

The patient, a female, was born to nonconsanguineous
Japanese parents. She had been well until 15 months of age
when she suddenly had tonic-clonic convulsions at 3:00 a.m.
for about 30 minutes and became unconscious. Ten days
before the convulsions, she had a cold and was given
Cefteram pivoxil (CFTM-PI) for four days. When she
arrived at another hospital, she had hypoglycemia (blood
glucose 1.1 mmol/L), hepatic dysfunction (AST 85 IU/L,
ALT 55 IU/L, LDH 402 IU/L), and mild hyperammoniemia
(NH3 84 ymol/L). Urinary ketones were not detected. Brain
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MRI and cerebrospinal fluid were normal. She was sus-
pected of being affected by a Reye-like syndrome and trans-
ferred to Gifu University Hospital.

On admission, her height was 72 cm (—1.5s.D.) and her
weight was 10 kg (+0.73s.p.). She had a fever (38.3°C) and
exhibited lethargy. Physical examination revealed mild
hepatomegaly. A laboratory test showed AST 382 IU/L,
ALT 441 IU/L, LDH 557 IU/L, PT 31%, NH3 84 ymol/L,
and blood glucose 4.7 mmol/L.

We tentatively diagnosed her as having a Reye-like
syndrome and treated her with intravenous glucose. Her
consciousness level became clear on the 4™ hospital day and
she started oral intake of food. An abdominal CT scan still
showed hepatomegaly and a fatty liver (20HU) on the 6"
hospital day. The finding of cardiac ultrasonography was
normal. Urinary organic acid analysis during the hypogly-
cemic condition showed hypoketotic dicarboxylic aciduria.
The initial measurements of serum free carnitine and acyl-

Table 1. Time-course of serum and urinary acylcarnitine levels measured by tandem MS.

Day -1 3 5 7 9 13
Serum (zzmol/L) range
Co 10-55 2.98 12.70 40.75 24.31 18.49 58.22
C2 4-60 2.25 3.85 14.87 20.15 8.37 14.8
C8 -1.0 0.035 0.024 0.088 0.058 0.073 0.10
C8DC -0.25 0.035 0.046 0.12 0.89 0.97 0.063
C10 -0.8 0.055 0.062 0.25 0.12 0.17 0.21
C10DC -0.1 0.063 0.12 0.24 0.33 0.53 0.19
C12:1 -0.2 0.038 0.038 0.18 0.15 0.15 0.091
C12DC -0.05 0.053 0.064 0.19 0.14 0.27 0.054
Cl14:1 -0.1 0.075 0.16 0.47 0.58 0.68 0.18
Cl16 -0.5 1.01 1.29 2.99 4.45 8.07 2.56
C18 -0.3 0.49 0.65 1.46 1.67 3.07 0.99
C18:1 -0.46 1.50 1.84 4.21 6.09 10.03 3.62
C18:2 -0.3 0.46 0.67 1.47 1.43 2.05 0.98
(C16+C18:1)/C2 -0.36 1.12 0.81 0.48 0.52 2.16 0.42
C total 12.35 26.74 86.07 84.99 67.46 85.52
Urine (umol/mmol Cr) range*
Cco 5.67 - 56.09 0.61 1.31 82.33 37.85 45.95 329.15
C2 6.87 - 60.48 0.56 0.02 25.44 128.00 41.83 53.58
C4 0.07-0.74 0.31 0.47 0.92 0.47 1.38 2.32
C6 0.04-0.48 0.18 0.09 0.21 0.22 0.61 0.23
CeDC 1.25 1.34 1.63 15.69 83.33 2.93
C8 0.05-0.39 0.00 0.02 0.33 0.98 1.33 0.62
C8DC 0.25 0.52 0.83 23.90 122.99 1.11
C10 0.03-0.36 0.05 0.06 0.11 2.66 1.76 0.12
C10DC 0.11 0.02 0.10 0.75 4.03 0.08
C12DC 0.00 0.02 0.01 0.23 1.52 0.01
Cl16 0.05-1.55 0.04 0.02 0.02 0.18 0.63 0.08
C total 4.75 6.86 122.16 226.51 344.91 408.34

* Reference values for urine acylcarnitines were obtained from data reported by Mueller et al. (2003)

(10th - 90th percentile)
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Fig. 1. Time-course of serum and urinary acylcarnitine levels measured by tandem MS. The levels of representative acylcar-
nitines are shown. The first day of L-carnitine supplementation is designated as day 1. Urinary carnitines were assayed

using the first urine in the morning.

carnitine fractions by the enzymatic cycling method were 9.5
and 5.9 ymol/L, respectively. The initial serum acylcarni-
tine profile (Table 1) showed a very low free carnitine level
and relatively high long-chain acylcarnitine levels. This
profile was compatible with the secondary carnitine defi-
ciency due to CPT?2 or translocase deficiency.

After confirmation of the carnitine deficiency, we sup-
plied her with L-carnitine orally from the 15" hospital day
(day 1 in the Table 1 and Fig. 1) at a dose of 50 mg/kg/day
for the first two days and 100 mg/kg/day from day 3. Blood
and urinary samples were obtained before plus 3, 5, 7, 9 and
13 days after L-carnitine supplementation. During carnitine
supplementation, the patient had continuous intravenous
glucose infusion of 2.5 mg/kg/min until day 11. We ana-
lyzed the serum and urinary acylcarnitines by tandem mass
analysis, as previously reported (Mueller et al. 2003;
Kobayashi et al. 2007a,b). Table 1 shows details of the
analyses. Fig. 1 shows the changing patterns of free carni-
tine (C0), acetyl-carnitine (C2), C8DC representing medi-
um-chain dicarboxylic acylcarnitines, and C16 representing
long-chain acylcarnitines in the serum and urine. Urinary
excretion of CO and acylcarnitines remained at very low
levels on day 3. Sequential peaks of free carnitine (day 5),
acetylcarnitine (day 7), and long-chain acylcarnitines (day 9)
were found in the serum, which corresponded to peaks of
free carnitine, acetylcarnitine, and dicarboxylic medium-
chain acylcarnitines in the urine.

The fatty liver and hepatomegaly improved as judged
by an abdominal CT scan on the 26" hospital day (day 13).

Informed consent for a skin biopsy, enzyme assay, and DNA
was obtained from the parents. CPT2 activity in the
patient’s fibroblasts was 0.18 nmol/min/mg of protein (3
controls; 0.82, 1.27, and 1.26 nmol/min/mg of protein),
confirming the diagnosis of CPT2 deficiency.

Now the patient is 4 years of age. After carnitine sup-
plementation, she did not experience hypoglycemia at all.
She is being treated with 1,000 mg L-carnitine/day (current
body weight 19.8 kg). Her growth and development are
within normal ranges. She had some rhabdomyolysis
attacks (the highest CK recorded was 16,769 IU/L) during a
febrile illness even after L-carnitine supplementation.

Discussion

The diagnosis of CPT2 deficiency was first suspected
by the data on urinary organic acid analysis and acylcarni-
tine analysis and was confirmed by enzyme assay using
fibroblasts. Our patient is a compound heterozygote of a
previously reported E174K mutation from the father and an
unknown mutation from the mother which was not detected
by exon sequencing. According to an in vitro expression
analysis of mutant CPT2 cDNAs carrying E174K, the
mutant E174K protein was present as much as a wild type
protein and retained 10% residual CPT2 activity (Wataya et
al. 1998). This “mild” mutation from the father, together
with possible null mutation from the mother, may result in
an infantile form of CPT2 deficiency.

Initially, she developed secondary carnitine deficiency.
Chronic administration of pivalate-conjugated antibiotics is
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a major cause of secondary carnitine deficiency even in
healthy children (Stanley 2004). Ten days before the onset
of the Reye-like syndrome, she had a cold and was given
Cefteram pivoxil (CFTM-PI) for four days. The initial
serum acylcarnitine profile showed no elevation of
hydroxy-C5 carnitine, nor of pivaloylcarnitine. While the
antibiotic might have contributed to secondary carnitine
deficiency in part, the acute attack with fasting was more
likely the course of the low carnitine in the patient at pre-
sentation.

The time-course changes in the serum and urinary
acylcarnitine levels after L-carnitine supplementation were
studied. These changing profiles suggest that accumulated
and potentially toxic long-chain acylcarnitines in the mito-
chondria were eliminated from the body by day 13. The
majority of accumulated long-chain acylcarnitines in the
mitochondria may be eliminated by the following steps: 1) a
large amount of accumulated long-chain acylcarnitines
should be transferred from the mitochondrial matrix by car-
nitine acylcarnitine translocase if there is a sufficient
amount of free carnitine outside of the mitochondrial
matrix; 2) then peroxisomal beta-oxidation reduces the
chain length of such accumulated fatty acids; 3) the resul-
tant medium-chain fatty acids can be catalyzed in the mito-
chondria, or further w-oxidized into dicarboxylic acids in
the microsomes; 4) these medium-chain DC and their carni-
tine conjugates can be excreted into the urine efficiently. It
took several days for oral L-carnitine administration to
increase the serum carnitine levels, probably because the
intracellular stores were depleted and it took several days
for them to be replenished. Thereafter, the administration
increased the excretion of abnormal acylcarnitines, some of
which had probably accumulated within the tissues.

It is noteworthy that the acetylcarnitine in both the
serum and the urine was a predominant acylcarnitine on day
7 (Fig. 1). Elevation of acetylcarnitine in the serum and
urine indicates the presence of enough acetyl-CoA in the
mitochondria and the availability of acetyl-CoA for carni-
tine acyltransferase reactions in the cells, and might account
for the increased beta-oxidation rates upon L-carnitine ther-
apy (Fontaine et al. 1996). In general, acetylcarnitine is a
major acylcarnitine in healthy controls and is regarded as a
marker of undisturbed beta-oxidation (Costa et al. 1998).
Since CPT2-deficient patients have beta-oxidation restric-
tions of long-chain acyl-CoA, L-carnitine supplementation
may increase beta-oxidation of medium-chain acyl-CoAs,
which could be supplied via peroxisomal beta-oxidation of
long-chain acyl-CoA.

Carnitine supplementation in the treatment of long-
chain beta-oxidation defects is still controversial. In
patients with a defect in the mitochondrial beta-oxidation
spiral, when a preceding L-carnitine deficiency is normal-
ized, and transport into the mitochondria of long-chain fatty
acids is also normalized, acyl-CoAs accumulate instead of
being oxidized by the defective reaction and, consequently,
in such cases, free CoA is depleted in the mitochondria

(Yoshino et al. 2003). This may be true in beta-oxidation
defects such as very long-chain acyl-CoA dehydrogenase
(VLCAD) deficiency and trifunctional protein deficiency.
Studies on VLCAD-deficient mice suggested carnitine sup-
plementation results in the induction of acylcarnitine pro-
duction in various tissues and significant accumulation of
potentially toxic intermediate acylcarnitines in tissues
(Liebig et al. 2006; Primassin et al. 2008). However, block-
age of the CPT2 step causes the accumulation of long-chain
acylcarnitines but does not primarily cause the accumula-
tion of intermediate CoA esters in beta-oxidation.
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